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Memorandum 

 

To:  CIR Expert Panel Members and Liaisons 
From:  Wilbur Johnson, Jr. 
  Senior Scientific Analyst       
Date:  May 22, 2015 
Subject: Draft Amended Report on Nonoxynols 
 
At the March 2015 Panel meeting, the Panel voted in favor of reopening the CIR final safety assessments on nonoxynols 
with the intent of allowing time to gain an understanding of the basis for the European Union’s (EU) ≤ 0.1% limitation on 
the use of nonylphenol ethoxylates (another name for nonoxynols) and nonylphenol in all products, including cosmetics.  It 
was noted that because the EU limitation of ≤ 0.1% is less than the Panel’s 5% concentration limit on nonoxynols-1, -2, -3, 
-4, -5, -6, -7, -8 in leave-on cosmetic products, the basis for the EU limitation, including specific toxicity concerns, may 
warrant a change in the 5% concentration limit determined by the Panel. The Council mentioned the likely diminished use 
and eventual elimination of nonoxynols in cosmetics, in light of the EU restriction on nonylphenol ethoxylates in 
cosmetics. 
 
Included in this package for your review is the Draft amended safety assessment (nonoxy062015rep), the CIR report history 
(nonoxy062015hist), Literature Search Strategy (nonoxy062015strat), Ingredient Data Profile (nonoxy062015prof), 2015 
FDA VCRP data (nonoxy062015FDAdata), Expert Panel meeting minutes on nonoxynols (nonoxyl062015min), 1983 
published final report on nonoxynols (nonoxy062015final1), 1999 published final report on nonoxynols 
(nonoxy062015final2), and comments received from the Council (nonoxy062015pcpc1), which have been addressed. 

Additionally, the following e-mail communications, received from the EU and CIR staff toxicologist (Dr. Boyer), and 
documents relating to the EU’s limitation on nonylphenol are included for the Panel’s review: 
 

• 1st Letter from EU (nonoxy062015EULetter1) 
• 2nd Letter from EU (nonoxy062015EULetter2) 
• CIR Staff Comments on EU Letter 2 (nonoxy062015EULetter2Comments) 
• ECHA document 1 on 4-nonylphenol (nonoxy062015ECHA1) 
• ECHA document 2 on 4-nonylphenol (nonoxy062015 ECHA2) 
• WHO Risk Assessment on nonylphenol (nonoxy062015WHO)  

These documents may contribute to the Panel’s understanding of the EU’s limitation on nonylphenol ethoxylates in 
cosmetics, based on environmental concerns. 

It should be noted that the following nonoxynols have not been evaluated by the Expert Panel and that any available safety 
test data on these ingredients are included in the reopened safety assessment (draft report on nonoxynols):  nonoxynols-13, 
-18, -20, -23, -25, -35, -44, -70, -100, and -120.  Though the Expert Panel’s review of nonoxynols was reopened to 
determine the basis for the EU’s ≤ 0.1% concentration limit on nonylphenol and nonylphenol ethoxylates in cosmetic 
products, the Panel will need to consider whether the safety assessment should remain reopened in order to include 
additional nonoxynols and, subsequently, issue an amended final report.   
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CIR History of: 
 

Nonoxynols-1 through -120  
 

 
August 23-24, 1982 (18th) CIR Expert Panel Meeting 

The following report conclusion was unanimously approved: 

“On the basis of the available information presented in this report, the Panel concludes that Nonoxynols-2, -4, -8, -9, 
-10, -12, -14, -15, -30, -40, and -50 are safe as cosmetic ingredients in the present practices of concentration and 
use.” 

Subject to minor revisions and the addition of a Discussion Section, the document was announced as a Tentative 
Report for a 90-day comment period. 

A final report with the conclusion stated above was published in the Journal of the American College of Toxicology 
in 1983. 

November 22-23, 1993 (49th) CIR Expert Panel Meeting 

A draft tentative report on Nonoxynols-1, -5, and -6 was reviewed by the Panel.  During deliberations, it was 
suggested that the Panel expand this review to include other low molecular weight nonoxynols, including 
nonoxynols -1, -2, -3, -4, -5, -5, -7, and -8. 

The Panel voted in favor of tabling the Draft Tentative Report on nonoxynols-1, -5, and -6 and issuing an informal 
request that includes nonoxynols-1 through -8. 

December 11-12, 1995 (57th) CIR Expert Panel Meeting 

Dr. Belsito said that his Team concluded  that the Nonoxynols are safe as used in rinse-off products.  His Team also 
determined that the safety of Nonoxynols could be based on the relatively low absorption, and the fact that there was 
not a significant difference in the level of absorption between Nonoxynol-2 and Nonoxynol-9.  Dr. Belsito also 
noted that the results of human repeated patch tests indicated that 5% Nonoxynol-2 was not a sensitizer, whereas, 
10% Nonoxynol-2 and 10% Nonoxynol-4 were sensitizers.  It was recognized by Dr. Belsito's Team that these 
results could serve as the basis for limiting the concentration of Nonoxynols in leave-on products to 5%. 

The Panel unanimously concluded that the Nonoxynols reviewed in the current report (Nonoxynols -1 through -8) 
are safe as used in rinse-off products and safe for use in leave-on cosmetic products at concentrations up to 5%, and 
voted unanimously in favor of issuing a Tentative Report with this conclusion.  The 5% limitation is based on 
human skin irritation and sensitization data. 

June 3-4, 1996 (59th) CIR Expert Panel Meeting 

The Panel voted unanimously in favor of issuing a Final Report with the conclusion that was approved at the 
December 1995 Panel meeting. 

Dr. Bergfeld recalled that the safety of Nonoxynols -2, -4, and -8 in cosmetics was evaluated in the CIR Final Report 
published in 1983, and that the Panel’s present conclusion on these ingredients is different from the original one.  
With this in mind, she wanted to know the procedures that will be followed in issuing  the current Final Report. 

Dr. Andersen said that the Final Report to be issued will actually be a combination Final Report.  New conclusions 
are presented on certain Nonoxynols, but the Final Report also amends the conclusion previously reached on 
Nonoxynols -2, -4, and -8 (safe as used, rinse-off and leave-on products included).  He also said that the title of the 
current Final Report will reflect both the new conclusions and the amended conclusions. 
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An amended  final report on nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 was published in the International Journal of 
Toxicology in 1999. 

Draft Report, Belsito and Marks Teams/Panel:  March 8-9, 2015 
 
The Panel voted in favor of reopening the document with the intent of allowing time to gain an understanding of the 
basis for the European Union’s (EU) ≤ 0.1% limitation on the use of nonylphenol ethoxylates (another name for 
nonoxynols) and nonylphenol in all products, including cosmetics. Because the EU limitation of ≤ 0.1% is less than 
the Panel’s 5% concentration limit on nonoxynols-1, -2, -3, -4, -5, -6, -7, -8 in leave-on cosmetic products, the basis 
for the EU limitation, including specific toxicity concerns may warrant a change in the 5% concentration limit 
determined by the Panel.  
 
The Council mentioned the likely diminished use and eventual elimination of nonoxynols in cosmetics, in light of 
the EU restriction on nonylphenol ethoxylates in cosmetics. 
 
Draft Report, Belsito and Marks Teams/Panel:  June 15-16, 2015 
 
E-mail communications, received from the European Union (EU), relating to the 0.1% concentration limit on 
nonylphenol ethoxylates and nonylphenol in cosmetic products in the EU were received. 
 
Comments that were received from the Council prior to the March Panel meeting have been addressed.  
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    Nonoxynols Check List forJune, 2015. Analyst – Wilbur Johnson 
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Nonoxynol-1 
                    

Nonoxynol-2 X   X        X X X  X     
Nonoxynol-3                     
Nonoxynol-4 X   X  X X X    X X X  X   X  
Nonoxynol-5    X  X      X X        
Nonoxynol--6    X  X  X    X X  X X     
Nonoxynol-7   X X  X X     X X      X  
Nonoxynol-8                     
Nonoxynol-9 X  X X X X X X X   X X X  X X X X X 
Nonoxynol-10   X X  X  X X   X X   X X X X X 
Nonoxynol-11                     
Nonoxynol-12   X X        X X X       
Nonoxynol-13    X  X      X X        
Nonoxynol-14                X     
Nonoxynol-15   X X    X    X X   X    X 
Nonoxynol-18                X     
Nonoxynol-20        X             
Nonoxynol-23                     
Nonoxynol-25                     
Nonoxynol-30    X    X    X X        
Nonoxynol-35                     
Nonoxynol-40    X  X  X    X X     X   
Nonoxynol-44                     
Nonoxynol-50                X    X 
Nonoxynol-70                     
Nonoxynol-100                     
Nonoxynol-120                     
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Literature Searches on Nonoxynols (11/26/2014) 

SciFinder  Searches 

Search Terms* 

Nonoxynol-1 
Nonoxynol-2 
Nonoxynol-3 
Nonoxynol-4 
Nonoxynol-5 
Nonoxynol-6 
Nonoxynol-7 
Nonoxynol-8 
Nonoxynol-9 
Nonoxynol-10 
Nonoxynol-11 
Nonoxynol-12 
Nonoxynol-13 
Nonoxynol-14 

Nonoxynol-15 
Nonoxynol-18 
Nonoxynol-20 
Nonoxynol-23 
Nonoxynol-25 
Nonoxynol-30 
Nonoxynol-35 
Nonoxynol-40 
Nonoxynol-44 
Nonoxynol-50 
Nonoxynol-70 
Nonoxynol-100 
Nonoxynol-120 

 
*Search included years 1994-2014 
 

Search Updates 

2/7/2015 
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Meeting Minutes Prior to 1983 Journal Publication on Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -
30, -40, and -50 

 
March 19-20, 1981 (14th ) CIR Expert Panel Meeting 
 
Nonoxynol-9 

 Dr. Montagna’s Team recommended an Insufficient Data report, and the Panel unanimously approved the 
following statement:  

“Human clinical toxicity data are not available for a judgment of safety on this group of compounds.  The following 
data are essential for the Panel to make an adequate assessment of safety: 

1. Skin irritation and sensitization tests on representative Nonoxynols (greater than -12) currently used in 
cosmetic formulations.  Not less than 150 subjects (75 men and 75 women) should be tested with currently 
used concentrations for each compound. 

2. Phototoxicity and photosensitization studies on representative Nonoxynols (2-30) now used in product 
formulations.  At least 25 subjects should be tested for each compound.” 

 

August 23-24, 1982 (18th) CIR Expert Panel Meeting 

Nononxynol-9 Group  

 The Expert Panel unanimously agreed to delete Nonoxynol-9 Iodine and Nonoxynol-10 Phosphate from the 
report because of a lack of data on those ingredients.  The Panel further agreed on the need for a Discussion Section 
explaining that although each individual Nonoxynol may not have complete animal toxicology data, the sum of the 
composite data is adequate to justify the entire group. 

 The following conclusion of the report was unanimously approved: 

 “On the basis of the available information presented in this report, the Panel concludes that Nonoxynols-2, -
4, -8, -9, -10, -12, -14, -15, -30, -40, and -50 are safe as cosmetic ingredients in the present practices of 
concentration and use.” 

 Subject to minor revisions and the addition of a Discussion Section, the document will be announced as a 
Tentative Report for a 90-day comment period. 
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Meeting Minutes Prior to 1999 Journal Publication on Nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 

August 16-17, 1993 (48th ) CIR Expert Panel Meeting 
 
Nonoxynols -1, -5, and -6 

 At the August 16-17, 1993 Team meetings, the Panel informally requested the following data on 
Nonoxynols:  (1) Impurities data, including any unreacted C9 phenols that may be present; (2) UV absorption data; 
if there is absorption in the UVA or UVB range, photosensitization studies may be required; (3) Dermal absorption 
study on Nonoxynol-1.  If the rate of dermal absorption is significantly higher than that for Nonoxynol-9, then 
reproductive and developmental toxicity studies will be requested; (4) Human skin irritation, dose response study on 
Nonoxynol-1; (5) Human skin sensitization study on Nonoxynol-1; and (6) Cosmetic Use:  Types of cosmetic 
products in which Nonoxynols are used and the typical concentrations of use for each of these products.  To date, 
there has been no response to the Panel's request for data. 

 

November 22-23, 1993 (49th) CIR Expert Panel Meeting 

Nonoxynols -1, -5, and -6 

Dr. Schroeter stated that his Team agreed that the available data on Nonoxynols-1, -5, and -6 are insufficient 
for determining whether or not these ingredients are safe and that an Insufficient Data Announcement should be 
issued.  He also said that his Team agreed that the data on Nonoxynol-9 that are included in the Tentative Report 
should remain, and that this information may in some way contribute to the safety assessment of Nonoxynols-1, -5, 
and -6.   

Dr. Belsito said that his Team had requested that the data on Nonoxynols-9, -30, and -40 be removed from 
the report because the studies are not beneficial in establishing the degree of absorption, irritation, etc. of 
Nonoxynols-1, -5, and -6.  Furthermore, Dr. Belsito's Team requested the inclusion of any data on Nonoxynol-2 and 
-4 that may have been included in the original CIR report on Nonoxynols, but learned that such data do not exist. 

Dr. Belsito noted that the issue that all Nonoxynols may not be alike is based on the remarkably increased 
irritation potential that is associated with lower molecular weight Nonoxynols.  He also introduced the possibility of 
including data on Nonoxynol-9 in the safety assessment only if data indicating that lower molecular weight 
Nonoxynols are not different from higher molecular weight Nonoxynols in terms of their irritation potential are 
made available.  

Dr. Shank indicated that he had used the new data on Nonoxynol-9 and others to help decide which data on 
Nonoxynols-1, -5, and -6 are needed.   

Dr. Belsito stated that data on Nonoxynol-9 probably should not be deleted from the report until sufficient 
data indicating differences in absorption and skin irritation potential between low and high molecular weight 
Nonoxynols are available. 

Dr. Andersen said that based on the Panel's discussion thus far, an Insufficient Data Announcement is 
needed. 

Dr. McEwen noted that it would be improper for the Panel to issue a formal Insufficient Data Announcement 
on Nonoxynols other than Nonoxynols-1, -5, and -6, not having notified industry through an informal data request 
that data on other Nonoxynols are needed.  He recalled that adding Nonoxynols-2 and -4 to the Panel's data request 
had been mentioned.    

Dr. Bergfeld suggested that the Panel needs to examine low molecular weight Nonoxynols, with the 
exception of those that are not used in cosmetics.  With this in mind, she said that Nonoxynols-1 through -9 should 
be examined. [CIR subsequently confirmed that Dr. Bergfeld really meant Nonoxynols-1 through -8; accordingly, 
the remainder of the discussion has been changed to reflect this correction.] 
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Dr. Belsito commented that any concentration limit on Nonoxynols will probably  be based on irritation data; 
thus, if data on Nonoxynols-1 through -8 are not going to be supplied, then data on what is probably the most 
irritating of these (Nonoxynol-1) are expected.        

The Panel voted in favor of tabling the Draft Tentative Report on Nonoxynols-1, -5, and -6 and issuing an 
informal request that includes Nonoxynols-1 through -8. 

The following informal data request was submitted to Dr. McEwen:   

(1) Impurities data, including any unreacted C9 phenols that may be present in                 
Nonoxynols-1 to -8. 

(2) UV absorption data on Nonoxynols-1 to -8; if there is absorption in the UVA or UVB range, 
photosensitization studies may be required. 

(3) Dermal absorption study on Nonoxynol-1.  If the rate of dermal absorption is              
significantly higher than that for Nonoxynol-9, then reproductive and 
developmental toxicity studies will be requested. 

(4) Human skin irritation, dose response study on Nonoxynol-1. 

(5) Human skin sensitization study on Nonoxynol-1. 

(6) Cosmetic Use:  Types of cosmetic products in which Nonoxynols-1 to -8 are used and the typical 
concentrations of use for each of these products. 

 

February 28-March 1, 1994 (50th) CIR Expert Panel Meeting 

Nonoxynols -1, -5, and -6 

Dr. Schroeter noted that the following data on Nonoxynols were requested by the Panel at the November 23-
24, 1993 Team meetings:  (1) Impurities data, including any unreacted C9 phenols that may be present in 
Nonoxynols-1 to -8; (2) UV absorption data on Nonoxynols-1 to -8.  If there is absorption in the UVA or UVB 
range, photosensitization studies may be required; (3) Dermal absorption study on Nonoxynol-1.  If the rate of 
dermal absorption is significantly higher than that for Nonoxynol-9, then reproductive and developmental toxicity 
studies will be requested; (4) Human skin irritation, dose response study on Nonoxynol-1; (5) Human skin 
sensitization study on Nonoxynol-1; and (6) Cosmetic Use:  Types of cosmetic products in which Nonoxynols-1 to -
8 are used and the typical concentrations of use for each of these products.  He also noted that there has been no 
response to the preceding data request.     

Dr. McEwen informed the Panel that he had recently learned that Nonoxynols-1, 

-5, and -6 are used only in hair dyes, suggesting that Nonoxynols-5 and -6 are not currently being used in other 
personal cleanliness products or bath oils, tablets, and salts.  Use of Nonoxynols in these types of products is 
indicated in the cosmetic use section of the CIR report.  Dr. McEwen noted that based on the recent cosmetic use 
information, ingredient exposures would be intermittent and would involve brief periods of contact. 

Dr. McEwen also indicated that one company has agreed to conduct skin penetration studies, and suggested 
that the Draft Report on Nonoxynols-1, -5, and -6 be tabled.     

Dr. Carlton asked for documentation that supports Dr. McEwen's earlier statement that Nonoxynols are used 
only in hair dyes, because data suggesting other cosmetic uses of Nonoxynols are included in the CIR report.  He 
said that the Panel cannot proceed without definitive information. 

Dr. Schroeter moved that the Draft Report on Nonoxynols-1, -5, and -6 be tabled, pending skin penetration 
data and Dr. McEwen's anticipated confirmation that the remaining studies in the informal data request will be 
performed. 
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Dr. McEwen said that he would also obtain concentration of use data.  

With the exception of one abstention, members of the Panel voted in favor of tabling the Draft report on 
Nonoxynols-1, -5, and -6 until the May 23-24, 1994 Expert Panel meeting. 

Dr. Belsito recalled from the text of the Draft report that Nonoxynols-1, -5, and -6 should not be used in the 
presence of strong oxidizers.  He asked Dr. McEwen to confirm whether or not these ingredients are used in 
oxidation hair dyes. 

Dr. McEwen stated that a response to Dr. Belsito's concern would be presented to the Panel.    

    

May 23-24, 1994 (51st) CIR Expert Panel Meeting 

Nonoxynols-1, -2, -3, -4, -5, -6, -7, -8 

Dr. Belsito stated that a commitment to perform the tests requested by the Panel had been received.  The 
following data were requested: 

(1) Impurities data, including any unreacted C9 phenols that may be present in 
     Nonoxynols-1 to -8 

(2) UV absorption data on Nonoxynols-1 to -8; if there is absorption in the UVA 
     or UVB range, photosensitization studies may be required 

(3) Dermal absorption study on Nonoxynol-1.  If the rate of dermal absorption is 
     significantly higher than that for Nonoxynol-9, then teratogenicity studies will 
     be requested 

(4) Human skin irritation, dose response study on Nonoxynol-1 

(5) Human skin sensitization study on Nonoxynol-1 

(6) Cosmetic use:  Types of cosmetic products in which Nonoxynols-1 to -8 are 
     used and the typical concentrations of use for each of these products 

Dr. Belsito noted that his Team determined that data on Nonoxynol-9 should be deleted from the current report, 
because this information is not essential to the Panel's safety assessment of Nonoxynols-1 to -8. 

Dr. Andersen suggested that the Nonoxynol-9 data remain in the report, because it has been proposed that 
Nonoxynol-9 be used as a reference standard for comparing the lower chain length Nonoxynols in tests that are to be 
conducted.  

Dr. Bergfeld asked Dr. Gettings when the studies would be completed. 

Dr. Gettings estimated that the time to completion would be at least six months. 

The Panel voted in favor of tabling the Draft Report on Nonoxynols-1 to -8 for six months. 

 

September 12-13, 1994 (52nd) CIR Expert Panel Meeting 

Nonoxynols and HC Orange No. 1  

 Dr. Andersen noted that the tests that are being conducted on Nonoxynols and HC Orange No. 1 are well 
underway.  It is anticipated that the results will be available for review prior to the December 12-13, 1994 Panel 
meeting.  Dr. Andersen indicated that he definitely wants to schedule the report on Nonoxynols for review at the 
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December meeting.  A timeline has not been established for the review of HC Orange No.1; however, this report 
will also be ready for review in December.  

 

December 12-13, 1994 (53rd) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

Dr. Andersen reminded the Panel that at an earlier Panel meeting, the report on Nonoxynols -1 through -8 
was tabled until the present meeting.  At the time that this decision was made, it was thought that the testing would 
have been completed prior to this Panel meeting.  Some of the chemistry and UV absorption data were provided;  
however, concerning the major questions of skin penetration and irritation and sensitization, the Panel has reviewed 
only the protocols that were submitted.  These studies have not been completed. 

Dr. Andersen noted that the task of the Expert Panel at the present meeting is to express any agreement or 
disagreement with the protocols that were provided. 

Concerning the protocol for the in vitro dermal absorption study, Dr. Schroeter noted that excised skin from 
autopsy is being used.  He said that the Panel objects to this type of assay, and feels that, instead, a 28-day dermal 
toxicity study or an in vitro animal absorption study should be performed.  In his opinion, these studies would yield 
more exacting and scientific data on dermal absorption. 

Dr. Belsito said that members of his Team did not oppose the cadaverous skin model.  He said that, if 
anything, this model would over-exaggerate the amount of absorption rather than underreporting it.  However, the 
methodology used to measure the absorption was of some concern, considering that the reported sensitivity was 1 to 
2 μg/l and that an isotope method was used to determine absorption through the skin. 

Dr. Bronaugh said that in vitro methods are used in the laboratory where he works at FDA; both viable 
human skin and animal skin are tested.  He also said that the European Union is developing a protocol for measuring 
in vitro skin penetration.  On the subject of sensitivity, he said that radioisotopes are used solely in his laboratory. 

Concerning the protocol for cutaneous irritation and sensitization, Dr. Belsito noted that the test 
concentration is not stated and that it would be very helpful if this information were provided.  He said that it is 
possible that a concentration that is considered too low will be used.  He also expressed concern over the 
methodology that was used to measure the products. 

Dr. Bergfeld said that the Panel needs to restate that testing should be related to clinical use concentrations. 

Dr. Schroeter said that if the above suggestions are going to be made, then pure ingredient, rather than 
product, should be indicated. 

Dr. Andersen said that the protocol is for the pure ingredient. 

Dr. Bergfeld informed the Panel that a letter incorporating the Panel's suggestions concerning the protocols 
will be developed and submitted to the company that is responsible for testing. 

 

March 16-17, 1995 (54th) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

 Dr. Andersen noted that CIR has received a number of letters from manufacturers volunteering to provide 
additional data or to begin testing the following ingredients:  Bisabolol; Nonoxynols-1 through -8; PCA and Sodium 
PCA; and HC Yellow No. 4.  The additional data that may be available and the kinds of tests that are expected to be 
done are described in these letters.  However, in each case, a commitment as to when the data will be made available 
is missing.  In responding to offers to supply data, CIR intends to request that each company clarify the specific data 
that are anticipated and the time frames within which the data should be received.  In recognition of the 
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commitments to supply data, Dr. Andersen requested that the following ingredient reports be tabled at the present 
meeting:  Bisabolol; Nonoxynols-1 through -8; PCA and Sodium PCA; and HC Yellow No. 4. 

 The Panel voted unanimously in favor of tabling the preceding four ingredient reports, pending data.  The 
Panel also approved of Dr. Andersen's proposal regarding CIR's response to companies that have offered to supply 
data or conduct tests. 

 Dr. Belsito recalled that a 1994 publication entitled, Contact Photosensitivity To Nonoxynol Used In 
Antiseptic Preparations was distributed to Panel members on the preceding day.  He noted that this publication is 
confusing, in that two patients developed photoallergic reactions to diluted Nonoxynol-10, but not to the pure 
ingredient.  However, the investigators suggested that, perhaps, in the dilution of Nonoxynol-10, some by-product 
that was formed in the aqueous medium was responsible for the sensitization. 

 Dr. Andersen indicated that in a follow-up letter to the company that is conducting tests on the Nonoxynols, 
he will request comments on the above study and the questions that it raises. 

 In response to Dr. Schroeter's question relating to the UV absorbance profile for Nonoxynols, Dr. Belsito 
recalled that the Panel had received a UV spectral analysis indicating that Nonoxynols -2, -4, and -9 absorb light 
only in the UVC range. 

 Dr. Schroeter requested that the Panel have an opportunity to review the UV spectral analysis on Nonoxynols 
again. 

 Dr. Andersen noted that the UV absorption data were submitted to the Panel for review at the last Panel 
meeting, and that the Panel would have an opportunity to review the spectrum again prior to the next Panel meeting. 

 

May 22-23, 1995 (55th) CIR Expert Panel Meeting 

Nonoxynols-1 through -8 

Clairol, Inc. submitted the results of the repeat insult patch test that were reviewed at the present  meeting.  
Submission of the skin penetration data has been targeted for August of 1995.  The skin penetration study will only 
address the use of Nonoxynols in rinse-off formulations.  The protocol is not relevant to leave-on product 
applications. 

 

August 28-29, 1995 (56th) CIR Expert Panel Meeting 

Nonoxynols-1 through -8 

 Dr. Bergfeld informed the Panel  that the Draft Report on Nonoxynols -1 through -8, included on today's 
meeting agenda,  is being tabled.  CIR was informed recently that the skin penetration data that were to have been 
submitted by Clairol, Inc. in advance of this meeting would not be available for review today.  Thus, the Draft 
Report on Nonoxynols will be included on the agenda for the December 11-12, 1995 Panel meeting.  Clairol has 
indicated that the data will be submitted to CIR in advance. 

 Dr. Bailey informed the Panel that when the TOPKAT structure-activity software was used to predict the 
carcinogenicity of Nonoxynols, positive responses were noted.  The predictions for carcinogenicity (male rats) were 
0.994 for Nonoxynol-1 and 1.0 for Nonoxynol-6.  He noted that, based on these predictions, the Panel may want to 
look more closely at carcinogenicity data included in the Draft Report and determine whether additional studies 
would be warranted. 

 Dr. Belsito said that all of the carcinogenicity data included in the Draft Report are on Nonoxynol-9 
(negative results).  He then asked Dr. Bailey if any prediction had been made for Nonoxynol-9 using the TOPKAT 
program. 
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 Dr. Bailey said that he had not used the TOPKAT program to predict the carcinogenicity of Nonoxynol-9, 
but, that this could be done. 

 Dr. Belsito noted that this prediction would be useful, because if it were predicted that Nonoxynol-9 is not 
carcinogenic and that the lower molecular weight Nonoxynols are, then this would indicate that the carcinogenicity 
test results on Nonoxynol-9 (in Draft Report) are not applicable to the safety assessment of lower molecular weight 
Nonoxynols. 

 Dr. McEwen asked for an interpretation of the TOPKAT results for Nonoxynols. 

 Dr. Bailey said that the results presented for Nonoxynol-1 (0.994) and Nonoxynol -6 (1.0) in the 
carcinogenicity predictions are the odds, given by the software, for the positive endpoint. 

 Dr. Bronaugh pointed out that the probability values for Nonoxynols -1 and -6 are both outside of the range 
of reliability, because no similar compounds are included in the TOPKAT structure-activity software.  
Carcinogenicity is predicted, but, one cannot place a lot of weight on this prediction. 

 

December 11-12, 1995 (57th) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

Dr. Bill Dressler, with Clairol, Inc.  and Dr. Ken Walters, with An-eX Analytical Services, Ltd. summarized 
the skin penetration data on Nonoxynols that were submitted to CIR.  In their interpretation of the data, it was stated 
that the differences in skin penetration between Nonoxynols-2, -4, and -9 were not significant.     

Dr. Bailey said that he had information to present that relates to the Nonoxynols.  This information is 
concerning estrogen mimics and environmental contamination.  He said that there are certain compounds in the 
environment that scientists think may have hormonal effects, on human exposure, and that these have adverse 
effects regarding reproduction.  He then referred to a newspaper article that relates to the Nonoxynol issue and the 
possible impact on reproduction.  Also, there is an article from Science magazine which mentions the alkylphenol 
polyethoxylates and the nonylphenols having a hormonal effect, on human exposure.  Finally, there is an article 
from one of the FDA Consumer issues that discusses this in general terms.  Dr. Bailey added that he was not 
suggesting that this information would have an impact on the Panel's decision on Nonoxynols, and that the science 
with respect to these potential effects is far from being conclusive. 

Dr. Andersen asked Dr. Bailey to elaborate on nonylphenols in terms of their structural relationship to 
Nonoxynols. 

Dr. Bailey said that Nonoxynols are alkylphenols, and that the two are chemically related.  He also said that 
the issue has been raised in the scientific community that exposure to these substances (alkylphenols) theoretically 
can have an adverse effect. 

Dr. McEwen said that to place Dr. Bailey's comments in perspective, the activity of the nonylphenols is 
several thousand times less than estradiol.  He also said that, currently, much work is being done concerning 
hormonal effects of nonylphenols, and that this addresses large exposures in the environment.  Dr. McEwen 
distributed an abstract of a study on the estrogenic activity and toxicity of Nonoxynol-4, so that the Panel can place 
this information in perspective.  He said that in that study, doses as high as 1,000 mg/kg were not found to have any 
activity. 

Dr. Bailey said that the article in Science News acknowledges that the compounds are not directly active, but 
that the breakdown product (nonylphenol) is the active component.  According to this article, the nonylphenols are 
directly estrogenic compounds. 

Dr. Yourick said that he has a reference indicating that Nonoxynols with chain lengths higher than 3 have 
very little estrogenic activity.   
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Dr. Schroeter said that his Team was concerned that the skin penetration of Nonoxynols was significant to 
warrant the problem of carcinogenicity and reproductive and developmental defects.  In light of this, and after the 
presentation by Clairol Inc. today, Dr. Schroeter's Team agreed that the Nonoxynols are safe as used in rinse-off 
products.  However, he said that concern still remains relative to use in leave-on products.  Furthermore, it was 
noted that if the lower molecular weight Nonoxynols are to be used in cosmetics, there should be studies 
substantiating safety (i.e. reproductive and developmental toxicity studies for Nonoxynols-1, -5, and -6, and 
mutagenicity studies utilizing two systems, one of which is a mammalian system). 

Dr. Belsito said that his Team concluded  that the Nonoxynols are safe as used in rinse-off products.  His 
Team also determined that the safety of Nonoxynols could be based on the relatively low absorption, and the fact 
that there was not a significant difference in the level of absorption between Nonoxynol-2 and Nonoxynol-9.  Dr. 
Belsito also noted that the results of human repeated patch tests indicated that 5% Nonoxynol-2 was not a sensitizer, 
whereas, 10% Nonoxynol-2 and 10% Nonoxynol-4 were sensitizers.  It was recognized by Dr. Belsito's Team that 
these results could serve as the basis for limiting the concentration of Nonoxynols in leave-on products to 5%. 

Dr. Yourick , with FDA, said that in the skin penetration experiment for leave-on product use, skin levels of 
Nonoxynols were not measured.  He noted that Dr. Dressler showed in his presentation that higher absorption was 
reported for the shorter chain Nonoxynols, compared to the longer chain compounds like Nonoxynol-9; thus, the 
longer chain Nonoxynols would not be problematic.  Barrier damage (approximately a two-fold increase with 
shorter chain Nonoxynols) was also observed.  This means that it is possible that some of the shorter chain 
Nonoxynols could have been absorbed into the skin, and that it would just have taken a longer period of time for 
them to come out.  Dr. Yourick said that this may be a consideration for the Panel when leave-on product use is 
discussed. 

Dr. Belsito noted that a small amount of absorption was observed after 48 hours. 

Dr. McEwen said that Dr. Belsito's analysis of the information was correct.  He said that the skin penetration 
data made available to the Panel indicate that there was no significant absorption of the Nonoxynols. 

Dr. Shank said that the Panel does not know the concentration of Nonoxynols that  remains in the skin during 
the process of skin pentration.  However, the Panel does know that the extent of transport across the skin is small. 

Dr. Ken Walters, with Clairol, said that the frozen skin samples from the skin penetration study are still 
available and will be analyzed for the content of Nonoxynols.  He said that the analytical technique is quite complex 
and that this would not be an easy task. 

Dr. Shank said that the Panel has data indicating that Nonoxynols-2 and -4 can be sensitizers at a 
concentration of 10%, a concentration that is, at least, used in rinse-off products.  Therefore, the Nonoxynols do 
penetrate through the skin. 

Dr. McEwen said that the data indicate that Nonoxynols are sensitizers at fairly high concentrations.  
Therefore, a limit that is below these levels should be established for sensitization, which is what the Panel normally 
does.  Dr. McEwen also said that the limitation should be set for leave-on products, and that the Nonoxynols are safe 
as used in rinse-off products. 

Dr. Andersen said that the question before the Panel approximately a year ago related to the following:  
Nonoxynol-9 has a "clean bill of health" based on the studies in the Draft Report, but, what about the shorter chain-
length Nonoxynols?  He said that there was some indication that Nonoxynol-6 might be more irritating and, 
certainly, whether the shorter chain length compounds penetrate better is a reasonable question to ask. 

Dr. Andersen noted that the synthesis of long-chain Nonoxynols is a process that allows for quite a variety of 
chain lengths to be present.  Furthermore, in the presentation by Clairol Inc. today, a graph was shown indicating 
that Nonoxynols-4 through -15 could be detected reliably in Nonoxynol-9.  Thus, this may be regarded as evidence 
that the available studies on Nonoxynol-9 reveal more about the toxicity of shorter chain-length Nonoxynols than 
may have been assumed earlier. 
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In response to Dr. Carlton's concern about the composition of Nonoxynol with respect to other Nonoxynols, 
Dr. Andersen said (referring to the data submission) that the distribution of Nonoxynols in Nonoxynol-9 is a fairly 
flat distribution, with no peak at Nonoxynol-9. 

The Panel unanimously concluded that the Nonoxynols reviewed in the current report (Nonoxynols -1 
through -8) are safe as used in rinse-off products and safe for use in leave-on cosmetic products at concentrations up 
to 5%, and voted unanimously in favor of issuing a Tentative Report with this conclusion.  The 5% limitation is 
based on human skin irritation and sensitization data. 

 Dr. Bergfeld confirmed with Dr. Andersen that the Panel's discussion on Nonoxynols and the new skin 
penetration data submitted by Clairol, Inc. will be included and referenced in the Tentative Report that will be 
issued. 

 

June 3-4, 1996 (59th) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

Dr. Schroeter noted that at the December 11-12, 1995 Panel meeting, the Panel voted in favor of issuing a 
Tentative Report with the following conclusion:  On the basis of the available animal and clinical data included in 
this report, the CIR Expert Panel concludes that Nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-
off products and safe at concentrations of  5% in leave-on products. 

The Panel voted unanimously in favor of issuing a Final Report with the conclusion stated above.  

Dr. Bergfeld recalled that the safety of Nonoxynols -2, -4, and -8 in cosmetics was evaluated in the CIR Final 
Report published in 1983, and that the Panel’s present conclusion on these ingredients is different from the original 
one.  With this in mind, she wanted to know the procedures that will be followed in issuing  the current Final Report.   

Dr. Andersen said that the Final Report to be issued will actually be a combination Final Report.  New 
conclusions are presented on certain Nonoxynols, but the Final Report also amends the conclusion previously 
reached on Nonoxynols -2, -4, and -8 (safe as used, rinse-off and leave-on products included).  He also said that the 
title of the current Final Report will reflect both the new conclusions and the amended conclusions. 

 

 

 

 

 

 

 

 

 

 

 

Distributed for comment only -- do not cite or quote 
 



Day 1 of the March 16-17, 2015 CIR Expert Panel Meeting – Dr. Belsito’s Team 

Nonoxynols  

DR. BELSITO:  Okay.  So then we are moving to the nonoxynols. 
DR. LIEBLER:  Polysaccharide gums. 
DR. BELSITO:  No.  That was Paul. 
DR. LIEBLER:  Oh.  Okay. 
DR. BELSITO:  So, nonoxynols, we've got -- I tried to put Wave 2 in order 

here. 
DR. SNYDER:  Re-review, add-ons. 
DR. BELSITO:  Yeah.  But we've got no new data on the nonoxynols, is that 

correct, in Wave 2?  No.  We did, didn't we? 
DR. SNYDER:  Yeah, something. 
DR. BELSITO:  We did something. 
DR. SNYDER:  We get the European restriction of 0.1 percent in cosmetics, I 

think that's -- 
DR. BELSITO:  Yes.  And I sent an email to Lillian as to -- and I never got an 

answer -- as to why there was that restriction. 
DR. SNYDER:  That's exactly what I -- 
DR. ANSELL:  Environmental. 
DR. SNYDER:  Oh, that's right, it was. 
DR. BELSITO:  So, it was environmental? 
DR. ANSELL:  Yeah.  And the grade into -- it was a bunch of EOs, and then 

stopped with a short EO chain, which is toxic to fish. 
DR. SNYDER:  That's right. 
DR. BELSITO:  But did we -- we don't have that in our report, do we? 
DR. SNYDER:  Yeah. 
DR. ANSELL:  I had environmental concern -- 
DR. BELSITO:  Where did you find -- Okay.  So you are -- 
DR. SNYDER:  I don't understand by mass in cosmetics, and I had a question 

mark.  What was the basis for the restrictions?  So, do we know if it's fish, toxic?  What did you 
say, Jay, it was? 

DR. ANSELL:  It's an environmental concern, and it's -- I think it has to do fish 
toxicity. 

DR. SNYDER:  Because in the literature, and we had the whole thing about 
cement being categorized in the same category as that.  Odd. 

DR. KLAASSEN:  Maybe it develops around you, and you just coated the 
bottom. 

DR. SNYDER:  So we have it up to 5 percent in leave-ons.  You've, stated it, 
right? 

DR. BELSITO:  Yeah.  Less 5 percent based on sensitization, but it's restricted 
in the (inaudible) to 2.1 percent based on environmental risks that haven't been stated.  I mean, 
what are the environmental risks?  Do you know? 

DR. SNYDER:  No.  It wasn't provided. 
DR. BELSITO:  So, do we need to reopen it to -- or at least begin the process of 

reopening to assess why the EU has regulated it to a level that's 50 times lower than what we 
currently allow? 

DR. LIEBLER:  I just said, reopen to include all the new ingredients, and my 
suggestion wasn't proven by the environmental issue. 

DR. SNYDER:  Peer review. 
DR. BELSITO:  But don't you think we need to reopen to add the ingredients 

and specifically say we want to know why and how the Europeans came up with 0.1? 
DR. LIEBLER:  Oh, of course.  Yeah. 
DR. SNYDER:  That's it -- I mean the next -- we want to go the next step if we 

want to pursue, potentially, the reopening, like we always do.  We want to see some more data, 
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and then we'll go from there like we always do. 
DR. ANSELL:  We would not recommend reopening.  It's a material, that for 

reasons outside the CIR, is not significantly used anymore.  To reopen it to get data, it's just not an 
important ingredient. 

DR. BELSITO:  Well, I guess I would disagree, Jay, because we now have said 
that it's safe as used up to 5 percent, and we have information that our colleagues across the pond, 
for reasons that we don't completely understand, but it's not safe for use up to 5 percent.  And I 
think it's incumbent upon us to at least assess, even if we say we are not going reopen to add 
ingredients, to begin the process of reopening to understand why; in the EU, they have a much 
tighter restriction than we've allowed.  And that bothers me. 

DR. LIEBLER:  Jay, is your line of reasoning that the uses are going down? 
DR. ANSELL:  Because of the environmental restriction. 
DR. LORETZ:  Because the Panel normally doesn't look at environmental 

issues, so it would be just kind of outside the purview. 
DR. LIEBLER:  Right.  I thought I came to CIR and a RIFA Meeting broke out. 
DR. BELSITO:  No.  I understand that, but I mean, we don't understand the 

environmental issues.  Are there effects on humans that we should have considered or, you know?  
I don't understand the restriction. 

DR. ANSELL:  I don't think there are any new human data which has come out 
since this review, which would affect your conclusion. 

DR. BELSITO:  But do you know that there has not been? 
DR. ANSELL:  Well, it would have come up in this review, right, if there was 

no human data? 
DR. BELSITO:  No.  We didn't -- 
MR. JOHNSON:  Basically I updated the literature search on nonoxynols, and -- 
DR. ANSELL:  And has there been any new human data that's been derived 

since then? 
MR. JOHNSON:  No, that's -- In all those really -- if I recall quick, it relates to 

(inaudible) used. 
DR. BELSITO:  Did you look at all the ECHA data? 
MR. JOHNSON:  Pardon? 
DR. BELSITO:  Did you look at ECHA, E-C-H-A data? 
MR. JOHNSON:  Pardon me? 
DR. BELSITO:  Did you look at their database? 
MR. JOHNSON:  I'd have to check and see whether or not I did. 
DR. BELSITO:  Because there's got to be a reason then.  I just -- I'm 

comfortable saying we don't need to reopen, we don't want to add.  I'm fine with, we don't want to 
add.  I'm very uncomfortable at saying that, we feel it's safe up to 5 percent, and the Europeans 
have restricted to 0.1 for environmental reasons, which could be, contamination of drinking water 
leads to endocrine disruption, leads to -- 

DR. SNYDER:  Well there's this -- there's this non -- nonylphenol component. 
DR. ANSELL:  And it metabolized to an estrogenic component.  Is that 

probably the bottom line? 
DR. BELSITO:  That's what I was thinking, endocrine disruption. 
DR. KLAASSEN:  Yeah.  I looked this up on the Web, and it's -- 
DR. SNYDER:  So that must be the -- and if that's chain-length dependent? 
DR. KLAASSEN:  Right. 
DR. SNYDER:  It's negative, it's over three, but we are down to 2, right here. 
DR. KLAASSEN:  Yes.  Mm-hmm. 
DR. SNYDER:  So we do -- we do go below that. 
MR. JOHNSON:  That use concentration level it was based upon data on the 

nonoxynol-2. 
DR. SNYDER:  Two.  So read, and one that's less than three at 5 percent, so. 
DR. BELSITO:  I missed that line of reasoning.  So what are you saying, Paul?  

We shouldn't reopen it because we have data that suggest -- 
DR. SNYDER:  The nonylphenol, a metabolized component, is estrogenic, and 
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it's chain-length dependent, and so it's not estrogenic if the chain length is greater than three, but 
we have a use concentration of 5 percent for two, nonoxynols-2, but I don't know how that relates 
to the -- I guess that the nonylphenol is a metabolized product of the Nonoxynol theme, is that 
correct? 

DR. ANSELL:  Nonoxynol is just a commercial name. 
DR. SNYDER:  I'm not certain where the phenol comes in as far as the 

metabolized component, whether that's -- did we address that in the -- 
DR. LIEBLER:  I'm scrolling back up to the structure. 
MR. JOHNSON:  And I'd like to call your attention to page 19, PDF page 19, on 

the composition of nonoxynols, indicating the different homologues can be present in a given, you 
know, name, nonoxynol. 

DR. BELSITO:  Well, I mean, it's like PEGs. 
DR. SNYDER:  Yeah. 
DR. BELSITO:  But you know, again, we are allowing it at 5 percent, the 

Europeans have restricted it at 0.1 percent because of environmental concerns that we are only 
guessing could be endocrine disruption.  And then we have absorption data that -- Where are we 
here?  I just had it.  Percutaneous absorption, and in nonoxynol 2.6 percent, but nonoxynol-4.67, 
and nonoxynol-9, 4.73,; or let's see, 2.5 percent, right. 

Total permeation of nonoxynols is as follows; 0.6 percent of applied dose for 
two, 0.7 percent of applied dose for four, which doesn't make sense; and 0.5 of applied dose for 9.  
So, I mean, the low absorption, so assuming that that absorption is off ten-fold, is that a 
conservative assumption, that the absorption could be as high as 0.5, or 5 percent, really? 

DR. LIEBLER:  Maybe. 
DR. BELSITO:  But again, we don't know the basis for the European restriction.  

I mean, I think that maybe the best approach here is to table it, and find out exactly why the 
Europeans have restricted it to 0.1 percent, unless we disagree with Jay, and feel that we want to 
reopen it to add additional nonoxynols. 

DR. LIEBLER:  So, let's think about what kind of information we might get.  
Before you got information that the nonoxynols in the environment either directly or because of 
bio, you know, conversion by other organisms, generated some substances of environmental 
concern, as opposed to directing the health concern, then would we want to reopen it at that point? 

DR. BELSITO:  No, because we don't look at environment, but if the 
environment was an impact on human health and not on a minnow -- 

DR. LIEBLER:  So that was my scenario, it would be -- if it is this human 
element then we want to reopen it to amend our conclusion. 

DR. BELSITO:  Yes. 
DR. LIEBLER:  Or to examine it with the data, or whatever -- 
DR. BELSITO:  Or to at least look at what the data shows. 
DR. LIEBLER:  So, I agree with that.  So, I agree with the suggestion to table it. 
DR. KLAASSEN:  I would guess that the concern probably was the potential 

estrogenic effects by -- 
DR. BELSITO:  I suspect also based upon what we've got, but we have to know 

why and how they got to that 0.1 number, and we don't.  And we don't even know the endpoint, 
we are just guessing. 

DR. KLAASSEN:  Right.  I agree, we need more data. 
DR. ANSELL:  I think tabling it to ask those questions would be very 

reasonable, I just don't want to start going down a rat's hole, whether the relevant data -- 
DR. BELSITO:  I agree.  Fine. 
DR. ANSELL:  -- in fact through drinking water. 
DR. BELSITO:  Okay.  So we are recommending table to determine -- 
DR. SNYDER:  Well, I don't think table is appropriate, because I think what we 

do is we just say, we want to go to the next step, we just want clarification.  We need more 
information. 

DR. BELSITO:  But we are tabling even a decision to reopen, we are tabling all 
of that decision-making to allow for more information, unless, again, if we are going to be adding, 
then we don't table, we can add and ask. 

Distributed for comment only -- do not cite or quote 
 



DR. SNYDER:  Well, that's what I was just looking at, I mean, we want to add 
13 through, 13 and 18 through -- 

DR. BELSITO:  But Jay is saying they don't want us to add it, they don't want to 
reopen the report and add.  Isn't that what you said, Jay? 

DR. ANSELL:  Yes. 
DR. BELSITO:  Yeah.  So do we want to reopen the report and add, or do we 

agree with Jay that we don't want to add? 
DR. SNYDER:  Both. 
DR. BELSITO:  Bar, what is CIR's? 
DR. HELDRETH:  Well I mean, I'm looking at a little sheet of which direction 

we can go to those report, and tabling isn't really -- 
DR. SNYDER:  It's not an option. 
DR. HELDRETH:  -- it's not an option.  So we can open it to look into adding 

ingredients or looking at these issues, or choose not to reopen it. 
DR. BELSITO:  Okay.  Does CIR want us to add? 
DR. HELDRETH:  It's really not a -- you know, where we have a dog in the 

race, it's a matter of, if you feel that it's appropriate, if you feel that something may have changed, 
and it's a safety issue. 

DR. BELSITO:  Okay.  Then if table is not an option, then I think we need to 
reopen to determine the reasons for the European restrictions.  And then the question is, if we are 
reopening do we want to add other ingredients.  We've gone down this path before, where we 
made a decision to reopen and then decided not. 

DR. SNYDER:  Exactly, right. 
DR. LIEBLER:  I'm okay with that. 
DR. KLAASSEN:  I am too.  Adding the larger ones, that's not where the 

problem is, I don't think.  It's the small ones. 
DR. SNYDER:  Well, it goes to the no-brainer thing.  I don't think the add-ons 

are a no-brainer, but I mean, I don't know -- 
DR. LIEBLER:  Oh, I think they are probably a no- brainer. 
DR. HELDRETH:  I think it too. 
DR. LIEBLER:  I think it's probably -- it's just going to end up all revolving 

around this nonoxynol-9, and possible bio conversion to nonylphenol, and I'm not sure if that 
actually happens but -- 

DR. SNYDER:  But that wouldn't be not important to clarify that we -- why we 
have a plus 5 percent leave-on use that seems to be in contradiction to the European restriction of 
0.1 percent. 

DR. HELDRETH:  Yeah.  A quick Internet search of the rationale, whether, 
talking differently reveals that they are saying they are having a hard time getting these 
byproducts, even out of the water, when they go to the sewage treatment plant, so it's going back 
into the water supply that we may be using. 

DR. SNYDER:  Consuming. 
DR. HELDRETH:  So that's part of -- at least part of their rationale, for having a 

different conclusion than this.  But that's just a quick Internet search, it's not comprehensive. 
DR. BELSITO:  Okay.  So we are going to reopen then, from following what 

our group, my little team has decided.  We are going to reopen to determine reasons for the 
European restrictions to 1 percent, and what I'm not clear on; are we going to consider adding the 
other nonoxynols? 

DR. SNYDER:  Yes.  We are going to consider adding. 
DR. LIEBLER:  Right. 
DR. BELSITO:  And consider adding other nonoxynols.  Okay.  Anything more 

on the nonoxynols? 
MR. JOHNSON:  I think it's no, nonoxynols. 
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Day 1 of the March 16-17, 2015 CIR Expert Panel Meeting – Dr. Marks’ Team 

Nonoxynols 

DR. MARKS:  Good.  Thank you, Tom.  Any other comments?  Okay, let's see, 
next is nonoxynols. 

SPEAKER:  How do you say that?  Nonoxynols.  No. 
DR. MARKS:  Nonoxynols. 
SPEAKER:  Spermicide. 
DR. MARKS:  Yeah, I know.  That's only nine, isn't it?  Yes.  Okay, what 

happened to it?  So --  
DR. SLAGA:  Polysaccharide gums. 
DR. MARKS:  Oh, the polysaccharide gums have been deleted, so that was in 

the original administrative -- or postponed.  My heads up, re-organization, tentative report was 
safe.  Is that what you had?  Safe? 

SPEAKER:  Yes. 
DR. MARKS:  Safe, safe.  Ron, did you have safe too?  At any rate, I have a 

feeling it's going to be -- there's a heads up in the future, Wilbur.  And actually, the re-organization 
that was asked for since it had been pointed out Table 1 and Table 2 you already had it in branch 
chains.  I thought it fine, but we'll deal with that since the other team probably isn't going to since 
it was not on the agenda today, the revised agenda.  That's what happened to it, Tom.  But we got a 
heads up.  Hopefully it will be a -- 

DR. SLAGA:  We'll have to chew on it for a while. 
DR. MARKS:  -- straight -- you can put on it we informally discussed it and 

come to a safe conclusion. 
DR. JOHNSON:  I predicted just that. 
DR. MARKS:  Okay. 
DR. SLAGA:  We chewed it around. 
DR. MARKS:  Chewed it around.  From Texas, you chew on these things.  

(Laughter) 
DR. SLAGA:  It's a gum. 
DR. MARKS:  It's a gum.  I know.  I got it.  It's not tobacco.  It's gum.  I got it, 

Tom.  That's why I said from Texas.  A lot of chewing tobacco.  A lot of gum down there. 
Okay, let's move onto the nonoxynols. 
DR. HILL:  I thought we were on the nonoxynols.  We're not? 
DR. MARKS:  No.  Dr. Slaga kind of detoured us for a second.  His 

administrative agenda had the gums in it and that was revised.  It's not included. 
Okay, let me see.  Evaluation of the safety of the nonoxynols 

2-4-8-9-10-12-14-15-30-40 and 50.  I feel like an auctioneer.  In 1983 for the following -- for the 
conclusion safe.  Safe to be non-irritating it said, and then two -- they were safe, yes.  And then '99 
the panel concluded that the 1-2-3-4-5-6-7-8 are safe as used in rinse-offs and safe at 
concentrations of less than or equal to five percent in leave-ons.  And now we have the proposal 
adding some more nonoxynols 13-18-20-23-25-35-44-70-100 and 120 to those two other groups 
and then oxynols would be concluded previously. 

So, do we re-open this, Tom and Rons?  Are the ingredients okay?  What are the 
needs?  Do we formulate to be non-irritating?  And so go -- any rate, Tom, Ron? 

DR. SLAGA:  Add, or open to add new compounds, but same conclusion. 
DR. HILL:  So if you have that in mind can I ask the question I'm looking at the 

readacross table on page 7 of the PDF assuming it's accurate, there's hardly any toxicology data on 
the lowest nonoxynols that are here -- the lowest molecular weight, excuse me.  Look at 
nonoxynols 1-2-3, okay we have irritation data on nonoxynol-2, and a human sensitization and 
nothing else. 

DR. JOHNSON:  I might add that the 5 percent concentration limit was based 
upon sensitization data on nonoxynol-2. 

DR. MARKS:  Right.  Nonoxynol-2 leave-on it was 10 percent sensitization in 
the original data and 5 percent was negative, so that's how that came up. 
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DR. HILL:  But I'm looking at all these other areas of toxicology for which there 
seems to be no data, and then if  you look at, for example, the toxicokinetics, the references are -- 
I'm looking at the right one -- yeah, let's see.  The references, 1983 reports, and then if you go look 
at the two cross references, they're from 1977 and '66.  The '66 reference pertains to 
biodegradation and nothing to do with human biotransformation. 

And the '77 -- yeah, I'm not sure that the analytical methodology at that point in 
time was very robust, so I guess what I'm asking is if you got these low molecular weight 
nonoxynols and no toxicology other than sensitization and irritation except for acute oral from 
nonoxynols-2, only acute and only oral.  So, if you're not going to re-open then let it alone, but if 
we're going to re-open, then I want those questions looked at. 

DR. MARKS:  So who was -- it was felt to be safe in the original -- 
DR. HILL:  Yes, but I went back and looked and I'm not sure why.  Let me put 

it that way. 
DR. MARKS:  Okay. 
DR. JOHNSON:  I'd like to call the panel's attention to page 19 under 

composition relating to the distribution of homologs in some of the nonoxynols. 
DR. MARKS:  What did you want to specifically ask? 
DR. JOHNSON:  I guess basically for example nonoxynol-4 can contain 

nonoxynols 1 through 7.  That's the only thing that I was trying to point out. 
DR. MARKS:  Okay. 
DR. HILL:  Right, and so I'm guessing that they took the acute oral toxicology 

as enough, but I don't know why.  Ron Shank, do you want to comment on that please? 
DR. SHANK:  Yes, the data (inaudible) so the data for nonoxynol-4 covers -- 
DR. HILL:  What data for nonoxynol-4?  Oh, we have sensitization and 

irritation, don't we?  I'm not finding anything else unless -- what this use table does reflect all the 
old data as well as the new data, right? 

DR. JOHNSON:  Yes. 
DR. HILL:  The readacross table? 
DR. JOHNSON:  Yes, it does. 
DR. HILL:  Yeah, so there's nothing.  Okay, I see you do have nonoxynol-4.  

There was -- there was a repeated dose oral study, I guess.  It didn't give me the warm, fuzzy 
feeling about whether that was adequate to cover 1, 2, and 3. 

DR. MARKS:  So, I think we're at yes, we're going to re-open. 
DR. HILL:  In which case we can look at it. 
DR. MARKS:  We're going to have all the ingredients, (inaudible) nonoxynols 

are okay, correct?  Ron, Ron, Tom? 
DR. SHANK:  Yes. 
DR. SLAGA:  Yes. 
DR. HILL:  Yes. 
DR. MARKS:  And then sounds like we would move right on if your concerns 

are answered, Ron Hill, we would probably have a safe conclusion.  Is that correct? 
DR. SHANK:  We felt that these compounds would be only very slowly 

absorbed across the skin.  I think that's why we were not insisting on a lot of systemic toxicology. 
DR. HILL:  Although we don't have data to show that and for the nonoxynol-1, 

I'm not sure what about the structure would cause that conclusion to be reached.  So, I mean I 
guess one thing we could do is do some computation, but actually as you extend the length of the 
chain, grant you the molecular weight is going up but you're actually adding hydrophobicity on the 
-- hydrophilicity on the opposite end from where you have the long chain, so we would have in 
terms of long-P value at least we would get to a sweet spot where we might have an okay 
molecular way for absorption and a reasonable low-P value, and so the absence of data is not the 
same as conclusion of safety, and that I guess is part of what I was getting at. 

And the toxicokinetics data that's in here is actually essentially zero if you look 
at what's actually there based on the references in the original report.  So, I think we need to at 
least closely scrutinize this if we're going to re-open.  I mean I'm not ready to conclude safe yet.  
Let's put it that way, on some of these smaller ones. 

DR. EISENMANN:  My comment is that we kind of hate to see you spend a lot 
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of time on these ingredients.  These are not in use hardly any more because they're not permitted 
for use because of environmental reasons in Europe. 

DR. MARKS:  So what you're saying is American manufacturers seem to be 
following suit even though -- 

DR. EISENMANN:  Even though the FDA still has a fair number of uses still 
reported in the VCRP, I suspect a few FOI of specific uses that a lot of the are old and they're not 
-- in my response I got three companies and each had one response and that's it, and most of them 
were saying oh, but, you know, this is our leftover product.  We'll still be working on getting out 
of it, so for the most part companies are getting out of these. 

DR. MARKS:  So the question then -- you actually addressed my next question 
is the EU limit to 0.1 percent is below what's being reported in here. 

DR. EISENMANN:  And that's not a cosmetic regulation.  It's in the chemical -- 
part of their chemical regulation.  It's not just cosmetics.  It's all types of products.  That's what it 
is. 

DR. MARKS:  My question would be is why are we discussing to re-open this 
and add all these other ingredients?  Why don't we just move to not re-open? 

DR. EISENMANN:  That's what we would prefer. 
DR. SHANK:  Do not reopen.  Works for me. 
DR. MARKS:  Tom? 
DR. SLAGA:  That works for me too.  I mean there's no data related to these 

other than it makes read the numbers sequentially. 
DR. BERGFELD:  Is it necessary to have a letter from you stating that for 

documentation?  Carol?  Just say stating what you've just told us about the reduced use and the 
environmental hazard as addressed in Europe. 

DR. EISENMANN:  Okay, I mean I've provided the regulation to them. 
DR. HILL:  Yeah, we have it, in fact. 
DR. MARKS:  I think it began to review summary is where that really comes in 

to mention those two and EU environmental.  That's EU limit.  So, do the team members feel that 
-- we didn't see any safety concerns to re-open it, and in addition we don't want to reopen it and go 
through adding these two reports and then other nonoxynols when its use is diminishing, getting 
near zero and there's the EU limits, so I think all those reasons.  Does that sound good? 

DR. SLAGA:  It does. 
DR. MARKS:  Yes.  Bart. 
DR. HELDRETH:  Just to take this one step further.  So, if we're not going to 

reopen this because there's diminishing uses and we don't have any new safety concerns, do we 
even look at this again in 15 years unless somebody comes at us for cause?  I mean do we just fall 
off the clock system because that's why it came to your attention here is because we have a 
15-year clock. 

DR. MARKS:  Yeah, I think it can be put on a 15- year clock, and if there are no 
uses it won't come up.  My flip answer to you, Bart, was I'm not going to be here in 15 years.  
(Laughter)  Now, Wilma still will be here, but I'm not going to be here. 

`   Okay, no safety concerns.  Use diminishing, disappearing in the EU.  Okay, 
so I'll move tomorrow not to reopen.  You went to probably a lot of effort, Bart, to look up all 
these others, or did you just see how many numbers there were and add that? 

DR. HELDRETH:  We just want to be complete. 
DR. MARKS:  Yeah, okay.   
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Day 2 of the March 16-17, 2015 CIR Expert Panel Meeting – Full Panel 
 
Nonoxynols 
 

DR. MARKS:  Yes, I have the ingredient.  No is right.  So this is the 
nonoxynols, and we move not to reopen.  There's no safety concerns.  The use is disappearing and 
then we have this EU limit of 0.1 percent because of environmental effects.  So again, move not 
reopen. 

DR. BERGFELD:  Any comment or motion?  Comment if no motion, to 
second? 

DR. BELSITO:  Yeah, we -- 
DR. SHANK:  I'll second. 
DR. BERGFELD:  Okay, thank you.  All right, go ahead. 
DR. BELSITO:  We felt that it should be reopened because it's still not clear to 

us exactly what environmental issues.  We're assuming it's endocrine disruption and what 
organism led the European Union to restrict this to 0.1 percent, since we currently have a limit of 
5 percent.  So we thought we could at least begin the process, as we've done many times before, of 
reopening it, adding the other ingredients at this point and getting more information as to exactly 
what led the EU to issue a restriction.  Then how we want to handle that.  Acknowledging the fact 
that it is not the purview of this panel to protect the environment, but the purview of the panel to 
protect the consumer using a cosmetic product. 

DR. MARKS:  So I guess it's because we heard from industry that because of 
that EU limit, the use is disappearing.  And so we didn't feel we wanted to invest any further time 
in ingredients that are essentially going to be gone and that we felt were safe at this point from the 
previous report.  Safe for use as a personal care product ingredient, not as an environmental 
ingredient.  So we note the EU limit.  That could be handled in the discussion of the re-review 
document, but we didn't want to invest any more time in ingredients that would be disappearing. 

DR. BELSITO:  But in the meantime, we have a conclusion sitting out there 
saying that it's okay to use it up to 5 percent. 

DR. MARKS:  In a personal care product. 
DR. BELSITO:  Which is -- yeah, but it's 50 times higher than what the EU is 

saying could be safely used.  We don't have the data that would show why they came to a 
conclusion that presumably 0.1 percent is disrupting the endocrine system of some organism.  And 
it hasn't disappeared.  It's being used less frequently.  We have no guarantee that in fact it will 
disappear from the marketplace.  And I just personally feel very uncomfortable having a decision 
out there that's in marked contrast.  We're not talking about 0.5 versus 0.1.  We're talking about 0.1 
versus 5. 

DR. HILL:  I was wondering, is nonoxynol 12 used at 8.3 percent?  That's what 
our review indicated, so even higher than 5 percent. 

DR. BELSITO:  Right. 
DR. MARKS:  But the safety assessment is up to 5 percent. 
DR. BELSITO:  But we have reports that it's being used higher. 
DR. MARKS:  So team, I mean, what do you want to do?  Ron, do you want to 

withdraw the second and go with reopen at this point and see where this leads us? 
DR. SHANK:  I don't see that there's enough issued to involve the staff 

reopening this.  I think your issues can be handled in the re-review discussion, calling attention to 
two different limits 0.1 and 5. 

DR. BELSITO:  And then how do we explain that we're willing to continue at a 
5 percent level when we don't know what the basis of the 0.1 percent restriction is, other than it's 
environmental? 

DR. SHANK:  You just said it, an environmental issue is not in our charge. 
DR. BELSITO:  But we don't know environmentally who's it impacting.  Is it 

impacting humans?  And therefore if these products are being used in categories where they could 
be ingested in levels of up to 0.1 percent, would it have an effect in a cosmetic product on a user?  
I don't know, and that's my problem.  I don't understand the restriction. 

DR. KLAASEN:  I think it might -- I also favor looking into this.  I think one of 
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the supposed effects of these compounds is that they are, "environmental estrogens."  And if they 
really are "good estrogens," then maybe their concentrations should be lowered.  I mean, I think 
there's just -- there's something out there that we've got to include into this report.  I don't think we 
have to do everything as far as a staff time is concerned.  But really just what is the biology of this 
so-called environmental problem, and why did Europe decrease it so markedly?  I would just feel 
better if I knew the science behind it.  Is it because the fish can't breathe?  Or is it because it's an 
environmental estrogen or what?  That's my feeling. 

DR. BELSITO:  I mean, if you want to reopen not (inaudible) ingredients so the 
staff does not have to go out and spend time at least searching those ingredients and really focus 
on looking at whatever data we can collect from Europe to come to at least some understanding as 
to why they limited it.  I mean, we've gone down the path of reopening and then not reopening.  
But I would like to reopen and at least get clarification as to what the heck's going on in Europe. 

DR. SHANK:  So are you prepared to change the conclusion?  If you find out 
why the European groups placed a much lower level based on environmental changes, are you 
willing to change the concentration that this panel has recommended based on cosmetic? 

DR. BELSITO:  I don't know -- 
DR. KLAASEN:  The concentration in the environment and concentration in a 

cosmetic are two very different things. 
DR. BELSITO:  But Europe has said that it should not be used above 0.1 

percent in cosmetics and household products and a whole list of ingredients.  Again Ron, I -- my 
problem is I don't know what the tox endpoint that they have used and why they set that.  And 
perhaps there's data that they have that's been submitted to them that we have not captured that 
might change our conclusion.  I simply do not know. 

DR. MARKS:  So another alternative Ron, this would require retracting a 
motion, but another alternative, since we're really focused on the EU limit, is to table this until we 
get clarification of the EU limit and what the total ramifications of that are.  And that way it 
doesn't disappear.  Your team gets to look at it again.  But it doesn't either reopen or not reopen.  It 
tables it until we get this. 

DR. SNYDER:  I believe this the one we talked about that, right?  That 
provision doesn't exist for re- reviews, correct? 

DR. HELDRETH:  Right, at this point it's not enough.  You can't table a report 
at this (inaudible).  You have a choice of opening it or not opening it. 

DR. BERGFELD:  Well, that does that. 
DR. MARKS:  Well, that then -- with Belsito's team's concern, I think Ron, my 

feeling would be reopen.  But it's very limited for that one point.  We don't do an SLR for all the 
other additional nonoxynols.  We don't combine it all together.  We get clarification on that report, 
and at that point we either decide to move forward as a combined document with these, or we 
decide not to reopen it.  Does that sound a reasonable strategy? 

DR. SHANK:  And I'll remove my second. 
DR. MARKS:  Okay, and I'll remove my motion to not reopen too.  What I'll do 

now is move to open, but with the intent to focus on the EU limit and why was that arrived at and 
what are the implications and leave it at that for the next time we look at these ingredients. 

DR. BERGFELD:  Ron Hill? 
DR. HILL:  Yeah, I just wanted to bring up in that case that, what I wrote in my 

notes here, is if you look at the toxicokinetics and go back to the 1983 report, there are two 
references given in there.  One of them's 1977.  The other one's 1966.  The 1966 reference, when it 
talks about biotransformation, it's strictly -- it appears to be strictly microbial.  So the 1977 
reference I don't have yet. 

But what concerned me was that it looks like that nonoxynol 4 might be in 
relatively widespread usage, and we don't have any concentrations of use reported.  And then that 
led to the discussion of well, we might not be getting it because the industry is abandoning some 
of these.  And so that was where we ended up with saying, let's just not reopen it.  But that was 
what had my focus in terms of looking at these, because as they get larger, I don't think there's any 
concern at that point.  And obviously nonoxynol is a spermicide.  My incorrect use of it led to the 
conception of our oldest daughter. (laughter) 

DR. BERGFELD:  That's something we didn't need to know. (laughter) 
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SPEAKER:  What we need is some comic relief at this (inaudible). Apparently 
Ron felt it shouldn't be reopened. (laughter) 

DR. BERGFELD:  If I could bring your attention back to the motion, I need a 
second from the Belsito team. 

DR. BELSITO:  This is in the public minutes Ron. 
(laughter) 

DR. HILL:  My wife will have my hyde. 
DR. BELSITO:  I will second the limited reopen to assess what's going on in 

Europe and what information they have. 
DR. BERGFELD:  Is there anyone else throwing a comment on the table? 
DR. HILL:  I just had a question, a general question.  Since the concern is more 

about the endocrine disruption, I was wondering, what is CIR's policy about endocrine disruptors 
in general, ingredients that might have endocrine disruption potential?  How do you assess that? 

DR. BELSITO:  Well, first of all, I don't think we know that that's the issue.  We 
suspect it is from what we've read.  Basically we don't have a "policy."  We've usually looked at 
the, for instance, parabens and found that the level of endocrine disruption was low.  It was more a 
paraben that was really not used in a cosmetic product.  And the exposures from cosmetics was 
below any threshold of concern. 

DR. MARKS:  And I think we also heard from the expert that the actual testing 
for endocrine disruption is in a state of evolution too.  That there's not really -- I think -- my take 
was there aren't really great standard tests that everybody hangs their hat on and says, yeah, you 
pass this test or you don't pass this test, as an endocrine dysfunction.  Is that correct?  Did I -- 

DR. BELSITO:  Well, we heard that the uterotrophic assay is subject to pitfalls.  
I don't remember beyond that what we've heard.  We've dealt with it, but usually -- I mean, we 
don't have a boilerplate for it.  And everything that we've looked at has always been -- when we 
compared it to estrodial or other clearly estrogenic chemicals, the margin of safety has been in the 
order of 1000 or higher.  So we've never had an issue where we felt that cosmetics were even 
approaching that level. 

DR. BERGFELD:  I guess the bottom line is that we have dealt with this subject 
case by case basically. 

DR. HILL:  Was that the issue that was raised with tryclosan?  Or was it another 
-- I mean, we dealt with environmental issues with that one quite a bit.  I think it was a track 
record of how we handled that ingredient, and we did have industry input.  And we looked at it 
quite a bit, and I think put it all to bed.  But yeah, I think you're right.  I think it was a 
carcinogenicity or something, but --  

DR. BELSITO:  Thyroid cancer. 
DR. HILL:  Yeah. 
DR. BERGFELD:  Well, we've had a lot of -- 
DR. HILL:  But it was an environmental question in part. 
DR. BERGFELD:  We've had a lot of discussion.  Is it time to call the question?  

All right, I'm going to call the question.  All those in favor of reopening with a specific limitation?  
Thank you.  That's unanimous.  We're going to reopen.  So the next ingredient, moving on, will be 
Dr. Belsito's.  Disable -- 

DR. BELSITO:  Should be under B.  So this was reviewed in 1999 with the 
conclusion that the ingredient was safe for use in cosmetics.  There is -- waiting for my comments 
to pop up to make sure that my memory serves me right.  There is no add-ons that we can put to it, 
and we move not to reopen it. 

DR. MARKS:  Second. 
DR. BERGFELD:  Paul, were you going to comment?   

   DR. SNYDER:  Ready to vote. 
DR. BERGFELD:  All right, ready to vote.  Any comments, discussion?  Seeing none, call the question.  All those in 
favor not to reopen? Unanimous. 
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INTRODUCTION 

The safety of nonoxynols, listed below, in cosmetics is reviewed in this safety assessment.  These 27 ingredients 
function mostly as surfactants-emulsifying agents in cosmetic products. 
 

• Nonoxynol-1 
• Nonoxynol-2 
• Nonoxynol-3 
• Nonoxynol-4 
• Nonoxynol-5 
• Nonoxynol-6 
• Nonoxynol-7 
• Nonoxynol-8 
• Nonoxynol-9 

• Nonoxynol-10 
• Nonoxynol-11 
• Nonoxynol-12 
• Nonoxynol-13 
• Nonoxynol-14 
• Nonoxynol-15 
• Nonoxynol-18 
• Nonoxynol-20 
• Nonoxynol-23 

• Nonoxynol-25 
• Nonoxynol-30 
• Nonoxynol-35 
• Nonoxynol-40 
• Nonoxynol-44 
• Nonoxynol-50 
• Nonoxynol-70 
• Nonoxynol-100 
• Nonoxynol-120 

 
 
The Cosmetic Ingredient Review (CIR) Expert Panel has evaluated the safety of  nonoxynols-2, -4, -8, -9, -10, -12, -

14, -15, -30, -40, and -50 in cosmetics and issued a final report (published in 1983) with the following conclusion:  “On the 
basis of the available information presented in this report, the Panel concludes that nonoxynols-2, -4, -8, -9, -10, -12, -14, -15, 
-30, -40, and -50 are safe as cosmetic ingredients in the present practices of concentration and use”.1  The Panel reevaluated 
the safety of nonoxynols (nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 included) in cosmetics and issued an amended final 
report (published in 1999) with the following conclusion:2  “On the basis of the available animal and clinical data included in 
this report, the CIR Expert Panel concludes that nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-off 
products and safe at concentrations ≤ 5% in leave-on products [Note: this conclusion modifies a previous conclusion for 
nonoxynols-2, -4, and -8, which had been considered safe as used in both rinse-off and leave-on products]”. 

 
The following ingredients were not previously reviewed and are included in this safety assessment:  nonoxynols-13, 

-18, -20, -23, -25, -35, -44, -70, -100, and -120.   The current re-review of  previously reviewed nonoxynols, which are listed 
above, is to determine whether safety test data that has become available since the publication of the two prior final safety 
assessments warrant a change in either of the two conclusions previously issued by the Panel.   Appropriate data from the 
1983 and 1999 published safety assessments on nonoxynols are included (italicized in text) in this safety assessment to fill 
data gaps in the safety assessment of nonoxynols-13, -18, -20, -23, -25, -35, -44, -70, -100, and -120.   

 
 

CHEMISTRY 

Definition and Structure 
 
 The nonoxynols, or nonylphenoxy polyethoxyethanols, are ethoxylated alkylphenols with the chemical formula 
shown in Figure 1.; n can vary from 1 to 120.3  Nonoxynols are nonionic surfactants; the nonpolar alkyl chain has lipophilic 
properties, and the polar polyoxyethylee portion of the molecule has hydrophilic properties.  The nonoxynols with short 
chains are liquids (n = 14 to 15); those with longer chains are waxes (n > 20).  Liquid nonoxynols are generally sold as 50 
to 70% aqueous solutions.1 

 

 
 
 

Figure 1. Chemical formula for Nonoxynols. The value of n can vary from 1 to 120. 

 The definitions and functions of the nonoxynols reviewed in this safety assessment are presented in Table 1.3 

Chemical and Physical Properties 

Nonoxynol-9 
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UV spectral analyses of Nonoxynol-2, -4, and -9 were conducted in two sets of experiments in which samples of each 

chemical were diluted with water and 10% isopropanol, respectively. The results of these experiments indicated that the UV 
absorption spectra for Nonoxynol-2, -4, and -9 were essentially the same; absorption was noted in the UVC band (200 to 290 
nm range). The following comments were made by the investigator: “UV absorption is not affected by addition of ethylene 
oxide formation of ethylene glycol linkages, since they are not part of the chromophore. However, molecular weight does 
inversely influence absorption for the Nonoxynols.  Thus, Nonoxynol-9 with 9 moles of ethylene oxide has less UVC 
absorption than a Nonoxynol with 4 moles of ethylene oxide. All three Nonoxynols show only tail absorption above the 290 
ml range to a similar degree. Thus, there does not appear to be any significantly greater UVA or UVB absorption for either 
Nonoxynol-2 or -4 as compared to Nonoxynol-9”2  
 
 The absorption spectrum of nonoxynol-9 (in buffered aqueous medium) has two bands that are centered at 225 nm 
and 276 nm, with a tail extending to 300 nm.4  
 
 UV absorbance and other properties of the nonoxynols are presented in Table 2.   
  

Method of Manufacture 

 Alkylphenols [such as these nonoxynols] are synthesized commercially by Friedal-Crafts alkylation of a phenol to 
an olefin.  The resulting monoalkylphenol product is purified by distillation and ethoxylated with the appropriate number of 
moles of ethylene oxide to produce the desired alkylphenol ethoxylate.1 

Composition 

Nonoxynols -2, 4, and -9 
 

An HPLC analysis-UV detection method was used to determine the distribution of homologues with varying ethylene 
chain lengths in commercial samples of Nonoxynol-2, -4, and -9. The distribution of homologues was as follows: Nonoxynol-
2 (Nonoxynol- 1, -2, -3, and -4 homologues present), Nonoxynol-4 (Nonoxynols- 1, -2, -3, -4, -5, -6, -7, and -8 homologues), 
and Nonoxynol-9 (Nonoxynol-2, -3, -4, -5, -6, -7, -8, -9, -10, and -11 homologues).2 

Impurities 
Nonoxynols -1, -2, -4, and -9 
 

Nonoxynol-1 may contain up to 20 ppm ethylene oxide and, Nonoxynol-6, up to 35 ppm ethylene oxide. Assays for 
1,4-dioxane and ethylene oxide were also performed on samples of Nonoxynol-2, -4, and -9. Neither 1,4- dioxane nor 
ethylene oxide was detected in triplicate samples of Nonoxynol-2. However, Nonoxynol-4 (5 samples) contained 4.5 to 20 
ppm 1,4-dioxane and 7.9 to 67 ppm ethylene oxide.  Triplicate samples of Nonoxynol-9 contained ~4.5 to 5.9 ppm 1,4-
dioxane and ~3.6 to 12.2 ppm ethylene oxide. The limits of detection for 1,4-dioxane and ethylene oxide in these assays were 
4.5 ppm and 3.6 ppm, respectively. Samples of Nonoxynol-2, -4, and -9 were analyzed for the presence of nonylphenol 
(unreacted C9) using a gas chromatography flame ionization test (solvent, methanol; nonylphenol detection limit = 500 ppm). 
Nonylphenol was detected at concentrations of ~500 ppm.2  
 
 

USE 

Cosmetic 
 
 The Panel utilizes data received from the Food and Drug Administration (FDA) and the cosmetics industry to 
determine the expected cosmetic use.  Data on the use frequencies of individual ingredients in cosmetics are submitted by 
manufacturers and organized by cosmetic product category in FDA’s Voluntary Cosmetic Registration Program (VCRP) 
database.  Use concentration data are submitted in response to surveys of maximum reported use concentrations, by product 
category, which are conducted by the Personal Care Products Council (Council).  
 According to the 2015 VCRP survey, the greatest use frequency was reported for nonoxynol-4 (90 formulations, all 
rinse-off), followed by nonoxynol-6 (65 formulations, all rinse-off) (Table3).5  Lower use frequencies were reported for the 
remaining nonoxynols, mostly relating to use in rinse-off products.  The results of a concentration of use survey conducted by 
the Council in 2014 indicate that nonoxynol-12 has the highest reported maximum concentration of use; it is used at 
concentrations up to 8.33% in rinse-off products (on-head concentration in hair dyes and colors) (Table 3).6  The highest 
maximum concentration of use reported for products resulting in leave-on dermal exposure is 0.42% (nonoxynol-12, in 
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aerosol hair sprays).  Nonoxynol-9 was reported to be used in one product category, other personal cleanliness products, at a 
concentration of 2.5%.  No other uses of nonoxynol ingredients were reported in response to the Council’s survey.  In some 
cases, reported uses appear in the VCRP database, but concentration of use data were not provided.  For example, nonoxynol-
4 was reported to be used in 90 cosmetic formulations, but use concentration data were not reported.  
 
 Historical use concentration data on nononxynols-1 to -30  from published CIR final safety assessments  are also 
presented in Table 2.1,2  Nonoxynols have been used in cosmetics at concentrations up to ~50% (nonoxynol-6, in rinse-off 
and leave-on products).  Nonoxynols -1 and -2   have been used at concentrations up to ~10% and ~20%, respectively, in 
rinse-off products.  Comparing earlier and more recent use frequency data reveals that uses of Nonoxynol-4 decreased from 
575 to 90. 
 

Nonoxynols are being used in products that could possibly be inhaled.  Specifically, nonoxynol-9 is used in cologne 
and toilet waters and in hairspray products (use concentrations not available), and nonoxynol-12 is used in hairspray products 
at a maximum use concentration of 0.42%.  In practice, 95% to 99% of the droplets/particles released from cosmetic sprays 
have aerodynamic equivalent diameters >10 µm, with propellant sprays yielding a greater fraction of droplets/particles below 
10 µm, compared with pump sprays.7,8,9,10  Therefore, most droplets/particles incidentally inhaled from cosmetic sprays 
would be deposited in the nasopharyngeal and bronchial regions and would not be respirable (i.e., they would not enter the 
lungs) to any appreciable amount.7,8  

 
Nonoxynols-1 to -120 are not included in the list of ingredients prohibited from use in cosmetic products marketed 

in the European Union EU).11 However, in the EU, nonylphenol and nonylphenol ethoxylates (another name for nonoxynols) 
shall not be placed on the market, or used, as substances or in mixtures, in concentrations equal to or greater than 0.1% by 
weight for various purposes, including cosmetic products  and other personal care products (except spermicides).12   
The need for restrictons on nonylphenol and nonylphenol ethoxylates in industrial products is based on the premise that 
European water bodies are at risk from the combined effects of nonylphenol ethoxylate (NPEO) degradation products, i.e., 
nonylphenol, short-chain NPEOs, and nonylphenol ethoxycarboxylates (NPECs), including effects arising from their 
endocrine disrupting properties.13 
 

 
Noncosmetic 

Nonoxynols-1, -5, -6, -9, and -10 
 

The Code of Federal Regulations (CFR) describes indirect food additive uses of Nonoxynol-1 as components of 
adhesives and components of paper and paperboard in contact with dry food. Nonoxynol-5 and -6 have the following indirect 
food additive uses: components of adhesives, components of resinous and polymeric coatings, components of paper and 
paperboard in contact with aqueous and fatty food, components of paper and paperboard in contact with dry food, defoaming 
agents in the manufacture of paper and paperboard, and emulsifiers and/or surface-active agents for articles that contact 
food.14  

 
Sulfosuccinic acid 4-ester with polyethylene glycol nonyl phenyl ether is permitted for use in adhesives, which are 

used as components of articles intended for use in packaging, transporting, or holding food.  The alcohol moiety of this 
chemical is produced by the condensation of 1 mole of nonylphenol and an average of 9-10 moles of ethylene oxide.15    
 

The FDA Advisory Panel on Over-The-Counter (OTC) Contraceptives and Other Vaginal Drug Products issued a 
proposed rule classifying Nonoxynol-9 as safe and effective and not misbranded  for use as a vaginal contraceptive active 
ingredient.16  

 
The International Organization for Standardization (ISO), a worldwide federation of national standards bodies, has 

established residue limits for ethylene oxide in each medical device, in terms of the dose delivered to patients. The limit for 
exposure to ethylene oxide for 30 days to life is an average of 0.1 mg/day, not to exceed 20 mg in any given day, 60 mg in a 
month, or 2,500 mg in a life time.17  

TOXICOKINETICS 

The metabolism of Nonoxynols takes place by shortening the ethylene oxide chain and some carboxylation of the 
alkyl chain by omega-oxidation. No metabolic formation of free phenolic groups has been reported.1 
 
Nonoxynols-7, -10, -12, and -15 
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Ethylene-14C-oxide-labeled Nonoxynol-7, -10, -12, or -15 (dose = 67 mg/kg) was fed to groups of four rats each. 

Seven days cumulative 14C levels in urine, feces, and expired air were determined. With increasing ethoxy chain length, 
urinary and pulmonary excretion of radiocarbon decreased and fecal excretion of label increased, indicating decreased 
intestinal absorption.1 
 
Nonoxynol-9 
 

It has been reported  that Nonoxynol-9 is absorbed through the vaginal wall of rabbits and rats, and is excreted by 
liver-bile-feces and kidney-urine routes.1 
 

Four rats were injected intravenously with 14C-Nonoxynol-9 (single dose = 5.2 mg/kg; 3.08 µCi/mg). At 6 and 24 
hours, the tissues and organs contained 44.4 and 48.1% of the administered radioactivity, respectively. Again, the largest 
counts of radioactivity were reported in the small and large intestines (contents included). In these tissues, 38.7% and 43.3% 
of the administered dose were detected at 6 and 24 hours, respectively. At 48 hours, 60.8% and 42.8% of the administered 
radioactivity were excreted in the feces and urine, respectively. Radiomonitored HPLC analysis of urine (pooled from 4 rats 
at 24 hours) and bile (pooled from an additional 3 rats at 6 hours) collected after intravenous administration of 14C-
Nonoxynol-9 indicated that no intact Nonoxynol-9 was present in the urine or bile, and that Nonoxynol-9 was metabolized to 
highly polar species. Urinary metabolites that were neutral and acidic in character were detected.2 
 

The transplacental transfer and disposition of 14C-Nonoxynol-9 were evaluated using female rats (number, strain 
not stated). Each animal received a single dose of the test substance (dose = 0.1 mg/100 g) intravaginally on day 15 of 
gestation. The animals were killed at 24,48, or 96 hours post-administration. At 24 and 48 hours, the concentrations of 14C in 
the amniotic fluid, placenta, and fetus were similar to those in the plasma; however, at 96 hours, concentrations of 14C in 
these three tissues were two to five times greater than that detected in the maternal plasma. The analysis of blood samples 
obtained from the tail vein indicated that maximal concentrations of 14C in the blood were detected at 45 to 60 minutes, and 
that blood concentrations decreased gradually thereafter.  Approximately 86% and 96% of the administered dose were 
absorbed from the vagina after 24 and 48 hours, respectively. The greatest uptake of 14C occurred in the following organs: 
maternal liver, cecum, duodenum, bladder, kidneys, adrenal and thyroid glands, and uterus. The lowest uptake of 14C 
occurred in the brain. The combined recoveries of 14C in the urine and feces were 34,46, and 54% of the administered dose at 
24,48, and 96 hours, respectively.2  
 
 Nonoxynol-9 (in saline) was administered vaginally to 3 female NZW rabbits at doses of 100 mg/kg and 300 mg/kg 
(dose volume = 3 ml/2.5 kg).18  Blood samples were collected from the marginal ear vein for up to 8 h post-dosing.  Plasma 
was separated by centrifuging the blood samples.  The mean peak concentration (Cmax) of 4.87 ± 0.3 ng/ml was achieved at 1 
h post-dosing.  The concentration of nonoxynol-9 in the plasma decreased rapidly and was eliminated from the plasma, with 
a terminal half-life of 1.45 ± 0.07 h.  The authors noted that nonoxynol-9 was not found significantly in the in vivo plasma 
samples. 

Percutaneous Absorption 
 
Nonoxynols-2, -4 and -9 
 

The in vitro skin penetration of Nonoxynol-2, -4, and -9 was evaluated using heat-separated, human epidermal 
membranes. Skin samples were obtained from three individual donors. This experiment was designed to mimic in-use 
conditions relative to nonoxynols in leave-on products, and was conducted to maximize the potential for quantifying the 
relative permeability of the various Nonoxynols and their constituent homologues. Each of three test solutions of Nonoxynol-
2, -4, and -9 (10% w/w in isopropyl alcohol per solution; volume = 15 ~1) was applied to epidermal membranes. Solutions 
remained in contact with the skin for 48 hours, after which the entire receptor media were analyzed by HPLC. The HPLC 
analysis employed a fluorescence detection method. This experiment includes data from three of the six replicate permeation 
experiments that were conducted for each Nonoxynol. The results indicate that the mean total amount of Nonoxynol 
permeated decreased with chain length from 7.21 µg of Nonoxynol-2 to 2.77 µg of Nonoxynol-9. Additionally, the lower 
Nonoxynol homologues permeated to a greater extent than the higher oligomers.  The total permeation for Nonoxynols was 
as follows: 6.17 ± 0.94 µg/cm2, corresponding to 0.57 ± 0.07% of applied dose (Nonoxynol-2); 7.10 ± 1.47 µg/cm2, 0.66 ± 
0.14% of applied dose (Nonoxynol-4); and 4.73 ± 2.33 µg/cm2, 0.49 ± 0.27% of applied dose (Nonoxynol-9).2  
 

Based on these data, it was stated that the total skin penetration for Nonoxynol-9 was slightly lower than that for 
Nonoxynol-2 and -4. The following comments were also made: “Based on the leave-on application data, the levels of 
Nonoxynols absorbed following an abbreviated exposure period (1 hour) would be anticipated to be very low (0.13, 0.15, and 
0.10 µg/cm2 for Nonoxynol-2, -4, and -9, respectively), based on simple linear extrapolation of the 48-hour data. Therefore, 
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the potential for systemic exposure to the lower molecular weight Nonoxynols is extremely low under conditions of rinse-off 
application to the scalp (500-750 cm2) in products such as hair dyes”2 
 
 The percutaneous absorption of nonoxynol-4 and nonoxynol-9 in vitro was studied using human, porcine, and rat 
skin samples in flowthrough diffusion cells.19  Topical solutions of 0.1%, 1%, and 10% 14C-nononxynol-4 (each in PEG-400) 
and 0.1%, 1%, and 10% aqueous 14C-nonoxynol-9 were applied, and radioactivity in the perfusate was monitored over an 8-h 
period.  The dermal absorption of 14C-nonxynol-4 and 14C-nonoxynol-9 was similar across skin from 3 species at less than 
1% of the applied dose.  Skin penetration was generally less than 5% of the applied dose, most of which was found in the 
stratum corneum.  For both 14C-nonoxynols in all skin species, the fraction of dose absorbed was highest for the lowest 
applied concentration.  Absorption, expressed as mass absorbed over 8 h were similar (≈ 0.3 µg/cm2) across all 
concentrations.  Particularly in rat skin, skin penetration, but not absorption, was greater when water was used as the vehicle 
compared to PEG-400 as the vehicle.  The results of this study suggest that, in skin samples from all 3 species, 14C-
nonoxynol-9 and 14C-nonxynol-4 were minimally absorbed across the skin. 
 
 

TOXICOLOGY 

Single Dose (Acute) Toxicity 
 
 
Inhalation 
 
Nonoxynols -4, -7, and -9 
 

Groups of six male rats were placed in inhalation chambers and exposed once to Nonoxynol-4, -7, or -9 for either 
four or eight hours.  Animals were observed for 14 days following exposure. Inhalation of these Nonoxynols did not cause 
toxic effects in rats (normal weight gains and no mortalities).1 
 
Oral 
 
 The results of oral toxicity studies on nonoxynols are summarized in Table 4.  Most of the nonoxynols were 
classified as slightly toxic.1,2 
 
Dermal 
 
Nonoxynols-4, -7, -9, -10, -13, and -40 
 

One diluted and five undiluted Nonoxynols were tested in rabbits for dermal toxicity.  In each study, the sample was 
applied once under occlusion to shaved, abraded skin. The patches were removed at 24 h, the exposed sites rinsed, and the 
animals observed for 14 days. The LD50 values resulting from these studies indicate that Nonoxynols-4, -7, -9, -10, and -13 
ranged from 1.8 ml/kg to 4.4 g/kg.  A 50% Nonoxynol-40 applied in a similar manner was reported to have an LD50 of 
greater than 10 g/kg.  The following toxic effects were observed after dosing:  nonoxynol-4 (5 rabbits tested: erythema and 
necrosis of skin; lung congestion and hemorrhages in dead animals); nonoxynol-7 (5 rabbits tested: erythema and necrosis 
of skin; lung congestion, hemorrhages, and liver congestion), nonoxynol-9 (12 rabbits tested: diarrhea, liver lesions, and 
erythema at 8 and 50 g/kg), nonoxynol-9 (5 rabbits tested: skin necrosis), nonoxynol-13 (8 rabbits tested: lung hemorrhages 
and mottled liver and kidneys in dead animals), nonoxynol-40 (6 rabbits tested: erythema and necrosis of skin).1 
 
Nonoxynols-5 to 11.5 
 

Nonoxynols-5 to -11.5, when applied topically to rabbits, resulted in minimum lethal doses of 2 to 10 g/kg. Toxicity 
decreased as ethoxylation increased.1 

 
 
Nonoxynols-5 and -6 
 

In an acute dermal toxicity study involving rabbits (number and strain not stated), the LD50 for Nonoxynol-5 was not 
achieved at a dose of 2.0 g/kg. The procedure for test substance administration was not stated. Nonoxynol-5 was slightly 
toxic in rabbits. The LD50 also was not achieved at a dose of 3.0 g/kg when Nonoxynol-6 was tested in a dermal toxicity study 
involving rabbits (number and strain not stated).  The procedure for test substance administration was not stated. 
Nonoxynol-6 was slightly toxic in rabbits.2 
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Parenteral 
 

Three groups of female rats were injected with Nonoxynol-9, intraperitoneally (undiluted), subcutaneously 
(undiluted), or intravenously (1% solution in saline). The corresponding LD50 values determined were 210 mg/kg, 1000 
mg/kg, and 44 mg/kg.1 

Repeated Dose Toxicity 
 
Oral 
 
Nonoxynol-6 
 

The repeated dose toxicity of Nonoxynol-6 was evaluated using four groups of 20 (10 males and 10 females per 
group) weanling Sprague-Dawley rats. The test substance was fed to three experimental groups at doses of 0.040, 0.20, and 
1.0 g/kg/day for 90 days. The control group was fed a standard pulverized rat stock diet. The only deaths reported were two 
rats (1 male, 1 female) of the 1.0 g/kg/day group and one female rat of the 0.20 g/kg/day group; deaths were due to 
respiratory failure. Neither microscopic changes nor significant gross pathologic changes that were related to 
administration of the test substance were observed. Statistically significant differences in weight gain between experimental 
and control groups were noted only in male and female rats of the 1.0 g/kg/day dose group. However, the results of a special 
paired feeding study indicated that this growth effect was due to poor diet palatability. Data from hematologic and urine 
analyses were similar between experimental and control groups. Increased liver weights and liver-to-body weight ratios were 
noted in female rats that received 1.0 g/kg/day and in male rats that received 0.20 and 1.0 g/kg/day. These increases were 
dose-correlated and, consequently, directly related to ingestion of the test material. Liver-to-body weight ratios were also 
significantly increased in female rats that received 0.20 g/kg/day. However, at this dose, absolute liver weights were not 
significantly increased over those of the control group, and significant body weight reduction was not noted. The researchers 
concluded that the importance of increased liver-to-body weight ratios in relation to the ingestion of Nonoxynol-6 was 
questionable.2 

 
In another study, the repeated dose toxicity of Nonoxynol-6 was evaluated using four groups of four (2 males, 2 

females) pure-bred beagle dogs. The test substance was fed to three experimental groups at doses of 0.040,0.20, and 1.0 
g/kg/day for 90 days. The control group was fed a stock diet. None of the animals died. However, during the first two weeks 
of testing, emesis was noted daily in dogs that received 0.2 and 1.0 g/kg/day. After the first two weeks, occasional emesis was 
noted only in the 1.0 g/kg/day group. The results of gross and histopathologic examinations did not indicate any changes that 
were related to test substance administration. Significant abnormalities also were not observed in hematologic studies, 
clinical blood chemistry analyses, urinalyses, and liver function tests. Compared to the control group, there was a slight 
increase in the liver-to-body weight ratio in female dogs that received 1.0 g/kg/day; this finding was not considered 
significant.2 
 
Nonoxynols-4 and -9 
 

Nonoxynols -4 and -9 were administered to rats (0.20 and 0.14 g/kg/day)and dogs (0.04 and 0.03 g/kg/day) in two 
two-year feeding studies. Body weight and hematologic parameters were monitored in all studies. A number of rats at each 
dose level were sacrificed and necropsied after 12 months; all remaining rats were sacrificed and necropsied after 24 
months. All dogs were sacrificed and necropsied after 720 days. The results of these tests at the dose levels tested indicate 
that these Nonoxynols have a low chronic toxicity.1 
 
Nonoxynol-9 
 

Two four-week feeding studies were conducted individually on four rats (2 males, 2 females).  Animals were placed 
on diets containing 0.025%-2.5% Nonoxynol-9. At the end of the test, animals at the 2.5% dose level had scanty body fat 
deposits; carcasses were moderately thin to emaciated. The rats on a diet containing 0.025% Nonoxynol-9 were unaffected.1 

 
Nonoxynol-10 
 

Three groups of 50 female B6C3F1 mice (4 weeks old) received nononxynol-10 at concentrations of 500 ppm, 1500 
ppm, and 4500 ppm in the diet, respectively, for 104 weeks.20  The estimated mean dose rates of nonoxynol-10 were 81.5 
mg/kg/day, 254 mg/kg/day, and 873 mg/kg/day, respectively.  A fourth group was fed control diet. There were no differences 
in mortality among the 3 dose groups, and mortalities did not exceed the background.  Additionally, there were no signs 
observed that were attributable to feeding with nonoxynol-10, and hematological examination results were negative.  Lower 
absolute liver and kidney weights and higher relative weights of the brain, liver, and kidney were observed in the 4500 ppm 
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group. These findings were considered changes associated with the suppression of body weight gain observed only in this 
group.  At pathological and histological examinations there were no changes that were attributable to nonoxynol-10 in the 
diet.  Additional results are presented in the section on Carcinogenicity. 
 
Nonxynols-4, -6, -9, -15, -20, -30, and -40 
 

Rats and dogs were fed diets containing either 0.04 to 5.0 g/kg or 0.01% -1 % Nonoxynol-4, -6, -9, -15, -20, -30, or -
40 for 90 days.  After 90 days, 1 or 5 g/kg/day Nonoxynol-20 caused focal myocardial necrosis in dogs but not in rats. In 
other studies with Nonoxynol-20 at 1 g/kg/day, six of eight dogs died between 4 and 14 days. Overall, dogs and guinea pigs 
showed evidence of cardiac lesions, but not rabbits, rats, and cats.  In a 90-day study, Nonoxynol-20 at 0.04 g/kg/day 
produced cardiac lesions in dogs, whereas 5.00 g/kg/day had no effect in rats.  Dosing with Nonoxynols-4 to -9 frequently 
increased liver weights in these studies.  This finding was not reported for Nonoxynols-15 to -40.1 
 
Intraperitoneal 
 
Nonoxynol-9 
 

The toxicity of Nonoxynol-9, in saline, was evaluated using female Sprague-Dawley rats (weights ~200 g). Ten rats 
were intraperitoneally injected with 5 mg Nonoxynol-9/100 g body weight daily for a total of 5 days. Control rats were 
injected intraperitoneally with saline according to the same procedure. The animals were exsanguinated, and the livers were 
infused in situ. The liver, kidneys, and lungs were then removed from each animal. An increase in serum glutamyloxalacetic 
transaminase (SGOT) activity was detected after a single intraperitoneal injection of Nonoxynol-9. SGOT activity reached a 
maximum (900 IU) between 4 and 8 hours. The administration of Nonoxynol-9 for 5 days caused a significant increase (p < 
0.001; 2.27 ± 0.12 mg/liver) in the content of collagen in the liver. Total collagen content as well as the density of 
collagenous hydroxyproline in the liver were increased by approximately 100%. The cellularity of the liver, based on the 
amount of DNA, was also significantly increased. Compared to saline-treated controls, transmission electron micrographs of 
randomly selected cubes of liver tissue from experimental animals indicated a dramatic increase in the amount of rough 
endoplasmic reticulum. None of the changes observed in the liver were observed in the lungs.  The investigators concluded 
that the intraperitoneal administration of Nonoxynol-9 produced morphologic and biochemical changes in the liver.2  
 
Subcutaneous 
 
Non-human 
 
Nonoxynol-10 
 

The following dose rates of nononxynol-10 (in isotonic saline) were administered subcutaneously (s.c.) to 4 groups 
of female Jcl:Wistar rats (10 weeks old) in a developmental toxicity study:  5 mg/kg/day (20 rats), 20 mg/kg/day (22 rats), 
and 80 mg/kg/day (21 rats).21  Nonoxynol-10 (pH 6.3) was dissolved in saline, and the test solution was administered to the 
subcutis of the dorsal regions.  Doses (dose volume = 3 ml/kg body weight) were administered daily from the date of birth to 
day 21 after the birth of F1 offspring. The negative control group consisted of 21 rats.  Scab formation and hair loss at the 
application site were observed in F0 dams of all dose groups.  Induration at the application site was observed in 20 mg/kg/day 
and 80 mg/kg/day dose groups; this finding was also reported during necropsy at the end of the dosing period.    Necropsy 
findings, in all dose groups, also included hemorrhage and what was described as a whitish change of the subcutis at the 
application site. 
 

Other necropsy findings (at the application site) for the 20 mg/kg/day and 80 mg/kg/day dose groups included 
adhesion of the somatic muscles and granulation of the subcutis.  Swelling of the adrenals and spleen were also observed in 
the 80 mg/kg/day dose group.  Either reduction or a tendency for reduction in food consumption from the initial day of 
dosing (day 0) to day 17 after the birth of F1 offspring was reported for the 80 mg/kg/day dose group.  However, body weight 
gains, based on the weights at 4 weeks after birth or on day 0 of gestation, in the 80 mg/kg/day dose group did not differ from 
those of the control group. Neither body weights nor necropsy findings on the day after birth and day of weaning were 
indicative of any test substance-related effects. The “noneffective dose level” was considered to be 20 mg/kg/day for general 
toxicity to the dams and their offspring. Additional study results are presented in the section on Reproductive and 
Developmental Toxicity.21 

 
In another study, groups of 40 female Jcl:Wistar rats (5weeks old) were injected s.c.with nonoxynol-10 at doses of 2 

mg/kg/day and 20 mg/kg/day (dose volume = 3 ml/kg body weight) for 15 weeks.22  The negative control group also 
consisted of 40 rats.  Nonoxynol-10, dissolved in saline, was administered daily according to the procedure in the preceding 
study.  The high dose of 20 mg/kg/day was selected based on the results of a preliminary study that involved daily 
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applications of 20 mg/kg/day or ≥ 40 mg/kg/day for 5 weeks.  Results from the preliminary study are as follows:  Swelling at 
the application site ( ≥ 20 mg/kg/day) and desquamation at the application site (≥ 40 mg/kg/day).  At necropsy, subcutaneous 
hemorrhage and a whitish change at the application site were observed in all dose groups.  However, swelling of the spleen 
was observed in groups dosed with 20 mg/kg/day or greater, and adhesion of the subcutis and trunk muscle was observed in 
groups dosed with 40 mg/kg/day or greater. 

 
Effects in the F0 dams exposed to 2 mg/kg/day and 20 mg/kg/day were described as scab formation and hair loss at 

the application site. Induration of the skin was also observed in animals that received 20 mg/kg/day.  Collectively, these skin 
changes were classified as local irritation.  Increases in body weight and food consumption were reported for the 20 
mg/kg/day dose group.  Necropsy findings included whitish changes of the subcutis in the 2 mg/kg/day and 20 mg/kg/day 
dose groups and adhesion of abdominal organs in the 20 mg/kg/day dose group.   Additional study results are presented in the 
section on Reproductive and Developmental Toxicity.22 

Cytotoxicity 
Nonoxynol-9 
 

The cytotoxicity of Nonoxynol-9 was evaluated using rat liver cells (T5 1B cells) from a nontumorigenic cell line. T5 
IB cells were plated at a density of 3.2 x 103 per cm2, maintained for 24 hours in complete medium, and then treated with 
various concentrations of Nonoxynol-9 for an additional 24 hours. At the end of the 24-hour period, the cells from each 
treated culture were replated at a density of 80 cells (viable and nonviable) per cm2. Colony formation of survivors was 
estimated at 7 days after plating. Nonoxynol-9 was cytotoxic to T5 1B rat liver cells at concentrations of 11 to 50 pg/ml; the 
degree of cytotoxicity was concentration-dependent.2 

Hematotoxicity 
 
Nonoxynol-9 
 

The hemolytic activity of Nonoxynol-9 was evaluated using blood samples from rabbits. Nonoxynol-9 was tested at 
concentrations ranging from 0.006 to 0.1% in saline. Each cell suspension test material mixture was incubated at 37°C for 
15 minutes, centrifuged, and then observed for hemolytic activity. Complete hemolysis was defined as the absence of cell 
sedimentation. The control solution, for detection of spontaneous hemolysis, consisted of 1 ml of the diluted rabbit blood in 1 
ml of saline. Nonoxynol-9 caused complete hemolysis at concentrations of 0.006 to 0.12%.  In another more recent study, it 
was concluded that Nonoxynol-9 destabilizes the erythrocyte cell membrane.  In the range of 0.2 to 2.0 mg of membrane 
lyophylisate per ml of suspension, Nonoxynol-9 was incorporated into the erythrocyte membrane at a ratio of 1 mol per 40 
mol of phospholipids.  Additionally, Nonoxynol-9 reduced phase transition breaks of the membrane, particularly in the 
temperature range of 16 to 20°C.2 
 

Immunotoxicity 
 
Nonoxynol-9 
 

The immunotoxicity of Nonoxynol-9 was evaluated in a double- blind study, using outbred CF-I female mice. In the 
experimental group, 10 mice were injected intraperitoneally with 0.2 ml of 0.2% Nonoxynol-9 in sterile saline daily for 24 
days, with the exception of days on which the animals were bled. Mice were bled by caudal incision before dosing and on 
days 16 and 25. On days 11 and 18, all of the mice were immunized subcutaneously with 0.05 ml of 5% sheep red blood cells 
(SRBC) and 0.05 ml of 10% SRBC, respectively. The 10 negative control mice were injected with 0.2 ml of saline according 
to the same procedure, and another group of five mice received no treatment, but was immunized and bled. The animals were 
weighed prior to treatment and on days 3, 10, 17, and 28. Significant weight loss was noted in experimental animals on days 
10, 17, and 28 (day 28: p < 0.02; mean weight change = 1.9 g).2 

 
 In conjunction with the weight loss, the livers of mice dosed with 0.2% Nonoxynol-9 were somewhat reduced in size 

compared to saline-treated controls (p < 0.05; mean weight change = 0.0065 g). Spleens in the experimental animals were 
larger than those in the saline control group (p < 0.05; mean weight change = 0.001 g) or in the untreated control group (p 
< 0.02; mean weight change = 0.002 g). On day 16, hematocrits of the experimental mice were lower than those in the 
saline-treated control mice (p < 0.05; difference of 2); an increase in the hematocrits of untreated mice was noted between 
days 16 and 25 (p < 0.01; difference of 5). However, even when considering these variations, all hematologic values were 
within normal range. There were no significant differences between saline-treated and experimental groups with respect to 
the following: sizes of organs other than the liver or spleen, leucocyte counts, primary and secondary anti-SRBC titers, and 
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serum IgM and IgG concentrations. It was concluded that Nonoxynol-9 induced only minor deleterious effects in mice, which 
included decreased body weight, reduction in liver size, and enlargement of the spleen.2  
 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
 
Non-human 
 
Nonoxynol-9 
 

The toxicity of Nonoxynol-9 was evaluated in the in vivo sperm abnormality assay. Two separate experiments, 
several months apart, were performed; similar doses were tested. Nonoxynol-9, in distilled water, was injected 
intraperitoneally into groups of five F1 male mice (C57Bl/6 x C3H/He) in doses of 20,40, 50, or 60 mg/kg once daily for 5 
days. The mice were 9 to 10 weeks old and weights ranged from 28 to 32 g. Mice in the negative control group were dosed 
with distilled water (10 ml/ kg/day) according to the same procedure. Positive control mice were intraperitoneally injected 
with aqueous cyclophosphamide (100 mg/kg/day).   At 35 days postinjection, cervical dislocation was performed and sperm 
from the cauda epididymis were suspended in physiologic saline and stained with Eosin-Y. In both experiments, at least 300 
spermatozoa from each mouse were examined microscopically. Results indicated no deaths at doses up to 60 mg/kg. 
However, following the injection of 100 mg/kg/day, a few mice (number not stated) died after the third or fourth injection. 
The percentage of abnormal sperm observed in the positive control (cyclophosphamide) group was significantly different (p 
< 0.05) from the vehicle control group and all treatment groups.  It was concluded that data from the two experiments 
indicated that systemic administration of Nonoxynol-9 did not increase the frequency of morphologically abnormal sperm 
over that observed in the control group. The investigators also stated that whether the lack of genotoxic response was due to 
low affinity of the male germinal cells for Nonoxynol-9 and its metabolites, or to the existence of a blood-testicular barrier in 
adult mice was not known.2 
  

The embryotoxicity of Nonoxynol-9 was evaluated using groups of nulliparous female Wistar rats (5 per group; 
weights = 180 to 200 g). Each rat was dosed intravaginally with 5 mg Nonoxynol-9/100 g (0.1 ml Nonoxynol/100 g) on 
gestation day 3 or 7. The concurrent control rats (5 per group) received a per vaginam application of physiologic saline (0.1 
ml/l00 g). The groups of treated animals were killed by CO2 inhalation on gestation days 6,9, 12, and 15, or 8,9, 10, 12, and 
15, respectively. Gross and microscopic examinations were performed. Ulcerative vaginitis and perivaginal edema, which 
occasionally extended to the rectal wall and the pelvic connective and adipose tissues, were observed in the treated dams. 
The severity of vaginal and perivaginal lesions decreased throughout the course of the study, and, on day 15, no lesions were 
observed. Other common findings included a decrease in the number of embryos and a concomitant increase in the number 
of resorption sites. The frequency of these alterations was indirectly proportional to the duration of pregnancy at which 
Nonoxynol-9 was administered. For dams dosed on day 3 of gestation, the mean number of normal implantation sites was 
reduced to one or less per uterus. For dams dosed on day 7, 9.2 normal implantation sites per uterus and 4.8 resorption sites 
per uterus were found. Compared to the saline-treated control group, the number of normal implantation sites was smaller 
and the number of resorption sites was greater in experimental groups; the difference was significant (p < 0.01).2 
 

Two-day old Swiss-Webster mouse embryos were cultured for 72 hours in media containing 0.25 to 10 pg/ml 
Nonoxynol-9. The 10 pg/ml concentration was lethal to all embryos within 24 hours. Viability was reduced in a 
concentration-dependent manner. In some instances, embryos failed to divide beyond the 8- to 16-cell stage and 
disintegrated within 48 hours.2  
 

Single doses (2.5 mg/100 g body weight) of Nonoxynol-9 were administered intravaginally to groups of pregnant 
Wistar rats (number of animals not stated) on days 1 through 10 of gestation; uterine contents were observed on day 21. 
Control rats were dosed with distilled water. The incidences of nonpregnancies and resorptions were greatest in dams dosed 
on days 3,4,5, and 6 of gestation.  Additionally, the number of live fetuses was significantly reduced in dams dosed on 
gestation days 4,5, and 9.  The average litter size for dams treated on day 10 of gestation was similar to that for control 
animals.  For dams dosed on day 5 of gestation, fetal weights were significantly reduced.  Neither visceral nor skeletal 
abnormalities were observed in any of the treatment groups.  Nonoxynol-9 was embryolethal and fetocidal, but was not 
teratogenic.2 
 

The teratogenicity of Nonoxynol-9 (in distilled water) was evaluated using 11-week-old, outbred SPF rats.  The rats 
were maintained in stainless steel wire cages and fed powdered chow prior to mating.  Three groups of 22 to 25 mated 
female rats then received oral doses of 50, 250, or 500 mg/kg/day on days 6 to 15 of gestation.  In the fourth experimental 
group, 21 rats were dosed orally with Nonoxynol-9 (500 mg/kg/day) on days 1 to 20 of gestation.  Twenty-five control rats 
were dosed with water (5 ml/kg/day) on gestation days 6 to 15; a positive control was not used in the study.  On day 21, the 
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rats were killed by exsanguination under CO2 anesthesia and necropsied. Half of the fetuses were examined for skeletal 
anomalies and the remaining fetuses were fixed in Bouin’s solution and sectioned.  The 50 mg/kg dose group was the only 
treatment group for which a statistically significant decrease in weight gain was not observed.  Slightly lower average litter 
sizes that were considered statistically significant (p < 0.05; number affected not stated) were observed in groups of mice 
that received 250 or 500 mg/kg/day doses on days 6 through 15 of gestation; litter sizes per group were not stated.  A 
statistically significant (p < 0.05; number affected not stated) increase in preimplantation loss was also observed in these 
two groups.  A statistically significant dose-related increase in extra ribs and rudiments of ribs was observed in rats dosed 
orally with Nonoxynol-9.2 
 

The incidence of statistically significant skeletal anomalies for the litters was as follows: 250 mg/kg/day (24 of 25 
with rudiments of ribs; p < 0.02), 500 mg/kg/day (10 of 20 with extra ribs, p < 0.05; 10 of 20 with rudiments of ribs, p 
<0.01), and 500 mg/kg/day on days 1 to 20 of gestation (12 of 21 with extra ribs, p < 0.01; 21 of 21 with rudiments of ribs). 
An increased incidence of fetuses (500 mg/kg/day dose group; dosing on gestation days 1-20) with a slightly dilated pelvic 
cavity was also reported. The incidence was 12 of 21 litters (p < 0.05), compared to 5 of 25 litters in the control group. The 
investigators concluded that the no-effect-level for Nonoxynol-9 in this teratogenicity study was 50 mg/kg/day (gestation days 
9 to 15) when the test substance was administered orally.  In this study, Nonoxynol-30 (in distilled water) was also 
administered orally to three groups of 21 to 25 mated female rats (same weights and strain) in doses of 50, 250, or 1,000 
mg/kg/day on days 6 to 15 of gestation. In a fourth experimental group, 19 rats were dosed orally with Nonoxynol-9 (1,000 
mg/kg/day) on gestation days 1 to 20. In all treatment groups, none of the dams had signs of any adverse effects, and neither 
reproductive effects nor teratogenic effects on the skeleton and soft tissues were observed.2  
 

In a second experiment by the above investigators, Nonoxynol-9, in distilled water, was applied to the skin of 19 and 
24 female mated rats (same weights and strain) in doses of 50 and 500 mg/kg/day, respectively. The procedure for dosing 
involved the application of a porous dressing, which had been impregnated with the test substance, to shaved skin. The 
dressing was secured with tape, and the application period was from days 6 to 15 of gestation. The negative control group 
(19 rats) received water on gestation days 6 to 15. With the exception of the method of administration, the experimental 
procedure was identical to that stated above. Compared to the control group, a concomitant decrease in feed consumption 
was observed in dams dosed with 500 mg/kg Nonoxynol-9. However, all rats given epicutaneous doses, including the control 
group, had a marked decrease in body weight and weight gain during treatment.  Increased litter size and decreased 
postimplantation loss (p < 0.05 for both) were observed in the 500 mg/kg dose group.  No dose-related effects on skeletal and 
soft tissues were observed; however, an increased incidence of extra ribs was observed in the 50 mg/kg dose group (p < 
0.02), but not in the 500 mg/kg dose group.2 
 

The teratogenicity of a contraceptive cream containing Nonoxynol-9 (50 mg/ml) was evaluated using five groups of 
30 female, Long-Evans Hooded rats. In the two experimental groups, pregnant rats were dosed intravaginally with 0.08 
ml/kg cream (4 mg/kg Nonoxynol) and 0.8 ml/kg cream (40 mg/kg Nonoxynol) on days 6 through 15 of gestation. Animals of 
the vehicle control group were dosed intravaginally with 0.8 ml/kg cream base (no Nonoxynol-9), and the two remaining 
groups of rats were untreated controls and sham controls, respectively. On day 20 of gestation, the dams were killed with 
carbon dioxide and necropsy was performed; viable fetuses were examined for external malformations. One-third of the 
fetuses from each litter were fixed in Bouin’s solution, and visceral examination was performed. The remaining two-thirds 
were examined for gross visceral anomalies; skeletal malformations were also determined. None of the dams died and no 
adverse clinical signs were observed during the study. No differences were observed between experimental and control 
groups with respect to the following: number of corpora lutea per dam, number of implants per dam, percentage of 
reabsorption per litter, or litter size. Statistically significant differences in mean fetal weight, crown to rump length, and sex 
distribution between experimental and control groups also were not noted, and no test substance-related major or minor 
visceral malformations were found.2 
 

The following spontaneous malformations were observed among 1824 fetuses from 139 litters examined: absence of 
urinary bladder and ureters (1); kinky tail (1); abnormally shaped eye (1); small testes (1); undescended testes (1); small 
kidneys (1); pouchlike cheek (1); pale fetus (3); and hydroureter and/or hydronephrosis (94). Hydrometer and 
hydronephrosis, observed in 5.5% of the fetuses, were uniformly distributed between experimental and control groups. This 
percentage was said to compare favorably with the spontaneous incidence of 6.3% in a comprehensive study of 2075 Long-
Evans rats. Of the 1219 fetuses that were examined for skeletal malformations, the fetal and litter incidences of major and 
minor skeletal malformations were comparable between experimental and control groups. Delayed closure of cranial sutures 
and delayed ossification were observed in fetuses of all groups, including controls. Additionally, relative to delayed 
ossification, the fetal incidence in untreated and high-dose (40 mg/kg Nonoxynol-9) groups was significantly greater (p < 
0.01) than that in sham and/or low-dose (4 mg/kg Nonoxynol-9) groups. The litter incidence in the untreated control group 
was also statistically greater (p < 0.05) than that in the sham and low-dose groups. It was concluded that intravaginally 
administered Nonoxynol-9 was not embryotoxic or teratogenic in rats at dosages up to 40 mg/kg/day, which is equivalent to 
approximately 20 times the clinical application.2  
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Nononxynol-10 
 

The developmental toxicity of Nonoxynol- 10 was evaluated using 49 female, specific pathogen-free CD-1 mice (6 
weeks old). The test substance was administered by gavage once daily, 600 mg/kg/day, on days 6 through 13 of gestation; 
none of the dams died.  A negative control group of 50 mice was dosed with corn oil. Compared to the negative control 
group, no significant differences were found in any of the following results: number of viable litters, liveborn per litter, 
percentage survival, birth weight per pup, and weight gain per pup. Nonoxynol- 10 did not induce developmental toxicity in 
mice.2  
 
 The following doses of nononxynol-10 (in isotonic saline) were injected subcutaneously into 4 groups of female 
Jcl:Wistar rats (10 weeks old):  5 mg/kg/day (20 rats), 20 mg/kg/day (22 rats), and 80 mg/kg/day (21 rats).21  Nonoxynol-10 
was dissolved in saline (pH 6.3), and the test solution was administered to the subcutis of the dorsal regions.  Doses (dose 
volume = 3 ml/kg body weight) were administered daily from the date of birth to day 21 after the birth of F1 offspring. The 
negative control group consisted of 21 rats.  A significant decrease in food consumption from the initial day of dosing (day 0) 
to day 17 after the birth of F1 offspring was reported for the 80 mg/kg/day dose group.  There was a tendency for decreased 
body weight in the 80 mg/kg/day group from day 0 to day 14 after the delivery of F1 offspring, compared to the control.  This 
was not true for the 5 and 20 mg/kg/day groups.  Physical development and behavioral test results, observations at cesarean 
section and external examination of F2 fetuses, skeletal examinations, and necropsy findings did not reveal any test 
substance-related effects.  Histopathological findings for males or females that did not achieve successful gestation also were 
not indicative of a test substance-related effect.  However, it was noted that nonoxynol-10 affected the growth of offspring 
born under the conditions of this study.  The “noneffective dose level” was considered to be 20 mg/kg/day for general 
toxicity to the dams and their offspring.  
 
   In another study, groups of 40 female Jcl:Wistar rats (5weeks old) were injected s.c.with nonoxynol-10 at dose rates 
of 2 mg/kg/day and 20 mg/kg/day (dose volume = 3 ml/kg body weight) for 15 weeks.22  The negative control group also 
consisted of 40 rats.  Nonoxynol-10, dissolved in saline, was administered daily according to the procedure in the preceding 
study.  The observations at cesarean section or external, visceral, and skeletal examinations were not indicative of any test 
substance-related effects on F1 fetuses.  Physical development and behavioral test results, observations at cesarean section 
and external examinations, skeletal examinations, and necropsy findings for the F1 and F2 offspring did not reveal any test 
substance-related effects.  It was concluded that nonoxynol-10 had no effect on the reproductive ability of females or on the 
fetal development or growth, behavior, and functions of their offspring. 
 
 The effects of nonoxynol-treated sperm on fetal development were studied using Japanese white rabbits of the 
Kbl:JW strain (20 males, 15 weeks old; 66 females, 12 weeks old).23  Prior to this study, rabbits (20 males, 43 females) were 
used in a preliminary test to determine the test concentrations of nonoxynol-10 for the main study.  Based on these test 
results, the following concentrations were tested in the main study: 0.04% (caused severe sperm impairment), 0.01% (sperm 
affected, but conception was observed), and 0.0025% (lowest concentration, set at one-fourth the medium concentration of 
0.01%). 

Female rabbits were artificially inseminated with semen mixtures, and killed on day 28 of gestation.  Pregnant dams 
were evaluated for the following: number of corpora lutea, number of implantations, fetal losses, number of viable fetuses, 
placental weight, and placental abnormalities.  Gestation was not observed after insemination with semen treated with 0.04% 
nonoxynol-10.  After insemination with semen treated with 0.01% nonoxynol-10 or 0.0024% nonoxynol-10, gestation 
occurred without impairing the viability, organogenesis, or growth of embryos or fetuses.  The authors noted that these 
results may indicate that gestation may not be possible with sperm severely impaired by exposure to nonoxynol-10, but there 
was no untoward effect on embryonic or fetal development when conception resulted from semen exposed to nonoxynol-
10.23   
 
 
 
 
 
Human 
 
Nonoxynol-9 
 

A multicenter, randomized, double-masked trial of two spermicidal gels, one of which was a commercially available 
nonoxynol-9 spermicide, was performed.24  Healthy females (18 to 40 years old) participated in the study, and 633 women 
used the nonoxynol-9 spermicide.  The women were followed for 12 months.  One case of hypersensitivity and one case of 
pelvic inflammatory disease were reported as definitely and probably related to nonoxynol-9 product use, respectively. Also, 
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in the group of 633 women, 2 of 46 viable fetuses (4.3%) had congenital anomalies. One infant was born with cardiac 
anomalies and the other was born with gastroschisis.  No post-study safety concerns were reported.   Because women were 
followed for only 12 months in this study, it was noted that data relating to adverse events that may occur with longer term 
use are lacking.  

 
In Vitro 
 
Nonoxynol-9 
 

A study was performed to determine the effects of nonoxynol-9 on the human endometrium.25 Human endometrial 
biopsies were cultured and incubated with various concentrations of nonoxynol-9 (0.03%, 0.3% and 3%) for 6 h or 24 h.  
Endometrial histology was assessed by light microscopy.  Inflammatory response was determined by analyzing 
proinflammatory cytokines with an enzyme-linked immunosorbent assay, and endometrial mucin was assessed by 
immunohistochemistry analysis and real-time polymerase chain reaction.  Histological changes consistent with focal 
coagulative necrosis were seen after 6 h and 24 h of culture. All cytokines (interleukin 1β, tumor necrosis factor α, and 
interleukin 8) decreased at all concentrations of nonoxynol-9 after 24 h of incubation. The expression of Mucin1 was 
inhibited in a dose-dependent manner at both the protein and messenger RNA levels. These results demonstrated that 
nonoxynol-9 has multiple, potential deleterious effects on the human endometrium, characterized by necrosis, alteration of 
proinflammatory cytokines and inhibition of Mucin1 expression.  These in vitro findings also suggest that nonoxynol-9 can 
interrupt the functional barrier provided by the endometrium.  

GENOTOXICITY  
 
In Vitro 
 
Nonoxynol-9 
 
 The genotoxicity of Nonoxynol-9 was evaluated in the Salmonella/mammalian microsome test S. typhimurium 
strains TA1535, TA1537, TA100, and TA98 were tested with Nonoxynol-9 (in sterile water) at concentrations of 40,200, 
1000, 5000, and 25000 µg/plate both with and without metabolic activation. Negative-control cultures were exposed to 
sterile water. In tests without metabolic activation, sodium azide was the positive control for strains TA1535 and TA100, and 
2-nitrofluorene was the positive control for strains TA1537 and TA98.  In metabolic activation tests, 2-anthramine was the 
positive control for all strains. Without metabolic activation, Nonoxynol-9 was not mutagenic.  With metabolic activation, the 
number of revertants was elevated 30% in strain TA98 cultures exposed to Nonoxynol-9 at a concentration of 1000 µg/plate. 
This was not considered a clear-cut mutagenic response, because the increase in the number of revertants was considerably 
less than 100%.  Mutagenic effects also were not noted in any of the remaining metabolically activated cultures. It was 
concluded that Nonoxynol-9 was not mutagenic in the Ames test, either with or without metabolic activation.2 
 

The induction of unscheduled DNA synthesis was evaluated using freshly isolated adult rat hepatocytes. The cells 
were exposed to test concentrations of 5, 10, and 25 kg/ml Nonoxynol-9 along with 5 µg/ml [3H]thymidine (specific activity: 
25 Ci/mmol) for 18 hours, and processed for autoradiography. Grains were counted, and repair was expressed as grains 
over the nucleus minus grains over a similar-sized area in the cytoplasm. Nonoxynol-9 did not induce unscheduled DNA 
synthesis at any of the test concentrations. Methyl methane sulfonate (positive control) induced unscheduled DNA synthesis 
and negative results were reported for the saline negative control.2 
 

The genotoxicity of Nonoxynol-9 was evaluated in mutagenicity and transformation assays involving rat liver cells 
(T5 1B cells) from a nontumorigenic cell line. T5 1B cells were plated at a density of 6.7 x 103 per cm2, maintained for 24 
hours in complete medium, and then treated with 5, 10, 15, and 25 µg/ml Nonoxynol-9 for an additional 24 hours.  In one set 
of experiments, the cells were exposed to Nonoxynol-9 for 11 days, with regular medium changes.  After exposure, the cells 
were washed twice with phosphate-buffered saline and maintained in fresh medium until the cells became confluent.  In order 
to determine HGPRT mutants, the cells were replated (density = 8 x103 cells per cm2) into selective media containing 10 
pg/ml 8- azaguanine.  The cells were replated (density = 80 cells per cm2) in the presence of a low concentration of calcium 
(0.02 mM) in order to determine transformation frequency.  Nonoxynol-9 was not mutagenic at any of the concentrations 
tested and did not induce malignant transformations in the low calcium assay. HGPRT mutants were induced in the positive 
control (DMBA) culture. Neither HGPRT mutants nor malignant transformations were observed in negative control 
cultures.2  
 

The effect of Nonoxynol-9 on malignant transformation was evaluated in an in vitro transformation assay involving 
mouse BALB/3T3 fibroblasts and mouse 10T1/2 fibroblasts. For each experimental group, data were pooled from three 
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experiments. When BALB/3T3 cells were treated with 0.0001 or 0.001% Nonoxynol-9 (final concentrations in cell medium) 
for 11 days or with 0.00001 Nonoxynol-9 for 3 weeks, a significant number of transformed foci was induced.  The amount of 
transformation was not significantly elevated over background in cultures treated with 0.0000 1% Nonoxynol-9 when 
treatment was discontinued at 11 days.  When 0.00001% Nonoxynol-9 was added to mouse 10T1/2 fibroblast cultures once 
per week for 5 weeks, the number of transformed foci was significantly enhanced over background.  However, the incubation 
of these cultures with 0.001% Nonoxynol-9 for 48 hours produced minimal toxicity and no significant increase in 
transformation.  The results of this study indicate that Nonoxynol-9 can induce transformation in two mouse cell 
transformation systems, and that this induction was dependent on dose as well as duration of exposure.2 

 
The induction of malignant transformation in vitro by Nonoxynol-9 (in distilled water) was evaluated in another 

study using BALB/3T3 cells. In the cell transformation assay (repeated three times), Nonoxynol-9 was tested at 
concentrations ranging from 0.08 to 10 µg/ml.  In each assay, 20 cultures per test concentration were incubated for 48 
hours. Distilled water and 3-methylcholanthrene served as solvent and positive controls respectively. 1,4-Dioxane, a known 
carcinogen, was tested at concentrations ranging from 0.25 to 4 mg/ml according to the same test procedure. Of the 20 
cultures examined per test concentration, the number of type III foci ranged from 0 to 3 in the solvent control, 0 to 2 in 
Nonoxynol-treated cultures, and 1 to 44 in cultures treated with 1,4-dioxane. A positive response to 3-methylcholanthrene 
was observed in all assays. BALB/3T3 cell cultures were also exposed to the same test and control compounds for 13 days. 
Of the 20 cultures examined per test concentration, the numbers of type III foci were as follows: 5 and 7 (solvent control), 0 
to 4 (Nonoxynol-treated cultures), and 7 to 42 (dioxane-treated cultures).  There were 19 and 45 foci per 20 positive control 
cultures.  Similar results for Nonoxynol-9 were reported when this test was repeated. The results of 48-hour and 13-day 
exposures indicated that the responses to Nonoxynol-9 in BALB/3T3 cells were comparable to those observed in solvent 
control cultures. However, 1,4-dioxane was effective in the induction of morphologic transformation in BALB/3T3 cells. 
 

Promotional effects of Nonoxynol-9 were also evaluated using mouse 10T1/2 fibroblast cultures. After a single X-
ray exposure (100 rad), the cells were incubated with 0.00001% Nonoxynol-9 for 5 weeks and 0.001% Nonoxynol-9 for 48 
hours, respectively. Cultures were also exposed to X-rays (100 rad) only, and to X-rays (100 rad) plus 0.1 µg/ml IZO-
tetradecanoylphorbol-13-acetate (TPA) and incubated for 5 weeks. Untreated cultures served as negative controls. In each 
experimental group, data were pooled from two separate experiments.  For cultures exposed to X-rays and incubated with 
either 0.0000 1 or 0.001% Nonoxynol, the transformation response was no greater than the added responses of cells exposed 
to X-rays only plus those exposed to either concentration of Nonoxynol-9. The results of a statistical analysis of the data 
indicated p values of <0.05 and >0.09 for irradiated cultures treated with 0.00001 and 0.001% Nonoxynol-9, respectively. 
For cultures exposed to X-rays alone and X-rays plus TPA, the p values were >0.7 and ~0.01, respectively.2 

 
The genotoxicity of 3 over-the-counter spermicide gels was evaluated in an Ames test using Salmonella 

typhimurium strains TA1535 and TA1538 with and without metabolic activation.26  Spermicides A and B contained 3% 
nonoxynol-9, and Spermicide C contained 2% nonoxynol-9.  With metabolic activation, Spermicide B was genotoxic in 
strain TA1535 and Spermicide C was genotoxic in strain TA1538.  Spermicide A was genotoxic in strain TA1535 with and 
without metabolic activation.  All 3 spermicides were classified as strongly genotoxic.  Because all 3 spermicides tested 
contained nonoxynol-9, it was noted that other substances in the gels may explain the differences observed in the 
genotoxicity of the different formulations. 

 
Nonoxynol-10 
 

The genotoxicity of Nonoxynol-10 in strains TA1537, TA100, and TA98 of S. typhimurium was evaluated in a 
histidine reversion test, according to a modification of the Ames test procedure.  Nonoxynol-10 was tested at concentrations 
of 100 to 10,000 pg/plate with and without metabolic activation.  Mutagenic effects were not observed in any of the bacterial 
strains tested.  
 
Nonoxynol-40 

 
The effect of Nonoxynol-40 on malignant transformation in vitro was evaluated using BALB/3T3 fibroblasts. 

Cultures were incubated with 0.00001, 0.0001, and 0.001% Nonoxynol-40 for 48 hours and with 0.00001% Nonoxynol-40 for 
3 weeks. Untreated cultures served as controls. In each experimental group, data were pooled from two separate 
experiments. For each concentration of Nonoxynol-40 that was tested, no increase was observed in the frequency of 
transformed cultures over that noted in control cultures. This was true even after incubation with 0.00001% Nonoxynol-40 
for 3 weeks.2 

CARCINOGENICITY 
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Non-human 
 
Nonoxynols-4, -7, -9, -10  
 
 Nonoxynols -4 and -9 were not carcinogenic when fed for two years to rats at doses of 0.20 and 0.14  and to dogs at 
0.04 and 0.03 g/kg/day.1 
 

Nonoxynol (-7 and/or -10), along with other surfactants, was tested at 2 g/L as a potential cocarcinogen with N-
methyl-N’-nitro-N-nitrosoguanidine (NG) (0.1 g/l); both were supplied concurrently with the drinking water to 15 rats for 36 
weeks. NG alone was supplied to 13 control animals. The overall incidence of stomach adenocarcinoma was 12 of 15 in the 
experimental group, and 8 of 13 for the controls. Neither negative control data nor a statistical analysis of the data were 
available. The author suggested that the surfactants may have a promoter effect because of their surfactant nature, which 
enables the NG to penetrate the gastric barrier and come into contact with the gastric mucosa or to penetrate mucosal cells.1 
 
Nonoxynol-9 
 

The carcinogenicity of Nonoxynol-9 was evaluated in a lifetime exposure study involving rats (numbers and strain 
not stated).  The animals were dosed intravaginally with 6.7 and 33.6 mg/kg Nonoxynol-9 three times per week for a total of 
24 months.  The low and high doses represented approximately 4 times and 20 times the clinical dose, respectively. Two 
groups of rats served as sham and untreated controls, respectively. No significant differences were observed between the 
experimental and control groups.  This was true for all of the measured parameters, which included palpable masses and 
mortality.  Any positive findings observed in experimental groups at necropsy were considered related to changes associated 
with the process of aging and not related to test substance administration. The authors concluded that Nonoxynol-9 was 
neither toxic nor carcinogenic in this lifetime exposure study, even at a dose that was 20 times that recommended for 
humans. 
 
Nonoxynol-10 
 
 The carcinogenicity of  Nonoxynol-10 was evaluated using groups of 50 female B6C3F1 mice (4 weeks old).20   As 
reported in the Repeated Dose Toxicity section, three groups of mice received concentrations of 500 ppm, 1500 ppm, and 
4500 ppm in the diet, respectively, of nonoxynol-10 for 104 weeks.  The mean intakes of nonoxynol-10 were 81.5 
mg/kg/day, 254 mg/kg/day, and 873 mg/kg/day, respectively.  A fourth group was fed control diet.  At pathological or 
microscopic examination, there were no changes that were attributable to nonoxynol-10.  Additionally, at histological 
examination, there were no neoplastic or non-neoplastic lesions in any of the dietary groups that were unequivocally 
observed to have increased in occurrence.  It was concluded that nonoxynol-10 did not cause any increase in the incidence of 
neoplastic lesions in mice exposed orally to nonoxynol-10 in the diet for 2 years, and, nonoxynol-10 was thus classified as 
noncarcinogenic in this study. 
 
Human 
 
Nonoxynol-9 
 

A randomized trial was conducted, between June 1998 and August 2002, at 14 sites in the United States to evaluate 
the safety of five nononxynol-9 spermicides.27  A total of 1,536 women (18 to 40 years old) participated in the study, 640 of 
which were included in a Papanicolaou smear analysis.   The spermicides included 3 gels that contained nonoxynol-9 at doses 
of  52.5, 100, and 150 mg, respectively, and a film and suppository that each contained 100 mg nonoxynol-9.  Follow-up 
visits were done 4, 17, and 30 weeks after study initiation.  A Papanicolaou smear was performed routinely, and cervical 
cytology samples were interpreted and results were classified as either normal or abnormal.  Abnormalities ranged from low-
grade squamous intraepithelial lesion and atypical squamous cells of undetermined significance (Subcategory I) to results 
suggestive of invasive cancer (Subcategory III). 

 
No differences in the rates of cervical alterations among the women using different amounts or different 

formulations of nonoxynol-9 were found.  There also was no statistically significant evidence of a dose-response relationship 
between nonoxynol-9 and changes in cervical cytology.  Furthermore, duration, frequency, and total number of spermicide 
uses were not associated with any statistically ignificant changes in cervical cytology.  The most serious limitation of this 
study was that more than half of the original trial participants were excluded from the analysis because of missing  
Papanicolaou smear data.  Thus, the analysis may have underestimated the absolute proportion of nonoxynol-9 users with 
progression of cytologic abnormalities.  However, there was no evidence that the exclusions were biased by spermicide 
group, and it was expected that the group comparisons were credible.  The authors concluded that exposure to different 
formulations and doses of spermicides containing nonoxynol-9 for 30 weeks is unlikely to influence cervical cytology.27 
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Ethylene Oxide 
 

The International Agency for Research on Cancer (IARC) has concluded, on the basis of epidemiologic, 
experimental, and other relevant data, that ethylene oxide is “probably carcinogenic to humans.” With respect to degrees of 
evidence of carcinogenicity, IARC stated that there is “limited evidence of carcinogenicity in humans and sufficient evidence 
of carcinogenicity in experimental animals”.  Additionally, an IARC expert working group upgraded IARC’s conclusion on 
ethylene oxide to “carcinogenic to humans” at its February 1994 meeting in Lyon, France. In evaluating the carcinogenicity 
of ethylene oxide, the working group took into consideration the very strong supporting evidence for genotoxicity, including 
the fact that this ingredient is a powerful mutagen and clastogen at all phylogenetic levels, induces gene mutations and 
heritable translocations in germ cells, and induces persistent dose-related increases in the frequency of chromosomal 
aberrations and sister chromatid exchanges in exposed workers.2  
 
 

IRRITATION AND SENSITIZATION 

Ocular Irritation 
 
Nonoxynol-5 
 

Severe ocular irritation reactions were observed in animals tested with Nonoxynol-5.  An ocular irritation score of 
55 persisted through day 7. Neither the experimental procedure nor the animal species was stated.2  
 
Nonoxynol-6 
 

Nonoxynol-6 induced severe ocular irritation reactions in animals; growth of blood vessels onto the cornea was 
observed.  Irritation reactions persisted to day 21.  Neither the experimental procedure nor the animal species was stated.2   
 

The ocular irritation potential of Nonoxynol-6 was evaluated in a Draize test using six rabbits; the eyes were not 
rinsed. The test substance was classified as a severe ocular irritant. The average Draize scores (scale = 0 to 110) on days 1 
and 7 post-instillation were 28.8 and 16.0, respectively.2 
 
Nonoxynol-9 
 
 A 20% solution of Nonoxynol-9 (0.1 ml) at pH 6.1 was applied directly onto the cornea of one eye of each of 10 
rabbits, 14 guinea pigs, 8 rats, and 11 mice. Corneal changes and lesions were evaluated at 1, 4, 7, and 30 h; scores were 
34.4, 41.4, 30.8, and 70.7 (maximum score = 100) for rabbits, guinea pigs, rats, and mice, respectively. In rabbits,  the effect 
of rinsing the treated eye with 20 ml of water 4 seconds after instillation of the sample was also studied.  The results of this 
study indicated that Nonoxynol-9 is a moderate to severe eye irritant.1 
 
Nonoxynols -9 and -10 
 

Two drops of 1%, 5%, or 25% Nonoxynols -9 and -10 were instilled into both eyes of each of three rabbits per 
concentration.  Studies were performed with and without immediate irrigation.  The lowest concentration tested caused very 
slight conjunctivitis; the middle concentration caused slight conjunctivitis and moderate corneal injury; the highest 
concentration caused moderate to severe cornea1 injury.  Washing the eye lowered the average irritation index by 36.8%.1 
 
 
 
 
Nonoxynols -4, -9, and -12 
 

Two shampoos, two bath oils, and one moisturizer containing 1.75%-2% Nonoxynols -4, -9, or -12 were tested for 
eye irritation potential according to the method of Draize. Results of these tests indicate that these products are minimally to 
moderately irritating when instilled in the eyes of rabbits.1 
 
Nonoxynols-2, -4, -6, -7, -9, -10, -12, -13, -15, -30, and -40 
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Five Nonoxynols were tested in rabbits for ocular irritation according to the Draize method. Six other Nonoxynols 
were tested according to the following protocol: single doses of 0.005, 0.02, 0.10, or 0.5 ml of undiluted Nonoxynol or 0.5 ml 
of 40%, 15%, 5%, or 1% dilutions were placed in the conjunctival sacs of five rabbits per group. Eyes were examined within 
1 h unstained and at 24 h after fluorescein staining and were scored.  The results indicated that Nonoxynols -2 (undiluted), -
15 (10% and 15%), -30 (25%), and -40 (undiluted) were nonirritating to minimally irritating, and that undiluted Nonoxynols 
-4, -6, -7, -9, -10, -12, -13, and -15 were severely irritating to the eyes of rabbits.1 

Skin Irritation and Sensitization 

Non-human 
 
Nonoxynol-5 
 

Severe skin irritation reactions were observed in animals tested with Nonoxynol-5. The reactions observed included 
reddening, cracking, and drying.  Neither the experimental procedure nor the animal species was stated.2 
 
Nonoxynol-6 
 

The skin irritation potential of Nonoxynol-6 was evaluated using six New Zealand white rabbits.  The test substance 
was applied to clipped skin of the back at concentrations of 25, 50, 75, and 100 grams % (w/w) in petrolatum.  The test sites 
were then covered with patches (“Al Test” strips) secured with tape and a bandage.  The bandages were removed at 24 
hours and sites were scored for the presence of irritation at 48 hours.  No effort was made to determine the severity of 
individual reactions observed.  Nonoxynol-6 concentrations of 25,50, and 75% each induced skin irritation in four of six 
rabbits.  Nonoxynol-6 (100%) induced skin irritation in five of six rabbits.2 
 

Nonoxynol-6 (0.5 ml) was applied under occlusive patches to clipped intact and abraded skin of 6 rabbits.  
Reactions (erythema and edema) were scored at 24 and 72 hours, and the mean scores were averaged in order to determine 
the Primary Irritation Index (PII).  Nonoxynol-6 was classified as severely irritating to the skin of rabbits (PII = 3.0).2  
Nonoxynol-6 was classified as a severe skin irritant in animals in another study (primary irritation score = 6.6).  Neither the 
experimental procedure nor the animal species was stated.2 
 

The skin sensitization potential of Nonoxynol-6 was evaluated using the guinea pig maximization test.  Four groups 
of five albino guinea pigs of the Hartley-Dalkin strain (weights = 300 to 500 g) were tested with Nonoxynol-6 concentrations 
of 1.7,3,9, and 27 grams % (w/w) in propylene glycol during the induction phase. One animal in the 9% Nonoxynol-6 
treatment group did not complete the study. On day 1 of induction, animals in each of the four groups received three pairs of 
injections (unshaved shoulder region) of the following chemicals: (1) 0.1 cc Nonoxynol-6, (2) 0.1 cc Nonoxynol-6 mixed (50 : 
50 mixture) with Freund’s complete adjuvant, and (3) 0.1 cc Freund’s complete adjuvant.  On day 7, each injection site was 
shaved and 100% Nonoxynol-6 was applied for 48 hours under an occlusive patch secured with a bandage.  During the 
challenge phase, Nonoxynol-6 (2.7% in petrolatum) was applied via occlusive patches to shaved skin of the flanks on day21. 
Each patch was secured with a bandage for 24 hours, and sites were scored at 48 hours.2 

 
 The test results from a pretest control group of ten guinea pigs established a non-irritant concentration of 2.7% 

Nonoxynol-6 in petrolatum for use during the challenge phase.  A control group of 40 guinea pigs (20 exposed to deodorized 
kerosene and 20 exposed to tetraethylene glycol diacrylate during induction) was not exposed to Nonoxynol-6 during the 
induction phase, but was challenged with 2.7% Nonoxynol-6.  The incidence of challenge reactions in experimental groups 
was as follows: 1.7% Nonoxynol-6 induction group (2/5 guinea pigs), 3% group (0/5), 9% group (1/4), and 27% group (2/5). 
Five of the 40 control animals had challenge reactions to 2.7% Nonoxynol-6.  The proportion of challenge reactions to 2.7% 
Nonoxynol-6 in experimental groups was not significantly different from that in the control group.  It was concluded that 
Nonoxynol-6 did not induce sensitization in guinea pigs.2 
 
 
 
Nonoxynols-9 and -10 
 

Nonoxynols -9 and -10 were applied, under occlusion, to the abraded and intact skin of the rabbit abdomen and ear. 
Ten applications to intact areas were made over a period of 14 days, insuring continuous contact with the sample for14 days. 
Three applications to abraded areas were made over three days. Five ml per exposure of l%, 5%, or 25% aqueous 
preparation were used.  All concentrations caused very slight erythema.1 
 
Nonoxynols -5 to -11.5 
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Nonoxynols -5 to -11.5 were evaluated for skin irritancy according to the Draize procedure.  Irritation scores 

ranged from 2.0 to 4.3 (indicating mild to moderate irritation) after 24 h; no irritation remained after 120 h.1 
 
Nonoxynols-2, -4, -6, -7, -9, -10, -12, -13, -15, -30, and -40 
 

Eleven Nonoxynols were tested for skin irritation in rabbits according to the following protocols: (A) 0.01 ml of the 
test substance was applied undiluted to the clipped intact skin of each rabbit and examined 24 h later; (B) 0.5 ml of the test 
material was applied under occlusion to clipped intact and abraded skin. The sites were individually examined at 24 h and 
scored separately for erythema and edema at 24 and 72 h. The mean scores for 24- and 72-h gradings were averaged to 
determine the Primary Irritation Index (PII).  The results indicated that Nonoxynols -7, -9, -10, -12, -13, -15, -30, and -40 
were non-irritating to mildly irritating, whereas Nonoxynols -2, and -6 were moderately to severely irritating to the skin.  
Undiluted Nonoxynol-4 was reported to be non-irritating in one study but was found to be a primary irritant in another.  In 
the latter study, well-defined to severe erythema and slight to severe edema, which in most cases worsened by 72 h, were 
observed in all animals at both intact and abraded sites.  Primary irritation index (PII) values for these nonoxynols, 
determined from these skin irritation tests on rabbits, ranged from 0.45 to 5.58. 1  
 
Human 
 
Predictive Tests 
 
Nonoxynols-2 and -4 
 

Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in mineral oil), and Nonoxynol-4 (10% in mineral oil) were 
evaluated in three separate skin irritation/sensitization studies, respectively, according to the same experimental procedure. 
In each test, the subjects were free of interfering systemic or dermatologic disorders, visible skin diseases, active atopic 
dermatitis, or psoriasis.  The results of the three studies, along with the experimental procedure, are summarized below.2 
 

The skin irritation/sensitization potential of Nonoxynol-2 (5% in mineral oil) was evaluated using 110 volunteers (9 
males, 101 females; 19 to 61 years old). Eight of the original 110 withdrew from the study for reasons that were unrelated to 
administration of the test substance.  During induction, 0.2 ml of the test substance was applied, under occlusive patches, to 
the scapular region of the back three times per week for 3 weeks (9 induction applications).  Patches were removed, and sites 
evaluated at 48-hour intervals.  Patches applied on Friday were removed, and sites evaluated on the following Monday (72 
hours post-application).  The induction phase was followed by a 14-day non-treatment period. During the challenge phase, 
initiated at week 6, two consecutive 48-hour patches were applied to new sites in the scapular region of the back.  Challenge 
reactions were scored after 48 and 96 hours.  During induction and challenge phases, reactions were scored according to 
the following scale: 0 (no reaction) to 4 (bullae or extensive erosions involving at least 50% of the test area).  Isolated 
evidence of faint to moderate erythema was observed in three subjects during the induction phase.  Three subjects also had 
reactions during the challenge phase; however, no evidence of allergic contact dermatitis was found.2 
 

The skin irritation/sensitization potential of Nonoxynol-2 (10% in mineral oil) was evaluated using 111 volunteers 
(15 males, 96 females; 18 to 64 years old). Eight of the original 111 withdrew from the study for reasons that were unrelated 
to administration of the test substance.  The experimental procedure and grading scale for this study were as stated in the 
preceding paragraph.  During the induction phase, isolated evidence of slight to moderate erythema was observed in 15 
subjects, and, in an additional subject, strong, infiltrated erythema was observed after removal of the last induction patch. 
The subject with the strong induction reaction also had allergic reactions during the challenge phase. A total of 23 subjects 
had reactions during the challenge phase; however, 9 of the 23 had reactions that were classified as allergic contact 
dermatitis.2 
 

Seven of the nine subjects with allergic contact dermatitis were retested according to a different procedure. The test 
substance was applied under a semiocclusive patch for 30 minutes, after which the test site was rinsed with warm water. 
Reactions were scored at 24 hours postapplication (seven subjects) and at 24 and 48 hours postapplication (one subject). In 
the retest, discernible, mild allergic responses were observed in two of seven subjects; reactions were not observed in the 
remaining five. The investigators concluded that Nonoxynol-2 (10% in mineral oil) induced allergic contact sensitization in 
the initial experiment. However, when exposure was limited to 30 minutes, evidence of a mild allergic response was observed 
in two of the seven subjects with allergic contact sensitization who were retested.2 
 

The skin irritation/sensitization potential of Nonoxynol-4 (10% in mineral oil) was evaluated using 111 volunteers 
(10 males, 101 females; 19 to 62 years old). Four of the original 111 withdrew from the study for reasons that were unrelated 
to administration of the test substance. The experimental procedure and grading scale are referred to in the preceding 
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paragraph. During the induction phase, isolated evidence of faint to moderate erythema was observed in 36 subjects.  A total 
of 31 subjects had reactions during the challenge phase; however, only 3 of the 36 had reactions that were classified as 
allergic contact dermatitis.  The three subjects with allergic contact dermatitis were retested according to the retest 
procedure included in the preceding paragraph.  In the retest, a discernible mild allergic response was observed in one of the 
three subjects; reactions were not observed in the remaining two. The investigators concluded that Nonoxynol-4 (10% in 
mineral oil) induced allergic contact sensitization in the initial experiment. However, when exposure was limited to 30 
minutes (retest), evidence of a mild allergic response was observed in one of the three subjects with allergic contact 
dermatitis.2  
 

Undiluted Nonoxynol-4 was tested on 25 men and 25 women in a repeated insult patch test. Discs (1.25″ diameter) 
saturated with sample were applied to the backs of the volunteers. The primary application was left in place for 48 h; the 
subsequent 14 induction patches were applied for 24 h each.  After a two-week non-treatment period, challenge patches were 
applied for 24 h.  None of the subjects showed immediate or delayed reactions to either the induction or challenge patches.  
It was noted that Nonoxynol-4 appeared to be neither a primary irritant, a sensitizer, nor a fatiguing agent. 
 
Nononxynols-4, -9, and -12 
 

Cosmetic formulations containing Nonoxynol-4 (5%), -9 (1.75 to 4%), or -12 (20%) were tested for cumulative skin 
irritation. The test material was applied to the volar forearm surface and/or the inner aspect of the arm of the 20 test 
subjects, and held under occlusive patches for 24 h.  After patch removal and test site grading, fresh patches were reapplied 
to the same site.  This procedure was repeated for a total of 10 applications.  The results showed a range of effects on the 
skin, ranging from slightly to mildly irritating.  The formulations containing nonoxynol-9 caused reactions ranging from 
slightly irritating to nonirritating.  The formulation containing nonxynol-4 and the formulation containing nonoxynol-12 
were classified as slightly irritating.1   

Nononxynol-9 

Two cosmetic gels containing 2% and/or 4% Nonoxynol-9 were separately tested for irritation on 25 subjects. The 
gel was applied under an occlusive patch for 48 h before scoring. All sites received a score of zero.1 
 

A gel containing 4% Nonoxynol-9 was tested on 212 subjects. The material was applied 11 times under an occlusive 
patch.  Neither the time interval between patch testing nor the quantity of gel applied was stated.  A score of 11 out of a 
maximum possible score of 804 was reported.  The investigator concluded that the product showed no evidence of primary 
skin irritation or allergic sensitization.1 
 

Undiluted Nonoxynol-9 was tested on 50 men and 50 women for skin irritation/sensitization potential.  A single 
induction patch, applied to the back of each subject, was held in contact with the skin for five days.  After a three-week non-
treatment period, a challenge patch was applied to each subject for 48 h.  There were no reactions to either patch.  Undiluted 
Nonoxynol-9 was neither a primary irritant nor a sensitizer 1 
 
Nonoxynols-15 and -50 
 

A repeated insult patch test was performed on 168 subjects (115women, 53 men) using 0.1 ml of a 50% aqueous 
solution of Nonoxynol-15 and/or Nonoxynol-50.  The test material was applied at 48 -h intervals, three times per week for 
three weeks, to the backs of the subjects.  The test area was occluded for 24 h before removal, and washed with distilled 
water.  The test sites were read at 48 h, after which fresh test material and the occlusive patch were reapplied.  After a three-
week non-treatment period, the test area, as well as an untreated site, were challenged with the test material.  The sites were 
scored for sensitization at 24, 48, and 72 h. The investigator noted that only transient reactions were observed during the 
test, and that neither Nonoxynol-15 nor Nonoxynol-50 was an irritant or sensitizer. 

 
 

 
Provocative Tests 
 
Nonoxynols-6, -8.3, -9, -10, -14, and -18 
 

A total of twelve contact dermatitis patients was  patch tested with the ingredients of a topical antiseptic preparation 
according to the International Contact Dermatitis Research Group’s (ICDRG) patch test procedure.  Ten of the patients had 
used antiseptic preparations that contained Nonoxynol-9; all 10 had not used the same antiseptic preparation. The remaining 
two patients had used antiseptic preparations that contained Nonoxynol-8.3 and Nonoxynol-10, respectively. Nonoxynol-8.3, 
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-9, and - 10 were tested at concentrations of 2.0% in water. The patches remained in place for 48 hours and reactions were 
scored at 48 hours and at 72 or 96 hours.  All of the patients had positive reactions to 2.0% aqueous Nonoxynol solutions 
either at 72 or 96 hours; reactions classified as ++ (strong, edematous, or vesicular reaction) were observed in all patients. 
Epicutaneous test results for other ingredients of antiseptic preparations were negative, with the exception of one patient who 
reacted to the antiseptic iodine.2 
 

When 6 of the 12 patients in the above study were tested with 2.0% aqueous Nonoxynol-6, -8.3, -9, -10, -14, and -18 
several months later according to the ICDRG patch test procedure, most of the reactions observed at 72 or 96 hours were 
++ reactions. However, in some instances, a + (weak, nonvesicular reaction), negative, or doubtful reaction was observed. 
Subjects 1, 2, and 7 each had a + reaction to Nonoxynol-18 at 72 hours.  Additionally, Subject 5 had a + reaction to 
Nonoxynol-6 at 96 hours and Subject 4 had a + reaction to Nonoxynol-8.3 at 96 hours.  Subjects 4 and 6 each had negative 
reactions to Nonoxynol-18 at 96 and 72 hours, respectively. Finally, Subject 5 had what was classified as a doubtful reaction 
to Nonoxynol-8.3, -10, -14, and -18.  This subject did not return for retesting.2 
 
Nonoxynol-10 
 

A multicenter study in Sweden was performed to address the question of human sensitization to oxidized 
ethoxylated surfactants.34  The 528 participants (196 males, 332 females; mean age = 44 years) were identified as consecutive 
dermatitis patients with suspected allergic contact dermatitis.   The patients were patch tested with aqueous solutions of 
nonoxynol-10 (20%) and air-oxidized nonoxynol-10 (20%).   Each test solution (15 ml) was applied using Finn chambers, 
with occlusion, for 48 h.  The area and location of the application site were not stated.  Reactions were scored at days 3 and 7 
according International Contact Dermatitis Research Group criteria. None of the patients had reactions to nonoxynol-10.  
Erythema was observed in 1 patient, only at day 7, patch tested with oxidized nonoxynol-10.  It was noted that this was not 
an allergic reaction. 
 

Mucous Membrane Irritation 
 
Non-human 
 
Nonoxynol-9 
 

Concentrations of 2.5, 5.0, 12.5, and 25.0% aqueous Nonoxynol-9 (volume = 20 ml) were administered by vaginal 
lavage to four groups of six New Zealand rabbits once daily for 4 days.  Distilled water was administered to a control group 
of six rabbits according to the same procedure.  Irritation of the vaginal mucosa was concentration-dependent.  
Concentrations of 2.5 and 5.0% induced mild irritation, whereas, 12.5 and 25.0% concentrations induced moderate to severe 
irritation. The lesions that were observed included epithelial exfoliation, submucosal edema, and inflammatory-cell 
infiltrate.2 
 

In additional experiments, 5.0, 12.5, 25.0, 50.0, and 75.0% Nonoxynol-9 concentrations, in distilled water, were 
administered by vaginal lavage to five groups of seven Sprague-Dawley rats.  Distilled water was administered to two groups 
of control rats.  Concentrations of 5.0 and 12.5% Nonoxynol-9 induced minimal irritation, and inflammatory-cell infiltrate 
was observed.  Nonoxynol-9 (25.0%) induced mild irritation and epithelial exfoliation.  Epithelial exfoliation was more 
severe and persistent in animals that received 50.0 and 75.0% concentrations, and edema was also noted in these two 
groups.  The inflammatory cell infiltrate became more severe and persistent only in the 75.0% Nonoxynol-9 treatment 
group.2 
 
 Female mice of the CF-1 strain (6 weeks old) were exposed to a spermicide containing 3.5% nonoxynol-9.  The 
method of exposure was either intravaginal or intrauterine.28  After various exposure times, the animals were killed and 
uterine tissue sections were subjected to pathological examination. Three mice were used for each time point.  Both modes of 
administration resulted in disruption of the uterine epithelium.  The nonoxynol-9 spermicide caused rapid focal, uterine 
epithelial sloughing and complete epithelial loss within 24 h.  Regeneration of the epithelium began 48 h after exposure and 
the epithelium was completely restored within 72 h.  However, the new epithelial layer was composed of cuboidal cells 
instead of the columnar cells that are normally present.   The authors concluded that nonoxynol-9 had a deleterious effect on 
the uterine epithelium. 
 
 The intravaginal dosing of female BALB/c mice (8 to 10 weeks old) with a commercial spermicide containing 3.5% 
nonoxynol-9 for 14 days induced an inflammatory response that was characterized by increased levels of cytokines and 
chemokines, the recruitment of neutrophils and monocytes into the genital tract, and the activation of the transcription factors 
NF-kB and activator protein-1.29 The concentrations of cytokines and chemokines in vaginal washes pooled from at least 10 

Distributed for comment only -- do not cite or quote 
 



mice at each time point were measured at baseline (day 0) and 3, 7, 14, and 21 days after 14 daily applications of the 
nonoxynol-9 spermicide.   
 

Five New Zealand white NZW rabbits received 4% nonoxynol-9 intravaginally at a dosage of 1 g/rabbit/day for 10 
days.30  Irritation, epithelial exfoliation, vascular congestion, and leukocyte infiltration were reported.  These results were 
reported in a study on the toxicity of liposomal gels, and 4% nonoxynol-9 served as the positive control. 
Human 
 

A clinical trial of nonoxynol-9 (in gel form) was performed using 40 healthy female volunteers (18 to 45 years old).  
Twenty women received the gel and 20 received a placebo.31  The women were instructed to use the gel (nonoxynol-9 
concentration = 20 mg/ml [100 mg/dose]) on each of 7 consecutive days.  Examinations occurred on days 0, 7, and 14.   
Genital irritation was observed in 10 women who received nonoxynol-9 and in 5 women in the placebo group.  Colposcopy 
revealed erythema in 9 women in the nonoxynol-9 group and in 2 women in the placebo group.  Histologic inflammation was 
reported in 7 women who received nonoxynol-9 and in 2 women who received the placebo.  Inflammatory changes were 
characterized by patchy infiltration of the lamina propria, predominantly with CD8+ lymphocytes and macrophages; epithelial 
disruption was absent. 
 

To better understand the colposcopic appearance of the genital epithelium after typical long-term spermicide use, a 
long-term study of women who used spermicides that contain nonoxynol-9 was performed.32  A subset of participants from a 
multicenter randomized clinical trial that compared the contraceptive effectiveness of 5 nonoxynol spermicide formulations 
(summarized in the Carcinogenicity section) was used.  Each study group consisted of 30 participants.  The control group 
consisted of 31 women.  The genital epithelium was evaluated by colposcopic and naked eye examination at baseline and 
during follow-up at weeks 4, 17, and 30.  Five spermicidal formulations containing nonoxynol-9 were studied, including 3 
gels, a film, and a suppository.  The 3 gels were described as follows:  gel containing 52.5 mg nonoxynol-9 at a concentration 
of 3.5% per dose (Gel A), gel containing 100 mg nonoxynol-9 at a concentration of 4.0% per dose (Gel B), and Gel B at a 
dose of 150 mg nonoxynol-9 per application.  Each dose of film contained 100 mg nonoxynol-9 at a concentration of 28% 
per sheet.  Each suppository contained 100 mg nonoxynol-9 at a concentration of 3.0% per dose.   Overall, there was no 
increased risk for any new colposcopic lesion in any of the nononxynol-9 groups, when compared to the control group.  
However, when compared to the control, women who had used any nonoxynol-9 product were more likely to have genital 
lesions characterized by erythema or edema (p = 0.01). 

 
Twenty women (mean age = 34.9 years) applied 4% nonoxynol-9 spermicide gel twice daily for 13.5 consecutive 

days.33  An additional 20 women applied a placebo.  Biopsies and endocervical cytobrush specimens were obtained at visits 2 
(baseline) and 5.  Histological findings of inflammation and deep epithelial disruption after product use were reported for 4 
women. 
 
In Vitro 
 
Nonoxynol-9 
 

A study was performed to determine whether nonoxynol-9 could induce genital tract inflammation by measuring 
levels of the following in normal human peripheral blood mononuclear cells (PBMCs) and macrophages: tumor necrosis 
factor (TNF-α),  interleukin 1β (IL-1β), interleukin-6 (IL-6), and interleukin-8 (IL-8).35  Ingredient dilutions that yielded 
culture viabilities ≥ 60%, compared to control cultures, were considered nontoxic.  The nontoxic dilutions of nonoxynol-9 
were 1:1000 in both PBMCs and macrophages.  Nonoxynol-9 (nontoxic dilution) was associated with relatively low levels of   
IL-1β, TNF- α, and IL-6.  These results were indicative of the low toxicity in terms of  the release of cytokines. 

Phototoxicity/Photosensitization 
 
Human 
 
Nonoxynol-10 
 

Photosensitization was observed in sun-exposed areas of two patients (72-year-old male; 71-year-old female) who 
had been treated with an antiseptic preparation that contained Nonoxynol-10.  Based on these case reports, a follow-up 
photosensitization study involving the 2 patients and 32 control subjects was initiated.  The 13 male and 19 female control 
subjects, all suspected of having photodermatosis, had a mean age of 42 years and had never used the antiseptic preparation 
that induced photosensitization in the two elderly patients.  The control subjects and two patients were patch-tested with the 
antiseptic preparation, undiluted Nonoxynol-10, 2% Nonoxynol-10 in petrolatum, and 0.2 and 2% Nonoxynol-10 in water. 
The two patients were also patch-tested with 1% Nonoxynol-10 in water. Three series of patch tests (Finn chambers) were 
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placed on the backs of all subjects, with the exception of one subject (72- year-old patient) who received an additional 
(fourth) series.  Test sites (two series of patch tests only) were exposed to a suberythemal dose of UVA (330 to 460 nm; 35 
mW/cm2) or UVB (285 to 350 nm; 1.5 mW/cm2) light at 24 hours post-application.  Test sites (irradiated and non-irradiated 
series) were evaluated at 72 hours post-application.2 

 
 Results for each UV exposure and each chemical were not reported. One male patient had photosensitization 

reactions to the antiseptic preparation and to 0.2,1, and 2% aqueous Nonoxynol- 10.  Undiluted Nonoxynol- 10 did not 
induce photosensitization.  Reactions were not observed in any of the remaining photopatch tests or at nonirradiated sites. 
One female patient had photosensitization reactions to the antiseptic preparation and to 2% Nonoxynol-10 in petrolatum. 
Again, undiluted Nonoxynol- 10 did not induce photosensitization.  Reactions were not observed in any of the remaining 
photopatch tests or at non-irradiated sites. Of the 32 control subjects, 13 had photosensitization reactions to the antiseptic 
preparation and four had photosensitization reactions to aqueous Nonoxynol-10.  There were no photosensitization reactions 
to undiluted Nonoxynol-10.2 
 
Nonoxynols-15 and -50 
 

Twenty-eight of the 168 subjects tested for Nonoxynol-15 and Nonoxynol-50 irritation and sensitization potential in 
the section on Skin Irritation and Sensitization (Predictive Tests) were randomly selected to test the ability of Nonoxynol-15 
and Nonoxynol-50 to induce a phototoxic or photosensitization reaction following ultraviolet light exposure.  The test 
protocols were the same except that the forearm was used as a test site. The 28 subjects were divided into two groups, 19 
received only UVA and nine received both UVA and UVB.  The UVA (320-400 nm) light was applied for 15 min to the 19 
subjects (4.4 µW/cm2 at the skin surface, measured at the 360 nm wave length peak).  The UVB light was applied, at  twice 
the Mean Erythema Dose (MED), to nine subjects (light source: 150 watt Xenon Arc Solar Simulator emitting at 280-320 
nm). The subjects receiving the UVB exposure were also exposed for 5 min to UVA.  The investigator noted that only 
transient reactions were observed, and that Nonoxynol-15 and Nonoxynol-50 were not photosensitizers. 

In Vitro 
 
Nonoxynol-9 
 
 Photohemolysis of human red blood cell suspensions containing nonoxynol-9 (2 x 10-5 M) occurred after irradiation 
with UV light under aerobic conditions.4  Nonoxynol-9 was irradiated for 70 minutes under oxygen and argon enriched 
atmosphere in a photochemical reactor equipped with phosphorus lamps (emission maximum at 300 nm).  Lysis was not 
observed after the red blood cells were irradiated for 80 minutes in the absence of nonoxynol-9 (2 x 10-5 M) or when the cells 
were incubated with nonoxynol-9 (2 x 10-5 M) in the dark.  It was concluded that nonoxynol-9 was phototoxic in vitro. 

Case Reports 
 
Nonoxynol-6 
 
 Scaling, redness, vesiculation, and fissuring of the dorsal hands and forearms, associated with a transverse 
dystrophy of the fingernails, was observed in a 58-year-old uranium mill worker who used a waterless hand cleanser 
containing Nonoxynol-6 at work. The patient had an allergic contact reaction (1+ reaction) to 0.5% Nonoxynol-6, in 
petrolatum, at 48 and 96 hours.  Reactions to Nonoxynol-6 (0.5% in petrolatum) were not observed in eight control subjects.2 
 

Dermatitis was observed on the hands and forearms of a 64- year-old worker in the metal industry who regularly 
immersed metal objects into a fluid containing Nonoxynol-6. Patch test results indicated weak, non-vesicular reactions 
(score = +) to 0.001, 0.01, and 0.1% aqueous Nonoxynol-6, and strong edematous or vesicular reactions (score = ++) to 1.0 
and 5.0% Nonoxynol-6.2  

 
 

 
Nonoxynol-12 
 
 A 48-year-old woman (domestic cleaner) with a 5-month history of  acute severe dermatitis and a past history of 
atopic eczema was patch tested with nonoxynol-12, an ingredient of the polish that was used on the job.36  The patient had 
severe dermatitis on the dorsa of the hands, forearms, and face.  Positive patch test reactions to the following concentrations 
of nonoxynol-12 in petrolatum were reported: 1%, 0.5%, 0.1%, and 0.01%.  The reactions were classified as + on day 2 and 
++ on day 4.  Negative patch test results were reported for 30 control subjects. 
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SUMMARY 
 
 

The nonoxynols are ethoxylated alkylphenols. Collectively, data on use frequency from FDA and use concentration 
data from a Council survey indicate that the following nonoxynols are being used in cosmetic products: 
 
Nonoxynol-1 
Nonoxynol-2 
Nonoxynol-4 
Nonoxynol-5 

Nonoxynol-6 
Nonoxynol-9 
Nonoxynol-10 
Nonoxynol-12 

Nonoxynol-14 
Nonoxynol-15 
Nonoxynol-23 
Nonoxynol-30 

 
 According to the 2015 VCRP survey, the greatest reported use frequency is for nonoxynol-4 (90 formulations, all 

rinse-off), followed by nonoxynol-6 (65 formulations, all rinse-off).  Lower use frequencies are reported for the remaining 
nonoxynols, mostly relating to use in rinse-off products.  The results of a concentration of use survey conducted in 2015 
indicate that nonoxynol-12 has the highest reported maximum concentration of use; it is used at concentrations up to 8.33% 
in rinse-off products (specifically in hair dyes and colors).  The highest maximum concentration of use reported for products 
resulting in leave-on dermal exposure is 0.42% (nonoxynol-12, in hair spray). 

 
 Alkylphenols are synthesized commercially by Friedal-Crafts alkylation of a phenol to an olefin.  The resulting 

monoalkylphenol product is purified by distillation and ethoxylated with the appropriate number of moles of ethylene oxide 
to produce the desired alkylphenol ethoxylate. The distribution of homologues with varying ethylene chain lengths in 
commercial samples of Noxynol-2, -4, and -9 are: Nonoxynol-2 (Nonoxynol- 1, -2, -3, and -4 homologues present), 
Nonoxynol-4 (Nonoxynols- 1, -2, -3, -4, -5, -6, -7, and -8 homologues), and Nonoxynol-9 (Nonoxynol-2, -3, -4, -5, -6, -7, -8, 
-9, -10, and -11 homologues). 

 
Nonoxynol-1 may contain up to 20 ppm ethylene oxide and, Nonoxynol-6, up to 35 ppm ethylene oxide. Assays for 

1,4-dioxane and ethylene oxide were also performed on samples of Nonoxynol-2, -4, and -9. Neither 1,4- dioxane nor 
ethylene oxide was detected in triplicate samples of Nonoxynol-2. However, Nonoxynol-4 (5 samples) contained 4.5 to 20 
ppm 1,4-dioxane and 7.9 to 67 ppm ethylene oxide.  Triplicate samples of Nonoxynol-9 contained ~4.5 to 5.9 ppm 1,4-
dioxane and ~3.6 to 12.2 ppm ethylene oxide. 
 

UV spectral analyses of Nonoxynol-2, -4, and -9 were conducted in two sets of experiments in which samples of 
each chemical were diluted with water and 10% isopropanol, respectively. The results of these experiments indicated that the 
UV absorption spectra for Nonoxynol-2, -4, and -9 were essentially the same; absorption was noted in the UVC band (200 to 
290 nm range). 

 
The metabolism of Nonoxynols takes place by shortening the ethylene oxide chain and some carboxylation of the 

alkyl chain by omega-oxidation. No metabolic formation of free phenolic groups has been reported.  Absorption and 
metabolism studies in the rat indicate that increasing the length of the nonoxynol ethylene oxide chain decreases intestinal 
absorption. 
 

  In skin from 3 species (human, porcine, and rat) in vitro, 14C-nonoxynol-9 and 14C-nonoxynol-4 were minimally 
absorbed across the skin.   In in vitro skin penetration studies using cadaver skin (rinse-off and leave-on protocols), the total 
skin penetration of Nonoxynols-2, -4, and -9 was less than 1% over a period of 48 hours.  In mice intravenously injected with 
14C-Nonoxynol-9, the highest amounts of radioactivity were reported for the small and large intestines. 14C radioactivity was 
excreted mainly in the urine and feces.  An HPLC analysis of the urine and bile indicated that no intact Nonoxynol-9 was 
present in the bile or urine, and that Nonoxynol-9 was metabolized to highly polar species. 
 

Acute inhalation by rats of aerosols of undiluted or 1% Nonoxynol-4, -7, or -9 for 8 h caused no deaths.  
Nonoxynol-5 and -6 were slightly toxic in acute oral toxicity studies involving rats.  Estimates of the acute oral LD50s of nine 
of the Nonoxynols (-2 to -15) ranged from 0.62 to 7.4 g/kg in several animal species.   Nonoxynol-30 and -40 had higher 
LD50s. 

 
  In acute dermal toxicity studies involving rabbits, LD50s for Nonoxynol-5 and -6 were not achieved at dosages of 

2.0 and 3.0 g/kg, respectively. These chemicals would be classified as slightly toxic, at most.  Acute dermal toxicity studies 
in rabbits on six undiluted Nonoxynols resulted in an LD50 range of 1.8 ml/kg to 4.4 g/kg. Intraperitoneal, subcutaneous, and 
intravenous injections of Nonoxynol-9 resulted in LD50s of 0.21 ml/kg, 1.00 ml/kg, and 0.044 g/kg, respectively.  
 

In 90-day feeding studies involving rats and dogs, there were no test substance-related deaths after the 
administration of 0.040, 0.20, or 1.0 g/kg/day Nonoxynol-6. However, elevated liver-to-body weight ratios were reported.   
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At pathological and histological examinations, there were no changes that were attributable to nonoxynol-10 at 
concentrations up to 4500 ppm in the diet for 104 weeks.  In a study in which rats received repeated doses of up to 80 
mg/kg/day nonoxynol-10, the “noneffective dose level” for general toxicity was 20 mg/kg/day.  In another repeated dose 
toxicity study involving rats, swelling of the spleen and local skin irritation were observed at nonoxynol-10 dose rates of 20 
mg/kg/day or greater.  

 
When fed subchronically or chronically in the diet to rats and dogs, at concentrations yielding estimated daily 

intakes of 0.2 to 1 g/kg or dietary concentrations of 0.27%, Nonoxynols -4 to -9 frequently increased liver weights. 
Nonoxynols-15 to -40 were less effective in this regard and were less toxic. 
 

Intraperitoneal injections of Nonoxynol-9 (5 mg/100 g body weight) daily for 5 days induced morphologic and 
biochemical changes in the liver of rats.  Intravaginal injections (5 mg/100 g) daily for up to 20 days induced morphologic 
and biochemical changes in the liver and biochemical changes in the kidneys of rats. Daily intraperitoneal injections (24 
days) of 0.2% Nonoxynol-9 in sterile saline did not induce immunotoxicity in female mice 

 
Blood tests on samples obtained from 10 women who received intravaginal applications of Nonoxynol-9 daily for 

14 consecutive days indicated no effects on either hepatic function or hematologic parameters. The only significant finding 
was a reduction in serum cholesterol. No evidence of alterations in hepatic function was observed, based on blood test results 
for 30 women who had received intravaginal applications of a cream containing 5.0% Nonoxynol-9 daily for 14 days. 
Vaginal mucous membrane irritation was observed in 6 of 14 women after insertion of a suppository containing 150 mg 
Nonoxynol-9 (hourly for 4 consecutive hours) for 14 consecutive days.  The results of another study indicated that frequent 
use of vaginal suppositories containing Nonoxynol-9 (150 mg) may result in increased epithelial disruption. Use frequencies 
in the groups tested ranged from one suppository every other day for 2 weeks to four suppositories daily for 2 weeks. 

 
In in vitro tests, Nonoxynol-9 caused complete hemolysis of erythrocytes (from rabbits) at concentrations of 0.006 to 

0.12%, and was cytotoxic to rat liver cells at concentrations of > 10 µg/ml to 50 µg/ml. 
 

Nonoxynol-6 induced severe ocular irritation in rabbits. Severe ocular irritation was also observed in animals 
(species not stated) tested with Nonoxynol-5. Nonoxynol compounds with short ethylene oxide chains are generally severe 
ocular irritants; Nonoxynol-15, -30, and -40 were only slightly irritating to the rabbit eye.  
 

Skin irritation reactions were observed in rabbits patch-tested with concentrations of 25% to 100% Nonoxynol-6 in 
petrolatum.  In another study, Nonoxynol-6 was severely irritating to both abraded and intact skin of rabbits.  PII values 
determined from skin irritation tests on rabbits ranged from 0.45 to 5.58; other tests indicated that Nonoxynols were 
nonirritating to moderately irritating when applied to the skin.  Nonoxynol-5 was also classified as a severe skin irritant in 
animals (species not stated).  Mucous membrane irritation was observed in groups of rabbits dosed intravaginally with 
Nonoxynol-9 (2.5 to 50.0 mg) with concentrations ranging from 2.5 to 75.0%. 

 
The intravaginal dosing of female mice with a spermicide containing 3.5% nonoxynol-9 for 14 days induced an 

inflammatory response that was characterized by increased levels of cytokines and chemokines and the recruitment of 
neutrophils and monocytes into the genital tract. 

    
In the maximization test, Nonoxynol-6 (test concentrations up to 27%) was not a sensitizer in guinea pigs.  
 
Undiluted Nonoxynol-4 and -9 were nonirritating and nonsensitizing to the skin of 50 and 100 human subjects, 

respectively. A 50% solution of Nonoxynol-15 and/or Nonoxynol-50 produced no irritation or sensitization when tested on 
168 subjects.  Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in mineral oil), and Nonoxynol-4 (10% in mineral oil) 
were tested in three separate human repeated insult patch tests (predictive), respectively, according to the same procedure.  
 

In human repeat insult patch tests, there was no evidence of allergic contact dermatitis in any of the 102 subjects 
patch tested with 5% Nonoxynol-2 in mineral oil.  However, allergic contact dermatitis was observed in nine of 103 subjects 
patch tested with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects patch tested with 10% Nonoxynol-4 in mineral 
oil.  In a multicenter study, 528 dermatitis patients were patch-tested with aqueous solutions of nonoxynol-10 (20%) and air-
oxidized nonoxynol-10 (20%).  The only reaction observed was described as erythema in one patient patch-tested with 
oxidized nonoxynol-10. 

 
Strong sensitization reactions were observed in each of the 12 contact dermatitis patients patch tested with 2.0% 

aqueous solutions of Nonoxynol-8.3, -9, or -10. Ten of the patients had used antiseptic preparations containing Nonoxynol-9, 
and the remaining two, antiseptic preparations containing Nonoxynol-8.3 and -10, respectively.  Six of the 12 patients were 
retested several months later, and each of the six had a sensitization reaction to 2% aqueous Nonoxynol-6, -8.3, -9, - 10, - 14, 
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and - 18.  Allergic reactions to Nonoxynol-6 were noted in two case reports.  However, no reactions were observed when 8 
and 165 control subjects were patch tested with 0.5% and 1.0% Nonoxynol-6, respectively.   Positive patch test reactions to 
nonoxynol-12 (0.01% to 1%) in petrolatum were observed in a dermatitis patient, but not in 30 control subjects. 

 
Photosensitization reactions to diluted Nonoxynol-10 (concentrations up to 2% aqueous), but not to undiluted 

Nonoxynol- 10, were reported in two patients who had been treated with an antiseptic preparation that contained Nonoxynol- 
10. Follow-up studies on 32 control subjects who had never used this antiseptic preparation showed an inconsistent pattern of 
reactions.  A 50% solution of Nonoxynol-15 and/or Nonoxynol-50 produced no indication of phototoxicity or 
photosensitivity when subjects were exposed to either UVA or UVB light after exposure to the compounds.   
 

The intraperitoneal administration of Nonoxynol-9 at doses ranging from 20 to 60 mg/kg for 5 days did not cause an 
increase in the frequency of morphologically abnormal sperm from mice over that observed in the control group.  
Intravaginal doses of Nonoxynol-9 (5 mg/100 g body weight) on gestation days 3 and 7 caused statistically significant 
differences in the number of normal implantation sites and the number of resorption sites between experimental and control 
groups of rats.  Nonoxynol-9 was embryolethal and fetocidal, but not teratogenic, when administered intravaginally (2.5 
mg/100 g body weight) to groups of pregnant rats on days 1 through 10 of gestation. The no-effect level for Nonoxynol-9 in 
an oral teratogenicity study involving rats was 50 mg/kg/day (gestation days 9 to 15); dose rates up to 500 mg/kg/day were 
administered.  When dose rates of 50 and 500 mg/kg/day Nonoxynol-9 (gestation days 6 to 15) were administered dermally 
to female rats, no dose-related effects on skeletal and soft tissues were observed; however, a significant increase in extra ribs 
was observed only in the 50 mg/kg/day group.  

 
It was concluded that Nonoxynol-9 (in a contraceptive cream) was neither embryotoxic nor teratogenic when 

administered intravaginally to female rats at dose rates up to 40 mg/kg/day on days 6 through 15 of gestation. The oral 
administration of a product containing 14.0% nonylphenoxy polyethoxy ethanol (a Nonoxynol; number of moles ethylene 
oxide not stated) on days 7 to 16 of gestation did not result in any statistically significant differences in fetal malformations 
between experimental and control groups. Doses up to 50 mg/kg/day were tested.  

 
 Nonoxynol-10 (600 mg/kg/day) did not induce developmental toxicity in female mice dosed orally on days 6 

through 13 of gestation.  The repeated s.c. dosing of rats with nonoxynol-10 at dose rates up to 80 mg/kg/day did not induce 
any test substance-related teratogenic effects.  Following the insemination of rabbits with sperm treated with 0.01% or 
0.0024% nonoxynol-10, gestation occurred without impairing the viability, organogenesis, or growth of embryos or fetuses.  

 
Nonoxynol-30 induced neither reproductive nor teratogenic effects on the skeleton and soft tissues of female rats at 

oral dose rates of 50, 250, and 1000 mg/kg/day.  
 

 In a multicenter study on a nonoxynol-9 spermicide, 2 of 49 viable fetuses in a group of 633 women had congenital 
anomalies. 
 

Nonoxynol-4 was not mutagenic in the Ames test.  Nonoxynol-9 was not mutagenic in the Ames test or unscheduled 
DNA synthesis assay (adult rat hepatocytes), and did not induce malignant transformations (in vitro) in rat liver T51B cells. 
Nonoxynol-10 also was not mutagenic in the Ames test.  Malignant transformations (in vitro) were observed in mouse 
fibroblasts (BALB/3T3 and lOT1/2 cells) that were incubated with Nonoxynol-9; Nonoxynol-40 did not induce malignant 
transformations. 

 
Nonoxynol-9 was neither toxic nor carcinogenic in a lifetime exposure study involving rats. The rats were dosed 

intravaginally with 6.7 and 33.6 mg/kg Nonoxynol-9 three times per week for a total of 24 months.  No evidence of 
carcinogenicity was observed when Nonoxynol-4 and -9 were fed for two years to both dogs and rats.  The same was true in a 
2-year study in which mice were fed nonoxynol-10 daily at concentrations up to 4500 ppm in the diet.  

 
There was no statistically significant evidence of a dose-response relationship between nonoxynol-9 and changes in 

cervical cytology in a nonoxynol-9 spermicide trial involving 640 women. 
 

PREVIOUS REPORT DISCUSSIONS 
 
1983 Published Final Report  on Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, and -50  
 

None of the 11 Nonoxynols discussed in this report has had complete toxicological testing; however, the total 
available test data for the entire group was considered adequate. The differences in toxic effects among the various 
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Nonoxynols are quantitative and most likely related to the rate of absorption as influenced by ethoxy groups. There was no 
evidence of qualitative differences in toxicity between the Nonoxynols; therefore, the Panel used the composite data to 
evaluate the safety of this group of ingredients. 
 
1999 Published Final Report on Nonoxynols-1, -2., -3, -4, -5, -6, -7, and -8 
 

The Expert Panel recognizes that Nonoxynols may contain trace amounts of ethylene oxide, and that the 
International Agency for Research on Cancer (IARC) has concluded that ethylene oxide is carcinogenic to humans. 
Nonoxynol-1 can contain up to 20 ppm ethylene oxide, and Nonoxynol-6 up to 35 ppm. The Panel also expressed concern 
over unreacted C9 phenols that can be present in Nonoxynols, and noted that such impurities should not be present at toxic 
concentrations. The results of an impurities analysis that was performed to address this concern indicated that nonylphenol 
(unreacted C9) was detected at concentrations of (500 ppm in samples of Nonoxynol-2, -4, and -9.  In the same analysis, 
neither 1,4-dioxane nor ethylene oxide was detected in triplicate samples of Nonoxynol-2. However, Nonoxynol-4 (5 samples) 
contained 4.5 to 20 ppm 1,4-dioxane and 7.9 to 67 ppm ethylene oxide. Triplicate samples of Nonoxynol-9 contained ~4.5 to 
5.9 ppm 1,4-dioxane and ~3.6 to 12.2 ppm ethylene oxide. 
 

The International Organization for Standardization (ISO), a worldwide federation of national standards bodies, has 
established residue limits for ethylene oxide in each medical device, in terms of the dose delivered to patients. The limit for 
exposure to ethylene oxide for 30 days to life is an average of 0.1 mg/day, not to exceed 20 mg in any given day, 60 mg in a 
month, or 2,500 mg in a life time.  This limit was based on chronic toxicity and carcinogenicity studies.  
 
 Based on the above information, the Panel concluded that the ethylene oxide content of Nonoxynols in cosmetic 
products should not result in ethylene oxide exposures that approach 0.1 mg/day. In arriving at this conclusion, the Panel 
recognized that use of a cosmetic product only in excessive amounts could yield this level of exposure.  The Panel considered 
case reports of photosensitization reactions to Nonoxynol- 10 (concentrations up to 2% aqueous) reported in two patients 
who had been treated with an antiseptic preparation that contained Nonoxynol-10. Although similar results were reported 
for 4 of 32 control subjects who had never used this antiseptic preparation, these additional data were not sufficiently 
comprehensive to show a pattern of photosensitization. Because the patients had reactions to diluted Nonoxynol-10, but not 
undiluted Nonoxynol- 10, the Expert Panel concluded that the study results were not a valid indication of any adverse effect. 
 

In human repeated insult patch tests, there was no evidence of allergic contact dermatitis in any of the 102 subjects 
patch tested with 5% Nonoxynol-2 in mineral oil. However, allergic contact dermatitis was observed in 9 of 103 subjects 
patch tested with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects patch tested with 10% Nonoxynol-4 in mineral oil. 
In in vitro skin penetration studies using cadaver skin (rinse-off and leave-on protocols), the total skin penetration of 
Nonoxynol-2, -4, and -9 was less than 1% over a period of 48 hours.  Based on the human repeated insult patch test data and 
the results of in vitro skin penetration studies, the Panel determined that cosmetic use concentrations of Nonoxynol-2 and -4 
and other low-molecular-weight Nonoxynols (not-greater than Nonoxynol-8) should be limited to ~5% in leave-on products. 

 
Due to the severity of ocular irritation reactions that were observed in animal studies, products containing 

Nonoxynol- 1, -5, and -6, and, perhaps, other low-molecular-weight Nonoxynols, should not be used in the area surrounding 
the eyes. 
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Table 1.  Names, CAS Registry Numbers, and Definitions of the Nonoxynols3  
(Items in brackets were added by CIR Staff)  

Ingredient & CAS No.                                                                     Definitions and Functions 
Nonoxynol-1 
26027-38-3 (generic) 
27986-36-3 
37205-87-1 (generic) 

Nonoxynol-1 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1, wherein n 
has an average value of 1]. Function: Surfactants - Emulsifying Agents 

Nonoxynol-2 
26027-38-3 (generic) 
27176-93-8 (generic) 
37205-87-1 (generic) 
9016-45-9 (generic) 

Nonoxynol-2 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1], where n 
has an average value of 2. Function: Surfactants - Emulsifying Agents 

Nonoxynol-3 
26027-38-3 (generic) 
27176-95-0 (generic) 
37205-87-1 (generic) 
51437-95-7 (generic) 
84562-92-5 (generic) 
9016-45-9 (generic) 

Nonoxynol-3 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1], where n 
has an average value of 3. Function: Surfactants - Emulsifying Agents 

Nonoxynol-4 
26027-38-3 (generic) 
27176-97-2 
37205-87-1 (generic)  
68412-54-4 
7311-27-5  
9016-45-9 (generic) 

Nonoxynol-4 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1], where n 
has an average value of 4. Function: Surfactants - Emulsifying Agents 

Nonoxynol-5 
20636-48-0 
26027-38-3 (generic) 
26264-02-8  
37205-87-1 (generic) 
9016-45-9 (generic) 
 

Nonoxynol-5 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 5. Function: Surfactants - Emulsifying Agents 

Nonoxynol-6 
26027-38-3 (generic) 
27177-01-1  
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-6 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 6. Function: Surfactants - Emulsifying Agents 

Nonoxynol-7 
26027-38-3 (generic) 
27177-03-3 
37205-87-1 (generic)  
68412-54-4  
9016-45-9 (generic)  

Nonoxynol-7 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure ]1 where n 
has an average value of 7. Function: Surfactants - Emulsifying Agents 

Nonoxynol-8 
26027-38-3 (generic) 
26571-11-9 
27177-05-5 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)   

Nonoxynol-8 is the ethoxylated alkyl phenol that conforms generally to the formula in [Figure 1] where n 
has an average value of 8. Function: Surfactants - Emulsifying Agents 

Nonoxynol-9 
14409-72-4 
26027-38-3 (generic) 
26571-11-9 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-9 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 9. Function: Surfactants - Emulsifying Agents 

Nonoxynol-10 
26027-38-3 (generic) 
27177-08-8 
27942-26-3 
37205-87-1 (generic) 
68412-54-4 
 9016-45-9 (generic)  

Nonoxynol-10 is the ethoxylated alkyl phenol that conforms generally to the formula[ in Figure 1] where n 
has an average value of 10. Function: Surfactants - Emulsifying Agents 

Nonoxynol-11 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-11 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 11. Function: Surfactants - Emulsifying Agents 
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Table 1.  Names, CAS Registry Numbers, and Definitions of the Nonoxynols3  
(Items in brackets were added by CIR Staff)  

Ingredient & CAS No.                                                                     Definitions and Functions 
Nonoxynol-12 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-12 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 12. Function: Surfactants - Emulsifying Agents 

Nonoxynol-13 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 (generic) 
9016-45-9 (generic)  

Nonoxynol-13 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 13. Function: Surfactants - Emulsifying Agents 

Nonxynol-14 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-14 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 14. Function: Surfactants - Emulsifying Agents 

Nonxynol-15 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-15 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 15. Function: Surfactants - Emulsifying Agents 

Nonoxynol-18 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-18 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 18. Function: Surfactants - Emulsifying Agents 

Nonoxynol-20 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-20 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 20. Functions: Surfactants - Cleansing Agents; Surfactants - Emulsifying Agents; 
Surfactants - Solubilizing Agents 

Nonoxynol-23 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4  
9016-45-9 (generic) 

Nonoxynol-23 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 23. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-25 
9016-45-9 (generic) 

Nonoxynol-25 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 25. Functions:  Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents  

Nononxynol-30 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-30 is the ethoxylated alkyl phenol that conforms generally to the formula[ in Figure 1] where n 
has an average value of 30. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-35 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-35 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 35. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-40 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-40 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 40. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-44 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-44 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 44. Function: Surfactants  - Cleansing Agents 

Nonoxynol-50 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-50 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 50. Function: Surfactants  - Cleansing Agents 

Nonoxynol-70 
 

Nonoxynol-70 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where n 
has an average value of 70. Function: Surfactants - Solubilizing Agents 

Nonoxynol-100 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-100 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where 
n has an average value of 100. Function: Surfactants  - Cleansing Agents  
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Table 1.  Names, CAS Registry Numbers, and Definitions of the Nonoxynols3  
(Items in brackets were added by CIR Staff)  

Ingredient & CAS No.                                                                     Definitions and Functions 
Nonoxynol-120 
26027-38-3 (generic) 
37205-87-1 (generic) 
9016-45-9 (generic) 

Nonoxynol-120 is the ethoxylated alkyl phenol that conforms generally to the formula [in Figure 1] where 
n has an average value of 120. Function: Surfactants  - Cleansing Agents 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

Nonoxynol-1     

 
Physical Form Colorless to light yellow liquid 

 
Odor Very slight 

 
Specific Gravity 0.98 @ 20/20˚C 

 
Vapor Density Greater than air 

 
Boiling Point > 400˚F 

 
Solubility Slightly soluble/insoluble in water; soluble in oil 

Nonoxynol-2     

 
Physical Form Liquid 

 
Odor 

 

 
Specific Gravity 0.984-0.986 @ 25/25˚C 

 
Solubility Soluble in oil 

  UV Absorption 200-290 nm 

Nonoxynol-4     

 
Physical Form White to light amber liquid 

 
Odor 

 

 
Specific Gravity 1.020-1.030 @ 25/25˚C 

 
Solubility Soluble in oil and common organic solvents 

  UV Absorption 200-290 nm 

Nonoxynol-5     

 
Physical Form Clear light-colored liquid 

 
Odor Slightly aromatic 

 
Specific Gravity 1.024-1.034 

 
Viscosity 240 cps 

 
Vapor Pressure Nil @ 20˚C 

 
Solubility Soluble in oil; dispersible in water 

Nonoxynol-6     

 
Physical Form Colorless to light amber liquid 

 
Odor Very slight 

 
Specific Gravity 1.030-1.050 @ 25/25˚C 

 
Viscosity 150-250cps @ 25˚C 

 
Vapor Pressure Nil @ 20˚C 

 
Vapor Density Greater than air 

 
Boiling Point Greater than 400˚C 

 
Solubility Soluble in oil,  water, and common organic solvents 

Nonoxynol-7     

 
Physical Form Liquid 

 
Specific Gravity 1.055 at 20/20˚C 

 
Solubility Soluble in aromatic solvents 

Nonoxynol-8     

 
Physical Form Liquid 

 
Specific Gravity 1.05 @ 25/25˚C 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

Nonoxynol-8 

 
Solubility Soluble in water 

Nonoxynol-8.5     

 
Physical Form Pale yellow liquid 

 
Specific Gravity 1.040-1.060 @ 25/25˚C 

 
Viscosity 200-300 @ 25˚C 

 

Solubility Soluble in water and polar organic solvents 

Nonoxynol-9     

 
Physical Form Liquid 

 
Solubility Soluble in aromatic solvents 

  UV Absorption 200-290 nm 

Nonoxynol-9.5     

 
Physical Form Colorless to light amber liquid 

 
Specific Gravity 1.040-1.060 @ 25/25˚C 

 
Viscosity 175-250 cps @ 25˚C 

 

Solubility Soluble in water and polar organic solvents 

Nonoxynol-10     

 
Physical Form Liquid 

 
Solubility Soluble in water and aromatic solvents 

Nonoxynol-11   
 

 
Physical Form Liquid 

 
Solubility Soluble in water 

Nonoxynol-12   
 

 
Physical Form Liquid 

 
Specific Gravity 1.07 @ 25/25˚C 

Nonoxynol-13   
 

 
Physical Form Liquid 

 
Specific Gravity 1.07 @ 20/20˚C 

 
Solubility Soluble in water 

Nonoxynol-14   
 

 
Physical Form Viscous liquid 

 
Solubility Soluble in water 

Nonoxynol-15   
 

 
Physical Form Opaque viscous liquid 

 
Specific Gravity 1.060-1.080 @ 25/25˚C 

 
Viscosity 500-600 cps @ 25˚C 

 

Solubility Soluble in water and polar organic solvents 

Nonoxynol-20     

 
Physical Form Wax 

 
Solubility Soluble in water 

Nonoxynol-30     

 
Physical Form Pale yellow to light amber viscous liquid 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

Nonoxynol-30   

 
Specific Gravity 1.080-1.100 @ 25/25˚C 

 
Solubility Soluble in water 

Nonoxynol-40   
 

 
Physical Form Wax 

 
Viscosity 1.082 @ 58/25˚C 

 
Solubility Soluble in water 

Nonoxynol-50   
 

 
Physical Form Wax 

 
Solubility Soluble in water 

Nonoxynol-100   
 

 
Physical Form Wax 

 
Specific Gravity 1.08 @ 57/20˚C 

  Solubility Soluble in water 
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Table 3. Current and Historical Frequency and Concentration of Use According to Duration and Type of Exposure.1,2,6,5  
  Nonoxynol-1 (2015) Nonoxynol-1 (1999) Nonoxynol-2 (2015) 

  # of Uses Conc. (%)  # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 2 NR 58 10       58                         NR 
Duration of Use      
Leave-On 2 NR NR NR      NR                         NR 
Rinse off NR NR 58 10       58                         NR 
Diluted for (bath) Use NR NR NR NR      NR                         NR      
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 2** NR NR NR NR NR 
Incidental Inhalation- Powders 2** NR NR NR NR NR 
Dermal Contact 2 NR NR NR NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR NR NR 
Hair-Coloring NR NR 58 10 58 NR 
Nail NR NR NR NR NR NR 
Mucous Membrane NR NR NR NR NR NR 
Baby Products NR NR NR NR NR NR 
  Nonoxynol-2 (1999) Nonoxynol-4 (2015) Nonoxynol-4 (1999) 

  # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 219 20 90 NR 575 10 
Duration of Use       
Leave-On NR NR NR NR 10 NR 
Rinse off 219 20 90 NR 555 10 
Diluted for (bath) Use NR NR NR NR 6 NR 
Exposure Type       
Eye Area NR NR NR NR 4 NR 
Incidental Ingestion 1 NR NR NR NR NR 
Incidental Inhalation- Sprays NR NR NR NR 1** NR 
Incidental Inhalation- Powders NR NR NR NR 1** NR 
Dermal Contact NR NR 1 NR 13 NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR 4 NR 
Hair-Coloring 218 20 89 NR 554 10 
Nail NR NR NR NR NR NR 
Mucous Membrane 1 NR 1 NR 7 NR 
Baby Products NR NR NR NR NR NR 
 Nonoxynol-5 (2015) Nonoxynol-5 (1999) Nonoxynol-6 (2015) 

 # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 1 NR 2 1 65 NR 
Duration of Use       
Leave-On 1 NR NR NR NR NR 
Rinse off NR NR NR NR 65 NR 
Diluted for (bath) Use NR NR 1 1 NR NR 
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 1* NR 1* 1 NR NR 
Incidental Inhalation- Powders NR NR NR NR NR NR 
Dermal Contact NR NR 1 1 NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR NR NR 
Hair-Coloring NR NR NR NR 65 NR 
Nail NR NR NR NR NR NR 
Mucous Membrane NR NR 1 1 NR NR 
Baby Products NR NR NR NR NR NR 
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Table 3. Current Frequency and Concentration of Use According to Duration and Type of Exposure.1,2,6,5 
  Nonoxynol-6 (1999) Nonoxynol-9 (2015) Nonoxynol-9 (1983)*** 

  # of Uses Conc. (%)  # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 10 50 10 2.5       140                      1-50 
Duration of Use      
Leave-On NR 50 5 NR        5                         1-25 
Rinse off 10 50 4 2.5       99                        1-50 
Diluted for (bath) Use NR NR NR NR       12                        1-25      
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays NR 50* 4** NR 3* 25* 
Incidental Inhalation- Powders NR NR 4** NR NR NR 
Dermal Contact 3 50 8 2.5 27 1-25 
Deodorant (underarm) NR NR NR NR 2 5 
Hair - Non-Coloring NR NR 1 NR 27 1-10 
Hair-Coloring 7 50 NR NR 58 50 
Nail NR NR NR NR 1 1 
Mucous Membrane 3 NR 1 NR 21 1-25 
Baby Products NR NR NR NR NR NR 
  Nonoxynol-10 (2015) Nonoxynol-10 (1983)*** Nonoxynol-12 (2015) 

  # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 25 NR 42 1-25 12 0.42-8.33 
Duration of Use       
Leave-On 5 NR 1 1 7 0.42 
Rinse off 20 NR 41 1-25 5 8.33 
Diluted for (bath) Use NR NR NR NR NR NR 
Exposure Type       
Eye Area NR NR NR NR 2 NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 5* NR NR NR 1* 0.42 
Incidental Inhalation- Powders NR NR NR NR NR NR 
Dermal Contact 7 NR 7 1-10 3 NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 18 NR 5 1 6 0.42 
Hair-Coloring NR NR 30 25 2 8.33 
Nail NR NR NR NR NR NR 
Mucous Membrane 4 NR 2 5-10 NR NR 
Baby Products 1 NR NR NR NR NR 
 Nonoxynol-12 (1983)*** Nonxynol-14 (2015) Nonoxynol-15 (2015) 

 # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 9 1-5 1 NR 1 NR 
Duration of Use       
Leave-On NR 1 1 NR 1 NR 
Rinse off 7 1-5 NR NR NR NR 
Diluted for (bath) Use NR NR NR NR NR NR 
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 1 1 1** NR NR NR 
Incidental Inhalation- Powders NR NR 1** NR NR NR 
Dermal Contact 2 1 1 NR 1 NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 5 1-5 NR NR NR NR 
Hair-Coloring NR NR NR NR NR NR 
Nail NR NR NR NR NR NR 
Mucous Membrane 4 NR NR NR NR NR 
Baby Products 1 NR NR NR NR NR 
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Table 3. Current Frequency and Concentration of Use According to Duration and Type of Exposure.1,2,6,5   
  Nonoxynol-15 (1983)*** Nonoxynol-23 (2015) Nonoxynol-30 (2015) 

  # of Uses Conc. (%)  # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 2 0.1 1 NR       1                          NR 
Duration of Use      
Leave-On NR NR NR NR      NR                        NR 
Rinse off 2 0.1 1 NR       1                           NR 
Diluted for (bath) Use NR NR NR NR      NR                        NR      
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays NR NR NR NR NR NR 
Incidental Inhalation- Powders NR NR NR NR NR NR 
Dermal Contact NR NR NR NR NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 2 0.1 1 NR 1 NR 
Hair-Coloring NR NR NR NR NR NR 
Nail NR NR NR NR NR NR 
Mucous Membrane NR NR NR NR NR NR 
Baby Products NR NR NR NR NR NR 
  Nonoxynol-30 (1983)*** 

    # of Uses Conc. (%) 
    Totals/Conc. Range 1 0.1     

Duration of Use       
Leave-On NR NR     
Rinse off 1 0.1     
Diluted for (bath) Use NR NR     
Exposure Type       

Eye Area NR NR     
Incidental Ingestion NR NR     
Incidental Inhalation- Sprays NR NR     
Incidental Inhalation- Powders NR NR     
Dermal Contact NR NR     

Deodorant (underarm) NR NR     
Hair - Non-Coloring NR NR     
Hair-Coloring 1 0.1     
Nail NR NR     
Mucous Membrane NR NR     

Baby Products NR NR     
NR = Not Reported; Totals = Rinse-off + Leave-on + Diluted for (bath) Product Uses. 
*It is possible that these products may be sprays, but it is not specified whether the reported uses are sprays. 
**Not specified whether a powder or spray, so this information is captured for both categories of incidental inhalation.  
***Because use concentrations per ingredient were reported as a range and not as individual values  in this published report, 
the upper limit of each range is presented. The upper limit of a range may or may not have actually been a reported use concentration. 
Note: Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure 
type uses may not equal the sum total uses. 
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Table 4. Acute Oral Toxicity Studies on Nonoxynols.1,2 

Ingredients Animals LD50s 

Nonoxynol-2 30 rats (males and females) 3.55 g/kg (slightly toxic) 

Nonoxynol-4 25 male rats 7.4 g/kg (practically nontoxic) 

Nonoxynol-5 Rats (number not stated) 3.5 to 4.5 g/kg (slightly toxic) 

Nonoxynol-6 30 rats (males and females) 1.98 g/kg (slightly toxic) 

Nonoxynol-7 20 male rats 3.67 ml/kg (slightly toxic) 

Nonoxynol-9 80 rats 3 g/kg (slightly toxic) 

Nonoxynol-9 80 guinea pigs 2 g/kg (slightly toxic) 

Nonoxynol-9 12 rabbits 4.4 g/kg (slightly toxic) 

Nonoxynol-9 20 mice 4.29 ml/kg (slightly toxic) 

Nonoxynol-10 20 male rats 1.3 g/kg (slightly toxic) 

Nononxynol-10 20 female rats 1.3 g/kg (slightly toxic) 

Nonoxynol-12 34 rats (males and females) 5.10 ml/kg (slightly toxic) 

Nonoxynol-13 15 male rats 3.73 ml/kg (slightly toxic) 

Nonoxynol-15 50 rats 2.5 g/kg (slightly toxic) 

Nonoxynol-30 50 rats Relatively harmless (doses up to 
64 ml/kg). LD50 not determined 

Nonoxynol-40 25 rats Relatively harmless (doses up to 
26.01 g/kg). LD50 not determined 

Nonoxynol-40 10 rats Relatively harmless (up to 64 
ml/kg). LD50 not determined 
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Final Report on the Safety 
Assessment of Nonoxynok -2, -4, 

-8, -9, -10, -12, -14, -15, 

-30, -40, and -50 

Nonoxynols are chemically stable ethoxylated alkylphenols which are chemi- 
cally foaming and solubilizing agents. Estimates of the acute oral LD50s of nine 
of the Nonoxynols (-2 to -15) range from 0.62 to 7.4 g/kg in several animal 
species. Acute dermal toxicity studies in rabbits produced an LD50 range of 1.8 
ml/kg to 4.4 g/kg. Skin irritation tests on rabbits indicated that Nonoxynols are 
nonirritating to moderately irritating. Nonoxynol compounds with short ethox- 
ylated chains are generally severe ocular irritants, whereas long-chained 
Nonoxynols are only slightly irritating to the rabbit eye. No evidence of car- 
cinogenicity was observed when Nonoxynol-4 and -9 were fed to both dogs 
and rats. A mutagenicity study of these two compounds by the Ames test was 
negative. 

Undiluted Nonoxynol-4 and -9 were nonirritating and nonsensitizing in 
clinical studies. A 50% solution of Nonoxynol-15 and/or Nonoxynol-50 pro- 
duced no irritation or sensitization when tested on 168 subjects, nor was there 
evidence of phototoxicity when tested on a subset of this population. 

It is concluded that Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, 
and -50 are safe as cosmetic ingredients. 

CHEMICAL AND PHYSICAL PROPERTIES 

Structure 

N onoxynols (or nonylphenoxy polyethoxy ethanols) are ethoxylated alkyl- 
phenols which conform to the formula: 

C9H19 - 0 / \ - (0Ctpt2),0~ - 

where n can vary from 1 to 100. (I-3) The nonyl group, a branched propylene 
trimer, is located in the para position to the polyethoxy side chain on the 

3.5 
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36 COSMETIC INGREDIENT REVIEW 

benzene ring.‘2) Nonoxynols are nonionic surface active agents in which the 
nonpolar alkyl chain has lipophilic properties and the polar polyoxyethylene 
portion of the molecule has hydrophilic properties.‘4) 

Many alkylphenols are synthesized commercially by the Fiedel-Crafts alkyla- 
tion of a phenol with an olefin. Catalysts used in this reaction include boron 
trifluoride, boric, oxalic, sulfuric, tetraphosphoric, toluene sulfonic acids, and 
ferric chloride. The resulting monoalkylphenol contains over 90% of the adduct 
substituted in the para position. The product is then purified by distillation and 
ethoxylated, in the presence of trace amounts of NaOH catalyst; an appropriate 
number of moles of ethylene oxide (EO) must be added to produce the required 
alkylphenol ethoxylate.(2,5) 

Nonoxynol-9 is manufactured by reacting commercial nonylphenol with EO. 
The number of moles of EO various from 5 to 18 with an average value of 9. Ex- 
cess reactants are removed under a high vacuum manifold.(6’ The preparation of 
other Nonoxynols has been described.“) 

Additional information on the chemistry, properties and methods of 
manufacture of the alkylphenol ethoxylates is reported elsewhere.(S) 

Physical Properties 

Nonoxynols are nonionic surfactants. Those which contain short EO chains 
are liquids (n = 1 to 13) or paste-like liquids (n = 14,15); those with longer 
chains (n > 20) are waxes (Table 1). Liquid Nonoxynols are usually sold at 100% 
concentrations; the waxy solids may be sold as SO%-70% solutions in water.(2) 

As the length of the EO chain increases, the polarity of the nonoxynol 
molecule increases and water solubility is enhanced. Nonoxynols -1 through -6 
are oil-soluble, whereas longer chain Nonoxynols are soluble in water and other 
polar substances. The hydrophile-lipophile balance (HLB) values range from 3.4 
for Nonoxynol-1 to 19.0 for Nonoxynol-100. Specific gravities, viscosities, and 
other physical and chemical data of selected Nonoxynols can be found in Table 
1 (S-10) 

Aqueous Nonoxynols are adsorbed at greater than 90% when passed 
through a column of ZnC12-activated carbon, and follow Langmuir-type 
isotherms. Adsorption is enhanced as the alkyl chain is lengthened.‘“) 

The presence of inorganic and organic salts lowers the cloud point and ad- 
sorptivity of the Nonoxynols, and for Nonoxynol-10 increases its adsorption onto 
activated carbon. Inorganic salts which raise the cloud point hinder adsorption. 
For organic salts, adsorption of Nonoxynol-10 is lowered by competition and 
sorption between the salts and Nonoxynol-10. An increase in the hydrophobicity 
of the organic salts used hinders the adsorption of Nonoxynol-10.(12) 

Adsorption properties of the Nonoxynols at the electrolyte-mercury boundary 
have been investigated by alternating current polarography (capacity-potential 
relationships). (13) The adsorption of Nonoxynols by polymer substrates has also 
been studied.(14) Surface interactions between submicroscopic pyrogenic silica 
and Nonoxynols have been studied by infrared spectroscopy.(15) Such anionic 
aggregating materials as sodium lauryl sulfate and sodium dioctylsulfosuccinate 
bind to the surface of colloidal silica in the presence of Nonoxynols. The 
presence of Nonoxynols decreases cationic surfactant absorption. The adsorp- 
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Table 1. Physicochemical Properties of Nonoxynols. .Y 

Cont. Specific gravity Viscosity % 
Nonoxyno/ (%) Phase HLB Volubility at 25/25T at 25OC kps) Other properties Color 

-1 100 
-2 100 
-4 100 

-5 100 
-6 100 

-7 100 
-8 100 
-8.5 100 
-9 100 
-9 33 
-9.5 100 

-10 100 
-11 100 
-12 100 
-13 100 

-14 100 

-15 100 

-20 100 

Liquid 3.4 
Liquid - 

Liquid 8.9 

Liquid 10.0 
Liquid 10.9 

Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 

11.7 
12.3 

- 

12.9 
13.0 
12.9 

Oil 
Oil 
Oil, common org. 

SOIV. 
Oil 
Oil, HIO, misc., 

common org. solv. 
Aromatic solv. 

Hz0 
H1O, polar org. solv. 
Aromatic solv. 

HE’ 
HIO, polar org. solv. 

Liquid 13.5 H,O, aromatic solv. 
Liquid - Highly Hz0 
Liquid 14.1 Highly Hz0 
Liquid 14.4 Highly H,O 

Vis. 
Liquid 

Vis. 
Liquid 

Wax 

14.7 Highly Hz0 - 

15.0 

15.9 

Highly H,O, polar 
org. solv. 

Hz0 

- 

0.984-0.986 
1.020-l .030 - 

- 

1.030-l ,050 

1.055 at 20/2OT 
1.05 
1,040-l .060 

- 
- 

1.040-l .060 

- C.P. 52-62 
1 SO-250 - 

- 

200-300 
- 
- 

175-250 

- 
- 

1.07 
1.07 at 20120°C 

1,060-l .080 500-600 

- 

- 
- 

S.P. -6 
C.P. 22-28 
S.P. -1.0-1.1 
C.P. 51-56 

- 

S.P. -2.5-4.0 

- 
C.P. 90 
S.P. 6 

- 

C.P. 96 
S.P. 19-21 
C.P. >lOO 
P.C. 68-72 

White to light 
amber 

Colorless to light 
amber 

0 
G 

tL . 
b _. 

.!! 

.& 

Pale yellow 

Colorless to light 
amber 

Opaque 

8 
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Table 1. (Continued.) 

Nonoxynol 

Cont. 

(W Phase t/LB Solubility 
Specific gravity 

at 25/25”C 
viscosity 

at 25T fcps) Other properties Color 

-30 100 
-30 70 

-40 100 
-40 70 

-50 100 
-50 70 

-100 100 
-100 70 

-100 50 

Wax 
Vis. 

Liquid 
Wax 
Vis. 

Liquid 
Wax 
Vis. 

Liquid 
Wax 
Vis. 

Liquid 
Vis. 

Liquid 

17.1 Hz0 
17.0 H1O misc. 

17.8 Highly HI0 
- Highly Hz0 

18.1 Highly Hz0 
Highly Hz0 

19.0 Highly Hz0 
- Highly Hz0 

- Highly H,O 

1,080-l .lOO 

1.082 at 58125“C 
- 

C.P. >lOO 
S.P. -5.o--3.0 Pale yellow to 
P.P. 0.0-2.0 light amber 

- S.P. 67 
- 

- 
- 

C.P. >lOO 
- - 

1.08 at 57/2OT - C.P. Clear at 1OOT 
- 

- - 

Data from Refs. 2, 8-10. 
S.P. = Solidification point (“0. 
C.P. = Cloud point, 1% aqueous solution (“0. 
P.P. = Pour point (“CL 
P.C. = C.P., 1% in 10% NaCl (“C). 
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ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND-50 

tion equilibrium at the silica surface is affected by mixed micellization between 
nonionic (Nonoxynols) and ionic surface active agents.(16) 

Stability 

Nonoxynol-9 is degraded in activated sludge waste treatment by slow oxida- 
tion and hydrolysis of the alkyl group, aromatic ring, and ethoxy chain, 
simultaneously.(“) 

In river die-away tests, Nonoxynols were not degraded in clean water; the 
polyether chains were degraded slowly in polluted water.“*) 

Analytical Methods 

Some sampling and analytic techniques used to extract Nonoxynols from en- 
vironmental and synthetic substances, to separate mixtures of nonionic surfac- 
tants, and to quantify pure Nonoxynol solutions are listed below. 

Methanol Extraction”‘) 
Thin-layer Chromatography’“‘) 
Gel Chromatography”‘) 
Paper Chromatography(22) 
Ion-exchange Chromatography(23) 
Infrared Spectroscopy”‘) 
Mass Spectroscopy(24) 
Ultraviolet Spectroscopy’4.23*2S) 
Proton Magnetic Resonance(26) 
Spectrometric x-ray Fluorescence(27) 

Nonoxynol molecular weight distributions and EO chain length determina- 
tions can be made by standard and circular thin-layer chromatography’2a-30) and 
by infrared spectrophotometry.‘31’ 

Impurities 

There are no reports on the use of preservatives or antioxidant additives in 
the Nonoxynols. (2) There may exist in Nonoxynols trace amounts of ethylene 
oxide or its degradation product, l,Cdioxane, which were not completely 
removed from the system. (32) Administration of 1 O/O 1,Cdioxane in the drinking 
water to rats for 13 months induced hepatic lesions and hepatomas.(33) 

USE 

Cosmetic Uses 

In cosmetic products Nonoxynols are used as emulsifying, wetting, foaming, 
and solubilizing agents and as protective colloids. (‘) Nonoxynols are used in hair 
and skin care products, bath and shaving preparations, and personal cleanliness 
products. 

Tables 2 and 3 list product types and the number of product formulations 
voluntarily reported to the Food and Drug Administration (FDA) in 1976 and 
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COSMETIC INGREDIENT REVIEW 

TABLE 2. Product Formulation Data. 

Product categorya 

No. of product formulations within each concentration 
Total no. range f%Y 

containing 
ingredient >50 >25-50 >lO-25 >5-10 >l-5 >O.l-1 SO.1 

NONOXYNOL-2 
Hair sprays (aerosol fixatives) 10 - - - - - 1 9 

Tonics, dressings, and other 
hair grooming aids 1 - _ - - - 1 - 

Personal cleanliness products 1 _ _ _ - - - 1 

1976 TOTALS 12 2 10 

NONOXYNOL-4 
Bath oils, tablets, and salts ,4 - - - - 14 - - 
Hair conditioners 1 - - - - 1 - - 
Other hair preparations 

(noncoloring) 1 - - - - - 1 - 
Hair dyes and colors (all types 

requiring caution statement 
and patch test) 241 - 31 - - 210 - - 

Hair bleaches 10 3 2 1 2 2 - - 

Face, body, and hand skin 
care preparations (excluding 
shaving preparations) 1 - - - - 1 - - 

1976 TOTALS 268 - 34 2 1 229 2 - 

NONOXYNOL-6 
Hair bleaches 3 3 - - _ - - - 
Skin fresheners 2 - - - - 2 - - 

1976 TOTALS 5 3 - - - 2 - - 

NONOXYNOL-8 
Bath oils, tablets, and salts 2 - - - - - 2 - 
Skin cleansing preparations 

(cold creams, lotions, 
liquids, and pads) 1 - - - - - 1 - 

Skin fresheners 1 - - _ - - 1 - 

1976 TOTALS 4 - - - - - 4 - 

NONOXYNOL-9 
Bath oils, tablets, and salts g - - - - 6 2 - 
Bubble baths 3 - - 2 - 1 - - 
Other bath preparations 1 - - - - - 1 - 
Fragrance preparations 3 - - 3 - - - - 

Hair conditioners 1 - - - - - 1 - 
Permanent waves 12 - - - - - 12 - 
Hair shampoos (noncoloring) 8 - - - 1 6 1 - 
Tonics, dressings, and other 

hair grooming aids 2 - - - - - 2 - 
Wave sets 4 - - _ - - 4 - 
Other hair preparations 

(noncoloring) 2 - - - - 2 - - 
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TABLE 2. (Continued.) 

Product categorya 

No. of product formulations within each concentration 
Total no. range (%ja 

containing 
ingredient >50 >25-50 >10-25 >5-10 >I-5 >O.l-1 SO.1 

NONOXYNOL-9 (cont’d.) 
Hair dyes and colors (all types 

requiring caution statement 
and patch test) 

Hair bleaches 
Nail basecoats and undercoats 
Bath soaps and detergents 
Deodorants (underarm) 
Douches 
Other personal cleanliness 

products 
Shaving cream (aerosol, 

brushless, and lather) 
Skin cleansing preparations 

(cold creams, lotions, 
liquids, and pads) 

Face, body, and hand skin 
care preparations (excluding 
shaving preparations) 

Night skin care preparations 
Skin fresheners 
Other skin care preparations 
Suntan gels, creams, and 

liquids 

52 - 
6 - 
1 - 
2 - 
2 - 
3 - 

4 - 

4 - 

3 - 

6 - 
1 - 
9 - 
2 - 

1 - 

43 9 - 
1 3 - 

- - 

2 - 
- - 

- - 

- - 

- 
2 

- 

2 
1 

2 

3 

1 
- 

3 
2 

1 

- 
- 
1 - 

- - 
- 

2 - 

2 - 

4 - 

- - 

- 5 
1 - 
5 1 

- - 

1976 TOTALS 140 - 44 19 1 32 38 6 

NONOXYNOL- 10 
Hair conditioners 1 _ - - - - 1 - 
Permanent waves 3 - - - 3 - - - 
Wave sets 1 - - - - - - 1 
Hair dyes and colors (all types 

requiring caution statement 
and patch test) 25 - - 23 - - - 2 

Hair bleaches 5 4 1 - - - - - 
Bath soaps and detergents 1 - - - - - 1 - 
Other personal cleanliness 

products 1 - - - 1 - - - 
Shaving preparations 1 _ - - - - 1 - 
Skin cleansing preparations 

(cold creams, lotions, 
liquids, and pads) 3 - - - - 2 - 1 

Paste masks (mud packs) 1 - - - - - 1 - 

1976 TOTALS 42 - - 27 2 3 7 3 

NONOXYNOL- 12 
Colognes and toilet waters 1 - - _ - - 1 - 
Hair conditioners 1 - - _ - - 1 - 
Hair shampoos (noncoloring) 4 - - - - 3 1 - 
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TABLE 2. (Continued.) 

No. of product formulations within each concentration 
Total no. range (%la 

containing 

Product categorya ingredient >50 >25-50 >IO-25 >5-10 >I-5 >O.l-J 50.1 

NONOXYNOL- 12 (cont’d.) 

Skin cleansing preparations 
(cold creams, lotions, 
liquids, and pads) 1 - - - _ - 1 - 

Paste masks (mud packs) J - - - - - 1 - 

Skin fresheners 1 - _ - _ - 1 - 

1976 TOTALS g - - - - 3 6 - 

NONOXYNOL- 15 

Permanent waves J - - - - - - 1 
Hair shampoos (noncoloring) 1 - - - - - - 1 

J 976 TOTALS 

NONOXYNOL-30 
Hair bleaches 

2 - _ _ _ - - 2 

1 - - - - - - 1 

1976 TOTALS J - - - - - - 1 

aPreset product categories and concentration ranges in accordance with federal filing regulations (21 CFR 
720.4). 

Data from Ref. 34. 

1979 as containing the various Nonoxynols. In 1976, Nonoxynols -2, -4, -6, -8, -9, 
-10, -12, -15, and -30 were reported as ingredients in a total of 12, 268, 5, 4, 140, 
42, 9, 2, and 1 cosmetic formulations, respectively, at concentrations ranging 
from I 0 1% to > 50% .(34) In 1979, Nonoxynols -2, -4, -6, -8, -9, -10, -12, -14, 
-15, -30, and -50 were reported as ingredients in 11, 66, 2, 3, 133, 10, 2, 8, 1, 2, 
and 1 cosmetic formulations, respectively, at concentrations ranging from 
10.1% to >50°/o.‘35’ 

Table 3. Number of Nonoxynol Products and Use Ranges. 

Nonoxynol sO.J-0.J >O. J-J.0 > 1.0-5.0 25.0-10 > JO-25 >25-50 >50 

-2 9 2 

-4 1 10 
-6 - - 

-8 - 3 
-9 1 31 

-JO 3 2 

-12 - 2 
-14 - 2 
-15 2 5 

-30 1 - 

-50 - - 

19 
1 

- 
17 
5 

a 

1 

1 

- - 

1 1 34 - 
- - - 1 
- - - - 

72 12 - 
1 24 - 
- - - 
- - - 
- 
- - - 
- 1 - 

Data from Ref. 35. 
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ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND -50 43 

The cosmetic product formulation computer printout which is made 
available by the FDA is compiled through voluntary filing of such data in accor- 
dance with Title 21 part 720.4 of the Code of Federal Regulations.(36) The ingre- 
dients are listed in prescribed concentration ranges under specific product type 
categories. Since certain cosmetic ingredients are supplied by the manufacturer 
at less than 100% concentration, the value reported by the cosmetic formulator 
may not necessarily reflect the actual concentration found in the finished prod- 
uct; the concentration in such a case would be a fraction of that reported to the 
FDA. The fact that data are submitted only within the framework of preset con- 
centration ranges also provides the opportunity for overestimation of the actual 
concentration of an ingredient in a particular product. An entry at the lowest end 
of a concentration range is considered the same as one entered at the highest end 
of that range, thus introducing the possibility of a two- to lo-fold error in the 
assumed ingredient concentration. 

As components of at least nine major cosmetic product categories, Nonox- 
ynols may come into contact with the skin of the face, scalp, hair, nails, and 
axillae, and the skin of the body.(34.35) 

Products containing Nonoxynols can be used daily or occasionally and their 
use may extend over a period of years. Contact with such products may last from 
seconds to hours. 

Noncosmetic Uses 

The nonionic surfactant properties of Nonoxynols permit their use in a wide 
variety of industrial, household, agricultural, and pharmaceutical products 
(Table 4). 

In Switzerland, the dairy industry uses iodophors containing Nonoxynol-15 
in sanitizing processes; therefore, milk can become contaminated with 
Nonoxynol-15. Government officials in that country have established the 
tolerance level of Nonoxynol-15 in milk at 2.0 ppm.(37) 

The FDA Panel on Review of Contraceptives has concluded that Nonoxynol-9 
is safe and effective for over-the-counter (OTC) use as a vaginal contraceptive. 
The Panel reviewed several animal toxicology studies (including subacute 
feeding, excretion, acute oral toxicity, skin penetration, and primary eye irrita- 
tion tests) in its determination of Nonoxynol’s safety. The review included the 
safety and effectiveness of Nonoxynol-9 as a contraceptive for intravaginal use in 
humans at daily exposures of 124 mg.(38) 

BIOLOGICAL PROPERTIES 

Absorption, Metabolism, and Excretion 

The metabolism of Nonoxynols takes place by shortening the ethylene oxide 
chain and some carboxylation of the alkyl chain by omega-oxidation. No 
metabolic formation of free phenolic groups has been reported.‘3g,40) 

Knaak et al.(6) fed 67 mglkg of ethylene-14C oxide-labeled Nonoxynol-7, -10, 
-12, or -15 to groups of four rats each. Seven days cumulative 14C levels in urine, 
feces, and expired air were determined. With increasing ethoxy chain length, 
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TABLE 4. Noncosmetic Uses of Specific Nonoxynols. 

Nonoxynol Detergent Emulsifier Dispersant Wetting Others 

-1 X 
-2 X 
-4 X 

-5 X 
-6 X 
-7 X 

-8 and -8.5 X 
-9 and -9.5 X 

-10 X 
-11 X 
-12 X 
-13 X 
-14 X 

-15 X 
-20 X 

-30 X 

-40 X 

-50 X 

-100 X 

Data from Refs. 9, 10. 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
- 

X 

X 

X 

X 

Antifoaming agent, dry cleaning 
Foam stabilizer, mfg. of anionic surfactants 

X Foam suppressor, agric. toxicants, plasticizer, freeze-thaw, stabilizer, 
chemical intermediate, antistatic agent 

X Dry cleaning, HC solvent, fuel de-icer, silicone emulsifier 
X Dry cleaning, HC solvent, paint stabilizer, petr. additive 
X Textile scouring, pig. dispersant, sanitizers, emulsion polymerization 
X Low foaming agent, textile deterg., corrosion inhibitor 
X Textile, paper, paint, and metal processing, pesticides, pig. wetting 
X Textile assistant and processing, pesticides, scouring agent 
X Corrosion inhibitor, lime dispersant, sanitizers, metal cleaner 
X Metal degreasing, sanitizers, home and ind. cleaner 
X Textile scouring, emulsion polymerization, home and ind. cleaner 
X General detergency, emulsifier for oils, waxes, and fats 
X Metal cleaner, bottle washing, veg. and mineral oil emulsifiers 
X Stabilizer for synthetic latices, de-emulsifier for crude petr., emulsifier 

for oils, waxes, fats, organic solvents and polyester resins 
X Solubilizer, textile scouring, emulsion polymerization, synthetic 

latices, stabilizer, sanitizer, leveling agent, dyeing assistants 
X Stabilizer for synthetic latices, solubilizers, leveling agent, emulsion 

polymerization, dyeing assistants, sanitizers 
X Stabilizer, solubilizer and emulsifier for floor waxes and polishes, 

leveling agent, emulsion polymerization 
X Stabilizer, solubilizer, leveling agent, sanitizers 
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urinary and pulmonary excretion of radiocarbon decreased and fecal excretion 
of label increased, indicating decreased intestinal absorption. 

Chvapil et al. c41) reported that Nonoxynol-9 is absorbed through the vaginal 
wall of rabbits and rats, and is excreted by liver-bile-feces and kidney-urine 
routes. 

Animal Toxicology 

Acute Effects 

Oral toxicity 

Studies of various Nonoxynols, administered by gavage to rabbits, rats, 
guinea pigs, or mice indicate that ingested Nonoxynols are slightly toxic to 
relatively harmless (Table 5). Necropsy findings in animals that had died included 

TABLE 5. Acute Oral Toxicity. 

Animals Concentration 
Nonoxynol (no. and species) Pw Dose LD50 Commenta Ref. 

-2 30 rats (M + F) 100 2.96-4.26 g/kg 

-4 25 rats (M) 100 5.6-9.7 g/kg 

-4 15 rats (M) 100 
-6 30 rats (M + F) 100 
-7 20 rats (MI 100 
-9 80 rats 100 
-9 80 guinea pigs 100 
-9 12 rabbits 100 
-9 15 rats (M) 100 
-9 15 rats (M) 100 
-9 15 rats (M) 100 
-9 15 rats (MI 100 
-9 20 rats (F) 100 
-9 15 rats(F) 100 
-9 20 mice 100 
-9 12 guinea pigs (M) 100 
-9 12 rabbits (M) 100 
-9 8 rabbits (F) 100 
-9 5 rats 100 
-9 5 rats 100 

-10 20 rats (MI 100 
-10 20 rats (F) 10 (aq.) 
-12 34 rats (M + F) 100 
-13 15 rats (M) 100 
-15 50 rats 25 (aq.1 
-30 50 rats 25 (ad 

3.1-6.0 g/kg 
1.45-2.67 g/kg 
2.42-5.57 ml/kg 
1.0-50 g/kg 
0.5-15 g/kg 
2.59-7.48 g/kg 
1.67-3.25 ml/kg 
1.88-3.23 ml/kg 

1.28-3.13 ml/kg 
I .77-4.53 ml/kg 
1.68-3.38 ml/kg 
3.07-5.98 ml/kg 
0.60-l .18 ml/kg 
0.25-l .57 ml/kg 
0.28-l .37 ml/kg 
2.1-3.2 ml/kg 
0.25-8.0 g/kg 
1 a-1.7 g/kg 
1.0-l .6 g/kg 
2.80-9.20 ml/kg 
2.68-5.21 ml/kg 
I .9-3.3 g/kg 
4-64 ml/kg 

-40 25 rats 100 

-40 10 rats 100 

10.14-26.01 g/kg 

34-64 ml/kg 

4.3 g/kg 
1.98 s/kg 
3.67 ml/kg 
3.0 g/kg 
2.0 g/kg 
4.4 g/kg 
2.33 ml/kg 
2.46 ml/kg 
1.41 ml/kg 
2.00 ml/kg 
2.83 ml/kg 
2.38 ml/kg 
4.29 ml/kg 
0.84 ml/kg 
0.62 ml/kg 
0.62 ml/kg 
2.6 ml/kg 
1.8 g/kg 
1.3 g/kg 
1.3 g/kg 
5.10 ml/kg 
3.73 ml/kg 
2.5 g/kg 
Not Determined 

Slightly toxic 
Practically 

nontoxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Relatively 

harmless 
Relatively 

harmless 
Relatively 

harmless 

Not Determined 

Not Determined 

3.55 g/kg 
7.4 g/kg 

44 
46 

45 
44 
45 
47 
47 
47 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
48 
49 
45 
45 
44 
45 
50 
50 

46 

45 

Tlassified according to Hodge and Sterner.“” 
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46 COSMETIC INGREDIENT REVIEW 

congested and hemorrhagic lungs, pale or mottled kidneys, gastrointestinal con- 
gestion, and congested kidneys. Animals which survived had diarrhea, tremors, 
prostration and narcosis. 

An antidandruff shampoo containing 17.5% Nonoxynol-9 and a foaming 
bath oil containing 20% Nonoxynol-12 were tested for acute oral toxicity in 
fasted female rats. When 5 g/kg were administered by stomach tube to five 
animals per formulation, both formulations resulted in LD50 values of > 5.0 g/kg, 
indicating that these products are “practically nontoxic.“‘42.43’ 

Dermal toxicity 

One diluted and five undiluted Nonoxynols were tested in rabbits for dermal 
toxicity (Table 6). In each study, the sample was applied once under occlusion to 
shaved, abraded skin. The patches were removed at 24 h, the exposed sites 
rinsed and the animals observed for 14 days. The LD50 values resulting from 
these studies indicate that Nonoxynols-4, -7, -9, -10, and -13 ranged from 1.8 ml/kg 
to 4.4 g/kg. A 50% Nonoxynol-40 applied in a similar manner was reported to have 
an LD50 of greater than 10 g/kg. Table 6 documents the associated toxic effects 
observed during the testing.‘44,45’ 

Nonoxynols-5 to -11.5, when applied topically to rabbits, resulted in min- 
imum lethal doses of 2 to 10 g/kg. Toxicity decreased as ethoxylation 
increased.‘3g) 

Inhalation toxicity 

Groups of six male rats were placed in inhalation chambers and exposed 
once to Nonoxynol-4, -7, or -9 for either four or eight hours (Table 7). Animals 
were observed for 14 days following exposure. Inhalation of these Nonoxynols 
did not cause toxic effects in rats (normal weight gains and no mortalities).‘45’ 

Parentera/ toxicity 

Three groups of female rats were injected with Nonoxynol-9, intraperitoneally 
(undiluted), subcutaneously (undiluted), or intravenously (1% solution in saline). 
The corresponding LD50 values determined were 210 mg/kg, 1000 mg/kg, and 
44 mg/kg.(45) 

Primary skin irritation 

Eleven Nonoxynols were tested in rabbits for skin irritation according to the 
following protocols: (A) 0.01 ml of the test substance was applied undiluted to 
the clipped intact skin of each rabbit and examined 24 h later; (B) 0.5 ml of the 
test material was applied under occlusion to clipped intact and abraded skin. The 
sites were individually examined at 24 h and scored separately from erythema 
and edema at 24 and 72 h. The mean scores for 24- and 72-h gradings were 
averaged to determine the Primary Irritation Index (PII) (Table 8). The results in- 
dicated that Nonoxynols -7, -9, -10, -12, -13, -15, -30, and -40 were nonirritating 
to mildly irritating, whereas Nonoxynols -2, and -6 were moderately to severely 
irritating to the skin. Undiluted Nonoxynol-4 was reported to be nonirritating in 
one study but was found to be a primary irritant in another. In the latter study, 
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TABLE 6. Acute Dermal Toxicity of Nonoxynols. 

Concentration No. of 

Nonoxynol w Dosage rabbits Dermal LDSO Comments Ref. 

-4 100 1 .O-6.6 ml/kg 5 2.5 ml/kg Erythema and necrosis of skin at 45 
various doses. Lung congestion and 
hemorrhages in dead animals. 

-7 100 0.5-6.0 ml/kg 5 1.8 ml/kg Erythema and necrosis of skin at 45 
various doses. Lung congestion, 
hemorrhages, and liver congestion. 

-9 100 2.0-8.0 ml/kg 12 4.4 g/kg Diarrhea, liver lesions and erythema 44 
at 50 and 8.0 g/kg. 

-9 100 1.75-4.57 ml/kg 5 2.83 ml/kg Necrosis of skin. 45 
-10 100 1.4-3.0 ml/kg 5 2.0 ml/kg - 45 
-13 100 2.13-5.37 ml/kg 8 3.97 ml/kg Lung hemorrhages, mottled liver and 45 

kidneys in dead animals. 
-40 50 10 glkg 3 >lO g/kg Erythema and necrosis of skin. 45 
-40 50 5 g/kg 3 >5 g/kg Erythema and necrosis of skin. 45 

t 
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COSMETIC INGREDIENT REVIEW 

TABLE 7. Acute Inhalation Toxicity. 

Test Concentration in Hours of No. of 

Nonoxynol concentration chamber exposure rats Comment 

-4 1% aerosol 0.0213 ml/l in chamber 8 6 (Ml No mortality 

aqueous dispersion Normal weight gains 

-7 1% aerosol 0.025 ml/l in chamber 8 6 CM) No mortality 

aqueous dispersion Normal weight gains 

-9 Concentrated vapor - 8 6 CM) No mortality 

(Ambient temp.) 

-9 Vapor (179 “CY - 4 6 CM) No mortality 

Data from Ref. 45. 
aDecomposition products of Nonoxynol-9 assayed. 

well defined to severe erythema and slight to severe edema, which in most cases 
worsened by 72 h, were observed in all animals at both intact and abraded sites. 

Nonoxynols -9 and -10 were applied under occlusion to the abraded and in- 
tact skin of the rabbit abdomen and ear. Ten applications to intact areas were 
made over a period of 14 days insuring continuous contact with sample for the 
14 days. Three applications to abraded areas were made over three days. Five ml 
per exposure of l%, 5%, or 25% aqueous preparation were used. All concentra- 
tions caused very slight erythema.(4g) 

Nonoxynols -5 to -11.5 were evaluated for skin irritancy according to the 
Draize procedure. Irritation scores ranged from 2.0 to 4.3 (indicating mild to 
moderate irritation) after 24 h; no irritation remained after 120 h.(3g’ 

TABLE 8. Skin Irritation. 

Concentration No. of 
Nonoxynol f%) rabbits Protocola PII or Cradeb Comment Ref. 

-2 100 6 B 
-4 100 6 B 
-4 100 5 A 
-6 100 6 B 
-7 100 5 A 
-9 100 5 B 
-9 100 - A 

-10 100 5 A 
-12 100 6 (M + F) B 
-13 100 5 A 
-15 100 6 B 
-30 70 (aq.) 6 B 
-40 100 6 B 
-40 100 5 A 

2.0 
5.58 
Nib 
3.00 
Nib 
- 

Grade 2 
NIC 

0.75 
Grade 3 

0.45 
1.83 
1.46 

Grade 2 

Moderately irritating 44 
Primary irritant 46 
Nonirritating 45 
Severely irritating 44 
Nonirritating 45 
Practically nonirritating 47 
Minimal capillary injection 45 
Nonirritating 45 
Slightly irritating 44 
Marked capillary injection 45 
Slightly irritating 44 
Mildly irritating 47 
Mildly irritating 47 
Minimal capillary injection 45 

aDescribed in text. 
bPll max. = 8.00; Grade max. = 10. 
CNI = Not recorded as an irritant. 
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Primary eye irritation 

Five Nonoxynols were tested in rabbits for ocular irritation according to the 
Draize method. Six other Nonoxynols were tested according to the following 
protocol: single doses of 0.005, 0.02, 0.10, or 0.5 ml of undiluted Nonoxynol or 
0.5 ml of 40%, 15%, 5%, or 1% dilutions were placed in the conjunctival sacs of 
five rabbits per group. Eyes were examined within 1 h unstained and at 24 h after 
fluorescein staining and were scored. The results (Table 9) indicated that Nonox- 
ynols -2 (undiluted), -15 (10% and 15%), -30 (25%), and -40 (undiluted) were 
nonirritating to minimally irritating, and that undiluted Nonoxynols -4, -6, -7, -9, 
-10, -12, -13, and -15 are severely irritating to the eyes of rabbits. 

In another test, 0.1 ml of a 20% solution of Nonoxynol-9 at pH 6.1 was ap- 
plied directly onto the cornea of one eye of each of 10 rabbits, 14 guinea pigs, 
8 rats, and 11 mice. Cornea1 changes and lesions were evaluated at 1, 4, 7, and 
30 h; scores were 34.4, 41.4, 30.8, and 70.7 (maximum score = 100) for rabbits, 
guinea pigs, rats, and mice, respectively. In rabbits the effect of rinsing the treated 
eye with 20 ml of water 4 set after instillation of the sample was also studied. The 
results of this study indicated that Nonoxynol-9 is a moderate to severe eye irri- 
tant. (52) 

Marzulli and Ruggles(“) reported a study on the ocular irritancy of Nonox- 
ynol using the Draize rabbit eye irritation test. They concluded that, when com- 
pared with the 70% isopropanol control, Nonoxynol caused considerable eye ir- 
ritation. 

Two drops of 12’0, 5%, or 25% Nonoxynols -9 and -10 were instilled into both 
eyes of each of three rabbits per concentration in another eye irritation study. 
Studies were performed with and without immediate irrigation. The lowest con- 
centration tested caused very slight conjunctivitis; the middle concentration 
caused slight conjunctivitis and moderate cornea1 injury; the highest concentra- 
tion caused moderate to severe cornea1 injury. Washing the eye lowered the 
average irritation index by 36.8°/~.(4g) 

Two shampoos, two bath oils, and one moisturizer containing 1.75%-2% 
Nonoxynols -4, -9, or -12 were tested for eye irritation potential according to the 
method of Draize. Results of these tests (Table 9) indicate that these products are 
minimally to moderately irritating when instilled in the eyes of rabbits.(42.43t54’ 

Subchronic Oral Toxicity 

Two four-week feeding studies were conducted individually on four rats (2M, 
2F). Animals were placed on diets containing 0.025%-2.5% Nonoxynol-9. At the 
end of the test, animals at the 2.5% dose level had scanty body fat deposits; car- 
casses were moderately thin to emaciated. The rats on a diet containing 0.025% 
Nonoxynol-9 were unaffected.(58) 

Rats and dogs were fed diets containing either 0.04 to 5.0 g/kg or 0.01 ‘b-1 % 

Nonoxynol-4, -6, -9, -15, -20, -30, or -40 for 90 days (Table 10). After 90 days, 1 or 
5 g/kg/day Nonoxynol-20 caused focal myocardial necrosis in dogs but not in 
rats. In other studies with Nonoxynol-20 at 1 g/kg/day, six of eight dogs died be- 
tween 4 and 14 days. Overall, dogs and guinea pigs showed evidence of cardiac 
lesions, but not rabbits, rats, and cats. In a go-day study, Nonoxynol-20 at 0.04 
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TABLE 9. Ocular Irritation Studies. 

Nonoxynol Cont. No. of Wash 
(product) I%! rabbits (Y/N) Gradea 

Average Scoreb (Days)(Draize) 

1 2 3 4 7 Comments Ref. 

-2 100 6 (M + F) N 
-4 100 6 N 

-4 

(5% in4 
moisturizing 
lotion) 

-6 
-7 
-9 

100 5 CM) - 

100 6 (M + F) N 

-9 
-9 

(1.75% in 
antidandruff 
shampoo) 

-9 

100 
100 

5 (aq.) 

100 

25 (a$) 

6 N 
5 - 

10 - 

5 - 8 - - - - - 

6 (M + F) N - 14 7 2 0 0 

25 (aq.) 6 (M + F) N 

- - 3.7 0.0 0.0 - 
39.7 36.7 21.2 - 11.0 

8 _ - - - - 
- 1 0 0 0 0 

- 28.8 26.0 30.3 30.7 16.0 
8 - - - - - 

_ - - - - 

- 2 0 0 0 0 

Minimally irritating 
Corneal, iridial and 

conjunctival effects 
observed. Moderately 
irritating. 

Moderately irritating 
Practically nonirritating 

Severe ocular irritant 
Moderately irritating 
All eye damage healed 

within 4 days 
Moderately irritating 
Mildly irritating 

Practically nonirritating 

44 
53 

45 
43 

44 
45 
47 

45 
54 

54 
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(1.75% in 
antidandruff 
shampoo) 

-10 
-12 
-12 

(20% in 
foaming bath 
oil) 

-12 
(20% in 

foaming bath 
oil) 

-13 
-15 
-15 
-15 
-15 

-30 

-30 
-30 
-40 
-40 
-40 

100 5 - 

100 6 - 

100 6 CM + F) Y 

100 6 (M + F) N - 17 12 8 6 5 

100 
100 

10 
15 
20 

25 3 N - 2 0 0 0 0 

25 3 

25 3 

100 5 

5 3 

100 6 

5 - 

1 N 
1 N 
1 N 
4 N 

Y - 2 set 
Y - 4 set 

- 
- 

6 - - - 
- 44.7 33.5 42.0 
- 1 0 0 

8 - - - 

- 39 20 18 
- 4 0 0 
- 6 2 0 
- 10.5 6.5 3 

- 0 0 0 
- 0 0 0 
1 - - - 
1 - - - 

1 0 0 

- - Severe cornea1 damage 45 

42.0 40.0 Severe ocular irritant 44 

0 0 Practically nonirritating 42 

- - 
14 0 
0 0 
0 0 
0.5 0 

0 0 
0 0 
- - 

Mildly to moderately 
irritating 

Severe ocular necrosis 
Moderately irritating 
Minimally irritating 
Minimally irritating 
Slight to moderate 

conjunctival irritation 
Transitory conjunctival 

involvement 
Nonirritating 
Nonirritating 
No injury 
No injury 
Nonirritant 

42 

45 
55 
55 
55 
55 

56 

56 
56 
45 
45 
46 

aMaximum grade = 60. 
bMaximum score = 120. 
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TABLE 10. 90-Day Subchronic Oral Toxicity. 

Nonoxynol 

Dose (g/kg) or 
concentration 

in diet 
No. of 

Animals Comments feffectr, were reported at lowest dose on/yJa 

-4 

-4 

-6 

-6 

-9 
-9 
-9 
-9 

-15 
-15 

-20 
-20 

-30 
-30 

-40 

0.04-l g/kg/day 

0, 0.04, 0.2, 1 .o 

g/kg/day 
0.04 to 1 g/kg/day 

0, 0.04, 0.2, 1 .o 

g/kg/day 
0.01-l .25% 
O.Ol-5.0% 
0.01-l .O% 
0.04, 0.64, 5.0% 
0.04-l g/kg/day 
0, 0.04, 0.2, 1.0 

g/kg/day 
0.2-5 g/kg/day 
0.04, 0.2, 1.0, 5.0 

dkddw 

0.2-5 g/kg/day 
0, 0.04, 0.2, 1 .o 

dkddw 
0.03-3% 

60 rats Retarded growthb and increased liver weight at 
1 g/kg/day. 

4 dogs Increased liver weight at 0.2 g/kg/day. 

60 rats Retarded growthb at 1 g/kg; increased liver weight at 

4 dogs 

80 rats 
90 rats 
50 rats 
3 dogs 

60 rats 
4 dogs 

60 rats 
4 dogs 

60 rats 
4 dogs 

100 rats 

0.2 g/kg. 
Increased liver weight at 1 .O g/kg/day. 

Retarded growthb and increased liver weight at 0.25%. 
Retarded growthb at 0.64 percent; 1 l/l 5 died at 5.0%. 
Increased liver, kidney and spleen weights at 0.3%. 
Retarded growthb at 0.64%. 
Retarded growthb at 0.2 glkglday. 
No toxic effects. 

Retarded growthb at 5 g/kg/day. 
Death at 1 and 5 g/kg with myocardial degeneration 

and necrosis, emesis, altered organ weights, body 
weight loss, anorexia. 

No toxic effects. 
No toxic effects. 

Hepatic necrosis at 3% and slight central lobular 
granular degeneration. 

aAt a confidence level of 95% or higher. 
bThis effect was determined to be a result of Nonoxynol’s poor palatability. 
Data from Ref. 48. 

g/kg/day produced cardiac lesions in dogs, whereas 5.00 g/kg/day had no effect 
in rats.(48) 

Chronic Oral Toxicity 

Nonoxynols -4 and -9 were administered to rats and dogs in two two-year 
feeding studies. Body weight and hematologic parameters were monitored in all 
studies. A number of rats at each dose level were sacrificed and necropsied after 
12 months; all remaining rats were sacrificed and necropsied after 24 months. All 
dogs were sacrificed and necropsied after 720 days. The results of these tests at 
the dose levels shown in Table 11 indicate that these Nonoxynols have a low 
chronic toxicity. 

Additional Studies 

Mutagenesis 
Four Italian trichomonacidal products containing Nonoxynol (n value not 

given) were evaluated for mutagenicity using the Ames test with Salmonella 
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TABLE 11. Chronic Oral Toxicity of Nonoxynols. 

Nonoxynol 

Dose or 
concentration 

in diet 
No. of Feeding 

animals duration Comments 

0.04-l g/kg/day 210 rats 2 years No toxic effects except reduced body weights 
and enlarged liver at 1 g/kg. 

0.03-0.27% 216 rats 2 years No toxic effects. 

0.04-I glkglday 18 dogs 720 days Reduced weight, emesis, increased serum alkaline 
phosphatase at 1 g/kg. 

0.03-0.27% 18 dogs 720 days Notoxic effects except increased liver:body weight 
ratio at 0.27%. 

Data from Ref. 48. 

typhimurium strains TA1535, TAlOO, TA1538, and TA98. Ten to 250 pg Nonox- 
ynol added to cultures showed no mutagenic activity.(5g) 

Carcinogenesis 

Nonoxynols -4 and -9 were not carcinogenic when fed for two years to rats at 
doses of 0.20 and 0.14 and to dogs at 0.04 and 0.03 g/kg/day.(4*) 

Nonoxynol (-7 and/or -lo),“’ along with other surfactants, was tested at 2 g/L 
as a potential cocarcinogen with N-methyl-N’-nitro-N-nitrosoguanidine (NG) 
(0.1 g/l); both were supplied concurrently with the drinking water to 15 rats for 
36 weeks. NG alone was supplied to 13 control animals. The overall incidence of 
stomach adenocarcinoma was 12 of 15 in the experimental group, and 8 of 13 for 
the controls. Neither negative control data nor a statistical analysis of the data 
were available. The author suggested that the surfactants may have a promoter 
effect because of their surfactant nature which enables the NG to penetrate the 
gastric barrier and come into contact with the gastric mucosa or to penetrate 
mucosal cells.(60~6*’ 

Subcellular effects 

When added to human or bovine serum, Nonoxynol-10 bound to serum 
albumin via hydrophobic interactions. (4) Nonoxynol-9 activates the respiration- 
dependent accumulation of potassium by isolated bovine heart mitochondria 
and increases the passive permeability of the membrane to potassium.(62) 
Nonoxynol-10 did not alter the activity of steroid 17,20-lyase derived from rat 
testis microsomes.‘63’ The prolongation of phenobarbital narcosis in mice by 
several Nonoxynols indicated that these compounds impaired the liver detox- 
ification mechanism.‘64) 

Cellular effects 

Several Nonoxynols and their derivatives have microbicidal properties.(g~‘0,65.66) 
When added at concentrations of 100 ppm to culture media, Nonoxynols -7, -9, 
and -10.5 each inhibited the growth of at least five species of fungi.(67’68) Nonox- 
ynols potentiate the antibacterial effect of alkyldimethylbenzylammonium 
chloride against Staphylococcus aureus in culture.(6g) Asculai et al.““) tested the 
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in vitro effect of 5% Nonoxynol-9 on Herpes Simplex Viruses (HSV) Types 1 and 
2. Nonoxynol-9 inactivated both HSV types by destroying the viral envelope and 
nucleocapsid. 

Clinical Assessment of Safety 

Skin Irritation 

Cosmetic formulations containing Nonoxynol-4, -9, or -12 were tested for 
cumulative skin irritation. The test material was applied to the volar forearm sur- 
face and/or the inner aspect of the arm of the 20 test subjects and held under oc- 
clusive patches for 24 h. After patch removal and test site grading, fresh patches 
were reapplied to the same site. This procedure was repeated for a total of 10 ap- 
plications. The concentration of the test material and results for the individual 
formulation containing the three Nonoxynols are given in Table 12. The results 
show a range of effects from slightly to mildly irritating to the human 
skin (42.43.54.71) 

Two cosmetic gels containing 2% and/or 4% Nonoxynol-9 were separately 
tested for irritation on 25 subjects. The gel was applied under an occlusive patch 
for 48 h before scoring. All sites were scored as zero.(7’2) (See Table 12.) 

A gel containing 4% Nonoxynol-9 was tested on 212 subjects. The material 
was applied 11 times under occlusive patch. Neither the time interval between 
patch testing nor the quantity of gel applied was stated. A score of 11 out of a 
maximum possible score of 804 was reported. The investigator concluded that 
the “product showed no evidence of primary skin irritation or allergic sensitiza- 
fion”(72) (see Table 12). 

When a spermicidal film containing 10% Nonoxynol was tested as a con- 
traceptive in 30 women, two subjects experienced a mild local vaginal irritation 
and one noted some degree of pruritis.(73) 

Skin Irritation and Sensitization 

Undiluted Nonoxynol-4 was tested on 25 men and 25 women in a repeated 
insult patch test. Discs, 1.25 in in diameter, saturated with sample, were applied 

TABLE 12. Skin Irritation Test of Product Formulations Containing Nonoxynol Compounds. 

Nonoxynol 

-12 

-9 

-9 

-9 

-9 

-9 

-9 

-9 

-4 Moisturizing lotion 5.0 100 19 0.61 

Product 

Foaming bath oil 
Antidandruff shampoo 
Antidandruff shampoo 
Antidandruff shampoo 
Antidandruff shampoo 
Cosmetic gel 
Cosmetic gel 
Cosmetic gel 

ingredient Patch cont. 

concentration of product 

Pw (W 

20.0 
1.75 
1.75 
1.75 
1.75 
2.0 
4.0 
4.0 

1 

2.5 
5 
1.25 
1.25 

100 
100 
100 

No. of 

subjecls PI/a Comment Ref. 

20 
20 
20 
20 
20 
2s 
25 

212 

Slightly irritating 
Mildly irritating 
Mildly irritating 
Slightly irritating 
Slightly irritating 
Nonirritating 
Nonirritating 
Score of 111804 

nonirritating 
Slightly irritating 

42 
71 
71 
54 
54 
72 
72 
72 

43 

aMaximum score = 8.0 
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TABLE 13. Skin Irritation and Sensitization. 

Nonoxynol 

-4 

Ingredient Concentration 
diluent tested f%) 

None 100 

No. of hbjects 

50 (25M, 25F) 

Procedure 

RIPT 

Results 

No irritation 
No sensitization 

Ref. 

47 

-9 None 100 100 (50M, 5OF) RIPT No irritation 47 
No sensitization 

-15 Water 50 168 (53M, 115F) RIPT No irritation 74 
No sensitization 

-50 Water 50 168 (53M, 11 SF) RIPT No irritation 74 
No sensitization 

to the backs of the volunteers. The primary application was left in place for 48 h; 
the subsequent 14 induction patches were applied for 24 h each. After a two; 
week rest, challenge patches were applied for 24 h. None of the subjects showed 
immediate or delayed reactions to either the induction or challenge patches. 
Nonoxynol-4 appears to be “neither a primary irritant, a sensitizer, nor a fatiguing 
agent”‘47) (see Table 13). 

Undiluted Nonoxynol-9 was tested on 50 men and 50 women for skin irrita- 
tion/sensitization potential. A single induction patch, applied to the back of each 
subject, was held in contact with the skin for five days. After a three-week rest, a 
challenge patch was applied to each subject for 48 h. There were no reactions to 
either patch. Nonoxynol-9 is “neither a primary irritant nor a sensitizer at 100% 
concentration”(47) (see Table 13). 

A repeated insult patch test was performed on 168 subjects (115F, 53M) 
using 0.1 ml of a 50% water solution of Nonoxynol-15 and/or Nonoxynol-50. The 
test material was applied at 48 h intervals, three times per week for three weeks 
on the backs of the subjects. The test area was occluded for 24 h before removal, 
and washed with distilled water. The test sites were read at 48 h, after which fresh 
test material and the occlusive patch were reapplied. After a three-week non- 
treatment period, the test area, as well as an untreated site, were challenged 
using the same procedure as previously noted. The sites were scored for sen- 
sitization at 24, 48, and 72 h. The investigator noted that only transient reactions 
were observed during the test and that neither Nonoxynol-15 nor Nonoxynol-50 
was an irritant or sensititer(74) (see Table 13). 

Phototoxicity and Photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization 
previously discussed were randomly selected to test the ability of Nonoxynol-15 
and Nonoxynol-50 to induce a phototoxic or photosensitization reaction follow- 
ing ultraviolet exposure. The test protocols were the same except that the 
forearm was used as a test site. The 28 subjects were divided into two groups, 19 
received only UVA and nine received both UVA and UVB. The UVA (320-400 
nm) light was applied for 15 min to the 19 subjects (4.4 pW/cm2 at the skin sur- 
face measured at the 360 nm wave length peak). The UVB was applied at two 
times Mean Erythema Dose (MED) to nine subjects from a 150 watt Xenon Arc 
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Solar Simulator emitting at 280-320 nm. The subjects receiving the UVB ex- 
posure were also exposed for 5 min to UVA as previously described. The in- 
vestigator noted that only transient reactions were observed, and that 
Nonoxynol-15 and Nonoxynol-50 are not photosensitizers.‘74’ 

SUMMARY 

Nonoxynols, ethoxylated alkylphenols containing l-l 00 ethylene oxide 
groups, have a wide range of physical properties. Nonoxynols are chemically 
stable. They are used in cosmetic formulations as emulsifying, wetting, 
foaming and solubilizing agents in concentration ranges of 10.01%-50% 
(Nonoxynol-4 and -9); 10.01%-25% (Nonoxynol-10); and >O.l O/O-5.0% 
(Nonoxynol-12). Nonoxynol-containing products may come into contact with 
most of the external surfaces of the body and may be applied daily for a period of 
years. 

Absorption and metabolism studies in the rat indicate that increasing the 
length of Nonoxynols’ ethylene oxide chain decreases their intestinal absorption. 
Estimates of the acute oral LD50s of nine of the Nonoxynols (-2 to -15) ranged 
from 0.62 to 7.4 g/kg in several animal species. Nonoxynol-30 and -40 had higher 
LD50s. Acute dermal toxicity studies in rabbits on six undiluted Nonoxynols 
resulted in an LD50 range of 1.8 ml/kg to 4.4 g/kg. Acute inhalation by rats of 
aerosols of undiluted or 1% Nonoxynol-4, -7, or -9 for 8 h caused no deaths. In- 
traperitoneal, subcutaneous, and intravenous injections of Nonoxynol-9 resulted 
in LD50 values of 0.21 ml/kg, 1 .OO ml/kg, and 0.044 g/kg, respectively. 

PII values determined from skin irritation tests on rabbits ranged from 0.45 to 
5.58; other tests indicated that Nonoxynols are nonirritating to moderately ir- 
ritating when applied to the skin. Nonoxynol compounds with short EO chains 
are generally severe ocular irritants; Nonoxynol-15, -30, and -40 are only slightly 
irritating to the rabbit eye. 

When fed subchronically or chronically in the diet to rats and dogs, at daily 
intakes of 0.2 to 1 g/kg or dietary concentrations of 0.27%, Nonoxynols -4 to -9 
frequently increased liver weights. Nonoxynol-15 to -40 were less effective in this 
regard and were less toxic. 

No evidence of carcinogenicity was observed when Nonoxynol-4 and -9 
were fed for two years to both dogs and rats. A mutagenicity study of these two 
compounds by the Ames test was negative. 

Undiluted Nonoxynol-4 and -9 were nonirritating and nonsensitizing to the 
skin of 50 and 100 human subjects, respectively. A 50% solution of 
Nonoxynol-15 and/or Nonoxynol-50 produced no irritation or sensitization 
when tested on 168 subjects. The latter two ingredients produced no indication 
of phototoxicity or photosensitivity when subjects were exposed to either UVA 
or UVB light after exposure to the compounds. 

DISCUSSION 

None of the 11 Nonoxynols discussed in this report has had complete tox- 
icological testing; however, the total available test data for the entire group was 

Distributed for comment only -- do not cite or quote 
 



ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND -50 

considered adequate. The differences in toxic effects among the various Nonox- 
ynols are quantitative and most likely related to the rate of absorption as influ- 
enced by ethoxy groups. There was no evidence of qualitative differences in tox- 
icity between the Nonoxynols; therefore, the Panel used the composite data to 
evaluate the safety of this group of ingredients. 

CONCLUSION 

On the basis of the available information presented in this report, the Panel 
concludes that Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, and -50 are 
safe as cosmetic ingredients in the present practices of concentration and use. 
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Amended Final Report on the Safety Assessment
of Nonoxynol-1, -2, -3, -4, -5, -6, -7, and -8’

Nonoxynol-1, -2, -3, -4, -5, -6, -7, and -8 (low molecular weight
Nonoxynols) are ethoxylated alkylphenols used in cosmetic for-
mulations as surfactants-emulsifying agents, principally in hair
dyes and colors. The safety of Nonoxynols were assessed previ-
ously (Elder, R. L., ed. 1983. Final report on the safety assessment
of Nonoxynol-2, -4, -8, -9, -10, -12, -14, -15, -30, -40, and -50. .I.
Am. Coll. Toxicol. 2:35-60).  This report amends the conclusion on
Nonoxynol-2, -4, and -8 reached in that report. There was no signifi-
cant skin penetration using cadaver skin in which Nonoxynols-2, -4,
and -9 were applied in conditions simulating leave-on or rinse-off
applications. Under both conditions, the total skin penetration of
Nonoxynol-2, -4, and -9 was less than 1% over a 48-hour  period. Re-
sults of acute oral toxicity studies indicated that these low molecu-
lar weight Nonoxynols were at most slightly toxic. Nonoxynol-5 and
-6 produce severe ocular irritation in test animals. They also pro-
duce skin irritation in test animals, but are not sensitizers. Due to
the severity of ocular irritation reactions in animals, avoiding the
use of products containing low molecular weight Nonoxynols in the
area surrounding the eyes was discussed. The no-adverse-effect
level in reproductive and developmental toxicity tests in which
Nonoxynol-9 was delivered orally or intravaginally  was higher than
any possible exposure from cosmetic products. There was no evi-
dence for genotoxicity or carcinogenicity. Ethylene oxide residues,
although present in small amounts in several preparations, were not
considered sufficient to present a carcinogenesis risk. The report
discusses the need to ensure that the use of cosmetic products con-
taining Nonoxynols should not result in ethylene oxide exposures
above 0.1 mdday. Unreacted nonylphenol may be present in low
molecular weight Nonoxynols, but levels appear to be ~500 ppm.
The report discusses the need for cosmetic product formulators to
exercise care so that any Nonylphenol in finished products is not
found in toxic amounts. Clinical studies using Nonoxynol-9 showed
irritation of the vaginal mucosa, along with increased epithelial dis-
ruption. A 2% solution of Nonoxynol-8.3 and -9 was sensitizing in
dermatitis patients. A repeat insult patch test in normal volunteers
using Nonoxynol-2 at a concentration of 5 % showed no evidence of
allergic contact dermatitis, but there were reactions at 10%. Based
on the available animal and clinical data, Nonoxynols-1 through -8
are safe as used in rinse-off products and safe for use in leave-on
products at concentrations no greater than 5%.

Received 1 May 1998; accepted 10 July 1998.
‘Reviewed by the Cosmetic Ingredient Review Expert Panel. Wilbur

Johnson, Senior Scientific Analyst and Writer, prepared this report.
Address correspondence to him at Cosmetic Ingredient Review, 1101
17th Street, NW, Suite 310, Washington, DC 20036, USA.

INTRODUCTION

The safety of Nonoxynols-I,  -2, -3, -4, -5, -6, -7, and -8 in
cosmetics is evaluated in this report. Nonoxynols-1, -5, and -6
had been prioritized for review by the Cosmetic Ingredient Re-
view (CIR) Expert Panel, but were not included in the earlier
CIR Safety Assessment of Nonoxynols-2, -4, -8, -9, -10, -12,
-14, -15, -30, -40 and -50 (Elder 1983). In this earlier pub-
lication, the CIR Expert Panel concluded that the Nonoxy-
nols reviewed were safe at the present practices of use and con-
centration; use concentrations ranged from ~0.1% to >50.0%.
The safety of other lower-molecular-weight Nonoxynols (-3 and
-7) that are not included on the CIR priority list are also being
considered in the present safety assessment. The Expert Panel’s
conclusion on Nonoxynols-1 through-8 in this document revises
its earlier conclusion on Nonoxynol-2, -4, and -8.

In addition to the available data on lower molecular weight
compounds, current studies relating to the toxicity of higher
molecular weight Nonoxynols are also included in this safety as-
sessment. Because of structural similarities among the Nonoxy-
nols, these data may contribute to the safety assessment of lower
molecular weight Nonoxynols.

CHEMISTRY

Chemical and Physical Properties

The Nonoxynols, or nonylphenoxy polyethoxyethanols, are
ethoxylated alkylphenols with the chemical formula shown in
Figure 1; n can vary from 1 to 120 (Wenninger and McEwen
1997). Nonoxynols are nonionic surfactants; the nonpolar alkyl
chain has lipophilic properties, and the polar polyoxyethylene
portion of the molecule has hydrophilic properties. The Nonoxy-
nols with short chains are liquids (n = 1 to 13),  or paste-like
liquids (n = 14 to 15); those with longer chains are waxes (n >
20). Liquid Nonoxynols are generally sold as 50 to 70% aqueous
solutions (Elder 1983).

Nonoxynol-1 is an ethoxylated nonyl phenol containing an
average of 1.5 moles of ethylene oxide per mole of hydrophobe
[Cosmetic, Toiletry, and Fragrance Association (CTFA) 1989a].
It is soluble in polar organic, aromatic hydrocarbon, and aliphatic
hydrocarbon solvents at room temperature (CTFA, undated).
Other names for Nonoxynol- 1 (CAS Nos. 26027-38-3, 37205-
87-1, and 27986-36-3) are as follows: ethanol, 2-(nonylphe-
noxy)-; ethylene glycol nonyl phenyl ether; 2-(nonylphenoxy)-
ethanol; and PEG- 1 nonyl phenyl ether (Wenninger and McEwen
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FIGURE 1
Chemical formula for Nonoxynols. The value of rz can vary

from 1 to 120.

1997). Additional properties of Nonoxynol-1 are summarized in
Table 1.

Nonoxynol-5 is an ethoxylated alkyl phenol containing an
average of 5 moles of ethylene oxide (Wenninger and McEwen
1997). At room temperature, it is soluble in polar organic and
aromatic hydrocarbon solvents; at low concentrations, it is insol-
uble in aliphatic hydrocarbon solvents (CTFA undated). Other
names for Nonoxynol-5 (CAS Nos. 9016-45-9, 37205-87-1,
26027-38-3, 26264-02-8, and 20636-48-o) are as follows: 14-

(nonylphenoxy)-3,6,9,12-tetraoxatetra-decan-  l-01;  PEG-5 no-
nyl phenyl ether; polyethylene glycol (5) nonyl phenyl ether;
polyoxyethylene (5) nonyl phenyl ether; and 3,6,9,12-tetraoxate-
tradecanal- l-01,  14-(nonylphenoxy) (Wenninger and McEwen
1997). Additional properties of Nonoxynol-5 are summarized
in Table 1.

Nonoxynol-6 is an ethoxylated alkyl phenol containing an av-
erage of six moles of ethylene oxide (Wenninger and McEwen
1997). At room temperature, it is soluble in polar organic and
aromatic hydrocarbon solvents and insoluble in aliphatic hydro-
carbon solvents (CTFA undated). Other names for Nonoxynold
(CAS Nos. 9016-45-9,37205-87-l, 26027-38-3, and 27177-01-
1) are as follows: 17-(nonylphenoxy)-3,6,9,12,15-pentaoxahept-
adecan- l-01;  PEG-6 nonyl phenyl ether; 3,6,9,12,15-penta-oxa-
heptadecan-l-01, 17-(nonylphenoxy)-; polyethylene glycol 300
nonyl phenyl ether; and polyoxyethylene (6) nonyl phenyl ether
(Wenninger and McEwen 1997). Additional properties of Nono-
xynold are summarized in Table 1.

TABLE 1
Properties of Nonoxynols- 1, -5, and -6

Properties Nonoxynol- 1 Nonoxynol-5 Nonoxynol-6

Appearance

Odor

Flash point

Pour point
Boiling point

Vapor pressure
Vapor density
Viscosity

Specific gravity 0.98 @ 20/2O”C’

Percent volatile
matter

Evaporation rate
Solubility in

water
pH of water

dispersion
pH of water

solution
Neutralization

value (mg KOH/g
sample to pH 7)

Colorless to light
yellow liquid’

Very slight’

340°F’

-15OF6
Greater than

400°F’
-

Greater than air’
-

Nil’

Nil’
Slight’; insoluble6

Neutral’

-

-

Clear light-
colored liquid*

Slightly
aromatic*

Greater than
515”F*
-25”F*

-

Nil @ 2o”C*
-

240 cps*

1.024 to 1.034*

Nil*

Less than l*
Dispersible*

-

6.6 (1% aque-
ous soln.)*

-

Colorless to light
yellow liquid3

Very slight3

Greater than
5oooF4
-25’p

Greater than
400°F3

Nil @ 20”C4
Greater than ais
300 cps4;  150 to

250 cps @ 25”C5
1.04 @ 20/2O”C3;

1.030 to 1.050 @
25”/25”C5

Nil3

Nil3
Complete3 ;

dispersible6

-

6.0 (5% solution)4

0.5 maximum5

‘CTFA 1989a; *CTFA 1979a; 3CTFA 1989b; 4CTFA 1979b; ‘Estrin et al. 1982; %YTFA,
undated.
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Additional information on the chemistry of short-chain Nono-
xynols was received from the cosmetics industry: Nonoxynol
surfactants are actually mixtures of differing polymeric units
representing a Gaussian distribution. Thus, Nonoxynol-2 has an
average of 2 polyoxyethylene units (as rounded up from an av-
erage of 1.6 to 1.8 polyoxyethylene units), but contains some 1,
as well as some 3 and 4 polyoxyethylene unit adjuncts. Simi-
larly, Nonoxynol-4 has an average of 4 polyoxyethylene units,
but contains everything from 1 to 8 unit species (Matus 1994).

Methods of Production

Alkylphenols are synthesized commercially by Friedal-Crafts
alkylation of a phenol with an olefin. The resulting monoalkyl-
phenol product is purified by distillation and ethoxylated with
the appropriate number of moles of ethylene oxide to produce
the desired alkylphenol ethoxylate (Elder 1983).

Nonoxynol-1
The manufacturing specification for Nonoxynol-1 includes

the following: Appearance at 25°C (clear, yellow liquid); pH of
1% aqueous solution (5.0 to 7.0); specific gravity at 25°C (0.98
to 1 .O); water content, % weight (0.20 maximum); and hydroxyl
number, mg KOH/g (170 to 180) (CTFA 1989a).

Nonoxynol-5
The manufacturing specification for Nonoxynol-5 includes

the following: Appearance (clear oil); cloud point, ml Hz0 at
25°C (37.7 to 41.7); pH, 5% solution in 50% ethanol (5.0 to
7.0); and water content (1.0% maximum) (CTFA 1979a).

Nonoxynol-6
Manufacturing specifications for Nonoxynol-6 are as fol-

lows: Appearance (clear liquid; water-white to pale yellow liq-
uid); pH, 1% aqueous solution (5.0 to 7.0); specific gravity at
25°C (1.035 to 1.045); hydroxyl number, mg KOH/g (110 to
125); viscosity, cps, at 25°C (225 to 325); cloud point (50 to
60°C); water (0.2 maximum; 0.5 maximum) (CTFA 1979b,
1989b).

Nonoxynol-1 may contain up to 20 ppm ethylene oxide
(CTFA 1989a),  and Nonoxynol-6 up to 35 ppm ethylene oxide
(CTFA 1989b). Information concerning the ethylene oxide con-
tent of Nonoxynol-5 was not found. Assays for 1,4-dioxane  and
ethylene oxide were also performed on samples of Nonoxynol-2,
-4, and -9 (same as above) using the same technique. Neither 1,4-
dioxane nor ethylene oxide was detected in triplicate samples
of Nonoxynol-2. However, Nonoxynol-4 (5 samples) contained
4.5 to 20 ppm 1,4-dioxane  and 7.9 to 67 ppm ethylene oxide.
Triplicate samples of Nonoxynol-9 contained ~4.5 to 5.9 ppm
1,4-dioxane  and ~3.6 to 12.2 ppm ethylene oxide. The limits
of detection for 1,4-dioxane  and ethylene oxide in these as-
says were 4.5 ppm and 3.6 ppm, respectively (Clairol Inc. and
Rhone-Poulenc Inc. 1994). Samples of Nonoxynol-2, -4, and
-9 were analyzed for the presence of nonylphenol (unreacted
C,) using a gas chromatography flame ionization test (solvent,

methanol; nonylphenol detection limit = 500 ppm). Nonylphe-
no1 was detected at concentrations of ~500 ppm (Clairol Inc.
and Rhone-Poulenc Inc. 1994).

The International Agency for Research on Cancer (IARC)
has concluded, on the basis of epidemiologic, experimental, and
other relevant data, that ethylene oxide is “probably carcinogenic
to humans.” With respect to degrees of evidence of carcinogenic-
ity, IARC stated that there is “limited evidence of carcinogenic&y
in humans and sufficient evidence of carcinogenic@  in experi-
mental animals” (IARC  1987). More recently, an IARC expert
working group upgraded IARC’s  conclusion on ethylene oxide
to “carcinogenic to humans” at its February 1994 meeting in
Lyon, France. In evaluating the carcinogenicity of ethylene ox-
ide, the working group took into consideration the very strong
supporting evidence for genotoxicity, including the fact that this
ingredient is a powerful mutagen and clastogen at all phyloge-
netic levels, induces gene mutations and heritable translocations
in germ cells, and induces persistent dose-related increases in
the frequency of chromosomal aberrations and sister chromatid
exchanges in exposed workers (Corbett 1994).

Reactivity

Nonoxynol- 1 is thought to be stable; hazardous polymeriza-
tion will not occur. This chemical is incompatible with strong,
concentrated oxidizing agents (CTFA 1989a). Nonoxynol-5 and
-6 should not be compounded with strong oxidizing or reducing
agents; these mixtures may be explosive (CTFA 1979a,  1979b).

Analytical Methods

Some of the sampling and analytical techniques that have
been used to extract Nonoxynols from environmental and syn-
thetic substances, to separate mixtures of nonionic surfactants,
and to quantify pure Nonoxynol solutions are as follows: metha-
nol extraction (Anderson, Ganly, and Wood 1966),  thin-layer
chromatography (Daradics 1972),  gel chromatography (Berek
and Novak 1973),  paper chromatography (Selden and Benedict
1968),  ion-exchange chromatography (Kikolski, Baranowasak-
Gulik, and Zniewierowska 197 l), infrared spectroscopy
(Anderson, Ganly, and Wood 1966),  mass spectroscopy (Harless
and Crabb 1969),  ultraviolet spectroscopy (Green 1972;
Kikolski, Baranowsak-Gulik, and Zniewierowska 197 1; El-
Khateeb et al. 1979),  proton magnetic resonance (Sheih and
Fendler 1977),  and spectrometric x-ray fluorescence (Klima,
Winkler,  and Gega 1977).

Nonoxynol molecular weight distributions and ethylene ox-
ide chain length determinations can be made by standard and cir-
cular thin-layer chromatography (Bueger 1963; Favretto 1970;
Konishi and Yamaguchi 1966) and by infrared spectrophotom-
etry (Favretto and Stancher 1968).

UV spectral analyses of Nonoxynol-2, -4, and -9 were con-
ducted in two sets of experiments in which samples of each
chemical were diluted with water and 10% isopropanol, re-
spectively. The results of these experiments indicated that the
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UV absorption spectra for Nonoxynol-2, -4, and -9 were es-

sentially the same; absorption was noted in the UVC band
(200 to 290 nm range). The following comments were made
by the investigator: “UV absorption is not affected by addi-
tion of ethylene oxide formation of ethylene glycol linkages,
since they are not part of the chromophore. However, molecular
weight does inversely influence absorption for the Nonoxynols.
Thus, Nonoxynol-9 with 9 moles of ethylene oxide has less
UVC absorption than a Nonoxynol with 4 moles of ethylene
oxide. All three Nonoxynols show only tail absorption above the
290 ml range to a similar degree. Thus, there does not appear to
be any significantly greater UVA or UVB absorption for either
Nonoxynol-2 or -4 as compared to Nonoxynol-9” (Clairol Inc.
and Rhone-Poulenc Inc. 1994).

TABLE 2
Product formulation data (FDA 1996)

Product category

Total no. of Total no.
formulations containing
in category ingredient

Nonoxynol-1
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair lighteners with color 9
Hair tints 57
1996 totals

USE

Purpose and Extent of Use in Cosmetics

Nonoxynol- 1, -2, -3, -4, -5, -6, -7, and -8 are used as surfac-
tants-emulsifying agents in cosmetic products (Wenninger and
McEwen 1997). The product formulation data submitted to the
Food and Drug Administration (FDA) in 1996 indicated that,
collectively, Nonoxynol-1, -2, -4, -5, -6, and -7 were used in
a total of 870 cosmetic products (Table 2) (FDA 1996). There
were no reported uses of Nonoxynol-3 and -8 in 1996.

Cosmetic products containing Nonoxynol-1 and -6 are ap-
plied to the hair and most parts of the body, and can come in con-
tact with the eyes. Product formulations containing Nonoxynols
may be used daily or occasionally, and their use may be extended
over a period of years.

Nonoxynol-2
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair bleaches 113
Dentifrices 47
1996 totals

Concentration of use values are no longer reported to FDA by
the cosmetics industry (FDA 1992). However, product formula-
tion data submitted to FDA in 1988 indicated that Nonoxynol-1
was used at concentrations of 5 10% in hair dyes and colors (all
types requiring caution statement and patch test) (FDA 1988).
In 1984, Nonoxynol-6 was used in hair bleaches at concentra-
tions of 5% to 250% and, in skin fresheners, at concentrations
of 1% to ~50%. Nonoxynol-5 was used in bath oils/tablets/salts
at concentrations of 0.1 to 1 .O% (FDA 1984).

In addition to the FDA frequency of use and concentration of
use data that were made available, similar data on Nonoxynols
that are currently being used by Clairol Inc. were submitted
to CIR: Nonoxynol-2 is used at concentrations ranging from 1
to 20% in approximately 140 hair coloring products contain-
ing either oxidative or direct hair dyes. Nonoxynol-4 is used
at concentrations ranging from 2 to 10% in approximately 200
hair coloring products containing either oxidative or direct dyes.
Nonoxynol-9 is used at concentrations ranging from 1 to 20%
in approximately 40 hair coloring products containing oxidative
dyes and hair care products (Clairol Inc. and Rhone-Poulenc
Inc. 1994).

Nonoxynol-4
Bath oils, tablets, and salts 147
Bath capsules 4
Eyeliner 533
Tonics, dressings, and other 604

hair grooming aids
Other hair preparations 395
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair tints 57
Hair lighteners with color 9
Hair bleaches 113
Other hair coloring preparations 71
Foundations 355
Other personal cleanliness 339

products
Body and hand skin care 1012

preparations (excl. shaving)

1996 totals
Nonoxynol-5

Bath oils, tablets, and salts 147
Moisturizing skin care 942

preparations
1996 totals

Nonoxynol-6
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair bleaches 113
Other hair coloring preparations 71
Other personal cleanliness 339

products
1996 totals

Data submitted to CTFA in 1995 indicated that Nonoxynol-2 Nonoxynol-7
was used at concentrations of 1 to 20% (on head, 0.5 to 10%) Other personal cleanliness 339
and that Nonoxynol-4 was used at concentrations of 2 to 10% products

(on head, 1.05 to 5.0%) in oxidative hair dyes (CTFA 1995). 1996 totals

43
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International Use

Nonoxynols- 1 to -- 100 are included in the list of ingredients
that have been approved for use in cosmetic formulations mar-
keted in Japan (Nikko Chemicals Company, Ltd. 199 1-1992).
Nonoxynols are not included in the list of ingredients prohib-
ited from use in cosmetic products marketed in the European
Economic Community (EEC 1993).

Noncosmetic Use

Nonoxynol- 1, -5, and -6 (nonionic surfactants) are used prin-
cipally in industrial and household detergent applications and in
emulsifying agents (CTFA undated). The Code of Federal Reg-
ulations (CFR) describes indirect food additive uses of Nonoxy-
nol-1 as components of adhesives and components of paper
and paperboard in contact with dry food (21 CFR: 155.105 and
176.180). Nonoxynol-5 and -6 have the following indirect food
additive uses: components of adhesives, components of resinous
and polymeric coatings, components of paper and paperboard in
contact with aqueous and fatty food, components of paper and
paperboard in contact with dry food, defoaming agents in the
manufacture of paper and paperboard, and emulsifiers and/or
surface-active agents for articles that contact food (21 CFR:
175.105, 175.300, 176.170, 176.180, 176.210, and 178.3400).

The FDA Advisory Panel on Over-The-Counter (OTC) Con-
traceptives and Other Vaginal Drug Products issued a proposed
rule classifying Nonoxynol-9 as safe and effective and not mis-
branded. Nonoxynol-9 is a vaginal contraceptive active ingredi-
ent (FDA 1980). The ability of Nonoxynol-9 to inactivate human
immune deficiency virus (HIV) under laboratory conditions was
first demonstrated by Hicks et al. (1985). According to Bird
(1991),  research has not established the safety of Nonoxynol-9-
containing spermicides, specifically with regard to local toxicity
to the genital epithelia; furthermore, until further research is un-
dertaken, the potential benefits in HIV prevention cannot be
ascertained. In a more recent study, the investigators were un-
able to demonstrate that Nonoxynol-9 sponge use was effective
in reducing the risk of HIV infection among highly exposed
women (Kreis et al. 1992).

BIOLOGICAL PROPERTIES

Percutaneous Absorption

Prior to initiation of the in vitro skin penetration study, an
experiment was performed to determine whether the rinse-off
exposure protocol in this study would alter skin integrity. Epi-
dermal membranes (cadaver skin) were placed between the two
halves of horizontal Franz-type glass diffusion cells and pre-
treated with Nonoxynol-2, -4, and -9 (20% w/w solutions in
isopropyl myristate; dose per Nonoxynol = 10 /*Ycm2).  The
Nonoxynols were rinsed from the skin after 60 minutes of expo-
sure, and water [(3H)20]  permeation rates were determined over
an g-hour period. Epidermal membranes treated only with iso-
propyl myristate served as negative controls. Twelve replicates

for each surfactant and 12 replicates for isopropyl myristate (to-
tal of 48 cells) were run. The permeability coefficients (cm/h) for
each Nonoxynol (in isopropyl myristate) and isopropyl myristate
are as follows: Nonoxynol-2 (2.26 f 0.30 x 10e3),  Nonoxynol-4
(2.40 f 0.29 x 10-3),  Nonoxynol-9 (3.37 f 0.92 x 10e3),  and
isopropyl myristate (1.34 f 0.18 x 10m3). Water permeability
coefficients for normal skin range from 0.5 to 1.5 x 1O-3 cm/h.
The investigators noted that the number of skin samples with
signs of damage was of concern. For Nonoxynol-treated skin,
data from four samples of each group of 12 cells (-33%) sug-
gested that the skin membranes were compromised. Evidence of
barrier disruption was reported for two of 12 samples (- 17%)
of the isopropyl myristate-treated skin. However, based on these
findings, it was not possible to assign a definite surfactant-
induced damage claim. The investigators also stated that if the
anomalous “damaged” skin samples are discounted, it is appar-
ent that the Nonoxynols influenced the skin barrier to water, but
not to any great degree (An-ex Analytical Services Ltd. 1995a).

The in vitro skin penetration of Nonoxynol-2, -4, and -9
was evaluated using heat-separated, human epidermal mem-
branes. An HPLC analysis-UV detection method was used to
determine the distribution of homologues with varying ethylene
chain lengths in commercial samples of Nonoxynol-2, -4, and
-9, prior to application to epidermal membranes. The distribution
of homologues was as follows: Nonoxynol-2 (Nonoxynol- 1, -2,
-3, and -4 homologues present), Nonoxynol-4 (Nonoxynol- 1, -2,
-3, -4, -5, -6, -7, and -8 homologues), andNonoxynol-9  (Nonoxy-
nol-2, -3, -4, -5, -6, -7, -8, -9, -10, and -11 homologues) (An-ex
Analytical Services, Ltd. 1995b). The experiment was designed
to mimic in-use conditions relative to ingredient use in rinse-
off products. Female human skin was obtained either at autopsy
or following cosmetic reduction surgery. Six different individ-
ual donors were used. Epidermal membranes (comprising stra-
tum comeum and viable epidermis) were placed between the
two halves of horizontal Franz-type glass diffusion cells; the
stratum comeum faced the donor chamber. The area available
for diffusion in each diffusion cell was approximately 1.1 cm2
(range = 0.92 to 1.37 cm2).  Receptor chamber volume varied
from 2.24 to 3.45 ml. The Nonoxynols were dissolved in iso-
propyl myristate to generate 10% (w/w) solutions of Nonoxynol-
2, -4, and -9. The 10% w/w concentration was representative of
“on-head” exposures from an oxidative hair color base mixed
with an equal volume of peroxide. Each Nonoxynol solution
(10 ~1) was dispensed over the surface of the stratum comeum.
Following 1 hour of exposure to each solution, epidermal mem-
brane surfaces were rinsed with isopropyl my&ate.  The rin-
sates per individual cell were pooled and submitted for HPLC
analysis (UV detection method). Samples (200 ~1 per sample)
were removed from the receptor media at 2, 4, 6, 8, 24, and
48 hours postapplication of the vehicle, using a digital pipette,
and then submitted for HPLC analysis. After removal of the 48-
hour sample, epidermal membrane surfaces were rinsed again
with isopropyl myristate, and the rinsates were submitted for
HPLC analysis. No quantifiable levels of any Nonoxynol ho-

Distributed for comment only -- do not cite or quote 
 



16 COSMETIC INGREDIENT REVIEW

mologue were detected in the receptor chambers. Therefore,
the skin permeation data are expressed as maximum cumulative
permeation (based on detection limits and diffusion cell parame-
ters) in Table 3. The investigators stated that the values in Table
3 referred to the total amount of commercial Nonoxynol that
was applied and that no attempts were made to define values
for individual homologues. It was also stated that the maximum
values given can be gross exaggerations of the actual amount
of Nonoxynol that permeated (An-ex Analytical Services, Ltd.
1995~).  The sponsors of this study made the observation that the
actual amounts of Nonoxynols permeated may have been sub-
stantially below the detection limits stated in Table 3 (Clairol,
Inc. and Rhone-Poulenc, Inc. 1995).

In the same study, data relating to the quantities of Nonoxynol
that were rinsed from the skin at 1 and 48 hours postapplication
were provided only for Nonoxynol-9. These data are included
in Table 4. The investigators stated that given the quantity of
Nonoxynol that was recovered in the l- and 48-hour rinses, it is
not surprising that no quantifiable amounts were present in the
receptor phase. It was also stated that, overall, the data in this
study indicate that none of the Nonoxynols permeated through
the skin to any great extent (An-ex Analytical Services, Ltd.
1995c).

In a second experiment, the in vitro skin penetration of Nono-
xynol-2, -4, and -9 was also evaluated using heat-separated, hu-
man epidermal membranes. Skin samples were obtained from
three individual donors. This experiment was designed to mimic
in-use conditions relative to Nonoxynols in leave-on products,
and was conducted to maximize the potential for quantifying the
relative permeability of the various Nonoxynols and their con-
stituent homologues. Each of three test solutions of Nonoxynol-
2, -4, and -9 (10% w/w in isopropyl alcohol per solution;
volume = 15 ~1) was applied to epidermal membranes accord-
ing to a modification of the procedure in the preceding experi-
ment. Solutions remained in contact with the skin for 48 hours,
after which the entire receptor media were analyzed by HPLC.
The HPLC analysis employed a fluorescence detection method
(An-ex Analytical Services Ltd. 1995d).

This experiment includes data from three of the six replicate
permeation experiments that were conducted for each Nonoxy-
nol. The results indicate that the mean total amount of Nonoxy-
no1 permeated decreased with chain length from 7.21 Kg of
Nonoxynol-2 to 2.77 pug of Nonoxynol-9. Additionally, the

TABLE 3
Maximum cumulative flux and total absorption at 48 hours

(An-ex Analytical Services 1995~)

Maximum amount Maximum % applied
Nonoxynols permeated (pglcm2) dose permeated

Nonoxynol-2 <1.44*0.10 to.19 f 0.01
Nonoxynol-4 <7.85 f 0.35 < 1.04 f 0.04
Nonoxynol-9 < 10.46 f 0.49 < 1.33 f 0.03

TABLE 4
Recovery of Nonoxynol-9 in rinses (An-ex Analytical

Services, Ltd. 1995~)

% applied dose % applied dose
Homologue (1 hour) (48 hours) Total

N5 88.7 9.8 98.5
N6 80.1 13.3 93.4
N7 80.3 11.4 91.7
N8 73.9 16.9 90.8
N9 58.6 14.6 73.2

lower Nonoxynol homologues permeated to a greater extent than
the higher oligomers (An-ex Analytical Services Ltd. 1995e).
According to the sponsors of the preceding experiment, the total
permeation for Nonoxynols was as follows: 6.17 f 0.94 &cm2,
corresponding to 0.57 f 0.07% of applied dose (Nonoxynol-2);
7.10 f 1.47 pg/cm2, 0.66 f 0.14% of applied dose (Nonoxy-
nol-4); and 4.73 f 2.33 ,ug/cm2, 0.49 f 0.27% of applied dose
(Nonoxynol-9).

Based on these data, it was stated that the total skin penetra-
tion for Nonoxynol-9 was slightly lower than that for Nonoxy-
nol-2 and -4. The following comments were also made: “Based
on the leave-on application data, the levels of Nonoxynols ab-
sorbed following an abbreviated exposure period (1 hour) would
be anticipated to be very low (0.13, 0.15, and 0.10 &cm2 for
Nonoxynol-2, -4, and -9, respectively), based on simple linear
extrapolation of the 48-hour data. Therefore, the potential for
systemic exposure to the lower molecular weight Nonoxynols
is extremely low under conditions of rinse-off application to the
scalp (500-750 cm2)  in products such as hair dyes” (Clairol, Inc.
and Rhone-Poulenc, Inc. 1995).

Absorption, Distribution, Metabolism, and Excretion

The placental transfer, maternal tissue distribution, and elim-
ination of 14C-Nonoxynol-9  were evaluated using nulliparous
female Wistar rats (weights = 185-205 g). Nonradioactive Non-
oxynol-9 was dissolved in distilled water and mixed with
14C-Nonoxynol-9,  yielding a total concentration of 25 mg/ml
(specific activity x 0.47 @i/mg).  On day 15 of gestation, the
test solution (dose = 0.1 ml/l00 g body weight) was admin-
istered into the vagina of each animal. The animals were then
placed in individual metabolism cages for the collection of feces
and urine samples. At 6 hours postadministration, the animals
were killed. At 6 hours, the concentration of 14C in the uterus
or placenta was in equilibrium with that of the maternal plasma.
However, the concentration of 14C in the amniotic fluid or fe-
tus was approximately one-third of that detected in the maternal
plasma. The blood profile of 14C radioactivity was expressed as
unmetabolized Nonoxynol-9 in whole blood. Radioactivity was
detectable in tail blood samples at 10 minutes, reached a maxi-
mum concentration at 1 hour, declined slowly up to 3 hour, and
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remained at a steady concentration thereafter. The transfer of
14C-Nonoxynol-9  from the vaginal canal into the systemic cir-
culation occurred rapidly. At the end of 6 hours, approximately
56% (range = 43.4 to 62.3%) of the administered dose was not
absorbed and remained in the vagina. Also, at 6 hours, 8.96 f 0.8
and 7.63 f 0.5% of the administered dose was recovered in the
urine and feces, respectively; the overall elimination by both
routes was approximately 17.0%. The highest concentration of
14C  was detected in the urinary bladder, followed by the liver,
kidneys, and adrenal and thyroid glands; 14C concentration was
lowest in the brain. The concentration of 14C  in the urinary blad-
der was approximately twelve times greater than that detected
in the maternal plasma (Buttar 1982a).

In another study, the transplacental transfer and disposition
of 14C-Nonoxynol-9  were evaluated using female rats (number,
strain, and weights not stated). Each animal received a single
dose of the test substance (dose = 0.1 mg/lOOg)  intravaginally
on day 15 of gestation. The animals were killed at 24,48,  or 96
hours postadministration. At 24 and 48 hours, the concentrations
of 14C in the amniotic fluid, placenta, and fetus were similar to
those in the plasma; however, at 96 hours, concentrations of 14C
in these three tissues were two to five times greater than that
detected in the maternal plasma. The analysis of blood samples
obtained from the tail vein indicated that maximal concentra-
tions of 14C in the blood were detected at 45 to 60 minutes,
and that blood concentrations decreased gradually thereafter.
Approximately 86 and 96% of the administered dose were ab-
sorbed from the vagina after 24 and 48 hours, respectively. The
greatest uptake of 14C occurred in the following organs: maternal
liver, cecum, duodenum, bladder, kidneys, adrenal and thyroid
glands, and uterus. The lowest uptake of 14C occurred in the
brain. The combined recoveries of 14C  in the urine and feces
were 34,46, and 54% of the administered dose at 24,48,  and 96
hours, respectively (Buttar 1983).

The fate of vaginally administered Nonoxynol-9 was evalu-
ated using non-gravid female rats (no., weights, and strain not
stated). An aqueous solution of 13’ I-Nonoxynol-9 (8 PCi of ra-
dioactivity) was administered intravaginally into each animal;
animals were killed at 6 and 24 hours postadministration. Trace
quantities of radioactivity were detected in the cecum and colon.
Radioactivity was not increased in the thyroid gland. The inves-
tigators concluded that the likelihood of vaginal absorption of
Nonoxynol-9 was small and that the radioactivity detected in the
cecum and colon was probably secondary to oral ingestion by
the rats during preening (Malyk 1984).

The distribution of Nonoxynol-9 after intravenous and intrav-
aginal administration to groups of female Sprague-Dawley rats
(weights between 215 and 270 g) was evaluated. Following in-
travaginal administration of aqueous 14C-Nonoxynol-9  (single
dose = 40 mg/kg;  0.40 kCi/mg), the distribution of radioac-
tivity in the tissues was determined at 6 (3 rats) and 24 hours
(7 rats). In the 6-hour experiment, the rats remained anesthetized
throughout the study. In 24-hour experiments, four rats were re-
strained after recovery from the anesthesia and three rats were

placed in metabolism cages and allowed to move freely. At
6 and 24 hours (restrained rats), 12.8 and 37.7% of the ad-
ministered 14C radioactivity was absorbed, respectively. The
highest t4C radioactivity was reported for the small and large
intestines (contents included). In these tissues, 5.3 and 1.3% of
the administered dose was detected at 6 and 24 hours (restrained
rats), respectively. Some of the rats in the 24-hour experiment
were unrestrained to determine whether 14C-Nonoxynol-9  had
been ingested due to preening and/or  coprophagia. The evidence
of such behavior was greater tissue absorption in unrestrained
rats (66.7%) than in restrained rats (37.7%) (Walter, Agha, and
Digenis 1988).

In the second experiment of the above study, four rats (weights
between 215 and 270 g) were injected intravenously with 14C-
Nonoxynol-9 (single dose = 5.2 mg/kg;  3.08 &i/mg). At 6 and
24 hours, the tissues and organs contained 44.4 and 48.1% of
the administered radioactivity, respectively. Again, the largest
counts of radioactivity was reported in the small and large in-
testines (contents included). In these tissues, 38.7 and 43.3%
of the administered dose were detected at 6 and 24 hours, re-
spectively. At 48 hours, 60.8 and 42.8% of the administered
radioactivity was excreted in the feces and urine, respectively.
Radiomonitored HPLC analysis of urine (pooled from 4 rats at
24 hours) and bile (pooled from an additional 3 rats at 6 hours)
collected after intravenous administration of 14C-Nonoxynol-9
indicated that no intact Nonoxynol-9 was present in the urine
or bile, and that Nonoxynol-9 was metabolized to highly po-
lar species. Urinary metabolites that were neutral and acidic in
character were detected (Walter, Agha, and Digenis 1988).

The metabolism of Nonoxynols takes place by shortening of
the ethylene oxide chain and some carboxylation of the alkyl
chain by omega oxidation. No metabolic formation of free phe-
nolic groups has been reported (Arthur D. Little, Inc. 1977;
Osbum and Benedict 1966).

Inhibition of Uterine Contraction

In an in vitro study involving 18 preparations of uterine horns
from ovariectomized Sprague-Dawley rats (weights = 200 to
250 g), Nonoxynol-9 inhibited uterine contraction at concen-
trations of 5 and 50 ng/ml (Valencia-Sanchez et al. 1988).

TOXICOLOGY

Acute Oral Toxicity

In acute oral toxicity studies involving rats (number, weights,
and strain not stated), the LD=,u for Nonoxynol-5 ranged from
3500 to 4500 mg/kg (CTFA 1979a). According to the Hodge and
Sterner (1949) classification system for oral LDsu’s. Nonoxy-
nol-5 was slightly toxic in rats.

In a study involving 30 male and female rats (weights and
strain not stated), the LDsa for Nonoxynol-6 was 1.98 g/kg.
Doses ranging from 1.45 to 2.67 g/kg were administered by
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gavage (Consumer Product Testing Company 1978). According
to the Hodge and Sterner (1949) classification system, the test
substance was slightly toxic.

Subchronic Oral Toxicity

The subchronic oral toxicity of Nonoxynol-6 was evaluated
using four groups of 20 (10 males and 10 females per group)
weanling Sprague-Dawley rats. In each group, mean weights
for male and female rats were 96 and 90 g, respectively. The
test substance was fed to three experimental groups at doses of
0.040, 0.20, and 1.0 g/kg/day for 90 days. The control group
was fed a standard pulverized rat stock diet. The only deaths
reported were two rats (1 male, 1 female) of the 1.0 g/kg/day
group and one female rat of the 0.20 g/kg/day  group; deaths
were due to respiratory failure. Neither microscopic changes
nor significant gross pathologic changes that were related to ad-
ministration of the test substance were observed. Statistically
significant differences in weight gain between experimental and
control groups were noted only in male and female rats of the
1 .O g/kg/day dose group. However, the results of a special paired-
feeding study indicated that this growth effect was due to poor
diet palatability. Data from hematologic and urine analyses were
similar between experimental and control groups. Increased liver
weights and liver-to-body weight ratios were noted in female rats
that received 1.0 g/kg/day and in male rats that received 0.20
and 1.0 g/kg/day. These increases were dose correlated and,
consequently, directly related to ingestion of the test material.
Liver-to-body weight ratios were also significantly increased in
female rats that received 0.20 g/kg/day. However, at this dose,
absolute liver weights were not significantly increased over those
of the control group, and significant body weight reduction was
not noted. The researchers concluded that the importance of in-
creased liver-to-body weight ratios in relation to the ingestion
of Nonoxynol-6 was questionable (Industrial Bio-Test Labora-
tories, Inc. 1963a).

In another study, the subchronic oral toxicity of Nonoxynol-
6 was evaluated using four groups of four (two males, two fe-
males) pure-bred beagle dogs. For the four groups, mean weights
ranged from 5.9 to 7.8 kg (males) and 4.8 to 7.8 kg (females).
The test substance was fed to three experimental groups at doses
of 0.040,0.20,  and 1 .O g/kg/day for 90 days. The control group
was fed a stock diet. None of the animals died. However, during
the first two weeks of testing, emesis was noted daily in dogs
that received 0.2 and 1.0 g/kg/day. After the first two weeks,
occasional emesis was noted only in the 1 .O g/kg/day group.
The results of gross and histopathologic examinations did not
indicate any changes that were related to test substance admin-
istration. Significant abnormalities also were not observed in
hematologic studies, clinical blood chemistry analyses, urinaly-
ses, and liver function tests. Compared to the control group, there
was a slight increase in the liver-to-body weight ratio in female
dogs that received 1 .O g/kg/day; this finding was not considered
significant (Industrial Bio-Test Laboratories, Inc. 1963b).

Acute Dermal Toxicity

Reportedly, in an acute dermal toxicity study involving rab-
bits (number, weights, and strain not stated), the LDsa for
Nonoxynol-5 was not achieved at a dose of 2.0 g/kg (CTPA
1979a). The procedure for test substance administration was
not stated. According to the Hodge and Sterner (1949) classi-
fication system for dermal LDso’s, Nonoxynol-5 would be, at
most, slightly toxic in rabbits. Reportedly, the LDse also was
not achieved at a dose of 3.0 g/kg when Nonoxynol-6 was tested
in a dermal toxicity study involving rabbits (number, weights,
and strain not stated) (CTFA 1979b). The procedure for test sub-
stance administration was not stated. Nonoxynol-6 was, at most,
slightly toxic in rabbits according to the classification system for
dermal LDSa’s  by Hodge and Sterner (1949).

Short-Term Parenteral Toxicity

The toxicity of Nonoxynol-9, in saline, was evaluated using
female Sprague-Dawley rats (weights ~200 g). Ten rats were
intraperitoneally injected with 5 mg Nonoxynol-9/100  g body
weight daily for a total of 5 days. Control rats were injected
intraperitoneally with saline according to the same procedure.
The animals were exsanguinated, and the livers were infused
in situ. The liver, kidneys, and lungs were then removed from
each animal. An increase in serum glutamyloxalacetic transa-
minase (SGOT) activity was detected after a single intraperi-
toneal injection of Nonoxynol-9. SGOT activity reached a max-
imum (900 IU) between 4 and 8 hours. The administration of
Nonoxynol-9 for 5 days caused a significant increase (p < 0.001;
2.27 f 0.12 mg/liver)  in the content of collagen in the liver. Total
collagen content as well as the density of collagenous hydrox-
yproline in the liver were increased by approximately 100%.
The cellularity of the liver, based on the amount of DNA, was
also significantly increased. Compared to saline-treated con-
trols, transmission electron micrographs of randomly selected
cubes of liver tissue from experimental animals indicated a dra-
matic increase in the amount of rough endoplasmic reticulum.
Changes in all of the preceding parameters were not observed in
the lungs. The investigators concluded that the intraperitoneal
administration of Nonoxynol-9 produced morphologic and bio-
chemical changes in the liver (Chvapil et al. 1986).

In another short-term toxicity test, 5 mg of Nonoxynol-9/
100 g body weight (in saline) were instilled into the upper aspect
of the vagina of four groups of six Sprague-Dawley female
rats (weights ~200 g). Injections were made daily for 5, 10,
15, and 20 days; blood samples were also taken on these days.
Control rats (four groups of three) were intravaginally injected
with saline. The animals were exsanguinated at 5-day  intervals,
and the liver, kidneys, and lungs were removed from each an-
imal. Total hydroxyproline and DNA content were determined
in hepatic and renal tissues. At 15 days postadministration, a
significant increase in hepatic collagen (p < 0.01; 339 f 46.4
pg/g) was noted. No effect on DNA was observed during the
15-day postadministration period. When liver specimens were
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examined by light microscopy, lesions of nonspecific inflam-
mation with destruction of normal lobule architecture were ob-
served (after 15 injections). Liver specimens examined by trans-
mission electron microscopy had an increased density of rough
endoplasmic reticulum (after 15 injections of Nonoxynol-9),
primarily in the vicinity of the cell nucleus. In the kidneys,
both DNA content and total hydroxyproline were significantly
increased after 15 days (p < 0.01) and 20 days (p < 0.05) of
Nonoxynol-9 administration. A significant increase in serum
SGOT activity was also noted during each of the four time peri-
ods at which blood samples were taken (p < 0.001 on days 5 and
15; p < 0.01 on days 10 and 20). The researchers concluded that
the intravaginal administration of Nonoxynol-9 produced mor-
phologic and biochemical changes in the liver and biochemical
changes in the kidneys (Chvapil et al. 1986).

Cytotoxicity

The cytotoxicity of Nonoxynol-9 was evaluated using rat liver
cells (T5 1B cells) from a nontumorigenic cell line. T5 IB cells
were plated at a density of 3.2 x lo3 per cm*,  maintained for
24 hours in complete medium, and then treated with various
concentrations of Nonoxynol-9 for an additional 24 hours. At
the end of the 24-hour period, the cells from each treated cul-
ture were replated at a density of 80 cells (viable and nonviable)
per cm2.  Colony formation of survivors was estimated at 7 days
after plating. Nonoxynol-9 was cytotoxic to T5 1B rat liver cells
at concentrations of -11 to 50 pg/ml; the degree of cytotoxic-
ity was concentration dependent. These results are based upon
the dose-response curve on Nonoxynol-9 cytotoxicity that was
generated (Buttar, Moffatt, and Bura 1986).

Hematotoxicity

The hemolytic activity of Nonoxynol-9 was evaluated using
blood samples from rabbits. Nonoxynol-9 was tested at con-
centrations ranging from 0.006 to 0.1% in saline. Each cell
suspension test material mixture was incubated at 37°C for
15 minutes, centrifuged, and then observed for hemolytic ac-
tivity. Complete hemolysis was defined as the absence of cell
sedimentation. The control solution, for detection of sponta-
neous hemolysis, consisted of 1 ml of the diluted rabbit blood
in 1 ml of saline. Nonoxynol-9 caused complete hemolysis
at concentrations of 0.006 to 0.12% (Dolan 1981). In a more
recent study, it was concluded that Nonoxynol-9 destabilizes
the erythrocyte cell membrane. In the range of 0.2 to 2.0 mg
of membrane lyophylisate per ml of suspension, Nonoxy-
nol-9 was incorporated into the erythrocyte membrane at a ratio
of 1 mol per 40 mol of phospholipids. Additionally, Nonoxy-
nol-9 reduced phase transition breaks of the membrane, partic-
ularly in the temperature range of 16 to 20°C (Freisleben et al.
1989).

lmmunotoxicity

The immunotoxicity of Nonoxynol-9 was evaluated in a dou-
ble blind study, using outbred CF-I female mice (weights = 26-

33 g each). In the experimental group, 10 mice were injected
intraperitoneally with 0.2 ml of 0.2% Nonoxynol-9 in sterile
saline daily for 24 days, with the exception of days on which
the animals were bled. Mice were bled by caudal incision be-
fore dosing and on days 16 and 25. On days 11 and 18, all
of the mice were immunized subcutaneously with 0.05 ml of
5% sheep red blood cells (SRBC) and 0.05 ml of 10% SRBC,
respectively. The 10 negative control mice were injected with
0.2 ml of saline according to the same procedure, and another
group of five mice received no treatment, but was immunized
and bled. The animals were weighed prior to treatment and on
days 3, 10, 17, and 28. Significant weight loss was noted in ex-
perimental animals on days 10, 17, and 28 (day 28: p < 0.02;
mean weight change = 1.9 g). In conjunction with the weight
loss, the livers of mice dosed with 0.2% Nonoxynol-9 were
somewhat reduced in size compared to saline-treated controls
(p < 0.05; mean weight change = 0.0065 g). Spleens in the ex-
perimental animals were larger than those in the saline control
group (p < 0.05; mean weight change = 0.001 g) or in the un-
treated control group (p < 0.02; mean weight change = 0.002
g). On day 16, hematocrits of the experimental mice were lower
than those in the saline-treated control mice (p < 0.05; differ-
ence of 2); an increase in the hematocrits of untreated mice
was noted between days 16 and 25 (p < 0.01; difference of 5).
However, even when considering these variations, all hemato-
logic values were within normal range. There were no signifi-
cant differences between saline-treated and experimental groups
with respect to the following: sizes of organs other than the
liver or spleen, leucocyte counts, primary and secondary anti-
SRBC titers, and serum IgM and IgG concentrations. It was
concluded that Nonoxynol-9 induced only minor deleterious ef-
fects in mice, which included decreased body weight, reduc-
tion in liver size, and enlargement of the spleen (Caren  and
Brunmeier 1987).

Ocular Irritation

Severe ocular irritation reactions were observed in animals
tested with Nonoxynol-5. An ocular irritation score of 55 per-
sisted through day 7. Neither the experimental procedure nor
the animal species was stated (CTFA 1979a). Nonoxynol-6 also
induced severe ocular irritation reactions in animals; growth of
blood vessels onto the cornea was observed. Irritation reactions
persisted to day 21. Neither the experimental procedure nor the
animal species was stated (CTFA 1979b).

The ocular irritation potential of Nonoxynol-6 was evalu-
ated in a Draize test using six rabbits; the eyes were not rinsed.
The test substance was classified as a severe ocular irritant. The
average Draize scores (scale = 0 to 110) on days 1 and 7 postin-
stillation were 28.8 and 16.0, respectively (Consumer Product
Testing Company 1978).

Skin Irritation

Severe skin irritation reactions were observed in animals
tested with Nonoxynol-5. The reactions observed included
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reddening, cracking, and drying. Neither the experimental pro-
cedure nor the animal species was stated (CTFA 1979a).

The skin irritation potential of Nonoxynol-6 was evaluated
using six New Zealand white rabbits. The test substance was
applied to clipped skin of the back at concentrations of 25, 50,
75, and 100 grams % (w/w) in petrolatum. The test sites were
then covered with patches (“Al Test” strips) secured with tape
and a bandage. The bandages were removed at 24 hours and
sites were scored for the presence of irritation at 48 hours. No
effort was made to determine the severity of individual reac-
tions observed. Nonoxynol-6 concentrations of 25,50, and 75%
each induced skin irritation in four of six rabbits. Nonoxynol-6
(100%) induced skin irritation in five of six rabbits (Nethercott
and Lawrence 1984).

The skin irritation potential of Nonoxynol-6 was evaluated
in another study involving six rabbits. The test substance
(0.5 ml) was applied under occlusive patches to clipped intact
and abraded skin. Reactions (erythema and edema) were scored
at 24 and 72 hours, and the mean scores were averaged in order to
determine the Primary Irritation Index (PII).  Nonoxynol-6 was
classified as severely irritating to the skin of rabbits (PI1 = 3.0)
(Consumer Product Testing Company 1978).

Nonoxynol-6 was classified as a severe skin irritant in ani-
mals in another study (primary irritation score = 6.6). Neither
the experimental procedure nor the animal species was stated
(CTFA 1979b).

Mucous Membrane Irritation

A mucous membrane irritation test was conducted using
19 New Zealand white female rabbits (weights = 4 to 5 kg).
A collagen sponge containing a known amount of Nonoxynol-9
(2.5, 5.0, 20.0, and 50.0 mg in aqueous solution) was inserted
into the vagina of each animal. Each treatment group consisted
of three or four rabbits, and, in each group, the sponges remained
in place for 10 days. A collagen sponge was inserted into the
vagina of each of six control rabbits. The magnitude of vagi-
nal irritation was evaluated according to a modification of the
procedures by Eckstein et al. (1969) and McConnell (1974).

Moderate inflammatory changes were observed in the vagi-
nas of rabbits exposed to 2.5 mg Nonoxynol-9. The most strik-
ing finding was a pronounced infiltration of polymorphonuclear
leucocytes on the inserted sponge. Minimal changes were ob-
served in two of the six control rabbits. Increasing the amount
of Nonoxynol-9 in the sponge resulted in more pronounced in-
flammatory changes. Increased cellular inflammatory infiltrate,
more edema of the connective tissue of the submucosal layer,
and denudation of the mucosal epithelium were observed. At
the highest dose of Nonoxynol-9 tested (50 mg), no epithelial
lining was observed, except in areas that were far removed from
the medicated sponge (Chvapil et al. 1980).

Concentrations of 2.5,5.0, 12.5, and 25.0% aqueous Nonoxy-
nol-9 (volume = 20 ml) were administered by vaginal lavage to
four groups of six New Zealand rabbits once daily for 4 days.
Distilled water was administered to a control group of six rabbits

according to the same procedure. Irritation of the vaginal mucosa
was concentration-dependent. Concentrations of 2.5 and 5.0%
induced mild irritation, whereas, 12.5 and 25.0% concentrations
induced moderate to severe irritation. The lesions that were ob-
served included epithelial exfoliation, submucosal edema, and
inflammatory-cell infiltrate (Kaminsky et al. 1985).

In additional experiments, 5.0, 12.5, 25.0, 50.0, and 75.0%
Nonoxynol-9 concentrations, in distilled water, were adminis-
tered by vaginal lavage to five groups of seven Sprague-Dawley
rats. Distilled water was administered to two groups of con-
trol rats. Concentrations of 5.0 and 12.5% Nonoxynol-9 in-
duced minimal irritation, and inflammatory-cell infiltrate was
observed. Nonoxynol-9 (25.0%) induced mild irritation and ep-
ithelial exfoliation. Epithelial exfoliation was more severe and
persistent in animals that received 50.0 and 75.0% concentra-
tions, and edema was also noted in these two groups. The inflam-
matory cell infiltrate became more severe and persistent only
in the 75.0% Nonoxynol-9 treatment group (Kaminsky et al.
1985).

Aqueous Nonoxynol-9 (pH 2; single dose = 5 mg/lOO g) was
administered intravaginally to groups of 9 to 10 female Wistar
rats. Groups of five control rats received distilled water accord-
ing to the same procedure. The animals were killed over a period
of 6 weeks. At 24 hours postadministration, primary mucosal
damage, including epithelial degeneration, necrosis, and slough-
ing, was observed. Mucosal damage was complicated by a sec-
ondary acute inflammatory response that eventually involved the
entire vaginal wall and the perivaginal tissues. Inflammation of
the vaginal wall was time dependent, having increased in sever-
ity within 24 hours. Areas of the vagina with minimal mucosal
damage eventually returned to normal. However, areas with se-
vere mucosal damage healed abnormally (Tryphonas and Buttar
1982). When a contraceptive cream containing 5% Nonoxy-
nol-9 was administered intravaginally (dose = 0.1 g/100  g body
weight) to groups of three to eight Wistar rats, the lesions ob-
served were not as severe as those induced by aqueous Nonoxy-
nol-9 in the preceding study. However, acute cervicovaginitis
was observed in some of the rats (Tryphonas and Buttar 1984).

Skin Sensitization

The skin sensitization potential of Nonoxynol-6 was evalu-
ated using the guinea pig maximization test (Magnusson and
Kligman 1970). Four groups of five albino guinea pigs of the
Hartley-Dalkin strain (weights = 300 to 500 g) were tested with
Nonoxynol-6 concentrations of 1.7,3,9, and 27 grams % (w/w)
in propylene glycol during the induction phase. One animal in
the 9% Nonoxynol-6 treatment group did not complete the study.
On day 1 of induction, animals in each of the four groups re-
ceived three pairs of injections (unshaved shoulder region) of
the following chemicals: (1) 0.1 cc Nonoxynol-6, (2) 0.1 cc
Nonoxynol-6 mixed (50 : 50 mixture) with Freund’s complete
adjuvant, and (3) 0.1 cc Freund’s complete adjuvant. On day
7, each injection site was shaved and 100% Nonoxynol-6 was
applied for 48 hours under an occlusive patch secured with a
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bandage. During the challenge phase, Nonoxynol-6 (2.7% in
petrolatum) was applied via occlusive patches to shaved skin of
the flanks on day 2 1. Each patch was secured with a bandage for
24 hours, and sites were scored at 48 hours. The test results from
a pretest control group of ten guinea pigs established a nonirritant
concentration of 2.7% Nonoxynol-6 in petrolatum for use dur-
ing the challenge phase. A control group of 40 guinea pigs (20
exposed to deodorized kerosene and 20 exposed to tetraethy-
lene glycol diacrylate during induction) was not exposed to
Nonoxynol-6 during the induction phase, but was challenged
with 2.7% Nonoxynol-6. The incidence of challenge reactions
in experimental groups was as follows: 1.7% Nonoxynol-6 in-
duction group (2/5 guinea pigs), 3% group (O/5),  9% group (l/4),
and 27% group (215).  Five of the 40 control animals had chal-
lenge reactions to 2.7% Nonoxynol-6. The proportion of chal-
lenge reactions to 2.7% Nonoxynol-6 in experimental groups
was not significantly different from that in the control group. It
was concluded that Nonoxynol-6 did not induce sensitization in
guinea pigs (Nethercott and Lawrence 1984).

REPRODUCTIVE AND DEVELOPMENTAL EFFECTS

The toxicity of Nonoxynol-9 was evaluated in the in vivo
sperm abnormality assay according to the method of Wyrobek
and Bruce (1978). Two separate experiments, several months
apart, were performed; similar doses were tested. Nonoxynol-
9, in distilled water, was injected intraperitoneally into groups
of five Fi male mice (C57Bl/6  x C3H/He)  in doses of 20,40,
50, or 60 mg/kg once daily for 5 days. The mice were 9 to 10
weeks old and weights ranged from 28 to 32 g. Mice in the
negative control group were dosed with distilled water (10 ml/
kg/day) according to the same procedure. Positive control mice
were intraperitoneally injected with aqueous cyclophosphamide
(100 mg/kg/day).  At 35 days postinjection, cervical dislocation
was performed and sperm from the cauda epididymis were sus-
pended in physiologic saline and stained with Eosin-Y. In both
experiments, at least 300 spermatozoa from each mouse were ex-
amined microscopically (Buttar, Swierenga, and Mutula 1986).
The results of the preceding experiment indicated no deaths
at doses up to 60 mg/kg. However, following the injection of
100 mg/kg/day,  a few mice (number not stated) died after the
third or fourth injection. The percentage of abnormal sperm ob-
served in the positive control (cyclophosphamide) group was sig-
nificantly different (p < 0.05) from the vehicle control group and
all treatment groups. It was concluded that data from the two ex-
periments indicated that systemic administration of Nonoxynol-
9 did not increase the frequency of morphologically abnormal
sperm over that observed in the control group. The investiga-
tors also stated that whether the lack of genotoxic response was
due to low affinity of the male germinal cells for Nonoxynol-
9 and its metabolites, or to the existence of a blood-testicular
barrier in adult mice was not known (Buttar, Moffatt, and Bura
1986).

The embryotoxicity of Nonoxynol-9 was evaluated using
groups of nulliparous female Wistar rats (5 per group; weights =

180 to 200 g). Each rat was dosed intravaginally with 5 mg
Nonoxynol-9/100 g (0.1 ml Nonoxynol/lOO  g) on gestation days
3 or 7. The concurrent control rats (5 per group) received a per
vaginam application of physiologic saline (0.1 ml/l00 g). The
groups of treated animals were killed by CO2 inhalation on ges-
tation days 6,9, 12, and 15, or 8,9, 10, 12, and 15, respectively.
Gross and microscopic examinations were performed. Ulcer-
ative vaginitis and perivaginal edema, which occasionally ex-
tended to the rectal wall and the pelvic connective and adipose
tissues, were observed in the treated dams. The severity of vagi-
nal and perivaginal lesions decreased throughout the course of
the study, and, on day 15, no lesions were observed. Other com-
mon findings included a decrease in the number of embryos and
a concomitant increase in the number of resorption sites. The
frequency of these alterations was indirectly proportional to the
duration of pregnancy at which Nonoxynol-9 was administered.
For dams dosed on day 3 of gestation, the mean number of nor-
mal implantation sites was reduced to one or less per uterus. For
dams dosed on day 7, 9.2 normal implantation sites per uterus
and 4.8 resorption sites per uterus were found. Compared to the
saline-treated control group, the number of normal implantation
sites was smaller and the number of resorption sites was greater
in experimental groups; the difference was significant (p < 0.01)
(Tryphonas and Buttar 1986).

Two-day old Swiss-Webster mouse embryos were cultured
for 72 hours in media containing 0.25 to 10 pg/ml Nonoxynol-
9. The 10 pg/ml concentration was lethal to all embryos within
24 hours. Viability was reduced in a concentration-dependent
manner. In some instances, embryos failed to divide beyond the
8- to 16-cell stage and disintegrated within 48 hours (Buttar,
Moffatt, and Bura 1985).

The developmental toxicity of Nonoxynol- 10 was evaluated
using 49 female, specific pathogen-free CD-l mice (6 weeks
old). The test substance was administered by gavage once daily,
600 mglkglday, on days 6 through 13 of gestation; none of the
dams died. A negative control group of 50 mice was dosed with
corn oil. Compared to the negative control group, no significant
differences were found in any of the following results: number
of viable litters, livebom per litter, percentage survival, birth
weight per pup, and weight gain per pup. Nonoxynol- 10 did not
induce developmental toxicity in mice (Hardin et al. 1987).

Single doses (2.5 mg/lOO  g body weight) of Nonoxynol-9
were administered intravaginally to groups of pregnant Wis-
tar rats (number of animals and weights not stated) on days
1 through 10 of gestation; uterine contents were observed on
day 21. Control rats were dosed with distilled water. The inci-
dences of nonpregnancies and resorptions were greatest in dams
dosed on days 3,4,5, and 6 of gestation. Additionally, the num-
ber of live fetuses was significantly reduced in dams dosed on
gestation days 4,5, and 9. The average litter size for dams treated
on day 10 of gestation was similar to that for control animals.
For dams dosed on day 5 of gestation, fetal weights were signifi-
cantly reduced. Neither visceral nor skeletal abnormalities were
observed in any of the treatment groups. Nonoxynol-9 was em-
bryolethal and fetocidal, but was not teratogenic (Buttar 1982b).
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The teratogenicity of Nonoxynol-9 (in distilled water) was
evaluated using 1 l-week-old, outbred SPF rats. The rats were
maintained in stainless steel wire cages and fed powdered chow
(chow 101) prior to mating. Three groups of 22 to 25 mated fe-
male rats then received oral doses of 50, 250, or 500 mg/kg/
day on days 6 to 15 of gestation. In the fourth experimen-
tal group, 21 rats were dosed orally with Nonoxynol-9
(500 mg/kg/day) on days 1 to 20 of gestation. Twenty-five con-
trol rats were dosed with water (5 ml/kg/day) on gestation days
6 to 15; a positive control was not used in the study. On day
2 1, the rats were killed by exsanguination under CO2 anesthesia
and necropsied. Half of the fetuses were examined for skeletal
anomalies according to the method of Dawson (1926),  and the
remaining fetuses were fixed in Bouin’s solution and sectioned
according to the method of Wilson (1965). The 50 mg/kg dose
group was the only treatment group for which a statistically
significant decrease in weight gain was not observed. Slightly
lower average litter sizes that were considered statistically sig-
nificant (p < 0.05; number affected not stated) were observed in
groups of mice that received 250 or 500 mg/kg/day  doses on days
6 through 15 of gestation; litter sizes per group were not stated.
A statistically significant (p < 0.05; number affected not stated)
increase in preimplantation loss was also observed in these two
groups. A statistically significant dose-related increase in extra
ribs and rudiments of ribs was observed in rats dosed orally with
Nonoxynol-9. The incidence of statistically significant skele-
tal anomalies for the litters was as follows: 250 mg/kg/day
(24 of 25 with rudiments of ribs; p < 0.02), 500 mg/kg/day
(10 of 20 with extra ribs, p < 0.05; 10 of 20 with rudiments of
ribs, p < O.Ol),  and 500 mg/kg/day  on days 1 to 20 of gestation
(12 of 21 with extra ribs, p < 0.01; 21 of 21 with rudiments of
ribs). An increased incidence of fetuses (500 mg/kg/day  dose
group; dosing on gestation days l-20) with a slightly dilated
pelvic cavity was also reported. The incidence was 12 of 2 1 litters
@ < 0.05) compared to 5 of 25 litters in the control group. The
investigators concluded that the no-effect level for Nonoxynol-9
in this teratogenicity study was 50 mg/kg/day  (gestation days
9 to 15) when the test substance was administered orally (Meyer
et al. 1988). In this study, Nonoxynol-30 (in distilled water)
was also administered orally to three groups of 21 to 25 mated
female rats (same weights and strain) in doses of 50, 250, or
1,000 mg/kg/day  on days 6 to 15 of gestation. In a fourth
experimental group, 19 rats were dosed orally with Nonoxynol-
9 (1,000 mg/kg/day) on gestation days 1 to 20. In all treat-
ment groups, none of the dams had signs of any adverse effects,
and neither reproductive effects nor teratogenic effects on
the skeleton and soft tissues were observed (Meyer et al.
1988).

In a second experiment by the above investigators, Nonoxy-
nol-9, in distilled water, was applied to the skin of 19 and
24 female mated rats (same weights and strain) in doses of 50
and 500 mg/kg/day,  respectively. The procedure for dosing in-
volved the application of a porous dressing, which had been im-
pregnated with the test substance, to shaved skin. The dressing

was secured with tape, and the application period was from days
6 to 15 of gestation. The negative control group (19 rats) received
water on gestation days 6 to 15. With the exception of the method
of administration, the experimental procedure was identical to
that stated above. Compared to the control group, a concomitant
decrease in feed consumption was observed in dams dosed with
500 mg/kg Nonoxynol-9. However, all rats given epicutaneous
doses, including the control group, had a marked decrease in
body weight and weight gain during treatment. Increased lit-
ter size and decreased postimplantation loss @ < 0.05 for both)
were observed in the 500 mg/kg dose group. No dose-related
effects on skeletal and soft tissues were observed; however, an
increased incidence of extra ribs was observed in the 50 mg/kg
dose group (p < 0.02),  but not in the 500 mg/kg dose group
(Meyer et al. 1988).

The teratogenicity of a contraceptive cream containing Nono-
xynol-9 (50 mg/ml) was evaluated using five groups of 30 fe-
male, Long-Evans Hooded rats (body weights = 242-3 17 g).
In the two experimental groups, pregnant rats were dosed in-
travaginally with 0.08 ml/kg cream (4 mg/kg Nonoxynol) and
0.8 ml/kg cream (40 mg/kg Nonoxynol) on days 6 through
15 of gestation. Animals of the vehicle control group were
dosed intravaginally with 0.8 ml/kg cream base (no Non-
oxynol-9), and the two remaining groups of rats were untreated
controls and sham controls, respectively. On day 20 of gesta-
tion, the dams were killed with carbon dioxide and necropsy
was performed; viable fetuses were examined for external mal-
formations. One-third of the fetuses from each litter were fixed
in Bouin’s solution, and visceral examination was performed
according to the method of Wilson and Warkany (1964). The
remaining two-thirds were examined for gross visceral anoma-
lies; skeletal malformations were also determined. None of the
dams died and no adverse clinical signs were observed during
the study. No differences were observed between experimen-
tal and control groups with respect to the following: number of
corpora lutea per dam, number of implants per dam, percentage
of reabsorption per litter, or litter size. Statistically significant
differences in mean fetal weight, crown to rump length, and sex
distribution between experimental and control groups also were
not noted, and no test substance-related major or minor visceral
malformations were found. The following spontaneous malfor-
mations were observed among 1824 fetuses from 139 litters
examined: absence of urinary bladder and ureters (1); kinky tail
(1); abnormally shaped eye (1); small testes (1); undescended
testes (1);  small kidneys (1); pouchlike cheek (1); pale fetus (3);
and hydroureter and/or hydronephrosis (94). Hydrometer and
hydronephrosis, observed in 5.5% of the fetuses, were uniformly
distributed between experimental and control groups. This per-
centage was said to compare favorably with the spontaneous
incidence of 6.3% in a comprehensive study of 2075 Long-Evans
rats. Of the 1219 fetuses that were examined for skeletal malfor-
mations, the fetal and litter incidences of major and minor skele-
tal malformations were comparable between experimental and
control groups. Delayed closure of cranial sutures and delayed
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ossification were observed in fetuses of all groups, including
controls. Additionally, relative to delayed ossification, the fetal
incidence in untreated and high-dose (40 mglkg Nonoxynol-9)
groups was significantly greater (p < 0.01) than that in sham
and/or low-dose (4 mg/kg Nonoxynol-9) groups. The litter in-
cidence in the untreated control group was also statistically
greater (p < 0.05) than that in the sham and low-dose groups.
It was concluded that intravaginally administered Nonoxynol-
9 was not embryotoxic or teratogenic in rats at dosages up to
40 mg/kg/day,  which is equivalent to approximately 20 times the
clinical application (Abrutyn, McKenzie, and Nadaskay 1982).

The developmental toxicity of a test material containing
14.0% nonylphenoxy polyethoxy ethanol (a Nonoxynol; num-
ber of moles ethylene oxide not stated), 64% tallow fatty acid
amine ethoxylate, and 22% butoxyethanol was evaluated using
groups of 25 female Crl:CD BR nulliparous rats (approximately
64 days old). The test substance was administered by gavage in
doses of 3, 8, 20, and 50 mglkg body weight on days 7 to 16
of gestation; the control group (25 rats) was dosed with deion-
ized water. Maternal toxicity was induced at doses of 20 and
50 mg/kg/day.  No significant differences in fetal malformations
were observed between experimental and control groups at any
of the doses tested. The investigators concluded that the no-
observable-adverse-effect level was 8 mg/kg/day for the dam
and greater than 50 mg/kg/day  for the conceptus (Anonymous
1992).

MUTAGENICITY

The induction of unscheduled DNA synthesis was evaluated
according to the method of Williams (1978) using freshly iso-
lated adult rat hepatocytes. The cells were exposed to test con-
centrations of 5, 10, and 25 kg/ml Nonoxynol-9 along with
5 &i/ml [3H]thymidine  (specific activity 25 Ci/mmol)  for 18
hours, and processed for autoradiography. Grains were counted,
and repair was expressed as grains over the nucleus minus grains
over a similar-sized area in the cytoplasm. Nonoxynol-9 did not
induce unscheduled DNA synthesis at any of the test concen-
trations. Methyl methane sulfonate (positive control) induced
unscheduled DNA synthesis and negative results were reported
for the saline negative control (Buttar, Swierenga, and Matula
1986).

The mutagenicity of Nonoxynol-9 was evaluated in muta-
genicity and transformation assays involving rat liver cells
(T5 1B cells) from a nontumorigenic cell line. T5 1B cells were
plated at a density of 6.7 x lo3 per cm*,  maintained for 24 hours
in complete medium, and then treated with 5, 10, 15, and 25 pug/
ml Nonoxynol-9 for an additional 24 hours. In one set of ex-
periments, the cells were exposed to Nonoxynol-9 for 11 days,
with regular medium changes. After exposure, the cells were
washed twice with phosphate-buffered saline and maintained in
fresh medium until the cells became confluent. In order to deter-
mine HGPRTmutants,  the cells were replated (density = 8 x lo3
cells per cm2)  into selective media containing 10 pg/ml 8-

azaguanine. The cells were replated (density = 80 cells per cm2)
in the presence of a low concentration of calcium (0.02 mM)
in order to determine transformation frequency. Nonoxynol-
9 was not mutagenic at any of the concentrations tested and
did not induce malignant transformations in the low calcium
assay. HGPRT mutants were induced in the positive control
(DMBA) culture. Neither HGPRT mutants nor malignant trans-
formations were observed in negative control cultures (Buttar
et al. 1986).

The effect of Nonoxynol-9 on malignant transformation was
evaluated in an in vitro transformation assay involving mouse
BALB/3T3 fibroblasts and mouse lOT1/2 fibroblasts. The as-
say was performed according to the method of Little (1979).
For each experimental group, data were pooled from three ex-
periments. When BALB/3T3 cells were treated with 0.0001 or
0.001% Nonoxynol-9 (final concentrations in cell medium) for
11 days or with 0.00001 Nonoxynol-9 for 3 weeks, a signi-
ficant number of transformed foci was induced. The amount of
transformation was not significantly elevated over background
in cultures treated with 0.0000 1% Nonoxynol-9 when treatment
was discontinued at 11 days. When 0.00001% Nonoxynol-9 was
added to mouse 10T1/2 fibroblast cultures once per week for 5
weeks, the number of transformed foci was significantly en-
hanced over background. However, the incubation of these cul-
tures with 0.001% Nonoxynol-9 for 48 hours produced minimal
toxicity and no significant increase in transformation. The re-
sults of this study indicate that Nonoxynol-9 can induce trans-
formation in two mouse cell transformation systems, and that
this induction was dependent on dose as well as duration of
exposure (Long, Warren, and Little 1982).

In a second experiment by the above investigators, the ef-
fect of Nonoxynol40 on malignant transformation in vitro was
evaluated using BALB/3T3 fibroblasts. The methodology of Lit-
tle ( 1979) was also used. Cultures were incubated with 0.00001,
0.0001, and 0.001% Nonoxynol40 for 48 hours and with
0.00001% Nonoxynol-40 for 3 weeks. Untreated cultures served
as controls. In each experimental group, data were pooled from
two separate experiments. For each concentration of Nonoxynol-
40 that was tested, no increase was observed in the frequency
of transformed cultures over that noted in control cultures. This
was true even after incubation with 0.00001% Nonoxynol40
for 3 weeks (Long, Warren, and Little 1982).

Promotional effects of Nonoxynol-9 were also evaluated us-
ing mouse lOT1/2 fibroblast cultures. After a single X-ray expo-
sure (100 rad), the cells were incubated with 0.00001% Nonoxy-
nol-9 for 5 weeks and 0.001% Nonoxynol-9 for 48 hours,
respectively. Cultures were also exposed to X-rays (100 rad)
only, and to X-rays (100 rad) plus 0.1 pg/ml IZO-tetradecanoy-
lphorbol- 13-acetate (TPA) and incubated for 5 weeks. Untreated
cultures served as negative controls. In each experimental group,
data were pooled from two separate experiments. For cultures
exposed to X-rays and incubated with either 0.0000 1 or 0.001%
Nonoxynol, the transformation response was no greater than
the added responses of cells exposed to X-rays only plus those
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exposed to either concentration of Nonoxynol-9. The results of
a statistical analysis of the data indicated p values of co.05 and
>0.09 for irradiated cultures treated with 0.00001 and 0.001%
Nonoxynol-9, respectively. For cultures exposed to X-rays alone
and X-rays plus TPA, thep values were >0.7 and ~0.01, respec-
tively (Long, Warren, and Little 1982).

The induction of malignant transformation in vitro by Nono-
xynol-9 (in distilled water) was evaluated in another study us-
ing BALB/3T3 cells. In the cell transformation assay (repeated
three times), Nonoxynol-9 was tested at concentrations rang-
ing from 0.08 to 10 pg/ml.  In each assay, 20 cultures per test
concentration were incubated for 48 hours. Distilled water and
3-methylcholanthrene served as solvent and positive controls
respectively. 1,4-Dioxane,  a known carcinogen, was tested at
concentrations ranging from 0.25 to 4 mg/ml according to the
same test procedure. Of the 20 cultures examined per test con-
centration, the number of type III foci ranged from 0 to 3 in
the solvent control, 0 to 2 in Nonoxynol-treated cultures, and
1 to 44 in cultures treated with 1,4-dioxane.  A positive response
to 3-methylcholanthrene was observed in all assays. BALB/3T3
cell cultures were also exposed to the same test and control com-
pounds for 13 days. Of the 20 cultures examined per test con-
centration, the numbers of type III foci were as follows: 5 and
7 (solvent control), 0 to 4 (Nonoxynol-treated cultures), and
7 to 42 (dioxane-treated cultures). There were 19 and 45 foci per
20 positive control cultures. Similar results for Nonoxynol-9
were reported when this test was repeated. The results of 48-hour
and 13-day exposures indicated that the responses to Nonoxy-
nol-9 in BALB/3T3 cells were comparable to those observed in
solvent control cultures. However, 1,4-dioxane  was effective in
the induction of morphologic transformation in BALB/3T3 cells
(Sheu et al. 1988).

The mutagenicity of Nonoxynol-9 was evaluated in the
Sulnzonellalmammalian microsome test according to the method
of Ames, McCann, and Yamasaki (1975). S. typhimurium  strains
TA1535, TA1537, TAlOO, and TA98 were tested with Nonoxy-
nol-9 (in sterile water) at concentrations of 40,200, 1000,5000,
and 25000 Kg/plate both with and without metabolic activation.
Negative-control cultures were exposed to sterile water. In tests
without metabolic activation, sodium azide was the positive con-
trol for strains TA1535 and TAlOO and 2-nitrofluorene was the
positive control for strains TA1537 and TA98. In metabolic acti-
vation tests, 2-anthramine was the positive control for all strains.
Without metabolic activation, Nonoxynol-9 was not mutagenic.
With metabolic activation, the number of revertants was ele-
vated 30% in strain TA98 cultures exposed to Nonoxynol-9 at
a concentration of 1000 pglplate.  This was not considered a
clear-cut mutagenic response, because the increase in the num-
ber of revertants was considerably less than 100%. Mutagenic
effects also were not noted in any of the remaining metabolically
activated cultures. It was concluded that Nonoxynol-9 was not
mutagenic in the Ames test, either with or without metabolic
activation (Meyer et al. 1988).

In another test, the mutagenicity of Nonoxynol-10 in strains
TA1537,  TAlOO, and TA98 of S. typhimurium was evaluated

in a histidine reversion test according to the method of Yahagi
(1977). This method is a modification of the Ames test pro-
cedure. Nonoxynol-10 was tested at concentrations of 100 to
10,000 pg/plate  with and without metabolic activation. Muta-
genie effects were not observed in any of the bacterial strains
tested (Shibuya et al. 1985).

CARCINOGENICITY

The carcinogenicity of Nonoxynol-9 was evaluated in a life-
time exposure study involving rats (numbers, weights, and strain
not stated). The animals were dosed intravaginally with 6.7 and
33.6 mg/kg Nonoxynol-9 three times per week for a total of
24 months. The low and high doses represented approximately
4 times and 20 times the clinical dose, respectively. Two groups
of rats served as sham and untreated controls, respectively. No
significant differences were observed between the experimental
and control groups. This was true for all of the measured pa-
rameters, which included palpable masses and mortality. Any
positive findings observed in experimental groups at necropsy
were considered related to changes associated with the process
of aging and not related to test substance administration. The
authors concluded that Nonoxynol-9 was neither toxic nor car-
cinogenic in this lifetime exposure study, even at a dose that was
20 times that recommended for humans (Malyk 1984).

CLINICAL ASSESSMENT OF SAFETY

Vaginal Application

In a study involving ten women, the effects of intravaginal
application of Nonoxynol-9 on hematologic parameters, routine
liver function biochemistry, and serum lipids were evaluated.
The test substance, 150 mg, was applied daily for 14 consecu-
tive days. Four women withdrew from the study; two complained
of vaginal irritation and itching; and the remaining two had can-
didiasis and a urinary tract infection, respectively. The only sig-
nificant finding in the study was a reduction in serum cholesterol.
No effects of Nonoxynol-9 on either liver function or hemato-
logic parameters were observed (Chvapil, Droegemueller, and
Earnest 1982).

The effect of intravaginal application of a cream containing
5.0% Nonoxynol-9 on serum chemistry values was evaluated
using 30 nonpregnant, premenopausal women between the ages
of 19 and 39 years. Twelve women applied the cream (2.5 g)
daily for 14 days. In vehicle (cream without Nonoxynol-9) and
untreated control groups, 11 and 7 women, respectively, appli-
cations were made according to the same procedure. Blood sam-
ples, obtained before the first application and on days 8 and 15,
were analyzed for proteins, lipids, triglycerides, and serum en-
zymes. The results indicated no significant differences between
blood tests conducted before and after application. Neither evi-
dence of alterations in hepatic function nor increased metabolic
activity in hepatic cells was observed (Malyk 1981).

A phase I local toxicity study involving 20 female subjects
(ages not stated) was conducted in order to determine if frequent
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use of Nonoxynol-9 affected the vaginal or cervical mucosa.
Each of the remaining 15 women inserted a suppository con-
taining 150 mg Nonoxynol-9 into the vagina hourly for four
consecutive hours each day; washing or douching was initi-
ated 1 hour later. This procedure was repeated for a total of
14 consecutive days. The remaining five women were given a
placebo such that the examining physician and women did not
know whether the Nonoxynol-9 product was being used. Of the
14 women (Nonoxynol-9 group) who returned for follow-up
examinations, physical findings, which included disruption of
the epithelium and/or bleeding, were observed in six subjects.
Breaks in the cervical epithelium that were observed in four
women appeared to have resulted from the sloughing of a thin
layer of cells. Additionally, one subject had a severe edematous
reaction (with bleeding) of the cervix, and bleeding and slough-
ing of the vaginal mucosa were noted in another subject. All
physical findings that had been noted were not apparent within
1 week after use of the product had been discontinued. There
were no abnormal findings in subjects who received the placebo
(Niruthisard, Roddy, and Chutivongse 1991).

In another study, the irritation potential of Nonoxynol-9 was
evaluated using four groups of 35 normal female subjects (18 to
45 years old). The groups were instructed to insert suppositories
containing Nonoxynol-9 (190 mg) into the vagina according to
the following schedules: one every other day for 2 weeks (Group
l), one daily for 2 weeks (Group 2), two daily for 2 weeks (Group
3), and four daily for 2 weeks (Group 4). Each of 35 control
subjects inserted four placebo suppositories daily for 2 weeks.
Celibacy and refraining from vaginal douching during the study
were mandatory. The women were examined for erythema and
epithelial disruption by colposcopy. For women of Group 1, the
rate of epithelial disruption was essentially the same as that for
control subjects. Women of Group 2 and Group 3 had rates of
epithelial disruption that were 2.5 times that of controls, and the
rate was even greater (factor of 5) in Group 4 women. In each
experimental group, erythema was the major alteration noted in
the vagina; the cervix was the site of most of the erythema and
epithelial disruption (Roddy et al. 1993).

Skin Irritation and Sensitization

Predictive Tests
Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in min-

eral oil), and Nonoxynol-4 (10% in mineral oil) were evaluated in
three separate skin irritation/sensitization studies, respectively,
according to the same experimental procedure. In each test, the
subjects were free of interfering systemic or dermatologic disor-
ders, visible skin diseases, active atopic  dermatitis, or psoriasis.
The results of the three studies, along with the experimental
procedure, are summarized below.

The skin irritation/sensitization potential of Nonoxynol-2
(5% in mineral oil) was evaluated using 110 volunteers (9 males,
101 females; 19 to 61 years old). Eight of the original 110 with-
drew from the study for reasons that were unrelated to adminis-

tration of the test substance. The experimental procedure was a
Jordan-King modification of the Draize Repeat Insult Patch Test
(Jordan and King 1977). During induction, 0.2 ml of the test
substance was applied, under occlusive patches, to the scapular
region of the back three times per week for 3 weeks (9 induc-
tion applications). Patches were removed, and sites evaluated,
at 48-hour intervals. Patches applied on Friday were removed,
and sites evaluated, on the following Monday (72 hours postap-
plication). The induction phase was followed by a 14-day non-
treatment period. During the challenge phase, initiated at week
6, two consecutive 48-hour patches were applied to new sites in
the scapular region of the back. Challenge reactions were scored
after 48 and 96 hours. During induction and challenge phases,
reactions were scored according to the following scale: 0 (no
reaction) to 4 (bullae or extensive erosions involving at least
50% of the test area). Isolated evidence of faint to moderate
erythema was observed in three subjects during the induction
phase. Three subjects also had reactions during the challenge
phase; however, no evidence of allergic contact dermatitis was
found (Jordan 1994).

The skin irritation/sensitization potential of Nonoxynol-2
(10% in mineral oil) was evaluated using 111 volunteers (15
males, 96 females; 18 to 64 years old). Eight of the original 111
withdrew from the study for reasons that were unrelated to ad-
ministration of the test substance. The experimental procedure
and grading scale for this study were as given in the preced-
ing paragraph. During the induction phase, isolated evidence of
slight to moderate erythema was observed in 15 subjects, and, in
an additional subject, strong, infiltrated erythema was observed
after removal of the last induction patch. The subject with the
strong induction reaction also had allergic reactions during the
challenge phase. A total of 23 subjects had reactions during
the challenge phase; however, 9 of the 23 had reactions that
were classified as allergic contact dermatitis. Seven of the nine
subjects with allergic contact dermatitis were retested according
to a different procedure. The test substance was applied under
a semiocclusive patch for 30 minutes, after which the test site
was rinsed with warm water. Reactions were scored at 24 hours
postapplication (seven subjects) and at 24 and 48 hours postap-
plication (one subject). In the retest, discernible, mild allergic
responses were observed in two of seven subjects; reactions were
not observed in the remaining five. The investigators concluded
that Nonoxynol-2 (10% in mineral oil) induced allergic contact
sensitization in the initial experiment. However, when exposure
was limited to 30 minutes, evidence of a mild allergic response
was observed in two of the seven subjects with allergic contact
sensitization who were retested (Jordan 1995a).

The skin irritation/sensitization potential of Nonoxynol4
(10% in mineral oil) was evaluated using 111 volunteers (10
males, 101 females; 19 to 62 years old). Four of the original
111 withdrew from the study for reasons that were unrelated
to administration of the test substance. The experimental pro-
cedure and grading scale are referred to in the preceding para-
graph. During the induction phase, isolated evidence of faint to
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moderate erythema was observed in 36 subjects. A total of 31
subjects had reactions during the challenge phase; however, only
3 of the 36 had reactions that were classified as allergic contact
dermatitis. The three subjects with allergic contact dermatitis
were retested according to the retest procedure included in the
preceding paragraph. In the retest, a discernible mild allergic re-
sponse was observed in one of the three subjects; reactions were
not observed in the remaining two. The investigators concluded
that Nonoxynol-4 (10% in mineral oil) induced allergic contact
sensitization in the initial experiment. However, when exposure
was limited to 30 minutes (retest), evidence of a mild allergic
response was observed in one of the three subjects with allergic
contact dermatitis (Jordan 1995b).

Provocative Tests
A total of twelve contact dermatitis patients were patch tested

with the ingredients of a topical antiseptic preparation accord-
ing to the International Contact Dermatitis Research Group’s
(ICDRG) patch test procedure (Wilkinson et al. 1970). Ten
of the patients had used antiseptic preparations that contained
Nonoxynol-9; all 10 had not used the same antiseptic prepara-
tion. The remaining two patients had used antiseptic prepara-
tions that contained Nonoxynol-8.3 and Nonoxynol-10, respec-
tively. Nonoxynol-8.3, -9, and - 10 were tested at concentrations
of 2.0% in water. The patches remained in place for 48 hours and
reactions were scored at 48 hours and at 72 or 96 hours. All of
the patients had positive reactions to 2.0% aqueous Nonoxynol
solutions either at 72 or 96 hours; reactions classified as ++
(strong, edematous, or vesicular reaction) were observed in all
patients. Epicutaneous test results for other ingredients of an-
tiseptic preparations were negative, with the exception of one
patient who reacted to the antiseptic iodine (Dooms-Goossens
et al. 1989).

When 6 of the 12 patients in the above study were tested with
2.0% aqueous Nonoxynol-6, -8.3, -9, -10, -14, and -18 several
months later according to the ICDRG patch test procedure, most
of the reactions observed at 72 or 96 hours were ++ reactions.
However, in some instances, a + (weak, nonvesicular reaction),
negative, or doubtful reaction was observed. Subjects 1, 2, and
7 each had a + reaction to Nonoxynol-18 at 72 hours. Addi-
tionally, Subject 5 had a + reaction to Nonoxynol-6 at 96 hours
and Subject 4 had a + reaction to Nonoxynol-8.3 at 96 hours.
Subjects 4 and 6 each had negative reactions to Nonoxynol-18
at 96 and 72 hours, respectively. Finally, Subject 5 had what was
classified as a doubtful reaction to Nonoxynol-8.3, -10, -14, and
-18. This subject did not return for retesting (Dooms-Goossens
et al. 1989).

Photosensitization

Photosensitization was observed in sun-exposed areas of two
patients (72-year-old male; 71-year-old female) who had been
treated with an antiseptic preparation that contained Nonoxynol-
10. Based on these case reports, a follow-up photosensitization
study involving the 2 patients and 32 control subjects was initi-

ated. The 13 male and 19 female control subjects, all suspected
of having photodermatosis, had a mean age of 42 years and
had never used the antiseptic preparation that induced photo-
sensitization in the two elderly patients. The control subjects
and two patients were patch-tested with the antiseptic prepa-
ration, undiluted Nonoxynol-10, 2% Nonoxynol-10 in petro-
latum, and 0.2 and 2% Nonoxynol-10 in water. The two pa-
tients were also patch-tested with 1% Nonoxynol-10 in water.
Three series of patch tests (Finn chambers) were placed on the
backs of all subjects, with the exception of one subject (72-
year-old patient) who received an additional (fourth) series. Test
sites (two series of patch tests only) were exposed to a subery-
themal dose of UVA (330 to 460 nm; 35 mW/cm*)  or UVB
(285 to 350 nm; 1.5 mW/cm*)  light at 24 hours postapplication.
Test sites (irradiated and nonirradiated series) were evaluated at
72 hours postapplication. Results for each UV exposure and
each chemical were not reported. One male patient had photo-
sensitization reactions to the antiseptic preparation and to 0.2,1,
and 2% aqueous Nonoxynol- 10. Undiluted Nonoxynol- 10 did
not induce photosensitization. Reactions were not observed in
any of the remaining photopatch tests or at nonirradiated sites.
One female patient had photosensitization reactions to the an-
tiseptic preparation and to 2% Nonoxynol-10 in petrolatum.
Again, undiluted Nonoxynol- 10 did not induce photosensiti-
zation. Reactions were not observed in any of the remaining
photopatch tests or at nonirradiated sites. Of the 32 control
subjects, 13 had photosensitization reactions to the antiseptic
preparation and four had photosensitization reactions to aque-
ous Nonoxynol-10. There were no photosensitization reactions
to undiluted Nonoxynol-10 (Michel et al. 1994).

Case Reports

Scaling, redness, vesiculation, and fissuring of the dorsal
hands and forearms, associated with a transverse dystrophy of
the fingernails, was observed in a 58-year-old uranium mill
worker who used a waterless hand cleanser containing Nonoxy-
nol-6 at work. The patient had an allergic contact reaction (l+
reaction) to 0.5% Nonoxynol-6, in petrolatum, at 48 and 96
hours. Reactions to Nonoxynol-6 (0.5% in petrolatum) were not
observed in eight control subjects (Nethercott and Lawrence
1984).

Allergic contact dermatitis was diagnosed in a 61-year-old
female patient with rheumatoid arthritis who had recently had
foot surgery. Hibitane (cleanser) had been applied to the surgical
wound daily for 6 days, and there was no evidence of dermatitis
after applications were discontinued. The patient had positive
patch test reactions to 0.04% aqueous Nonoxynol, the surfactant
in Hibitane (Kabasawa and Kanzaki 1989).

Dermatitis was observed on the hands and forearms of a 64-
year-old worker in the metal industry who regularly immersed
metal objects into a fluid containing Nonoxynol-6. Patch test re-
sults indicated weak, nonvesicularreactions (score = +) to 0.001,
0.01, and 0.1% aqueous Nonoxynol-6, and strong edematous or
vesicular reactions (score = ++) to 1 .O and 5.0% Nonoxynol-6.
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Reactions were not observed in a control group of 165 patients
patch tested with 1 .O% Nonoxynol-6 (Meding 1985).

SUMMARY

Nonoxynol-1, -2, -3, -4, -5, -6, -7, and -8 are ethoxylated
alkylphenols that are used in cosmetic products as surfactants-
emulsifying agents. The product formulation data submitted to
the Food and Drug Administration (FDA) in 1996 indicated that,
collectively, Nonoxynol-1, -2, -4, -5, -6, and -7 were used in a
total of 870 cosmetic products. There were no reported uses of
Nonoxynol-3 and -8 in 1996.

Concentration of use data are no longer reported to FDA by
the cosmetics industry. The following concentration of use data
on Nonoxynols in Clairol hair care and color products were sub-
mitted to CIR in 1994: Nonoxynol-2 was used at concentrations
ranging from 1 to 20% in approximately 140 hair coloring prod-
ucts containing either oxidative or direct hair dyes. Nonoxynol4
was used at concentrations ranging from 2 to 10% in approx-
imately 200 hair coloring products containing either oxidative
or direct dyes. Nonoxynol-9 was used at concentrations ranging
from 1 to 20% in approximately 40 hair coloring products con-
taining oxidative dyes and hair care products. Data submitted to
CTFA in 1995 indicated that Nonoxynol-2 was used at concen-
trations of 1 to 20% (on head, 0.5 to 10%) and that Nonoxynol-4
was used at concentrations of 2 to 10% (on head, 1.05 to 5.0%).

In in vitro skin penetration studies using cadaver skin (rinse-
off and leave-on protocols), the total skin penetration of Nonoxy-
nol-2, -4, and -9 was less than 1% over a period of 48 hours. In
mice intravenously injected with 14C-Nonoxynol-9,  the highest
amounts of radioactivity were reported for the small and large
intestines. 14C  radioactivity was excreted mainly in the urine
and feces. An HPLC analysis of the urine and bile indicated that
no intact Nonoxynol-9 was present in the bile or urine, and that
Nonoxynol-9 was metabolized to highly polar species.

Nonoxynol-5 and -6 were slightly toxic in acute oral tox-
icity studies involving rats. In 90-day feeding studies involv-
ing rats and dogs, there were no test substance-related deaths
after the administration of 0.040, 0.20, or 1.0 g/kg/day doses
of Nonoxynol-6. However, elevated liver-to-body weight ratios
were reported. In acute dermal toxicity studies involving rabbits,
LD=,as for Nonoxynol-5 and -6 were not achieved at doses of 2.0
and 3.0 g/kg, respectively. These chemicals would be classified
as slightly toxic, at most.

Intraperitoneal injections of Nonoxynol-9 (5 mg/lOO g body
weight) daily for 5 days induced morphologic and biochemical
changes in the liver of rats. Intravaginal injections of this ingre-
dient (5 mg/lOOg)  daily for up to 20 days induced morphologic
and biochemical changes in the liver and biochemical changes
in the kidneys of rats.

In in vitro tests, Nonoxynol-9 caused complete hemolysis
of erythrocytes (from rabbits) at concentrations of 0.006 to
0.12%,  and was cytotoxic to rat liver cells at concentrations of
> 10 pg/ml to 50 I*g/ml.

Daily intraperitoneal injections (24 days) of 0.2% Nonoxy-
nol-9 in sterile saline did not induce immunotoxicity in female
mice.

Nonoxynol-6 induced severe ocular irritation reactions in
rabbits. Severe ocular irritation was also observed in animals
(species not stated) tested with Nonoxynol-5.

Skin irritation reactions were observed in rabbits patch-tested
with concentrations of 25 to 100% Nonoxynol-6 in petrolatum.
In another study, Nonoxynol-6 was severely irritating to both
abraded and intact skin of rabbits. Nonoxynol-5 was also clas-
sified as a severe skin irritant in animals (species not stated).
Mucous membrane irritation was observed in groups of rabbits
dosed intravaginally with Nonoxynol-9 (2.5 to 50.0 mg) with
concentrations ranging from 2.5 to 75.0%.

In the maximization test, Nonoxynol-6 (test concentrations
up to 27%) was not a sensitizer in guinea pigs. The nonirritant
test concentration in a pretest control group of guinea pigs was
determined to be 2.7%.

The intraperitoneal administration of Nonoxynol-9 at doses
ranging from 20 to 60 mg/kg for 5 days did not cause an increase
in the frequency of morphologically abnormal sperm over that
observed in the control group. Intravaginal doses of Nonoxy-
nol-9 (5 mg/lOO g body weight) on gestation days 3 and 7 caused
significant differences in the number of normal implantation
sites and the number of resorption sites between experimental
and control groups. Nonoxynol-10 (600 mg/kg/day) did not in-
duce developmental toxicity in female mice dosed orally on days
6 through 13 of gestation. Nonoxynol-9 was embryolethal and
fetocidal, but not teratogenic, when administered intravaginally
(2.5 mg/lOO g body weight) to groups of pregnant rats on days
1 through 10 of gestation. In another study, the no-effect level
for Nonoxynol-9 in an oral teratogenicity study was 50 mg/
kg/day (gestation days 9 to 15); doses up to 500 mg/kg/day
were administered. Nonoxynol-30 induced neither reproductive
nor teratogenic effects on the skeleton and soft tissues of female
rats at doses of 50,250, and 1000 mg/kg/day.  When doses of 50
and 500 mglkglday  Nonoxynol-9 (gestation days 6 to 15) were
administered dermally to female rats, no dose-related effects on
skeletal and soft tissues were observed; however, a significant
increase in extra ribs was observed only in the 50 mglkg dose
group. In another study, it was concluded that Nonoxynol-9 (in
a contraceptive cream) was neither embryotoxic nor teratogenic
when administered intravaginally to female rats at doses up to
40 mg Nonoxynol/kg/day  on days 6 through 15 of gestation. The
oral administration of a product containing 14.0% nonylphenoxy
polyethoxy ethanol (a Nonoxynol; number of moles ethylene
oxide not stated) on days 7 to 16 of gestation did not result in
any significant differences in fetal malformations between ex-
perimental and control groups. Doses up to 50 mg/kg/day  were
tested.

Nonoxynol-9 was not mutagenic in the Ames test or unsched-
uled DNA synthesis assay (adult rat hepatocytes), and did not
induce malignant transformations (in vitro) in rat liver T51B
cells. Nonoxynol-10 also was not mutagenic in the Ames test.
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Malignant transformations (in vitro) were observed in mouse fi- and in 3 of 107 subjects patch tested with 10% Nonoxynol4 in
broblasts (BALB/3T3 and lOT1/2 cells) that were incubated with mineral oil.
Nonoxynol-9; Nonoxynol40 did not induce malignant transfor-
mations. Nonoxynol-9 was neither toxic nor carcinogenic in a
lifetime exposure study involving rats. The rats were dosed intra- DISCUSSION

vaginally with 6.7 and 33.6 mglkg Nonoxynol-9 three times per The Expert Panel recognizes that Nonoxynols may contain
week for a total of 24 months. trace amounts of ethylene oxide, and that the International

Blood test results on samples obtained from 10 women who Agency for Research on Cancer (IARC) has concluded that ethy-
received intravaginal applications of Nonoxynol-9 daily for 14 lene oxide is carcinogenic to humans. Nonoxynol-1 can contain
consecutive days indicated no effects on either hepatic func- up to 20 ppm ethylene oxide, and Nonoxynol-6 up to 35 ppm.
tion or hematologic parameters. The only significant finding The Panel also expressed concern over unreacted C9 phenols
was a reduction in serum cholesterol. No evidence of alterations that can be present in Nonoxynols, and noted that such impuri-
in hepatic function, based on blood test results for 30 women ties should not be present at toxic concentrations. The results of
who had received intravaginal applications of a cream contain- an impurities analysis that was performed to address this con-
ing 5.0% Nonoxynol-9 daily for 14 days was observed. Vaginal cern indicated that nonylphenol (unreacted C9) was detected at
mucous membrane irritation was observed in 6 of 14 women concentrations of (500  ppm in samples of Nonoxynol-2, -4,
after insertion of a suppository containing 150 mg Nonoxynol-9 and -9. In the same analysis, neither 1,4-dioxane  nor ethylene
(hourly for 4 consecutive hours) for 14 consecutive days. The oxide was detected in triplicate samples of Nonoxynol-2. How-
results of another study indicated that frequent use of vaginal ever, Nonoxynol-4 (5 samples) contained 4.5 to 20 ppm 1,4-
suppositories containing Nonoxynol-9 (150 mg) may result in dioxane and 7.9 to 67 ppm ethylene oxide. Triplicate samples of
increased epithelial disruption. Use frequencies in the groups Nonoxynol-9 contained ~4.5 to 5.9 ppm IQ-dioxane and ~3.6
tested ranged from one suppository every other day for 2 weeks to 12.2 ppm ethylene oxide.
to four suppositories daily for 2 weeks. The International Organization for Standardization (ISO),  a

Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in min- worldwide federation of national standards bodies, has estab-
eral oil), and Nonoxynol4 (10% in mineral oil) were tested in lished residue limits for ethylene oxide in each medical device,
three separate human repeated insult patch tests (predictive), in terms of the dose delivered to patients. The limit for exposure
respectively, according to the same procedure. There was no ev- to ethylene oxide for 30 days to life is an average of 0.1 mglday,
idence of allergic contact dermatitis in any of the 102 subjects not to exceed 20 mg in any given day, 60 mg in a month, or
patch tested with 5% Nonoxynol-2 in mineral oil. Allergic con- 2,500 mg in a life time (IS0 1993). This limit was based on
tact dermatitis was observed in 9 of 103 subjects patch tested chronic toxicity and carcinogenicity studies (Dunkelberg 1982;
with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects Snellings, Weil, and Maronpot 1984; Lynch et al. 1983, 1984;
patch tested with 10% Nonoxynol4 in mineral oil. Strong sen- NTP, 1987). With the exception of the oral carcinogenicity study
sitization reactions were observed in each of the 12 contact der- by Dunkelberg (1982),  all were inhalation studies.
matitis patients patch tested with a 2.0% aqueous solutions of Based on the above information, the Panel concluded that
Nonoxynol-8.3, -9, or -10. Ten of the patients had used anti- the ethylene oxide content of Nonoxynols in cosmetic prod-
septic preparations containing Nonoxynol-9, and the remaining ucts should not result in ethylene oxide exposures that approach
two, antiseptic preparations containing Nonoxynol-8.3 and -10, 0.1 mg/day. In arriving at this conclusion, the Panel recog-
respectively. Six of the 12 patients were retested several months nized that use of a cosmetic product only in excessive amounts
later, and each of the six had a sensitization reaction to 2% aque- could yield this level of exposure. The Panel considered case re-
ous Nonoxynol-6, -8.3, -9, - 10, - 14, and - 18. ports of photosensitization reactions to Nonoxynol- 10 (concen-

Photosensitization reactions to diluted Nonoxynol- 10 (con- trations up to 2% aqueous) reported in two patients who had been
centrations up to 2% aqueous), but pot to undiluted Nonoxynol- treated with an antiseptic preparation that contained Nonoxy-
10, were reported in two patients who had been treated with an nol-10. Although similar results were reported for 4 of 32 con-
antiseptic preparation that contained Nonoxynol- 10. Follow-up trol subjects who had never used this antiseptic preparation, these
studies on 32 control subjects who had never used this antiseptic additional data were not sufficiently comprehensive to show a
preparation showed an inconsistent pattern of reactions. pattern of photosensitization. Because the patients had reactions

Allergic reactions to Nonoxynol-6 were noted in two case to diluted Nonoxynol- 10, but not undiluted Nonoxynol- 10, the
reports. However, no reactions were observed when 8 and 165 Expert Panel concluded that the study results were not a valid
control subjects were patch tested with 0.5% and 1 .O%  Nonoxy- indication of any adverse effect.
nol-6, respectively. In human repeated insult patch tests, there In human repeated insult patch tests, there was no evidence
was no evidence of allergic contact dermatitis in any of the of allergic contact dermatitis in any of the 102 subjects patch
102 subjects patch tested with 5% Nonoxynol-2 in mineral oil. tested with 5% Nonoxynol-2 in mineral oil. However, allergic
However, allergic contact dermatitis was observed in nine of contact dermatitis was observed in 9 of 103 subjects patch tested
103 subjects patch tested with 10% Nonoxynol-2 in mineral oil with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects
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patch tested with 10% Nonoxynol4 in mineral oil. In in vitro Arthur D. Little, Inc. 1977. “All@  ethoxylates.” Human safety and environmen-

skin penetration studies using cadaver skin (rinse-off and leave- tal aspects of major surfactants. A report to the Soap and Detergent Associa-

on protocols), the total skin penetration of Nonoxynol-2, -4, and tion, Cambridge, MA, pp. 387456.

-9 was less than 1% over a period of 48 hours. Based on the
Berek, D., and L. Novak. 1973. Oligomeric polyethers characterized by gel

human repeated insult patch test data and the results of in vitro
chromatography. Chem. Prum. 23:91-94.

skin penetration studies, the Panel determined that cosmetic use
Bird, K. D. 199 1. The use of spermicide containing Nonoxynol-9 in the preven-

tion of HIV infection. AIDS 5:791-796.

concentrations of Nonoxvnol-2 and -4 and other low-molecular- Buerger, K. 1963. Thin-layer chromatographic method for determination of the

weight Nonoxynols (not-greater than Nonoxynol-8) should be molecular weight distribution and the oxyethylation degree of poly(ethylene

limited to ~5% in leave-on products. oxide) condensates. Frensenius’  2. Ad.  Chem. 196:259-268.

Due to the severity of ocular irritation reactions that were ob-
Buttar,  H. S. 1982a.  Transvaginal absorption and disposition of Nonoxynol-9 in

gravid  rats. Toxicol. L.eff.  13:21  l-216.
served in animal studies, products containing Nonoxynol- 1, -5, B&r, H. S. 1982b.  Assessment of the embryotoxic and teratogenic potential

and -6, and, perhaps, other low-molecular-weight Nonoxynols,
should not be used in the area surrounding the eyes.

CONCLUSION

On the basis of the available animal and clinical data included
in this report, the CIR Expert Panel concludes that Nonoxynol- 1,
-2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-off products
and safe at concentrations of 55% in leave-on products. [Note:
This conclusion modifies a previous conclusion for Nonoxynol-
2, -4, and -8, which had been considered safe as used in both
rinse-off and leave-on products (Elder 1983).]
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2015 FDA VCRP Data
Nonoxynol-1
12C - Face and Neck (exc shave) 2
Total 2

Nonoxynol-2
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 58
Total 58

Nonoxynol-4
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 88
06G - Hair Bleaches 1
10E - Other Personal Cleanliness Products 1
Total 90

Nonoxynol-5
12F - Moisturizing 1
Total 1

Nonoxynol-6
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 64
06B - Hair Tints 1
Total 65

Nonoxynol-9
04A - Cologne and Toilet waters 1
05B - Hair Spray (aerosol fixatives) 1
05F - Shampoos (non-coloring) 1
10A - Bath Soaps and Detergents 1
12A - Cleansing 1
12C - Face and Neck (exc shave) 1
12D - Body and Hand (exc shave) 1
12H - Paste Masks (mud packs) 1
12J - Other Skin Care Preps 1
13A - Suntan Gels, Creams, and Liquids 1
Total 10

Nonoxynol-10
01A - Baby Shampoos 1
05A - Hair Conditioner 11
05D - Permanent Waves 2
05G - Tonics, Dressings, and Other Hair Grooming Aids 4
10E - Other Personal Cleanliness Products 4
12A - Cleansing 2
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12F - Moisturizing 1
Total 25

Nonoxynol-12
03F - Mascara 1
03G - Other Eye Makeup Preparations 1
05D - Permanent Waves 2
05F - Shampoos (non-coloring) 1
05G - Tonics, Dressings, and Other Hair Grooming Aids 1
05I - Other Hair Preparations 2
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 2
11A - Aftershave Lotion 1
12J - Other Skin Care Preps 1
Total 12

Nonoxynol-14
12D - Body and Hand (exc shave) 1
Total 1

Nonoxynol-15
12J - Other Skin Care Preps 1
Total 1

Nonoxynol-23
05A - Hair Conditioner 1
Total 1

Nonoxynol-30
05D - Permanent Waves 1
Total 1
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From: Europe Direct [mailto:citizen_reply@edcc.ec.europa.eu]  
Sent: Friday, April 03, 2015 5:11 AM 
To: Wilbur Johnson 
Subject: [Case_ID: 1034027 / 8907579] Nonylphenol and Nonylphenol Ethoxylates in Cosmetic and 
Other Industrial Products 
 
Dear Mr Johnson, Jr., 
Thank you for contacting us. 
 
Regulation 1223/2009 on cosmetic products banon the marketing of cosmetic products 
containing nonylphenol (CAS: 25154-52-3) and 4-nonylphenol, branched (CAS: 84852-15-3). 
Article 17 of the Regulation allows however the presence of traces in products provided that 
such presence is technically unavoidable in good manufacturing practice and that the product 
does not cause damage to human health. 
Entry 46 of Annex XVII to REACH bans the placing on the market of nonylphenol and 
nonylphenol ethoxylates as a substance or in mixtures in a number of applications including 
cosmetic products, when the concentration is higher than 0.1% by weight: 
http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2006R1907:20130701:EN:PDF#page=23
9 
 
You find the Opinion on an Annex XV dossier proposing restrictions on Nonylphenol and 
Nonylphenol ethoxylates of the Committee for Risk Assessment (RAC) here: 
http://echa.europa.eu/documents/10162/13641/rac_opinion_nonylphenol_en.pdf 
 
For further information about the safety assessment of the mentioned substances, we invite 
you to contact the European Chemicals Agency: 
http://echa.europa.eu/en/web/guest/echa-information-desk 
 
We hope you find this information useful. Please contact us again if you have other questions. 
 
With kind regards, 
EUROPE DIRECT Contact Centre 
http://europa.eu - your shortcut to the EU! 
The General Report on the Activities of the European Union in 2014 is now available. It gives 
an account of the EU's major initiatives and achievements of the past year. 
If you would like to know more please click here: http://europa.eu/publications/reports-
booklets/general-report/index_en.htm 
 
Disclaimer 
EUROPE DIRECT is the general information service of the EU. Please note that the information 
provided by EUROPE DIRECT is not legally binding. 
 
-------------------------------------------------- 
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Date: Thursday, 02/04/2015 21:55:14 
From: "Wilbur Johnson, Jr." <johnsonw@cir-safety.org> 
Subject: [Case_ID: 1034027 / 8907579] Nonylphenol and Nonylphenol Ethoxylates in Cosmetic 
and Other Industrial Products 
-------------------------------------------------- 
I would like to have an understanding of the basis for the 0.1% concentration limit for 
nonylphenol and nonylphenol ethoxylates in cosmetic and other industrial products. Is the limit 
based on safety test data? If so, which study or studies were used to establish the 0.1% 
concentration limit? Why is the limit 0.1% and not 1%? Thank you in advance for your effort to 
answer these questions.  
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From: Europe Direct [mailto:citizen_reply@edcc.ec.europa.eu]  
Sent: Monday, April 20, 2015 9:32 AM 
To: Wilbur Johnson 
Subject: [Case_ID: 1034027 / 2907570] Nonylphenol and Nonylphenol Ethoxylates in Cosmetic and 
Other Industrial Products 
 
Dear Mr Johnson, Jr., 
 
Thank you for contacting us. 
 
You find human health hazard assessment and environmental hazard assessments in following 
two support documents for identification of 4-nonylphol, branded and linear: 
Identification of 4-nonylphol, branded and linear, exthoxylated -on concern to those of CMR2 
and PBT/vPvB substances (2013): 
http://echa.europa.eu/documents/10162/14598345/support_document_4-
nonylphenol+ethoxylates_20130612_en.pdf 
 
 
Identification of 4-nonylphol, branded and linear - on concern to those of CMRs and 
PBTs/vPVBs (2012): 
http://echa.europa.eu/documents/10162/16559221-1576-43d6-8306-228357265f34 
 
As mentioned in our previous message, for further information on the chemicals, we suggest 
that you contact the ECHA through the following webform: 
http://echa.europa.eu/en/web/guest/echa-information-desk 
 
We hope you find this information useful. Please contact us again if you have other questions. 
 
With kind regards, 
EUROPE DIRECT Contact Centre 
http://europa.eu - your shortcut to the EU! 
 
The General Report on the Activities of the European Union in 2014 is now available. It gives 
an account of the EU's major initiatives and achievements of the past year. 
If you would like to know more please click here: http://europa.eu/publications/reports-
booklets/general-report/index_en.htm 
 
Disclaimer 
EUROPE DIRECT is the general information service of the EU. Please note that the information 
provided by EUROPE DIRECT is not legally binding. 
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Date: Monday, 20/04/2015 15:29:28 
From: "Wilbur Johnson, Jr." <johnsonw@cir-safety.org> 
Subject: [Case_ID: 1034027 / 2907570] Nonylphenol and Nonylphenol Ethoxylates in Cosmetic 
and Other Industrial Products 
-------------------------------------------------- 
 
 

Dear Europe Direct Staff: 
 
  
 
Your responses to my questions are appreciated. 
 
  
 
Would it be possible for you to attach a copy of the risk assessment upon which the 0.1% concentration 
limit is based?  The availability of this document would  
be greatly appreciated. 
 
  
 
Thank you in advance for your cooperation. 
 
  
 
Sincerely, 
 
  
 
Wilbur Johnson, Jr. 
 
Senior Scientific Analyst 
 
Cosmetic Ingredient Review 
 
1620 L Street, NW, Suite 1200 
 
Washington, D.C. 20036 
 
Phone: 202 454-0305 
 
e-mail:  
johnsonw@cir-safety.org 
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From:  Ivan Boyer 
Sent: Tuesday, April 21, 2015 12:48 PM 
To: Wilbur Johnson 
Subject: RE: [Case_ID: 1034027 / 2907570] Nonylphenol and Nonylphenol Ethoxylates in Cosmetic and 
Other Industrial Products 
 
I read through the documents, and highlighted passages that caught my attention (attached).  Neither of 
these documents discusses the 0.1% (= 1000 ppm = 1000 mg/l) limit.  Based on the summary of the risk 
assessment (a 2002 document cited in both of the attached – see highlighted reference) and in the WHO 
report I noted in one of my earlier messages on this topic, in which NOECs and LOECs are much, much 
lower than 0.1%, I think this confirms that the 0.1% was not derived based on the NOECs or LOECs 
reported (therefore, other factors determined the 0.1% standard for these compounds, as discussed in 
my previous e-mails). 
 
Note that concern was definitely the potential endocrine disruption of ecological species, and that the 
documents, above, clearly indicate that a human health risk assessment “was not relevant for the 
proposed SVHC identification.” 
 
The WHO report cites: EC. 2001. European Union Risk-Assessment Report Vol.10, 2002 on 4-nonyl 
phenol (branched) and nonylphenol, European Chemicals Bureau, Joint Research Centre, European 
Commission, Ispra, Italy, ISBN 92-827-801. 
 
The attached reports cite: European Commission. 2002. European Union Risk Assessment Report 4-
nonylphenol (branched) and nonylphenol. 
 
I think it is safe to say that they are all citing the same EU-RA report.  I doubt the EU-RA report presents 
the rationale for the 0.1%, because that limit was based on risk management factors other than simply 
the results of the EU-RA, as suggested in my previous e-mails. 
 
I hope this helps – let me know. 
 
Ivan. 
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Substance Name: 4-Nonylphenol, branched and linear, 
ethoxylated1 

EC Number: - 

CAS Number: - 

 

 

MEMBER STATE COMMITTEE  

SUPPORT DOCUMENT FOR IDENTIFICATION OF 
 

4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED  
 

AS SUBSTANCES OF VERY HIGH CONCERN BECAUSE, DUE TO 
THEIR DEGRADATION TO SUBSTANCES OF VERY HIGH 
CONCERN (4-NONYLPHENOL, BRANCHED AND LINEAR) 

WITH ENDOCRINE DISRUPTING PROPERTIES, THEY CAUSE 
PROBABLE SERIOUS EFFECTS TO THE ENVIRONMENT WHICH 

GIVE RISE TO AN EQUIVALENT LEVEL OF CONCERN TO 
THOSE OF CMR2 and PBT/vPvB3 SUBSTANCES 

Adopted on 12 June 2013 

 

 

 

 

                                           
1 Please note that the full name of the substance as it will appear in the Candidate List is: 4-Nonylphenol, branched 
and linear, ethoxylated [substances with a linear and/or branched alkyl chain with a carbon number of 9 covalently 
bound in position 4 to phenol, ethoxylated covering UVCB- and well-defined substances, polymers and homologues, 
which include any of the individual isomers and/or combinations thereof] 
2 CMR means carcinogenic, mutagenic or toxic for reproduction 
3 PBT means persistent, bioaccumulative and toxic; vPvB means very persistent and very bioaccumulative 
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Substance Name(s): 4-Nonylphenol, branched and linear, ethoxylated4  

EC Number(s): -  

CAS number(s): -  

• The substances covered by the entry 4-Nonylphenol, branched and linear, ethoxylated 
[substances with a linear and/or branched alkyl chain with a carbon number of 9 covalently 
bound in position 4 to phenol, ethoxylated covering UVCB- and well-defined substances, 
polymers and homologues, which include any of the individual isomers and/or combinations 
thereof] are identified as substances meeting the criteria of Article 57 (f) of Regulation (EC) 
1907/2006 (REACH) because (through their degradation) they are substances with 
endocrine disrupting properties for which there is scientific evidence of probable serious 
effects to the environment which give rise to an equivalent level of concern to those of 
other substances listed in points (a) to (e) of Article 57 of REACH. 

 

Summary of how the substances  meet the criteria of Article 57(f) of REACH 

4-Nonylphenol, branched and linear, ethoxylated [substances with a linear and/or branched 
alkyl chain with a carbon number of 9 covalently bound in position 4 to phenol, ethoxylated 
covering UVCB- and well-defined substances, polymers and homologues, which include any of 
the individual isomers and/or combinations thereof] are identified as substances of very high 
concern in accordance with Article 57 (f) of Regulation (EC) 1907/2006 (REACH) because, due 
to their degradation, they are a relevant source in the environment of substances of very high 
concern (4-Nonylphenol, branched and linear (4-NP)). Therefore, there is scientific evidence of 
probable serious effects to the environment from these substances, through their degradation 
to 4-Nonylphenol, branched and linear, which gives rise to an equivalent level of concern to 
those of other substances listed in points (a) to (e) of Article 57 of REACH. 

This conclusion is based on the fact that 4-Nonylphenol, branched and linear, ethoxylated (4-
NPnEO) degrade to 4-Nonylphenol, branched and linear, either already in wastewater 
treatment plants, or via further degradation processes in sediments (e.g. of aquatic bodies 
receiving the wastewater effluents) and soils (e.g. receiving sewage sludge). Available 
information for 4-NPnEO indicate that 4-NPnEO contribute to the 4-NP concentration in the 
environment. A significant amount is either degraded to 4-NP itself in waste water treatment 
plants or is released to rivers in a form which may undergo further degradation to 4-NP. 
According to available data from sewage treatment plants, 4-NP formed from degradation of 4-
NPnEO is responsible for an increase of the 4-NP load to the environment (soil, sediment and 
water) by 54 to 758 %.  Sediment organisms may be exposed to 4-NP, which results from the 
degradation of 4-NPnEO, either directly, downstream of the effluent, or in the longer term after 
its adsorption to sediment and soil. Similar holds true for pelagic organisms such as fish which 
may be exposed via remobilisation of 4-NP from sediment to the water body.  

Based on the above conclusion, evidence that these substances are of an equivalent level of 
concern includes: 

• 4-Nonylphenol, branched and linear have been identified as substances of very high 
concern and included in the Candidate List due to the endocrine disrupting properties 
which cause probable serious effects to the environment 

                                           
4 4-Nonylphenol, branched and linear, ethoxylated [substances with a linear and/or branched alkyl chain with a carbon 
number of 9 covalently bound in position 4 to phenol, ethoxylated covering UVCB- and well-defined substances, 
polymers and homologues, which include any of the individual isomers and/or combinations thereof] 
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• To be consistent with the approach implemented in Annex XIII of the REACH regulation 
for PBT substances, it seems reasonable to conclude that any substance which may 
result in relevant exposure to a SVHC (i.e. due to degradation to this substance under 
environmental conditions) should be considered as SVHC itself as it results in the same 
equivalent level of concern.  

• Once released to the environment 4-NPnEO will remain a long-term source of 4-NP due 
to the tendency of short chain ethoxylates to bind to the sediment combined with a 
very slow degradation in anaerobic sediments of both the ethoxylates and their 
degradation product 4-NP. Therefore, 4-NP formed by degradation of its ethoxylates 
may accumulate in sediment. 

• Especially due to the fact, that short term exposure to 4-NP may result in life time 
effects in aquatic organisms and due to the fact that sudden environmental events may 
increase short term exposure concentrations, such a sink (mainly of short chain 
ethoxylates) and long-term source for 4-NP is considered of very high concern. 

The equivalent level of concern is based on the degradation to 4-NP. However for further 
considerations it is important to note that available information for NPnEO indicate that short 
chain ethoxylates (NP1EO and NP2EO) show endocrine activity themselves:  Results for 
Onchorhynchus mykiss and Oryzias latipes with NP1EO and NP2EO indicate that the in vivo 
and in vitro endocrine activity is nearly as high (factor 10) or similar to the endocrine activity 
of 4-nonylphenol. These tests do not include adverse endpoints. Hence, it is not possible to 
conclude whether 4-NP1EO and 4-NP2EO are endocrine disruptors themselves, or not. 
However due to the similar in vivo endocrine activity and information available for 4-NP it 
seems possible that these substances may cause endocrine disrupting adverse effects.   

 

Registration dossiers submitted for the substances: none 
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JUSTIFICATION 

 

1 Identity of the substance and physical and chemical 

properties 

1.1 Name and other identifiers of the substance 

Table 1: Substance identity 

EC number: - 

EC name: - 

CAS number (in the EC inventory): - 

CAS number: - 

CAS name: - 

IUPAC name: 4-Nonylphenol, branched and linear, ethoxylated 
[substances with a linear and/or branched alkyl chain 
with a carbon number of 9 covalently bound in position 
4 to phenol, ethoxylated covering UVCB- and well-
defined substances, polymers and homologues, which 
include any of the individual isomers and/or 
combinations thereof] 

 

Index number in Annex VI of the CLP 
Regulation 

- 

Molecular formula: (C2H4O)n C15H24O  , with n≥1 

Molecular weight range: - 

Synonyms: - 

 

Structural formula:  

( C9 branched or linear)

O C
H2

C
H2

OHn
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1.2 Composition of the substance 

Name: 4-Nonylphenol, branched and linear, ethoxylated [substances with a 

linear and/or branched alkyl chain with a carbon number of 9 covalently 

bound in position 4 to phenol, ethoxylated covering UVCB- and well-

defined substances, polymers and homologues, which include any of the 

individual isomers and/or combinations thereof] 

Description:  group entry 

Degree of purity:- 

 

Table 2: Constituents 

Constituents Typical concentration Concentration range Remarks 

no information available    

 
Table 3: Impurities 

Impurities Typical concentration Concentration range Remarks 

no information available    

 
Table 4: Additives 

Additives Typical concentration Concentration range Remarks 

no information available    

 

No detailed composition of the substance can be given. The given identity 4-Nonylphenol, 
branched and linear, ethoxylated [substances with a linear and/or branched alkyl chain with a 
carbon number of 9 covalently bound in position 4 to phenol, ethoxylated covering UVCB- and 
well-defined substances, polymers and homologues, which include any of the individual 
isomers and/or combinations thereof] shall cover the group of ethoxylates of 4-Nonylphenol, 
branched and linear.  

In table 5 all substances are listed which are covered by the group entry and are pre-
registered or for which a C&L notification has been submitted. No registration dossiers have 
been submitted for the substances which are listed in table 5.  

Table 5 provides a non-exhaustive list of examples of substances covered by the group entry.  
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Table 5: Non-exhaustive list of substances covered by the group entry and for which 

there is information available in REACH-IT * 

EC Name 
CAS Name: 
IUPAC Name:  

EC – 
Nr. 

CAS 
Nr. 

Molecular  
formula 

Structure 

EC Name: -  
CAS Name: Poly(oxy-1,2-
ethanediyl), α-(4-
nonylphenyl)-ω-hydroxy- 
IUPAC Name: Poly(oxy-
1,2-ethanediyl), α-(4-
nonylphenyl)-ω-hydroxy- 

- 2602
7-38-
3 

(C2H4O)n 
C15H24O 

 

EC Name: 2-[2-[2-[2-(4-
nonylphenoxy)ethoxy]etho
xy]ethoxy]ethanol 
CAS Name:  Ethanol, 2-[2-
[2-[2-(4-
nonylphenoxy)ethoxy]etho
xy]ethoxy]- 
IUPAC Name: 2-(2-(2-(2-
(4-
Nonylphenoxy)ethoxy)etho
xy)ethoxy)ethanol 

230-
770-
5 

7311-
27-5 

C23H40O5 

 

EC Name: 2-[2-(4-
nonylphenoxy)ethoxy]etha
nol 
CAS Name:  Ethanol, 2-[2-
(4-nonylphenoxy)ethoxy]- 
IUPAC Name: 2-(2-(4-
Nonylphenoxy)ethoxy)etha
nol 

243-
816-
4 

2042
7-84-
3 

C19H32O3 

 

EC Name: -  
CAS Name:   3,6,9,12,15-
Pentaoxaheptadecan-1-ol, 
17-(4-nonylphenoxy)- 
IUPAC Name: 17-(4-
Nonylphenoxy)-
3,6,9,12,15-
pentaoxaheptadecan-1-ol 

- 3416
6-38-
6 

C27H48O7 

 

EC Name: 20-(4-
nonylphenoxy)-
3,6,9,12,15,18-
hexaoxaicosan-1-ol 
CAS Name: 
3,6,9,12,15,18-
Hexaoxaeicosan-1-ol, 20-
(4-nonylphenoxy)- 
IUPAC Name: 20-(4-
Nonylphenoxy)-
3,6,9,12,15,18-
hexaoxaicosan-1-ol 

248-
743-
1 

2794
2-27-
4 

C29H52O8 

 

EC Name: -  
CAS Name:  
3,6,9,12,15,18,21,24-
Octaoxahexacosan-1-ol, 
26-(4-nonylphenoxy)- 
IUPAC Name: 26-(4-
Nonylphenoxy)-
3,6,9,12,15,18,21,24- 
octaoxahexacosan -1-ol 

- 1440
9-72-
4 

C33H60O10 

 

* This is a list of substances identified as covered by the generic substance description, however further substances 
not listed here may be covered as well. 
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The following abbreviations are used throughout the dossier: 

4-NPnEO: para - nonylphenol ethoxylated with unknown or variable branching of the  
 alkylgroup. If not indicated otherwise n describes the median grade of 
 ethoxylation of the substance. 

NPnEO nonylphenol (branched) ethoxylated with unknown or variable position and 
branching of the alkylgroup. If not indicated otherwise n describes the median 
grade of ethoxylation of the substance. 

4-NP  para - nonylphenol (branched) with unknown or variable branching of the 
alkylgroup 

NP nonylphenol (branched) with unknown or variable position and branching of the 
alkylgroup 

1.3 Physico-chemical properties 

No physical and chemical properties could be found in accepted databases for the exemplary 
noted substances in Table 5. Furthermore no registration dossiers are available for these 
substances.  

Hence no physical and chemical properties can be provided.  

Due to this fact physical chemical data are calculated with EPI-Suite v4.10 to get a brief 
overview for the substance properties. As this information is only regarded as supportive no 
appraisal for the reliability is provided. 

Table 6: Physical-chemical properties of a subset of 4-tert-nonylphenol ethoxylates with 
different grades of ethoxylation 

Grade of ethoxylation NP2EO NP4EO NP6EO NP8EO NP10EO 

molecular weight (g/mole) 308.47 396.57 484.68 572.79 660.89 

water solubility @ 25 °C (mg/l) 
(from WSKOW v1.41) 1.051 0.91 0.75 0.59 0.46 

vapour pressure @ 25 °C (mm 
Hg)* 9.14*10-9 2.28*10-11 4.02*10-14 9.78*10-17 8.71*10-24 

Henry's Law constant (atm-
m3/mol) (from HENRYWIN 
v3.20) 2.56*10-9 6.18*10-13 1.49*10-16 3.61*10-20 2.11*10-19 

Log Kow (from KOWWIN v1.67) 5.30 4.75 4.20 3.66 3.11 

 

The values in the table above are predicted data. Therefore it should be considered that not all 
possible effects, e.g. steric effects, of the substances could be included in the used models.  
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2 Harmonised classification and labelling 

4-nonylphenol ethoxylates are not classified according to Annex VI of Regulation (EC) No 
1272/2008 (CLP Regulation). 

The degradation product 4-nonylphenol is a substance of very high concern included in the 
Candidate List because of its probable serious effects to the environment as a result of its 
endocrine disrupting properties, which give rise to an equivalent level of concern (European 
Chemicals Agency, 2012b). It is listed in Annex VI of Regulation (EC) No 1272/2008 as 
follows: 

Table 7: Classification and labelling of 4-nonylphenol according to part 3 of Annex VI, 

Table 3.1 of Regulation (EC) No 1272/2008 

Index
-No 

Internationa
l Chemical 
Identificatio
n 

EC- 
No 

CAS-
No 

Classification Labelling Specifi
c 
concen
tration 

limits, 
 M-
factors 

Hazard Class 
and 
Category 
Code(s) 

Hazard 
Stateme
nt 
Code(s) 

Pictogra
m, Signal 
Word 
Code(s) 

Hazard 
statemen
t Code(s) 

601-
053-
00-8 

nonylphenol; 
[1] 

4-
nonylphenol, 
branched [2] 

246-
672-
0 

[1] 

284-
325-
5 

[2] 

2515
4-
52-3 
[1] 

8485
2-
15-3 
[2] 

Repr. 2 
Acute Tox.4* 
Skin Corr. 1B 
Aquatic Acute 
1 
Aquatic 
Chronic 1 

H361fd 
H302 
H314 
H400 
H410 

GHS08 
GHS05 
GHS07 
GHS09 
Dgr 

H361fd 
H302 
H314 
H410 

 

 

Table 8: Classification and labelling of 4-nonylphenol according to part 3 of Annex VI, 

Table 3.2 of Regulation (EC) No 1272/2008 

Index
No 

International 
Chemical 
Identification 

EC-No CAS-No Classification Labelling Concentration 
limits 

601-
053-
00-8 

nonylphenol; [1] 

4-nonylphenol, 
branched [2] 

246-
672-0 

[1] 

284-
325-5 

[2] 

25154-
52-3 [1] 

84852-
15-3 [2] 

Repr. Cat. 3; 
R62-63 
Xn; R22 
C; R34 
N; R50-53 

C; N 
R: 22-34-62-
63-50/ 
53 
S: (1/2-)26-
36/37/39- 
45-46-60-61 

 

 

Distributed for comment only -- do not cite or quote 
 



SVHC SUPPORT DOCUMENT – 4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED 

11 
 

3 Environmental fate properties 

3.1 Degradation  

In the following chapter, degradation data are analyzed with respect to the question whether 
or not they indicate that 4-nonylphenol ethoxylates (4-NPnEO ) may be of equivalent level of 
concern due to their degradation to 4-nonylphenol (4-NP). 4-NP is a substance of very high 
concern included in the Candidate List because of its probable serious effects to the 
environment as a result of its endocrine disrupting properties, which give rise to an equivalent 
level of concern. Information for 4-tert-octylphenol ethoxylates (4-tert-OPnEO) is included as 
supportive information. 4-tert-OPnEO were identified as substances of very high concern in 
December 2012 due to their degradation to 4-tert-octylphenol (4-tert-OP) which is a SVHC 
itself (European Chemicals Agency, 2012a). With regard to the endpoints of concern, 4-tert-
OPnEO are considered close analogues to 4-NPnEO due to their similar chemical structure with 
the only difference being the alkylgroup differing by one C-Atom. Both alkylphenol ethoxylates 
are degraded by a stepwise degradation of the terminal ethoxygroup. Although the length of 
the alkylgroup might influence the degradation process, it is unlikely that the change by one C-
atom only, will result in strong differences. 

Most biodegradation data and distribution data available include NPnEO or 4-tert-OPnEO with 
an average chain length of up to 20 (NP20EO).  Many studies were performed with the 
technical nonylphenol ethoxylate (NPnEO) and thus the excact composition of the test material 
is often unknown. As the technical nonylphenol consists of about 95% para-nonylphenol, it can 
be assumed that the main constituents of the technical nonylphenol ethoxylate (NPnEO) were 
para-nonylphenol ethoxylates (4-NPnEO). However, in order to be transparent, only in those 
tests clearly indicating that 4-NPnEO was used, the substance was labelled as 4-NPnEO and for 
all other studies the unspecific name NPnEO was used. If not indicated otherwise, the 
nonylphenol etoxylates tested consist of a gauss distribution of differen grades of ethoxylation 
and n describes the median degree of ethoxylation.  

Two studies (Teurneau, 2004 and Rudling and Solyom, 1974) with NPnEO up to n = 40 show 
that biodegradation for longer chain ethoxylates is similar or even quicker compared to the 
shorter chain ethoxylates in sewage sludge and sediment (from the bottom of a settling basin 
from an industrial site) (see table 11 and 14). Although it is, in principle, possible that the 
degradation pathway could change for longer chain ethoxylates leading to other metabolites 
than the alkylphenol e.g. by cleavage of the alkylgroup ahead of the cleavage of the 
ethoxygroup, this is very unlikely based on the following facts: 

- Rudling and Solyom (1974) clearly showed by GC analysis that degradation of NPnEO 
up to n=14 includes a sequential removal of the ethoxy-group leading to NP2EO. 

- Data provided by Teurneau (2004) indicate that the same holds true for NPnEO with up 
to 40 ethoxy groups. Chromatograms using a HS-PEG column showed that in a batch 
experiment with STP sludge at 10 °C, degradation of NP10EO resulted in the formation 
of NP2EO both under aerobic and anaerobic conditions. For NP40EO the same holds 
true for aerobic conditions while under anaerobic conditions some undefined slightly 
more polar compounds occurred which the author suggests to be ethoxylates with an 
ethoxy chain length between 4 and 10. In the experiment with the sediment from an 
industrial site under anaerobic conditions NP was accumulating in the sediment.  

The study by Teurneau (2004) is not a peer reviewed study but the findings are supported by 
further information about the mechanism involved in the degradation process: 
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- Data provided by Jonkers et al. (2001) (NPnEO ≤ 15) in river water samples show that 
degradation of the alkylgroup requires removal of the ethoxy-group down to n= 2 
before the degradation of the alkylgroup starts via carboxylation. This indicated that 
carboxylation of the alkylgroup occurs only if the ethoxylgroup is degraded first.  

- Biodegradation of the ethoxychain prior to degradation of the alkylchain is expected to 
be more energy efficient. As described by Karsa and Porter (1995), biodegradation of 
the alkylchain of surfactants would require ω-oxidation as a first step (which is an 
energy demanding process). In addition β-oxidation as a second step of the alkylchain 
degradation pathway is hampered by branching (Karsa and Porter, 1995).   

In summary it can be concluded that although data are mainly available for ethoxylates with a 
chain length up to 20 ethoxy groups, enough evidence is available to conclude that the 
degradation pathway is the same for longer chain ethoxylates. 

3.1.1. Abiotic degradation 

3.1.1.1  Hydrolysis  

It is expected that 4-nonylphenol ethoxylates will not be subject to abiotic degradation via 
hydrolysis. The nonyl group and the phenolic ring structure are chemically stable against 
hydrolysis. Also the ethoxylate chain is not suspected to be degraded via hydrolysis, but via 
biotic degradation.  

In conclusion it is supposed that hydrolysis is not a relevant degradation process under 
environmental conditions.  

3.1.1.2 Phototransformation/photolysis 

3.1.1.2.1 Phototransformation in air 

As there is no experimental information available from registration dossiers on 
phototransformation in air an estimation of half-lives was done with AOPwin (v1.92a)5 for 
certain ethoxylation grades of 4-nonylphenol and under the supposition that photolytic 
degradation will occur due to the presence of OH-radicals. No further evaluation of the QSAR 
regarding the domain of applicability was conducted as the information on phototransformation 
in air is regarded not essential for the SVHC identification.  

Table 9: Estimated half-lives in air for assorted ethoxylation grades of 4-nonylphenol  

Grade of ethoxylation 1 2 4 6 8 

Estimated half-life (hours) 2.66 2.06 1.42 1.08 0.88 

 

Due to the low vapour pressure of the ethoxylates evaporation into the atmosphere is 
expected to be negligible. For example short chain 4-NP1EO has a vapour pressure of 2.38 * 
10-5 Pa, the vapour pressure is expected to decrease with increasing length of the ethoxylate 
chain. Therefore photodegradation in air is expected not to be a relevant path of degradation 
for 4-nonylphenol ethoxylates. 

3.1.1.2.2 Phototransformation in water 

As described further in the chapters on biotic degradation processes, the main products being 
released directly or indirectly to the water body are un-degraded long chain ethoxylates (4-

                                           
5 Environmental parameters used for calculation: temperature 25°C, 12-hr day, OH-radical concentration 1.5*106 /cm³ 

Distributed for comment only -- do not cite or quote 
 

ijb
Highlight

ijb
Highlight



SVHC SUPPORT DOCUMENT – 4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED 

13 
 

NPnEO with n > 2)  as well as ethoxylates with a low grade of ethoxylation (4-NP1EO und 4-
NP2EO) and its carboxylates (4-NPnEC) and – to a lesser extent – 4-nonylphenol.  

Based on the expected adsorption behavior and distribution modelling summarized in chapter 
3.2, long chain ethoxylates are expected to remain in the water body, while short chain 
ethoxylates and 4-nonylphenol have higher log Pow–values and are therefore expected to 
adsorb to suspended organic matter and sediment. Thus phototransformation might be a 
relevant route for ethoxylates with a high grade of ethoxylation only. However, 
photodegradation is a relevant degradation process in the first few centimetres layer of the 
water column only or in shallow clear waters. Thus aquatic phototransformation is considered 
not to have a relevant impact on the degradation of  
4-nonylphenol ethoxylates in the aquatic environment. 

3.1.1.2.3 Phototransformation in soil 

Not assessed for the identification of this substance as SVHC in accordance with Article 57(f). 

3.1.2  Biodegradation 

With regard to biodegradation, several studies are available that provide information about 
degradation pathways of 4-nonylphenol ethoxylates (4-NPnEO) in sewage treatment plants, 
surface water, sediment and soils. They are analysed with regard to the question whether or 
not 4-NPnEO will contribute to the emission of 4-nonylphenol (4-NP) to the environment. Data 
are analysed with regard to the following aspects: 

- Are 4-NPnEO released to the environment (and to which extent)?  

- Does the degradation to 4-NP in sewage treatment plants contribute to the emission of 
4-NP to the environment? 

- Do 4-NPnEO released to the environment contribute to the environmental concentration 
of 4-NP due to their degradation in environment compartments? 

3.1.2.1  Biodegradation in water 

Some of the most important studies describing biodegradation in water are summarized in the 
subsequent chapter. In order to facilitate the discussion in chapter 6, available information on 
biodegradation in sewage treatment plants and surface water is analyzed separately.  

Results suggest the following general pathway, as described in the European Risk Assessment 
Report (European Commission, 2002) and Jonkers et al. (Jonkers et al., 2001).  

As a first step the ethylene oxide groups (EO) of longer chain 4-NPnEO (n>4) are rapidly 
removed resulting in ethoxylates with less than four ethoxyl units (usually one or two units, 4-
NP1EO and 4-NP2EO). The rate of removal of the EO chain increases with increasing chain 
length. Under aerobic conditions the shorter chain 4-NPnEO (n<4) will be further oxidised to 
the corresponding carboxylic acids (for example nonylphenoxyacetic acid (4-NP1EC) or 
nonylphenoxyethoxyacetic acid (4-NP2EC)) and carboxylated alkylphenol ether carboxylates 
(CAmPEnC with m=5-9 and n=0 or 1) (Jonkers et al., 2001). Under anaerobic conditions the 
shorter chain 4-NPnEO will be degraded to nonylphenol diethoxylate (4-NP2EO) and 
nonylphenol monoethoxylate (4-NP1EO). Finally the 4-NP1EC and 4-NP1EO will be converted 
into 4-nonylphenol (4-NP), especially under anaerobic conditions (Environment Agency UK, 
2005; European Commission, 2002; Van Vlaardingen et al., 2003).  
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Figure 1: Biodegradation scheme for nonylphenol ethoxylates (Van Vlaardingen et al., 2003) 

 

A more recent study shows that 4-NP1EC may degrade to 4-NP under oxic condition  
(Montgomery-Brown et al., 2008). The degradation pathways of 4-NP1EC were studied in oxic 
microcosms with organic carbon-poor soil and organic-rich sediments. The results show that 
the availability of dissolved oxygen determined the dominant degradation pathway. As 
observed in other studies, NP1EC was mainly degraded to CAP1EC via alkyl chain ethoxylation 
under microxic conditions (trace amounts of oxygen). On the other hand, under oxic conditions 
ether cleavage occurred and 4-NP was formed. However, under these conditions further rapid 
conversion of the 4-NP to nonyl alcohols occurred. This might be the reason why this 
degradation pathway was not observed in previous studies (Environment Agency UK, 2008). 

3.1.2.1.1 Biodegradation in sewage treatment plants 

Different types of studies are available to analyze the biodegradation of 4-nonylphenol 
ethoxylates (4-NPnEO) in sewage treatment plants. Five screening studies for 4-NPnEO and 
two studies for 4-tert-octylphenol ethoxylates (4-tert-OPnEO) provide information about the 
degree of degradation for long and short chain ethoxylates, without providing information 
about degradation products. In addition three simulation tests for 4-NPnEO and two tests with 
4-tert-OPnEO are available which provide information about the degree of degradation as well 
as about the type of metabolites formed and the rate of degradation. 

Distributed for comment only -- do not cite or quote 
 



SVHC SUPPORT DOCUMENT – 4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED 

15 
 

Screening tests 

Table 10: Summary of Screening tests 

Test substance Method Result Reliability Reference 
4-NPEO 

NP9EO 
NP1.5EO 
CAS Nr. 9016-45-9 

OECD 301 B 
Adapted inoculum 

NP9EO: 74.8 ± 1.92 %  
CO2 evolution in 28 days 
NP1.5EO: 45.3 ± 18.4 % 
CO2 evolution in 28 days 
10 day window was failed 

2 (Gledhill, 1999; 
Staples et al., 
2001) 

NP9EO 
CAS Nr. 9016-45- 

ISO 14593 
headspace CO2 
biodegradation 
test 

after 28 days: 
69.5 % CO2 
(unaclimmated microbial 
seeds) 
70.2 % CO2  
(acclimated microbial 
seeds) 

2 (Staples et al., 
2001) 

NP1EO  
CAS Nr. 27986-36-
3 
4-NP2EO 
CAS Nr. 20427-84-
3 

OECD 301 F NP1EO: 25.9 ± 8.1 % 
NP2EO: 0 % 

2 (Stasinakis et al., 
2008) 

NP9EO  OECD 301 B 53-58 % CO2 evolution in 
28 days 

4  
(no details 
of the test) 

(European 
Commission, 
2002) 

NP12EO Closed bottle test 
OECD 301 B 
Gledhill test (US-
EPA method 
835.3120) 

30 % ThOD 
65% ThCO2 
42% ThCO2 (acclilmated 
inoculum) 
45% ThCO2 (unacclimated 
inoculum) 

4 
(secondary 
literature) 

(Hughes et al., 
1989; 
Environment 
Agency UK, 2008) 

OPEO 
OP9EO 
OP1.5EO 
CAS Nr. 9036-19-5 

OECD 301 B 
Adapted inoculum 

OP9EO: 79.8 ± 1.59 %  
CO2 evolution in 28 days 
OP1.5EO: 61.1 ± 0.98 % 
CO2 evolution in 28 days 
10 day window was failed 

2 (Gledhill, 1999; 
Staples et al., 
2001) 

poly(oxyethylene) 
octylphenyl ether 
n=7-11(average  
of 9) 
CAS Nr. 9036-19-5 

OECD 301 C 22 % degradation 
(measured by BOD) in 28 
days 

2 (National Institute 
of Technology and 
Evaluation, 2002) 

 

The biodegradation of nonylphenol ethoxylates with a high number of ethoxyl groups (NP9EO) 
and its biodegradation intermediate NP1.5EO was measured using OECD 301B (Gledhill, 1999; 
Staples et al., 2001). The test was run with adopted inoculum from a waste water treatment 
plant. 45.3 % (NP1.5EO), and 74.8% (NP9EO) CO2 evolution was observed after 28 days 
(58.7% and 79.5% after 35 days respectively). The 10 day window was failed. 33.4% 
(NP1.5EO) and 17.5% (NP9EO) suspended organic carbon was determined on day 35. This 
suggests that NPEO incorporated into biomass or adsorbed to suspended material. Staples et 
al. calculated first order half-lives (primary degradation) of 18.9 days (NP1.5EO; lag time = 9 
days) and 13.6 days (NP9EO; lag time = 1 day). This study was also performed with OP9EO 
and OP1.5EO which showed similar results (79.8% (OP9EO) and 61.6 % (OP1.5EO) CO2 
evolution after 28 days). The 10 day window was failed in either case. The calculated first 
order half-lives (primary degradation) were approximately 10 days (10.2 days OP9EO, 10.7 
days OP1.5EO) with a lag time of 4 days. 

Furthermore Staples et al. investigated the biodegradability of NP9EO with an ISO headspace 
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CO2 biodegradation test (Staples et al., 2001). Sludge from the same wastewater treatment 
plant as for the OECD 301B test was used. Each day for 7 days, activated sludge was settled 
for 30 min, 100 ml of supernatant were removed, and fresh sludge was added to the two 
semicontinuous activated sludge units. One unit received 10 mg C(NP9EO)/L each day and the 
other unit remained unacclimated. The prepared inocula were added to the test medium. After 
28 days 69.5% (unacclimated) and 70.2% CO2 (acclimated) were measured. 12.9% or 11.7% 
of the carbon remaining was in the dissolved phase and 17.6% or 18.1% was detected as 
suspended organic carbon. 

In an OECD 301F test with NP1EO and 4-NP2EO additional 10 mg/L allythiourea was added for 
preventing nitrification (Stasinakis et al., 2008). After a lag phase of 17.3±0.7 days, NP1EO 
was aerobically biodegraded with 25.9±8.1% at day 28. For 4-NP2EO no biodegradation was 
observed.  

The study of Hughes et al. (Hughes et al., 1989) was discussed in a unpublished report of the 
Environment Agency UK, which has been copied here in italic letters (Environment Agency UK, 
2008): 
Hughes et al. (1989) compared the ready biodegradability of NPE12 in different standard test 
systems: the modified Sturm test (OECD 301B), the Gledhill test (US EPA method 835.3120) 
and the closed bottle test. In all tests, ultimate biodegradation ranged between 30 and 65% as 
measured by conversion to carbon dioxide. Using the Gledhill test, the effect of using both 
acclimated and unacclimated microbial seed on biodegradation of NPE12 to carbon dioxide was 
investigated. However, no significant differences were noted: 45% ThCO2 mineralisation was 
reached with the unacclimated seed versus 42% ThCO2 mineralisation with an acclimated 
inoculum. 

In a 28-day ready biodegradability test (OECD 301C) using 100mg/L of the poly(oxyethylene) 
octylphenyl ether (OPnEO with n=7-11, average of 9) and 30 mg/L sludge 22% degradation 
was measured by BOD (National Institute of Technology and Evaluation, 2002).  

In summary, the results (based on 4-NPnEO and NPnEO) show, that both long and short chain 
4-NPnEO are not readily biodegradable using standard test methods. However, the results do 
not allow any conclusion about degradation products. They provide some evidence, that 4-
NPnEO are metabolized to some extent and that degradation may involve some stable 
metabolites. 
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Simulation tests 

Table 11: Summary of biodegradation tests for nonylphenol ethoxylates in waste water 
treatment plants 

Test substance Type of test/ 
conditions  

Result Reliability Reference 

NPnEO (n = 
average of 9) 
(68412-54-4) 

Sewage 
sludge; 
anaerobic 

Increase of NP1EO and NP2EO 
concentration during decrease of 
NPnEO concentration (peak on day 
14), NP1EO and NP2EO degrade to 
NP (peak on day 21)  
30% dissipation of total NPnEO after 
3 d 

2 (Lu et al., 
2008a) 

NPnEO (n = 
average of 9) 
(68412-54-4) 

Sewage 
sludge; 
anaerobic 
(sulphate-
reducing 
conditions) 

Increase of NP2EO (peak on day 7),  
NP1EO and NP (peak on day 21, 
maximum NP about 8 µM) 
concentration during decrease of 
NPnEO concentration  
50% dissipation of total NPnEO after 
3 d 

2 (Lu et al., 
2008b) 

4-NP1-2EO 
mixture (0.15% 
NP, 70% NP1EO, 
28% NP2EO, 2 
% NP3EO) 

Sewage 
sludge; 
anaerobic 

10%  digester sludge: 31 % NP was 
formed during 150 days 
100% digester sludge: 57 % NP 
was formed during 150 days 
 

2 (Ejlertsson et 
al., 1999) 

NPnEO (n = 8-
10,14,16,30) 
 

Laboratory 
scale activated 
sludge 
system; 
aerobic 

Degradation > 80% after 30 days 
(metabolites were not analysed) 
 
Metabolites were analyzed by gas 
chromatography in a previous 
screening test: 
Main product of NPnEO (n=8,10,14) 
was NP2EO after 4 days (20°C); 
Further degradation of NP2EO: 
20°C: 50% after 28 days 
15°C: 0 % after 28 days 

2 (Rudling and 
Solyom, 1974) 

NPnEO 
(n=4,10,40) 

Batch 
experiment, 
sewage 
sludge; 
aerobic and 
anaerobic 

Within 44 days: 
theoretical calculations: 
Aerobic:  
NP10EO degradation 29 % (27°C) 
and 25 % (10°C) 
NP40EO degradation 63% (27°C) 
and 21 % (10°C) 
Anaerobic: 
NP10EO degradation 40 % (27°C) 
and 0 % (10°C) 
NP40EO degradation 79% (27°C) 
and 30 % (10°C) 
Formation of NP2EO and unknown 
products of a size between 4 and 10 
ethoxylates 

2 (Teurneu, 
2004) 

 

Results by Lu et al. (Lu et al., 2008a; Lu et al., 2008b) showed under anaerobic and sulphate 
reducing conditions constant degradation of the longer chain ethoxylates with NP1EO and 
NP2EO being the most prominent ethoxylates from day 7 to day 60.  After 3 days about 30 -
50% of the total NPnEO concentration dissipated to undefined products. Under both conditions 
(Lu et al 2008a and 2008b) NP concentration increased from 0 to about 8 µM during the rapid 
degradation of NP9EO (until day 21) and slowly decreased during the following phase of low 
NPnEO degradation, indicating, that its formation exceeds its transformation if its ethoxylates 
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are available as a source of NP. 

The degradation of a 4-NP1-2EO mixture (2, 60 and 308 mg/L) in digester sludge (10% and 
100%), landfilled municipal solid waste and landfilled sludge was determined under 
methanogenic conditions for 150 days (Ejlertsson et al., 1999). In this chapter results with 
regard to the digester sludge are reported while results for landfills are described in chapter 
3.1.2.3. The background levels of 4-NP, 4-NP1EO and 4-NP2EO were high in the inocula. In all 
inoculates using a concentration of 2 mg/L 4-NP1-2EO the short chain ethoxylates were slowly 
transformed to 4-NP by anaerobic microorganisms.  Transformation was highest in the 100% 
sludge sample compared to the diluted sample (57 and 31 % of the total 4-NP/4-NPnEO 
concentration respectively at day 150). 4-NP was not further degraded and incubation with 
radiolabelled 4-NPnEO showed that the phenol ring remained intact (no 14C02 or 14CH4 
production). Results with 60 and 308 mg/L 4-NPnEO indicate that degradation is concentration 
dependent. At 60 mg/L 4-NP1-2EO was slowly transformed to 4-NP1EO in 100% digester 
sludge but no transformation occurred in the 10% sludge sample and at 308 mg/L 4-NP1-2EO 
less than 1% of the added 4-NP1-2EO was transformed into 4-NP.  

Rudling and Solyom investigated the biodegradability of longer chain ethoxylates (NPnEO up to 
n=30) with a laboratory scale activated sludge system (Rudling and Solyom, 1974). The initial 
concentration of the nonylphenol ethoxylates in the influent of the system was approximately 
5.5 mg/L. The test was performed with presettled municipal sewage under treatment plant 
conditions. All NPnEO derivates (n=8, 10, 14, 16, and 30) show a similar degradation of more 
than 80% after 30 days. Further tests show that the removal is caused by degradation and not 
by adsorption to sludge.  

The degradation of NPnEO (n=4, 10, and 40) was studied under aerobic and anaerobic 
conditions at 27°C and 10°C (Teurneu, 2004). For the batch experiments sludge samples from 
a waste water treatment plant were used. The initial concentration of NPnEO was 500 mg/L. 
The degradation rates were higher at 27°C than at 10°C. For the lower temperature a longer 
lag phase was observed. The degradation under anaerobic conditions resulted in a longer lag 
phase, too. 

The study found an unusual high NP4EO removal rate (83 % at 27°C and 50% at 10 °C) under 
aerobic conditions for which the author considered further experiments would be needed. HPLC 
analysis showed removal percentages of 90-100% for NP10EO and NP40EO based on 
theoretical calculations using the coefficient of the reaction equation and the oxygen demand. 
At 10 °C, degradation of NP10EO resulted in the formation of NP2EO both under aerobic and 
anaerobic conditions. For NP40EO the same holds true for aerobic conditions while under 
anaerobic conditions some undefined slightly more polar compounds occurred which the 
authors suggest to be ethoxylates with a chain length between 4 and 10.  

In summary available sewage treatment plant simulation tests for 4-NPnEO (based on studies 
carried out with 4-NPnEO and l NPnEO) substantiate the degradation pathway described above. 
Four Studies show that NP1EO and NP2EO are formed from longer chain NPnEO (n≤ 40) under 
aerobic and anaerobic conditions. Formation of NP under anaerobic conditions is substantiated 
in two studies. In addition, studies provide evidence about the degradation time of the 
different metabolites. In two studies (Lu et al 2008a and 2008b) dissipation of total NPnEO 
(including long chain and short chain NPnEO) was 30 and 50% after 3 days. The study by 
Ejlertsson et al, 1999 however indicates that the final step to 4-NP formation might be slower 
and that NP is a stable metabolite under these conditions (31 – 57 % formation of 4-NP during 
150 d for 4-NP1-3EO.).  

Supporting information for 4-tert-OPnEO 

Results available for the close analogues 4-tert-octylphenol ethoxylates (4-tert-OPnEO) further 
substantiate the degradation pathways in anaerobic sewage sludge. 
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Table 12: Summary of biodegradation tests for octylphenol ethoxylates in waste 

water treatment plants 

Test substance Type of test/ 
conditions  

Result Reliability Reference 

Sewage, sewage sludge 

Tert-octylphenol 
polyethoxylate 
(13% OP1EO, 
40% OP2EO, 
29% OP3EO, 
14% OP4EO, 4% 
OP5EO) 

activated 
sludge 
inoculation 
(aerobic) 
 

Rapid transformation from OPnEO to 
OPnEC (n=1-3) within 24 hours 
30% degradation to undefined 
products 

2 (Ball et al., 
1989) 

primary 
sewage 
inoculation 
(aerobic) 

Transformation of OPnEO to OPnEO 
(n=1-3)  within 2 days 
Nearly no further degradation until 
day 17 (4% formation of undefined 
products) 
80% degradation to undefined 
products until day 36 with an 
adaption time of 5 and 17 days for 
OP1EO and OP2EO 

anaerobic 
bioassay 

Transformation OPnEO (n≥2) to 
OP1EO  within 10 days (no further 
degradation) 
18% conversion to OP after 66 d  

P, tert.-
octylphenoxynon
aethoxyethanol 
(OPE10)  

Shake culture 
tests (aerobic, 
acclimated 
sludge) 
 
Bench-scale 
activated 
sludge tests 
(aerobic)   
 
 
 
Continuous 
model septic 
tank 
(anaerob) with 
subsequent 
percolation 
field 
(acclimated) 
(14C and 3H 
labelling) 

> 90% primary degradation within 
7 days 
 
90-95 % primary degradation after 
11 days (acclimatization time 5-11 
days) 
63-66% loss of 14C (degradation of 
the ethoxy-group) after 20 days 
acclimatization 
 
58 % primary degradation in the 
septic tank (anaerob)  (average 
until day160) 
93 % primary degradation after 
percolation (average until day160) 
 
7% loss of 14C (degradation of the 
ethoxy-group) in the septic tank 
(average until day 170) 
≈ 65 % loss of 14C (degradation of 
the ethoxy-group) after percolation 
(at day 170) 
 
No loss of 3H (no degradation of the 
phenol ring)  

2 (Lashen et al., 
1966) 

 

Ball et al. studied the biotransformation of tert-octylphenol polyethoxylate under aerobic and 
anaerobic conditions (Ball et al., 1989). The test substance mixture of tert-octylphenol 
polyethoxylates and the corresponding carboxylic acids was inoculated with activated sludge 
(4-tert-OPnEO residues were previously detected), primary sewage and anaerobic bacteria.  
The tests with activated sludge showed a rapid complete transformation of 4-tert-OPnEO 
within 24 hours. 70 % of the initial 4-tert-OPnEO dissipated to 4-tert-OPnEC (n=1-3) (4-tert-
OP2EC predominant product and 30% dissipated to unidentified products). 
Primary sewage as inoculum resulted in dissipation of 4-tert-OPnEO (n=4-5) within 2 days and 
an increase of 4-tert-OP2EO until day 17. Only 4 % of the initial input was degraded to 
undefined products. After an adaption time of 5 and 17 days for 4-tert-OP1EO and 4-tert-

Distributed for comment only -- do not cite or quote 
 



SVHC SUPPORT DOCUMENT – 4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED 

20 
 

OP2EO they degraded to unidentified products. Hence, results show that 4-tert-OPnEO (n > 3) 
quickly degrade to ethoxylates with lower grade of ethoxylation while further degradation of 
these products is much slower. After 127 days more than 99% were dissipated to products 
different from 4-tert-OP, 4-tert-OPnEO (n=1-5) and 4-tert-OPnEC (n=1-2). 
 
Under anaerobic conditions 4-tert-OPnEO (n=2-5) nearly completely dissipated to 4-tert-
OP1EO within 10 days. No further degradation occurred. After this, 4-tert-OP1EO converted 
slowly into octylphenol and, to a less extent, 4-tert-PnEC and undefined products. After 66 
days 18% of the original 4-tert-octylphenol ethoxylates were converted into 4-tert-
octylphenol, 6% were transformed to 4-tert-OPnEC (mainly OP2EC). Subsequent degradation 
of 4-tert-octylphenol appeared to be slow (7.9 % 4-tert-octylphenol at day 190). 89% of the 
input was degraded to undefined products after 190 days. 
 
The biodegradation of radiolabelled (14C in the ethoxylate chain and 3H in the phenol ring) 
p,tert.-octylphenoxypolyethoxyethanol (OPnEO, n =10) was carried out by Lashen et al. 
(Lashen et al., 1966). The experiment included a) an aerobic shake culture test using 
acclimated bacterial culture from a laboratory continuous activated sludge unit, b) a bench-
scale activated sludge test with 3 and 6 hours retention time and inoculated with fresh sludge 
and c) a (anaerobic) model septic tank percolation field system (retention time = 67 hours). 

In the shake culture test and the bench scale test primary degradation was > 90 % within 7 
days and after 11 days (3 and 6 hours retention time) respectively. An acclimation period was 
observed if fresh, not acclimated sludge was used. Dissipation of 14C incorporated in the 
ethoxylate chain in  the bench scale test indicate that primary degradation was mainly due to a 
transformation of the ethoxyl group (63-66%) while no degradation of the phenol was 
observed (no dissipation of 3H incorporated in the phenol ring). 

In the model tank-percolation field system primary degradation in the anaerob model tank was 
lower (58%) but reached 93% after transfer through the percolation field. Again this was 
mainly due to a degradation of the ethoxylate group (65% degradation) and no mineralization 
of the phenol group was observed. 

Based on measurements of degradation products it can be concluded that 4-tert-OPnEO are 
quickly degraded to short chain 4-tert-OPnEO (n= 1-3) within 2 days in primary sewage with 
nearly no further degradation. Especially 4-tert-OP2EO (the main product) remains stable until 
day 17. 
 
In summary, under aerobic conditions based on simulation studies it can be assumed that 
about 70% of the input is rapidly transformed to 4-tert-OPnEC (100% transformation after 
24h) and 30% are further degraded. 
 
Under anaerobic conditions results seem to depend on the test conditions. Results from a static 
test with anaerobic bacteria indicate that 100 % of the input is transformed to 4-tert-OP1EO 
after 10 days and 18% is further transformed to 4-tert-OP after 66 days. But results of the 
continuous model tank indicate that in a flow through system transformation might be slower 
(only 58% primary degradation and only 7% transformation of the ethoxy-group). 
 
Overall, between 70 and 100% of the 4-tert-OPnEO is not mineralized under sewage treatment 
plant conditions. 
 
These data support and further substantiate the findings for 4-NPnEO. 

3.1.2.1.2 Biodegradation in surface water 

Table 13: Summary of biodegradation tests in surface water 

Test Type of Result Reliability Reference 
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substance test/ 

conditions  

Fresh water 
NP4EO (with an 
ethoxylate range 
of 2-9 and 
NP10EO (with an 
ethoxylate range 
of 4-15) 

aerobic Primary degradation > 99 % after 
100 hours;  
Metabolites: NPnEC 
No change in initially NP 
concentration (31days) 

2 (Jonkers et 
al., 2001) 

4-NP9EO 
(97.8% 4-
NP9EO, 2.2% 2-
NP9EO)  

aerobic After 128 days: 
Primary degradation 87-97%  
(adaption time: 28 days) 
40.5 % 14CO2 
40.2 % of the initial radioactivity 
remaining in aqueous phase 
20.8 % of the initial radioactivity 
incorporated into biomass 
Non-labelled test system: 
0.4 % 4-NP as metabolite of initial 
4-NPnEO; < 2% 4-NPnEC 

2 (Naylor et al., 
2006) 

Estuarine water 
NPnEO (n=1-18, 
average =10) 

Die-away test, 
aerobic 

DisT50 = 23-69 days (winter 13°C) 
DisT50 = 2.5-35 days (summer 
22.5°C) 
Main intermediate NP2EO 

2 (Kveštak and 
Ahel, 1995) 

NPnEO (n=7-24, 
average 18) 

Die-away test, 
aerobic 

Primary degradation 100% after 4-
24 days (adaption time: 0-12 days) 
Maximum concentration of NP2EO in 
4-16 days  
Maximum concentration of NP2EC in 
20-76 days  
NP was not detected 

2 (Potter et al., 
1999) 

 
Aerobic biodegradation of NPnEO was investigated in a laboratory-scale bioreactor filled with 
river water (Jonkers et al., 2001). The bioreactor was spiked with two different technical 
mixtures of NPnEO (NP10EO, NP4EO) at concentration of 10 mg/L. Small amounts of OPnEO 
and decylphenol ethoxylated were present in the mixtures. After 4 days 99% of the NPnEO 
mixtures were dissipated (primary degradation). Nonylphenol carboxylates (NPnECs) were 
identified as the main group of metabolites. The concentration of NPnECs increased until day 5 
and subsequently decreased. No change in initial NP was observed during the experiment (31 
days). Further degradation of NP1-2EC by a carboxylation of the alkylchain was observed in 
this experiment (CAmPEnC with m=5-9, n= 0 or1). Both short-chain NPEC and CAPEC 
metabolites were still present in the bioreactor after 31 days. 

Aerobic Biodegradation of [14C] 4-NP9EO was examined and changes in the oligomer 
distribution and mineralization to 14CO2 were monitored for 128 days (Naylor et al., 2006). 87-
97% of the initial 4-NPnEO was degraded to metabolites other than 4-NP, 4-NPnEO and 4-
NPnEC after 128 d. Only 0.4% 4-NP was detected (non-labelled test system), suggesting that 
NP is a minor metabolite under aerobic conditions in river water. After 128 days 40.5% of [14C] 
4-NP9EO converted to 14CO2 but an acclimation period of 28 days was needed. 

Biotransformation of NPnEO by estuarine mixed bacterial cultures was analyzed under 
laboratory conditions by using a static die-away method (Kveštak and Ahel, 1995). The 
experiments were performed with autochthonous bacterial cultures from the brackish water 
and saline water. Biotransformation kinetics of mixed bacterial culture from the brackish water 
layer was faster than that from the saline water layer at all temperatures examined and at 
both concentrations of NPnEO (0.1 and 1 mg/L). This was probably due to a better pre-
adaptation of the brackish water bacteria to NPnEOs in their natural habitat. Under winter 
temperature conditions (13°C) the estimated DisT50 ranged from 23-69 days, while the 
DisT50 under summer temperature conditions (22.5°C) ranged from 2.5-35 days. 
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Transformation to NPnEC was not followed and the main intermediate formed during the 
experiment was NP2EO. 

A further static die-away test was performed with estuarine water from four sampling sites in 
Tampa Bay, FL (Potter et al., 1999). Depending on sampling site (middle of the Bay, port area 
and tidal river) the temperature ranged from 27.5 to 31.0 °C. The concentration of NP2EO, 
NP1EO, NP2EC, NP1EC, NP and total surfactant were monitored at intervals of 4-8 days for 89 
days and at 30-day interval thereafter until 183 days. Due to the different sampling locations 
the following results are stated as a range. Complete primary degradation of NPnEO (n =18) 
was detected after 4-24 days with an adaption time between 0 and 12 days. The formation of 
NP2EO reached its maximum concentration in 4-16 days. NP2EC increased until day 20-76 
with little or no decrease until the end. Smaller amounts were detected for NP1EO (<0.1 mg/L) 
and NP1EC (maximum concentration 20% of NP2EC). NP was not measured (detection limit 
0.01 mg/l). Potter et al. estimated that approximately 36 to 56 % of the surfactants converted 
to CO2 and H2O or other metabolites. However, this was not confirmed analytically. 

In summary three tests support the hypothesis, that under aerobic conditions in fresh water 
long-chain 4-nonylphenol ethoxylates (based on studies carried out with 4-NPnEO and NPnEO) 
will be rapidly degraded to 4-NPnECs (99% primary degradation after 100 hours (Jonkers et 
al., 2001) and formation of the corresponding alkylphenol is of minor relevance. However 
results by Kvestak and Ahel with a mixed culture of bacteria from brackish water indicate that 
transformation to 4-NP2EO may occur in brackish water and that degradation may be much 
slower during winter (DisT50 between 23 and 69 days) (Kveštak and Ahel, 1995). 
Furthermore, only 40% of 4-NPnEO mineralized to CO2 in 128 d (Naylor et al., 2006). 

3.1.2.2 Biodegradation in sediments 

Table 14: Summary of biodegradation tests in sediment  
Test substance Type of test/ 

conditions  
Result Reliability Reference 

Estuarine water sediment 

NP4EO (with an 
ethoxylate range 
of 0-9) 

aerobic DisT50 = 85 days 2 (Ferguson and 
Brownawell, 
2003) 

anaerobic  DisT50 = 289 days 

Fresh water sediment 

4-NP1EO aerobic DegT50 = 69.3 – 115.5 days 
(primary degradation) 

2 (Yuan et al., 
2004) 

4-NP1EO anaerobic DegT50 = 49.5 – 77.0 days 
(primary degradation) 

2 (Chang et al., 
2004) 

Sediment from an industrial site (sedimentation bassin) 

NPnEO 
(n=2,4,10,40) 

aerobic and 
anaerobic 

Within 44 days 
theoretical calculations: 
aerobic:  
NP2EO degradation 4 % (27°C) and 
0 % (10°C) 
NP4EO degradation 10 % (27°C) 
and 7 % (10°C) 
NP10EO degradation 24 % (27°C) 
and 19 % (10°C) 
NP40EO degradation 31% (27°C) 
and 12 % (10°C) 
anaerobic: 
NP2EO degradation 5 % (27°C) and 
1 % (10°C) 
NP4EO degradation 21 % (27°C) 
and 0 % (10°C) 
NP10EO degradation 36 % (27°C) 
and 26% (10°C) 
NP40EO degradation 49% (27°C) 
and 10 % (10°C) 

2 (Teurneu, 
2004) 
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Formation of NP 

 

The degradation of radiolabelled NP4EO mixture (NPnEO n=0-9) in estuarine sediment was 
investigated under aerobic and anaerobic conditions in batch sediment slurry experiments 
(Ferguson and Brownawell, 2003). The sampling site (Jamaica Bay, NY, USA) has been 
extensively studied with regard to the NPnEO fate. It is situated near to the outfall of a major 
waste water treatment plant (NPnEO concentration in sediment >40 µg/g dry weight, mostly 
NP and NP1EO) and represents a highly polluted site (high contamination with heavy metals 
and organic contaminants). The total NPnEO mixture dissipated significantly faster under 
aerobic conditions (DisT50 = 85 days) than under anaerobic conditions (DisT50 = 289 days). 
Even under aerobic conditions only 1.7 % CO2 of the initial added [14C6]- NP4EO was formed. 
This is contrary to other studies that have been reported that NPnEO converted to CO2 under 
aerobic conditions. The authors stated various reasons, for example: reduced bioavailability of 
NPnEOs due to sorption to the highly organic-rich sediment; inhibition of mineralization by high 
concentrations of toxicants (sediment is known to be toxic to microorganisms in Microtox™ 
assays). Nonylphenol was present at low levels (~5%) in the [14C6]- NP4EO spiking material 
and was observed to persist at these low levels throughout the degradation experiment in both 
oxic and anoxic treatments. At the end of the experiment, NP accounted for only 
approximately 3% of the initially added 14C activity in both the aerobic and anaerobic 
treatments. The authors mentioned that this might be due to a small amounts of NP formed 
and removed at similar rates or that the time scale of the experiment was not long enough. 
Even if there are some concerns about this study due to the toxicity and high organic carbon 
content of the sediment, the study provides some indication what could happen if a site is very 
polluted. 

Chang et al. studied the degradation of 4-NP1EO by anaerobic microorganisms from NP-
acclimated river sediments (Chang et al., 2004). The DegT50 (primary degradation) ranged 
from 49.5 to 77.0 days (30 °C). After day 8, 4-NP was determined as intermediate product. 
The concentration of 4-NP increased from day 8 to day 14. Degradation rates for 4-NP1EO 
were enhanced by increasing temperature and inhibited by the addition of acetate, pyruvate, 
lactate, manganese dioxide, ferric chloride, sodium chloride, heavy metals, and phthalic acid 
esters. 

Yuan et al. sampled sediment from the same samples sites as Chang et al. 2004 and studied 
the aerobic degradation of 4-NP1EO (Yuan et al., 2004). The half-lives DegT50 (primary 
degradation) ranged from 69.3 to 115.5 days. These results suggest that microorganisms 
adapt in a site specific manner, and therefore vary in terms of biodegrading capacity. If the 
sediment was additionally acclimated with nonylphenol, NP1EO was completely dissipated after 
56 days. 

The degradation of NPnEO (n=2, 4, 10, and 40) was studied under aerobic and anaerobic 
conditions at 27°C and 10°C (Teurneu, 2004). For the batch experiments sediment samples 
from the bottom of a sedimentation basin of an industrial site (production of NPnEO) were 
used. The initial concentration of NPnEO was 500 mg/L. The long-chain ethoxylates showed 
greater degradation than the short-chain ethoxylates. This was confirmed by screening of 
degrading organisms in the sediment. A higher presence of bacteria capable of 10 and 40 
ethoxylate degradation was observed. The results of the sediment analysis indicate an 
accumulation of NP in the sediment. 

In summary, only little information is available for biodegradation of 4-NPnEO in sediment. 
These data show that in sediments 4-nonylphenol ethoxylates (based on studies carried out 
with 4-NPnEO and NPnEO) degrade to 4-nonylphenol under aerobic and anaerobic conditions. 
Degradation of the short chain 4-nonylphenol ethoxylates (n = 1-4) is slow and depends on 
temperature with dissipation half-lives of 49-115.5 d and even longer (289 d at a highly 
polluted site). Although results in aerobic sewage treatment plants indicate that under aerobic 
conditions dissipation of 4-nonylphenol ethoxylates and formation of the corresponding 
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carboxylates is a fast process, results by Ferguson and Brownawell (Ferguson and Brownawell, 
2003) indicate that in pre-contaminated sediment this process may be hindered. Overall 
results indicate that 4-nonylphenol ethoxylates may degrade to 4-nonylphenol in sediment. 
Because degradation may be slow, it can be expected, that they are a long-term source for 4-
nonylphenol in sediment. 

3.1.2.2.1 Biodegradation in soil 

Table 15: Summary of biodegradation tests in soil 
Compound Result Reliability Reference 

NP12EO 90-99% dissipation within first week  
Biphasic kinetic 
1. DisT50 = 0.3 – 5.2 days 
2. DisT50 = 11.40 – 48.0 days 

2 (Sjöström et 
al., 2008) 

Mixture of 4-
NP1EO, 4-
NP2EO and 4-
NP3EO 
Imbentin -N/7A 

4-NP1EO: 90 % dissipation after 322 days 
triphasic kinetics: 
1. Initital period (1-14 days): DisT50 = 7 days 
2. Transition time (30 – 90 days): DisT50 = 150 days 
3. Long-term persistence (> 150 days): DisT50 > 360 
days 
4-NP2EO: 86 % dissipation after 322 days 
triphasic kinetics: 
1. Initital period (1-14 days): DisT50 = 8 days 
2. Transition time (30 – 90 days): DisT50 = 110 days 
3. Long-term persistence (> 150 days): DisT50 > 360 
days 

2 (Marcomini et 
al., 1989) 

Linear 4-NP2EO Mineralization after 2 months: 
sludge-soil ratio 1:20 (40% water content) = 61.4 %  
sludge-soil ratio 1:20 (80% water content) = 12.4 %  
sludge-soil ratio 1:100 (40% water content) = 70.2 %  
sludge-soil ratio 1:100 (80% water content) = 43.4 %  
sludge only = 14.8 %  
soil only = 64.4 %  

2 (Gejlsbjerg et 
al., 2001) 

4-NP1-2EO 
mixture (0.15% 
4-NP, 70% 4-
NP1EO, 28% 4-
NP2EO, 2 % 4-
NP3EO) 

landfilled sludge: 81 % 4-NP was formed during 53 
days; > 53days concentration remained constant 

2 (Ejlertsson et 
al., 1999) 

NP4EO, NP9EO NP4EO: 12-29 % mineralization within 150 days 
NP9EO: 17-28 % mineralization within 150 days 

2 (Dettenmaier 
and Doucette, 
2007) 

 

Sjöström et al. examined degradation of NP12EO in four contrasting agricultural soils 
(Sjöström et al., 2008). A biphasic dissipation kinetic was observed. The rapid initial 
dissipation with DisT50 = 0.3 – 5.2 days were followed by a slower dissipation phase (DisT50 
= 11.4 - 48.0 days). After 30 days results showed the formation of NP from NP12EO. NP 
remained nearly stable at the end of the experiment. No detectable NP12EO remained in the 
soils after 105 days and no intermediate degradation products were found. 

The fate of a mixture of 4-NPnEO (n= 1-3) in sludge amended soil was studied by Marcomini 
et al. (Marcomini et al., 1989). The soil samples were collected from the upper 5 cm of planted 
grass land. This site was part of a long term filed study and had received anaerobically 
digested sludge at an average application rate of 13.5 tonnes/ha year (dry weight). The sludge 
was applied to the surface soil as a liquid spread, four to six times per year. The initial 
concentrations of 4-NP1EO and 4-NP2EO  in the amended soil were 1.1 and 0.095 mg/kg (dry 
weight). 320 days after the last sludge application the residual mean concentrations were 0.11 
and 0.013 mg/kg (dry weight) for 4-NP1EO and 4-NP2EO, respectively. The disappearance of 
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4-NP1EO and 4-NP2EO were fast in the first two weeks followed by a slow disappearance from 
days 30-90; from day 150 no significant disappearance was noted and 4-NP1EO and 4-NP2EO 
was classed as being persistent. The estimated degradation half-lives of 4-NP1EO in the soil in 
the initial phase was 7 days (4-NP2EO = 8 days), 150 days for the transition phase (4-NP2EO 
= 110 days) and >360 days after 150 days of application. These half-lives are for primary 
biodegradation and were calculated assuming pseudo first order kinetics. 

The mineralization of 14C-labelled 4-NP2EO was investigated in different sludge-soil mixtures 
and soils (Gejlsbjerg et al., 2001). The mineralization of 4-NP2EO was indirectly affected by 
the amount of sludge in the test mixtures. A higher content of sludge in the mixtures reduced 
the overall concentration of oxygen, which resulted in a decrease of the mineralization of 4-
NP2EO. A higher water content resulted in lower concentrations of oxygen, thus in decrease of 
mineralization, too. Mineralization of 4-NP2EO was not affected by the soil type since the 
percentage of compound mineralized (64.4 %) after two months was not different between 
any of the test mixtures. 

The degradation of a 4-NP1-2EO mixture (2, 60 and 308 mg/L) in landfilled municipal solid 
waste and landfilled sludge was determined under methanogenic conditions for 150 days 
(Ejlertsson et al., 1999). In both inocula at a concentration of 2 mg/L 4-NP1-2EO the added 4-
NP1-2EO was transformed to 4-NP by anaerobic microorganisms.  The background level of 4-
NP in the landfilled municipal solid waste was so high that a transformation of 4-NP1-2EO 
would only increase the indigenous 4-NP concentration with 5-10% (significant decrease of 4-
NP1EO and 4-NP2EO was observed within 22 days). An increase to 81 % during 53 days was 
observed in samples with landfilled sludge. At a concentration of 60 mg/L 4-NP1-2EO 
approximately 20 % 4-NP was formed during 40 days (landfilled municipal solid waste) and 80 
days (landfilled sludge). The concentration of formed 4-NP remained constant until day 150. At 
308 mg/L 4-NP1-2EO less than 1% of the added 4-NP1-2EO was transformed into 4-NP. 

Dettenmaier and Doucette conducted microcosm experiments to evaluate the mineralization of 
NPnEO (n= 4, 9) in a soil/biosolids (99.5:0.5 w/w) environment planted with crested 
wheatgrass (Dettenmaier and Doucette, 2007). The microcosms were located in a greenhouse 
with a 18:6-h light:dark photoperiod and a day/night temperature of 20±1/16±1 °C. Three 
inital concentrations (6, 24, 47 mg/kg dw) of NPnEO were tested. 12-29 % of NP4EO and 17-
28% of NP9EO mineralized to 14CO2 within 150 days. No statistical difference was shown 
between planted and unplanted systems. 

In summary results (based on studies carried out with 4-NPnEO and  NPnEO) show, that the 
overall biodegradation of 4-nonylphenol ethoxylates in soil is slow and depends on the amount 
of oxygen available. Results by Sjöström et al. (Sjöström et al., 2008) and Ejlertsson et al. 
(Ejlertsson et al., 1999) show that nonylphenol is formed during this process. While it was only 
a minor pathway in agricultural soil (Sjöström et al., 2008), 81 % of the overall 4-nonylphenol 
ethoxylates concentration at the end of the experiment (2 month) was 4-nonylphenol in a 
landfill with anaerobic sludge (Ejlertsson et al., 1999). Thus results indicate that 4-nonylphenol 
ethoxylates may degrade to 4-nonylphenol. Because conversion is slow, it can be expected 
that the remaining ethoxylate concentration is a long-term source of 4-nonylphenol in soil. 

Results from 4-NP studies show dissipation or primary degradation with DisT50 = 2.1-51 days. 
4-Nonylphenol degrades as well as 4-NPnEO biphasic (fast inital phase (DegT50 < 16.7 days 
and a following slower degradation phase (DegT50> 40 days). Two studies investigated 
mineralization with 5 % CO2 after 58 days and 7% CO2 after 150 days (European Chemicals 
Agency, 2012b). These results show that the rate of 4-NP-removal is not faster than the rate 
of 4-NP-formation from 4-NPnEO. 

3.1.3 Summary and discussion on degradation 

In summary data on degradation of 4-nonylphenol ethoxylates (4-NPnEO; based on studies 
carried out with 4-NPnEO and NPnEO) indicate the following: 
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Ready biodegradability tests with short and long-chain NPnEO provide evidence, that 4-NPnEO 
are metabolized to some extent and that degradation may involve stable metabolites. 

In sewage treatment plants it can be expected that– depending on the test conditions - 
between 70 and 100% of the 4-NPnEO is not mineralized; 4-NPnEO will therein be converted 
into short chain ethoxylates and be further degraded to the corresponding carboxylates or to 
4-nonylphenol (4-NP), during aerobic and anaerobic phases respectively. Transformation to 4-
NP (during sewage treatment) is actually expected to occur to a low extent, due to slow 
degradation rates of the short chain ethoxylates. Thus, in summary it is expected that 4-
NPnEO in sewage will be basically transformed to short chain nonylphenol ethoxylates and 
their corresponding carboxylates, which will be the main compounds released to the aquatic 
environment. 

Even if photodegradation might occur in water, the overall contribution to the whole 
degradation process is negligible. The low vapour pressure of long chain 4-NPnEO indicates 
that photodegradation in air is only a minor degradation path but it might be of some 
relevance for 4-NP1EO. 
 
In aerobic surface water, further biodegradation of the short chain 4-NPnEO to its 
corresponding carboxylates (4-NPnEC) is expected to be the predominant pathway. While such 
transformation may be quick in summer (DisT50 = 2.5-35 days for NPnEO), results for a 
brackish bacteria community indicate that it may be slower in winter (DisT50 between 23 and 
69 days). Further degradation of the short chain 4-NPnEC may occur through carboxylation of 
the alkylchain (Jonkers et al., 2001). However, as summarized in Van Vlaardingen et al. 
evidence of complete degradation under natural conditions is scarce (Van Vlaardingen et al., 
2003). 

Once transferred into sediment, it can be expected that the 4-NPnEO are transformed to the 
stable 4-NP. Degradation half-lives indicate that this is a slow process under anaerobic 
conditions (Dis/DegT50 = 49-77 or even 289 days (NPnEO)). While some data for activated 
sludge indicate that under aerobic conditions formation of nonylphenol carboxylates is the 
dominant process, data in a pre-contaminated sediment indicate, that this might be hindered 
in contaminated sediments (DisT50 = 69.3 – 115.5 days). Overall, sediments are expected to 
be a continuous source of 4-NP formed from 4-NPnEO due to the slow degradation rate. Due to 
the even slower degradation of 4-nonylphenol compared to 4-NP1-2EO (DegT50 46.2 days 
(primary degradation) to no elimination after 703 day in anaerobic freshwater sediment - 
depending on linear or branched isomers), it can be assumed that the formation of 4-
nonylphenol exceeds its degradation. But available information does not allow to calculate 
steady state concentrations for 4-nonylphenol based on the degradation of its ethoxylates. 

Processes in soil are similar to those observed in sediment but primary degradation seems to 
be even slower. Results indicate that, after a quick first degradation, further biodegradation of 
4-NPnEO will be slow. Thus, similar to sediment, once contaminated with 4-NPnEO, soils are 
expected to be a continuous source for 4-NP in the environment. Information provided in the 
biodegradation tests for NPnEO indicate that the formation of NP exceeds its degradation as 
complete mineralization of NPnEO was low and nonylphenol was continuously formed and thus 
the overall degradation rate of 4-NP decreased (Sjöström et al., 2008). 

In summary, available studies indicate that 4-NPnEO degrade to 4-NP, especially under 
anaerobic conditions. Hence, 4-NPnEO are relevant precursors for the substance of very high 
concern 4-NP. 

4-NP itself is a stable metabolite which strongly adsorbs to soil, sludge and sediment. In 
sediment a DegT50 of 46.2 days (primary degradation) to no elimination after 703 days 
(depending on linear or branched isomers) was observed under anaerobic conditions 
(European Chemicals Agency, 2012b). 
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3.2 Environmental distribution 

3.2.1 Adsorption/desorption 

According to Leisewitz and Schwarz (Leisewitz and Schwarz, 1997), the affinity to the organic 
phase (soil, sediment, organic material) increases with decreasing length of the ethoxylate 
side-chain (which is subject to processes of biotic degradation). 

No experimental information from registration dossiers is available yet. Therefore QSARs were 
used to estimate the adsorption potential for a subset of ethoxylation grades (Table 16). No 
further evaluation of the QSAR regarding the domain of applicability was conducted as the 
information on adsorption is regarded not essential for SVHC identification. 

Table 16: Adsorption potential for assorted ethoxylation grades of 4-nonylphenol 

Grade of 
ethoxylation 

log Koc 
(KOCWIN 
v2.00a, log 

KOW-method) 

log Koc 
(KOCWIN 
v2.00a, MCI-

method) 

loc Koc @ pH 
7.4 
(ACD/Labsb @ 

pH 7.4) 

1 3.66 3.48 4.51 

2 3.41 3.39 4.46 

4 2.93 3.22 4.20 

6 2.44 3.04 3.95 

8 1.96 2.86 3.69 

Explanation of footnotes: 
a calculation was conducted with KocWIN v2.00 which is an integral part of the QSAR suite EPIweb v4.1 (2008) 
b calculation was conducted on the ChemSpider-website (www.chemspider.com; available 19.04.2012). The QSAR for 
the calculations are included in the ACD/PhysChem Suite. 

The QSAR-predicted values for the adsorption potential underline the conclusions made by 
Leisewitz and Schwarz. The relatively high log Pow of 4-NPnEO with low grades of ethoxylation 
argues for accumulation in the compartments soil, sediment and organic material. 

3.2.2 Volatilisation 

The calculation of the Henry-Constant with QSAR HenryWIN v3.20 (Sept. 2011; group 
estimation method) revealed a value of 0.127 Pa*m³/mole for mono-ethoxylated 4-
nonylphenole, indicating a moderate tendency for volatilisation from aqueous media. No 
further evaluation of the QSAR regarding the domain of applicability was conducted as the 
information on volatilisation is regarded not essential for SVHC identification. 

Since the vapour pressure further decreases with increasing grade of ethoxylation volatilisation 
is not expected to be a relevant path of removal or environmental distribution for 4-
nonylphenol ethoxylates. 

3.2.3 Distribution modelling 

Distribution modelling according to Mackay Level III 
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The data on distribution in the environment in this subsection is based on QSAR-predicted 
substance properties calculated within EPIsuite v4.10. No further evaluation of the QSAR 
regarding the domain of applicability was conducted as the information on adsorption is 
regarded not essential for SVHC identification. 

Table 17: Adsorption potential for assorted ethoxylation grades of 4-nonylphenol 

Grade of 
ethoxylation 

Distribution to: 

Air (percent) Water (percent) Soil (percent) 
Sediment 
(percent) 

1 0.59 22.5 74.8 2.13 

2 9.16E-06 92.7 1.24E-03 7.32 

4 6.09E-14 91.6 2.63E-08 8.43 

6 2.37E-22 94.3 1.23E-13 5.69 

8 9.75E-31 95.7 8.83E-19 4.33 

As a result of the low tendency for evaporation from aqueous media, the predicted adsorption 
behaviour, and the outcome of the Level III distribution modelling, it could be concluded that, 
for 4-NPnEO released in water, higher ethoxylated molecules will remain in the water phase 
whereas low ethoxylated ones will adsorb to organic suspended matter or the sediment. 

3.2.4 Measured distribution data 

Information from studies about the behaviour of nonylphenol ethoxylates in surface water and 
during waste water treatment are summarised in the following tables. 

Table 18: Summary of behaviour of NPnEO during waste water treatment 

Test 
substance  

Result Reliability Reference 

NPnEO (n=1-
20), NP1EC, 
NP2EC, NP 

Average value from 11 waste water treatment plants 
(Switzerland): 
Primary effluent: 
NPnEO (n=3-20)= 82.4 % 
NP1EO + NP2EO = 11.5 % 
NP1EC + NP2EC = 3.1 % 
NP = 3 % 
Secondary effluent: 
NPnEO (n=3-20)= 28.2 % 
NP1EO + NP2EO = 21.8 % 
NP1EC + NP2EC = 46.1 % 
NP = 3.9 % 
 
Increase of NP mass compared to influent in two selected 
waste water treatment plants: 181 - 758 % (comparison 
of raw seawage mass (mol/day) with mass in digested 
sludge and secondary effluent (mol/day).  96.7%  and 92 
% of mass efflux respectively are adsorbed to sludge 
 
60-65% of all nonylphenol compounds that have entered 
sewage treatment are released into the environment: 
NPnEC = 19 % 
NP1EO + 4-NP2EO = 11 % 
NP = 25 %  

2 (Ahel et al., 
1994a) 
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NPnEO (untransformed) = 8 % 
 
60 % of total load (NPnEO und NPnEC) are discharged 
into receiving waters via secondary effluent; 40 % of the 
total load (> 90 % NP) disposed to the environment via 
digested sludge 

NPnEO (n=1-
12), NP 

Tanguu WWTP, Tianjin 
Influent NP = 0.93 – 6.0 µg/L 
Effluent NP = 1.32 – 5.22 µg/L  
Removal (average) 
Total NPnEO (n=1-12) = 70 % 
NPnEO (n>6) = 82.6 - >99 % 
NP5EO = 43.2 % 
NPnEO (n=1-4) = 62.4-74.6 % 
NP = 70.8% increase in effluent compared to influent; NP 
was accumulated in all effluent samples (except April 
2004) 

2 (Yu et al., 
2009) 

NPnEO (n= 1-
12), NPnEC 
(n= 1-3), NP 

carbonaceous treatment: 
total removal NPnEO (NPnEO, NP1-3EC, NP) = 36.9 % 
Increase of NP concentration by 25.5 % in effluent 
compared to influent 
carbonaceous/nitrification treatment: 
total removal NPnEO (NPnEO, NP1-3EC, NP) = 59 % 
NP removal = 42.6 ± 30.4 % 
carbonaceous/nitrification/denitrification treatment: 
total  removal NPnEO (NPnEO, NP1-3EC, NP) = 26.8 % 
Increase of NP concentration by 54.1 % in effluent 
compared to influent 

2 (McAdam et 
al., 2011) 

NPnEO (n=1-
2), NP 

Calculation based on measured data: 50% (molar base) 
of NPnEO in influent was transformed to NP and 
accumulated in digested sludge 

2 (Brunner et 
al., 1988) 

NPnEO (n=9) 20.8 % of the influent radioactivity removed as CO2 
55.9 % was found in effluent as NP/NPnEO (6.9 %), 
NPnEC (26 %) and highly degraded metabolites (23.1 %) 
6 % adsorbed to sludge (3.5 % as NP/NPnEO and 2.5 % 
as biomass) 
8.35 % remained in aqueous part of the system  
0.72 % removed from the system in sludge  
8.23 % of the radioactivity was unaccounted for 
Increase of NP = 112.5 % 

4 
(secondary 
literature) 

(Varineau et 
al., 1996; 
European 
Commission, 
2002) 

The behaviour of NPnEO in several full-scale mechanical-biological waste water treatment 
plants in the Glatt Valley, Switzerland was investigated by Ahel et al. (Ahel et al., 1994a). The 
concentration of NPnEO (n=3-20) decreases from primary to secondary effluent (82% to 
28%), while the concentrations of the metabolites NPnEO (n=1-2, 12% to 22%), NPnEC (n=1-
2, 3% to 46%) and NP (3% to 4%) increase. 60-65% of all 4-nonylphenol compounds that 
have entered the waste water treatment plants are released into the environment, 
approximately 25% released to the environment in the form of NP and 11% in the form of 
NP1EO and NP2EO. Almost all of the released NPnEO and NPnEC, as well as the majority of 
NP1EO and NP2EO, are discharged into receiving waters via secondary effluents (60% of the 
total input into the environment). NP (>90%) is disposed to the environment via digested 
sludge (40% of the total input into the environment). Analysis of mass flux in two waste water 
treatment plants revealed that the overall NP concentration compared to the influent increased 
by 181 – 758 % due to the degradation of NPnEO to NP with most of the NP being adsorbed to 
the sludge. 

Yu et al. monitored NPnEO and their metabolites in waste water treatment plants of Tianjin (Yu 
et al., 2009). 70% of NPnEO (n=1-12) was removed. In all waste water treatment plants 
effluent samples (except the sample from April 2004) NP was accumulated (average 70.8%) 
with a mean value of 2.92 µg/L. 
 
The fate of NPnEO during different activated sludge treatments (carbonaceous treatment, 
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carbonaceous/nitrification treatment, carbonaceous/nitrification/denitrification treatment) was 
investigated by Mc Adam et al. (McAdam et al., 2011). Based on mass balance, overall 
biodegradation efficiencies for NPnEOs, NPnEC (n=1-3) and NP were 37%, 59%, and 27% for 
the carbonaceous, carbonaceous/nitrification, and carbonaceous/nitrification/denitrification 
activated sludge plant, respectively. Beside short chain ethoxylates and carboxylates (n=1-3) 
NP was also formed at the carbonaceous (25.5%) and carbonaceous/nitrification/denitrification 
activated sludge plant (54.1%). In contrast, NP removal of 42.6±30.4% was observed at the 
carbonaceous/nitrification activated sludge plant. 
 
The behaviour of NPnEOs and their biodegradation intermediates during sewage treatment 
procedure were investigated (Shao et al., 2003). Compared with concentrations of NP and 
NP2EO, the concentration of NP1EO was significantly low, suggesting that once NPnEOs were 
degraded into NP1EO, they would be easily transformed into NP. The removal of NPnEOs has a 
tendency to increase with the increase of EO chain length. The removals of NP2EO, NP3EO and 
NP4EO were below 60%, significantly low in comparison with those of NPnEOs at n>9 (>70%, 
exception n=7 with 59.6%).  The removal of NPnEO was contributed by two paths: 
biodegradation of NPnEOs from longer ones to shorter ones, and sorption of NPnEOs to sludge. 
For NP sorption was the primary path. The relatively low removals of NPnEOs with short EO 
chains were perhaps due to the simultaneous occurrence of decomposition and formation of 
these compounds. 
 
Brunner et al. determined NP, NP1EO and NP2EO in raw sewage, secondary effluent and 
stabilized sewage sludge of 29 Swiss sewage treatment plants (Brunner et al., 1988). They 
showed that NP1EO and NP2EO were formed by degradation from NPnEO. NP1EO and NP2EO 
were partly attached to the sludge and partly discharged to the effluent. By sludge treatment 
under anaerobic conditions large amounts of NP were formed by NP1EO. They calculated 
(based on measured data) that 50% on a molar base (17% w/w) of the NPnEO in raw water 
finally ends up as NP in sewage sludge. 
 
The study of Varineau et al. was discussed in the Risk Assessment Report of 4-nonylphenol, 
which has been copied here in italic letters (European Commission, 2002): 
The biodegradation of 14C ring-labelled NPnEO (average n=9) has been studied in a 
semicontinuous activated sludge treatment system. The activated sludge was derived from the 
mixed liquors from the aeration basin of a wastewater treatment plant. The water used in the 
test was the primary effluent from the settling basin at the wastewater treatment plant, 
supplemented with nutrient broth. The background concentration of nonylphenol and NPnEO 
(range n=1-17) were 43.6 µg/l and 978 µg/l respectively. Before the test was started, the 
activated sludge was acclimated for 14 days by exposure to the primary effluent. After 14 days 
300 ml of the activated sludge was placed into the degradation reactor and primary effluent 
containing 2 mg/l of the 14C labelled NPnEO was fed into the reactor. A semi-continuous fill and 
draw procedure was used such that around 200 ml of the liquid in the reactor was drawn off 
and replaced by the primary effluent containing the  14C-labelled substance every 2.3 days. 
This gave a sludge retention time and hydraulic retention time of 52 and 3.45 days 
respectively in the system. The total sampling time was 30 days. Based on radioactivity 
measurements, 20.8% of the influent radioactivity was removed as CO2, 55.9% was found in 
effluent as nonylphenol/NPnEO (6.9%), NPnEC (26%) and highly degraded metabolites 
(23.1%), 6% remained in the test system adsorbed to sludge (3.5% as nonylphenol/NPnEO 
and 2.5% as biomass), 8.35% remained in the aqueous part of the system (1.03% as 
nonylphenol/NPnEO, 2.88% as NPnEC, and 3.45% as highly degraded metabolites), 0.72% of 
the radioactivity was removed from the system in sludge (0.09% as nonylphenol/NPnEO, 
0.34% and NPnEC and 0.3% has highly degraded metabolites) and 8.23% of the radioactivity 
was unaccounted for. Overall, there was a 93% removal of the NPnEO from the influent. 
Specific analysis for nonylphenol showed that from the total influent concentration of 
nonylphenol/NPnEO compounds (total 204 µg, of which around 8 µg was nonylphenol), around 
4 µg of nonylphenol was discharged in effluent, 5 µg was adsorbed on sludge and 8 µg was 
retained in the system. Thus there appears to have been a net generation of nonylphenol in 
the system (i.e. 8 µg was added to the system, 17 µg present in the system - if it is assumed 
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that no degradation of nonylphenol occurred then around 4.6% of the NPnEO was converted to 
nonylphenol) (Varineau et al., 1996). Based on the data net generation of NP accounted for an 
increase of the overall NP by 112.5% compared to the influent. 
 
Soares et al. analysed data of approximately 300 sewage treatment plants in 14 countries 
(Soares et al., 2008). Nonylphenol occurs frequently as a stable intermediate in effluents and 
sewage sludge.Different results (removal of NP 11-99%) have been found, due to varying 
factors like treatment process, temperature or region. Nonylphenol has a higher occurrence in 
waste water of industrial or highly populated regions (urban areas). Higher concentrations of 
nonylphenolic compounds were found during working days and late afternoons than at 
weekends and during the night. However, the results indicate that sewage treatment plants 
are only partially efficient in removing nonylphenolic compounds (Environment Agency UK, 
2008). 
 
Table 19: Summary of behaviour of NPnEO in surface water 

Test 

substance  

Result Reliability Reference 

Surface water 

NPnEO, 
NP1EO + 
NP2EO, 
NP1EC + 
NP2EC, NP 
 
 

Glatt River, Switzerland: 
Total Input (n=10): 
NPnEO (n=3-20)= 21.6 % (23.4 mol/day) 
NP1EO + NP2EO = 22.5 % (24.3mol/day) 
NP1EC + NP2EC = 51 % (55.2 mol/day) 
NP = 4.9 % (5.3 mol/day) 
Output 
NPnEO (n=3-20)= 3.4 % (2.8 mol/day) 
NP1EO + NP2EO = 8.8 % (7.2 mol/day) 
NP1EC + NP2EC = 85.4 % (70.1 mol/day) 
NP = 2.4 % (2.0 mol/day) 
Dissipation nonylphenolic compounds = 24 % 

2 (Ahel et al., 
1994b) 

 
The behaviour of NPnEO and their metabolites in surface water (Glatt River, Siwtzerland) was 
studied by Ahel et al. (Ahel et al., 1994b). Several sampling sides along the river were 
analysed. Discharge of secondary effluents from municipal sewage treatment plants into the 
river was the predominant source of nonylphenol ethoxylates. Concentration varied 
substantially depending upon sampling location, season and time of the day. The 
concentrations of nonylphenolic compounds were significantly lower in summer than in winter. 
The overall dissipation efficiency on the river section was 24 %. While 88 % of the total NPnEO 
input into the river based on effluents form sewage treatment plants was eliminated only 62 % 
of nonylphenol disappeared and the concentration of the short chain carboxylates (NP1-2EC) 
increased. Results indicate that although some mineralization occurred, most of the 
nonylphenolic compounds remained in the river- during summer predominantly as NP1-2EC 
and in winter as NP1-2EO. Degradation toward NP occurs, but degradation to short chain NP1-
2EO and NP1-2EC were of higher relevance. However, although NP usually belongs to the less 
abundant surfactant-derived nonylphenolic compounds in the Glatt River, a majority of the 
concentration values were higher than 1 µg/L. In sediment NP was the predominant 
nonylphenolic compound. 

3.2.5 Summary distribution 

The fate of 4-nonylphenol ethoxylates (4-NPnEO; based on studies carried out with NPnEO) in 
waste water treatment plants varies because of: different source water, operating conditions 
and treatment technologies. Measured data in sewage treatment plants are difficult to interpret 
with regard to the question whether or not degradation of 4-NPnEO to 4-nonylphenol (4-NP) 
results in a relevant contribution to the overall 4-NP concentration in the environment; as 
usually already the influent contains alkylphenols and both formation of the alkylphenol and its 
degradation contribute to the overall concentration. However results for NPnEO reveal some 
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general aspects which are in line with results of the biodegradation experiments: 

 
Overall results show, that the concentration of long chain ethoxylates in sewage treatment 
plants decrease as expected based on degradation data. Data substantiate that the ethoxylates 
are not subject to complete mineralization. The ultimate degradation of the ethoxylates 
(mineralization and degradation to metabolites other than short chain ethoxylates, 
carboxylates and alkylphenol) was between 27 and 45%. Results by Ahels et al. substantiate 
that the formation of nonylphenol carboxylates may be the predominant route of 
transformation, as NP1-2EC were the most dominant metabolites in the waste water treatment 
plant effluent (Ahel et al., 1994a). Net load data indicate that the contribution to the overall 4-
NP concentration released to the environment may be high: All studies suggest that the net 
loads of nonylphenol increase during sewage treatment. Varineau et al (Varineau et al., 1996) 
described a net increase (difference between influent and effluent) of about 112.5% (17 µg/L 
compared to 8 µg/L at the influent), while the net increase was 71 % in the study by Yu et al 
(Yu et al., 2009) and 181- 758% in the study by Ahel et al. (1994a). Data by McAdam 
suggest, that 4-NP formation is mainly a result of the denitrification step (54% in this study) 
(McAdam et al., 2011). 
 
Results by Ahel et al. and Varineau et al. suggest that the majority of the remaining NPnEO 
will be released into receiving waters via secondary effluent while sludge will be a significant 
pathway for NP (Ahel et al., 1994a; Varineau et al., 1996). Brunner et al. calculated that about 
50% (molar base; 17% w/w) of the NPnEO in the raw sewage were transformed to NP, which 
then accumulated in the digested sludge (Brunner et al., 1988). 
 
Based on such data reasonable worst-case assumptions for the fate of 4-NPnEO during 
anaerobic waste water treatment were estimated in the environment risk assessment report 
for nonylphenol (European Commission, 2002). According to this calculation 45% of the 4-
NPnEO would be mineralized, 33 % would be released via effluent as 4-NP1EO, 4-NP2EO and 
4-NPnEC (25%) and as 4-NPnEO (n>3) (8%) and 21.5% would leave the waste water 
treatment plant as 4-NP (19% via anaerobically digested sludge and 2.5 % via effluent). 
Additionally, 2.5 % of the released 4-NPnEO could be further degraded to 4-NP in the 
environment. This worst-case assumption was based on data collected during the 1990s. An 
unpublished report from 2008 show that this worst-case assumption still appears to be reliable 
based on newer data (Environment Agency UK, 2008). 
 
Although only part (~21.5%) of the ethoxylates may be ultimately degraded to 4-NP during 
sewage treatment (which is probably due to the fact, that degradation of the short chain 
ethoxylates to 4-NP is a very slow process), this transformation contributes, as described in 
the chapters above, relevantly to the overall 4-NP output of sewage treatment plants (increase 
by 25 – 758 %). 

3.3 Bioaccumulation 

Not assessed for the identification of this substance as SVHC in accordance with Article 57(f). 

3.4 Secondary poisoning 

Not assessed for the identification of this substance as SVHC in accordance with Article 57(f). 

4 Human health hazard assessment 

Not assessed for the identification of this substance as SVHC in accordance with Article 57(f). 
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5 Environmental hazard assessment 

The following sections summarize available ecotoxicity information for 4-nonylphenol 
ethoxylates (4-NPnEO). Information showing that the degradation product 4-nonylphenol is a 
substance of very high concern, due to its endocrine disrupting properties which cause 
probable serious effects in the environment, is summarized in the SVHC supporting document 
for 4-Nonylphenol (European Chemicals Agency, 2012b). 

5.1 Aquatic compartment (including sediment) 

5.1.1 Toxicity data 

Available toxicity data for nonylphenol, branched and linear, ethoxylated (4-NPnEO and 
NPnEO) are roughly summarized in order to analyze whether or not they may give rise to an 
equivalent concern compared to 4-nonylphenol, branched and linear (4-NP) with regard to 
their endocrine properties. Only endpoints relevant with regard to the endocrine properties are 
analyzed. 

5.1.1.1   In vitro  

In vitro results may provide information about a specific mechanism of action, in this case 
estrogen receptor binding. They may also provide information about the potency of this 
mechanism but do not consider whether or not effects may occur in intact organisms and do 
not provide information on the potency in vivo as this is influenced by pharmaco-kinetic 
processes such as uptake distribution, accumulation and excretion. 

Data for NPnEO and one of its degradation products (short chain nonylphenol carboxylates 
(NP1-2EC) are summarized in  

Table 20 supplemented with data for octylphenol ethoxylates which are used as supportive 
information. 
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Table 20: Summary of in vitro test results for nonylphenol branched and linear ethoxylates and – as supporting information - for 4-tert-
octylphenol ethoxylates using cells from aquatic organism VTG = vitellogenin; E2 = 17ß-estradiol; EE2 = Ethinylestradiol, RP  (relative 
potency) = ECx E2/ECx NPnEO, RIE (relative inductive efficiency) =maximal induction compared to maximal E2 induction): 

Test 
substance 

Cell type Test condition / 
parameter 

Effect concentrations Potency (relative to 17ß-estradiol 
and/ or OP)  

Reference 

NPnEO 

NP1EO/NP2EO 
mixture 

Yeast 
cells 

YES assay,  

 

 

EC20: 

E2 0.022 µg/L 

NP = 246 µg/L 

NP1EO = 10 000 µg/L 

RP: (EC20 E2/EC20 NP(nEO):): 

NP: 0.000089 

NP1-2EO: 0.0000023 

 

(Metcalfe et 
al., 2001) 

NP1-2EO  

NP6EO 

NP10EO 

(technical 
mixtures) 

Yeast 
cells 

YES assay,  

 

 

EC50: 

E2 = 2.8 -5 mg/L 

NP= 9.3 -4 mg/ 

NP6EO = 40% effect at 10 mg/L 

NP10EO = 30% effect at 6.6 mg/l 

 

RP: (EC50 E2/EC50 NP(nEO):): 

NP:.003 

NP6EO:  ND 

NP10EO: ND 

 

RIE:  

NP:.72 % 

NP6EO: 40 % 

NP10EO: 30% 

(Isidori et 
al., 2006) 
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NP2EO Yeast 
cells 

Recombinant yeast 
(strain BJ2168) 
heterogously expressing 
rtER. Induction of β-
galactosidase activity: 

LOEC (E2) = 10-8 to 10-9 M 

LOEC (4-NP) = 10-6 M 

 

N2EO = No estrogen activity  up to 
10-4 M ( 

RP (LOEC(E2)/LOEC(4-n-NP)) 

NP : 1 x 10-2 -  1 x 10-3 

 

(Madigou et 
al., 2001) 

NP2EO 

NP7EO 

Yeast 
cells 

Recombinant yeast 
(strain BJ-ECZ) 
heterogously expressing 
rtER. ß-galoctisidase 
activity 

LOEC (E2) = 10-9 M 

LOEC (4-NP) = 10-6 M  

 

ECmax (E2) = 10-8 M 

ECmax (4-NP) = 10-5 M 

 

RP LOEC(E2)/LOEC(4-NP(nEO)) 

NP = 1 x 10-3 

RIE: 

NP: 92% 

NP2EO: 39 – 64 % NP7EO: 21-34 % 

(Petit et al., 
1997) 

NP10EO YES 
Assay,  

28 mg/L in 
biodegradation assay 
using inocolum from 
Helsinki and Jyväskylä 
City WWTP 

 increased YES response with increasing 
degradation toward shorter chain 
NPnEO 

(Pessala et 
al., 2009) 

NP2EO MCF cells Induction of the 
transcriptional activity of 
the estrogen receptor  

E2: 6 fold induction at 10-8M 

 

Stimulation at 10-5 M, higher than for 
NP at 10-5 M 

(White et al., 
1994) 

NP2EO O.mykiss, 
Primary 
hepatocyt
es 

VTG induction  VTG induction at 10-5 M for both NP2EO 
and NP but less pronounced for NP2EO 

(White et al., 
1994) 
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NP2EO 

NP9EO 

O.mykiss 
Primary 
hepatocyt
es 
derived 
from 
male, 
(mostly) 
immature 
fish 

Expression of vitellogenin 
protein (rtVgt) 

 

EC50 (E2)  = 1.81 x 10-9 M 

EC50 (NP) = 16.15 x 10-6 M 

EC50 (NP2EO) =  17.27 x 10-6M 

EC50 (NP9EO) =  82 x 10-6M 

 

 

LOEC (E2) = 1 x 10-11 M 

ECmax (E2)  = 1 x 10-7 M 

RP (ED50 (E2) / ED50 4-n-NP(nEO)): 

NP:  3.3 x 10-6 

NP2EO: 6 x 10-6 

NP9EO: 2 x 10-6 

(Jobling and 
Sumpter, 
1993) 

NP2EO O. 
mykiss, 
Primary 
hepatocyt
es 
derived 
from 
male fish 

Expression of vitellogenin 
mRNA (rtVgt mRNA) 

 

ECmax (E2) = 1 x 10-6 M 

ECmax (4-n-NP) = 1 x 10-5 M 

RIE ((maximal) Vtg mRNA expression 
level induced by 4-NP relative to that 
induced by E2.): 

NP ≈ 25 % 

NP2EO: No estrogen potency up to 10-4 

M 

(Madigou et 
al., 2001) 

NP2EO 

NP7EO 

O. 
mykiss, 
Primary 
hepatocyt
es 
derived 
from 
male fish 

Expression of vitellogenin 
mRNA (rtVgt mRNA) 

 

 

 RIE: 

NP:  25.9%  

NP2EO: 156 % N7EO: 1% 

(Petit et al., 
1997) 
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NP10EO O. 
mykiss, 
Primary 
hepatocyt
es 

VTG induction and EROD 
activity 

28 mg/L in 
biodegradation assay 
using inocolum from 
Helsinki and Jyväskylä 
City WWTP 

 No response (Pessala et 
al., 2009) 

OPnEO 

OP2EO 

OPnEO (n = 
3,4,5,12) 

MCF cells Induction of the 
transcriptional activity of 
the estrogen receptor  

E2: 6 fold induction at 10-8M 

OP: 4 fold induction at 10-6M 

OP2EO: 2 fold induction at 10-6M 

OPnEO (n=3,4,5,12): < 1fold 
induction at 10-6M 

OP: 0.01 compared to E2 (comparison 
of concentrations inducing similar 
induction) 

OP2EO: half fold induction compared to 
OP 

OPnEO: negligible effects 

(White et al., 
1994) 

OP3EO 

OP9-10EO 
(technical 
mixture) 

Yeast 
cells, 
human 
ER 
receptor  
hERα 

YES assay,  

EC50:concentration 
giving 50% of the 
maximal response 
induced by 17ß estradiol 

 

EC50  

E2 = 2.8 -5 mg/L 

OP = 2.5-2 mg/L 

OP3EO = 19 mg/L 

OP9-10EO = n.d. (19% effect at 5 
mg/L 

RP: (EC50 E2/EC50 OPnEO): 

OP:.001 

OP3EO: 0.0000014 

OP9-10EO: ND 

 

RIE:  

OP: 61% 

OP3EO: 53% 

OP9-10EO: 19% 

(Isidori et 
al., 2006) 

NPnEC 
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NP1EC O.mykiss 
Primary 
hepatocyt
es 
derived 
from 
male, 
(mostly) 
immature 
fish 

Expression of vitellogenin 
protein (rtVgt) 

 

EC50 (E2)  = 1.81 x 10-9 M 

EC50 (NP) = 16.15 x 10-6 M 

EC50 (NP1EC) =  15.3 x 10-6M 

 

LOEC (E2) = 1 x 10-11 M 

ECmax (E2)  = 1 x 10-7 M 

RP (ED50 (E2) / ED50 4-n-NP(nEO)): 

NP:  3.3 x 10-6 

NP1EC: 6.3 x 10-6 

 

(Jobling and 
Sumpter, 
1993) 

NP1EC 

 

 

O.mykiss, 
Primary 
hepatocyt
es 

VTG induction  VTG induction at 10-5 M for NP1EC,  
similar to NP2EO 

(White et al., 
1994) 
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With regard to the short chain nonylphenol ethoxylates, information for a mixture of NP1EO 
and NP2EO and NP2EO alone are available from 6 studies using three different study types 
(MCF, primary hepatocytes form O.mykiss and the YES assay). In all except one study 
(Madigou et al., 2001) short chain nonylphenol ethoxylates showed estrogen activity: 
 

• Based on EC50 and EC20 values the relative potency in the YES assay was 0.025 and 
0.00012 compared to nonylphenol (Isidori et al., 2006; Metcalfe et al., 2001) while 
Petit et al. (Petit et al., 1997) showed that the activity was about half of the activity of 
nonylphenol at 10-4 M and Madiguo et al. (Madigou et al., 2001) found no activity at all 
up to 10-4 M.   

• Based on the level of VTG induction at similar test concentrations, the relative induction 
efficacy in primary hepatocytes from O.mykiss was similar or even higher compared to 
nonylphenol in three of the four studies while one study (Madigou et al., 2001) showed 
no induction up to 10 -4M.  

• Similarly, an even higher induction compared to nonylphenol was also observed in the 
sole MCF assay by White et al, (White et al., 1994). 

Thus in summary, results for short chain nonylphenol ethoxylates support the finding that such 
ethoxylates exhibit some estrogen activity in vitro. Results with primary hepatocytes from 
O.mykiss indicate that the relative binding efficacy may be similar or even higher compared to 
nonylphenol. 
 
Less data are available for longer chain nonylphenol ethoxylates. Three studies compared short 
chain ethoxylates and longer chain ethoxylates, two of these in the YES assay (Isidori et al., 
2006; Petit et al., 1997) and one using primary hepatocytes (Jobling and Sumpter, 1993). In 
addition one study (Pessala et al., 2009) analyzed NP10EO. In all studies estrogen activity 
decreased with increasing chain length. However, while some showed nearly no estrogen 
activity for the longer chain ethoxylates, others revealed estrogen activity although with low 
efficacy. 
 
Results for octylphenol ethoxylates support these findings:  
Two studies are available using MCF cells (White et al., 1994) and the Yeast YES assay (Isidori 
et al., 2006). Both tests included short chain ethoxylates (OP2EO and OP3EO respectively) as 
well as longer chain ethoxylates (OP3EO, OP5EO, OP12EO and OP9-10EO respectively). 

In both tests short chain ethoxylates were estrogenic active but with a lower potency 
compared to OP (half fold induction and 0.0088 potency compared to OP respectively). Longer 
chain ethoxylates showed only very weak estrogenic activity. 
 
Overall studies for octylphenol ethoxylates and nonylphenol ethoxylates show that the short 
chain ethoxylates still possess an estrogen activity in vitro while this activity decreases with 
increased chain length. 
 
In vitro studies for nonylphenol carboxylates with a low degree of ethoxylation (NP1EC) show 
that their in vitro potency is similar to those of the nonylphenol ethoxylates with low degree of 
ethoxylation (see Table 20). 

5.1.1.2  Long-term toxicity to fish 

Long term toxicity studies are summarized in order to analyze whether or not 4-nonylphenol 
branched and linear ethoxylates may result in endocrine mediated adverse effects in fish. Thus 
only studies evaluating endocrine related endpoints are considered. Eight studies for three 
species are available. Results are summarized in Table 21: 
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Table 21: Summary of in vivo data for fish exposed with nonylphenol ethoxylates  

Referen
ce  

Life 
stage/ 
duration  

Test 
substance 

Concentration 
/ test 
condition / 
tested 
substance / 

solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex –
ratio 

Sec. sex charac-
teristics  

Other 
effects  

Relia-
bility  

O.latipes 

(Metcalfe 
et al., 
2001) 

Sex-
developme
nt 1 d 
posthatch 
for 90d 

NPE1O/NP
E2O 
mixture 
(54% 
NP1EO, 
44% 
NP2EO) 

Semi-stat; 
25; 50; 100 

- Only 1 slight 
testis-ova at 100 
µg/L 

 No 
change
s in 
sex-
ratio 

 No effects 
on growth 

2 

(Balch 
and 
Metcalfe, 
2006) 

FSDT (with 
deviations) 
Starting 
from hatch 
within 1d, 
Exposure: 
100d 

NP1EO 
(high 
purity) 

3.5; 10.5; 35; 
102 µg/L (m); 
3 - 10 - 30 – 
100-300 µg/L 
(n) 
Semi-static, 
renewal of test 
water every 48 
h 
 

 No testis-ova (NP 
LOEC 29µg/L (18 
of 22 phenotypic 
males had testis-
ova); 

  Mixed sec. sex char. 
(MSC):  
LOEC 105 
LOEC NP: 8.7µg/L 
(20%),  
Papillary processes, 
LOEC 105 µg/L  
only one out of 29 
fish had papillary 
processes at the 
anal fin  

 2 

(Balch 
and 
Metcalfe, 
2006) 

 NP4EO 
(technical) 

3.8; 11.4; 38; 
114; 380 Semi-
static, renewal 
of test water 
every 48 h 

    No mixed secondary 
sex characteristic, 
no changes in sex-
ratio no intersex up 
to 380 µg/L 

 2 

(Balch 
and 
Metcalfe, 
2006) 

FSDT (with 
deviations) 
Starting 
from hatch 
within 1d, 
Exposure: 
100d 

NP9EO 
(technical) 

16.2; 54; 162; 
540 Semi-
static, renewal 
of test water 
every 48 h 
 

    No mixed secondary 
sex characteristic, 
no changes in sex-
ratio no intersex up 
to 540 µg/L 

 2 

O.mykiss 

(Dussaul
t et al., 

Adults, 21 
d 

NP1EO 
(purity > 

Flow-through; 
0.8; 3.9; 6.,9; 

LOEC 281 
µg/L 

    Relative 
potency 

2 
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Referen
ce  

Life 
stage/ 
duration  

Test 
substance 

Concentration 
/ test 
condition / 
tested 
substance / 
solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex –
ratio 

Sec. sex charac-
teristics  

Other 
effects  

Relia-
bility  

2005) 95%) 48; 281 µg/L 
real 

(induction 
comparable 
to 0.1 µg/L 
E2, in all 
fishes 
observed 

compared to 
NP 0.22 

(Ashfield 
et al., 
1998) 

Posthatche
d females 
/ 22 and 
35 d)  

NP2EO 
(technical) 

Flow-through/ 
1.0; 10; 30; 50 
µg/L (nominal)  

     Growth 
(weight)  
LOEC < 1 
µg/L (only 
transidient) 
NP: LOEC 10 
µg/L 

2- 
nom. 
Conc.  

(Jobling 
et al., 
1996) 

2-year old 
male 
rainbow, 
Experimen
t in May 
Exposure: 
3 weeks 

NP2EO 
(technical) 

38 µg/L 
(m)(Limittest) 
Flow-through 
 

VTG 
induction 
slightly less 
than NP 
induction 

Spermatogenesis: 
cell type 
Spermatogonia A 
was significantly 
elevated, similar 
to NP (38 µg/L) 

   GSI 
significantly 
reduced 
gonadal 
growth 
similar to NP 

2 

P.promelas 

(Nichols 
et al., 
2001) 

Adults, 42 
d 

NP9EO 
(technical, 
< 1% NP, 
NP1EO, 
NP2EO)) 

Static, 0.21; 
0.65; 2,1; 7.9 
µg/L 

No 
significant 
changes in 
male and 
females 
(increase in 
males at low 
concentratio
n but no 
dose- 
response, 
not 
significant 

 No significant 
changes in 
fecundity, 
only 1 
chamber with 
actively laying 
nd fertilizing 
eggs at 2.1 
and 7.9 µg/L 

  No changes 
in mortality, 
no changes 
in egg 
viability 

2 
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Referen
ce  

Life 
stage/ 
duration  

Test 
substance 

Concentration 
/ test 
condition / 
tested 
substance / 
solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex –
ratio 

Sec. sex charac-
teristics  

Other 
effects  

Relia-
bility  

(Miles-
Richards
on et al., 
1999) 

Reproducti
on assay 
sexually 
mature 
fish    (12 
– 18 
months) 
paired 
42 d  

NP9EO 
(technical) 

Two 
experiments 
(data from 
experiment 2 
not usable, egg 
production was 
totally inhibited 
by solvent 
control): 
First 
experiment was 
conducted July 
to August.  
0.15; 0,43; 
1.45; 4.5 µg/L 
(m) 
 

 No effects on the 
relative proportion 
of eggs in any of 
the stages of 
follicles for NP (≥ 
3.4µg/L) or NPnEO 
No testicular lesion 
(based on sertoli 
cell proliferation 
and percentage of 
seminiferous 
tubules), 
measured as 
severity score 
(effects for NP 
started at 1.6 
µg/L) 

  No changes in gross 
appearance of the 
fatpad in males for 
NP (up to 3.4 µg/L) 
and NPnEO, no 
changes in 
secondary sex-
characteristicsin 
males for NP and 
NPnEO 

 2 

(Bistode
au et al., 
2006) 

Larvae (< 
72h post-
hatch) for 
64 d, 
Competitio
n assay 
(formerly 
exposed 
males and 
unexposed 
males 
competing 
for 
reproducti
on) at the 
age of 6 
month 
(without 
exposure) 

Mixture of 
NP/OP/NPn
EO/OPnEO
/NPnEC 
(mainly 
(78,6 % 
4NP1EC 
and 
NP2EC)* 

Flow-through 
148; 73.9, 38.1 
µg/L total 
concentration 

No VTG 
induction for 
mixture and 
NP 
(measured 
after 
competition 
study i.e. 
nearly 6 
month after 
end of 
exposure 

No changes in 
phenotypic males 

  Reduced 
prominence of 
tubercles and dorsal 
pad at 148 µg/L but 
not for NP and other 
treatments 

High larval 
mortality 
(78%) at 
148µg/L, no 
effects for 
NP 
Reduced 
ability to 
hold and 
defend a 
nest site 
from control 
fishes at 
38.1 µg/L 
and above,) 

2 
High 
mortal
ity in 
contro
ls (> 
40% 
in all 
treatm
ent, 
very 
high 
at 74 
µg/L 
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For O.latipes two fish sexual development studies are available.  
 
Balch and Metcalfe exposed O.latipes larvae to nonylphenol, NP1EO, NP4EO and NP9EO for 
100d starting from hatch (Balch and Metcalfe, 2006).  
 
With regard to NP1EO, fish showed similar effects on secondary sex characteristics compared 
to nonylphenol but at higher test concentrations. The LOEC for so called mixed secondary sex 
characteristics (individuals that showed both male and female sec) was 102 µg/L compared to 
8.7 µg/L for nonylphenol. Similar to nonylphenol fish which were considered males based on 
their gonads did not show any papillary processes (a dominant male secondary sex 
characteristic) but again the LOEC was higher (102 µg/L compared to 29 µg/L). While most of 
the phenotypic males showed testis ova at a LOEC of 29 µg/L after exposure to nonylphenol no 
such effects were observed for NP1EO. Exposure to NP4EO and NP9EO did not result in any 
effects up to 380 µg/L and 540 µg/l respectively. 
 
Findings by Metcalfe et al support the finding that exposure to NP1EO does not result in 
significant induction of testis-ova if exposure starts after hatch (Metcalfe et al., 2001). After 
exposure of newly hatched fish for 90d to a mixture of NP1EO and NP2EO only 1 testis-ova 
was observed at the highest test concentration (100 µg/L). No changes in the sex-ratio based 
on gonads were observed. 
 
Thus in summary, results provide evidence for an in vivo endocrine activity of NP1EO in O. 
latipes due to changes in secondary sex characteristics. No data are available whether such 
activity may result in endocrine mediated apical effects. With regard to O.mykiss two screening 
assays and one fish sexual development test are available for the short chain nonylphenol 
ethoxylates (NP1EO and NP2EO). Results by Jobling at al. (1996) of a screening assay for 
NP2EO again indicate that short chain alkylphenol ethoxylates may induce endocrine activity in 
vivo (Jobling et al., 1996). However, in this case effect concentrations were similar to those 
observed for nonylphenol. NPnEO induced vitellogenin in adult males, increased the proportion 
of early sperm stages and reduced gonadal growth at 38 µg/l. Effects are similar to those 
observed for 36µg/L nonylphenol. A similar sensitivity of O.mykiss to short chain nonylphenol 
ethoxylates and nonylphenol was substantiated by Ashfield et al. (Ashfield et al., 1998) who 
found similar effects on growth during a sexual development test with the LOEC being even 
factor 10 lower than for nonylphenol (LOEC 1 and 10 µg/L respectively). Results by Drussalt et 
al. support an estrogen mode of action but at higher concentrations (LOEC 281 µg/L with a 
relative potency compared to nonylphenol of 0.22 (Dussault et al., 2005). 
  
Results observed by Nichols et al. (Nichols et al., 2001) and Miles-Richardson et al. (Miles-
Richardson et al., 1999) with a longer chain ethoxylate (NP9EO) and Pimephales promelas 
support in vitro findings that longer chain ethoxylates do not exhibit endocrine activity. No 
changes in vitellogenin level, fecundity and egg viability were observed after exposure of 
adults for 42 d (Nichols et al., 2001) and no changes in secondary sex characteristics were 
observed by Miles-Richardson et al. (Miles-Richardson et al., 1999).  
 
Thus in summary, data available for NP1EO and NP2EO for O.latipes and O.mykiss show that 
nonylphenol ethoxylates may induce in vivo endocrine activity. Based on data for O.latipes 
short chain nonylphenol ethoxylates are about factor 10 less potent than nonylphenol while 
data for O.mykiss indicate that the potency may be comparable. As no data about clearly 
endocrine mediated adverse effects are available, it cannot be assessed whether such activity 
may result in endocrine mediated apical effects.   
 
In vivo studies for nonylphenol carboxylates with a low degree of ethoxylation (NP1EC and 
NP2EC) are summarized in Van Vlaardingen et al (2003). They indicate that they also may 
cause in vivo endocrine activity. In O.mykiss vitellogenin was produced in juvenile males and 
changes in testis and in spermatogenesis was observed, however at rather high concentrations 
(EC50 31.8 mg/L) 

Distributed for comment only -- do not cite or quote 
 



SVHC SUPPORT DOCUMENT – 4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED 
 

44 
 

6 Conclusions on the SVHC Properties 

6.1 PBT, vPvB assessment 

Not assessed for the identification of this substance as SVHC in accordance with Article 
57(f). 

6.2 CMR assessment 

Not assessed for the identification of this substance as SVHC in accordance with Article 
57(f). 

6.3 Substances of equivalent level of concern assessment 

As described in chapter 3, 4-nonylphenol ethoxylates (4-NPnEO) are a relevant source for 
4-nonylphenol (4-NP) in the environment due to their degradation to 4-NP in wastewater 
treatment plants, surface water, sediments and soils. 4-NP has been identified as a 
substance of very high concern and included into the Candidate List due to its endocrine 
disrupting properties which cause probable serious effects to the environment. Any 
precursor of this substance which may contribute to its occurrence to a relevant degree 
should be regarded as a substance of very high concern, too. The rationale for the 
identification of 4-NPnEO as SVHC is substantiated below by first discussing some general 
aspects and secondly describing the specific concern for the ethoxylates in detail. 

6.3.1 Principle rationale for the identification of a substance as SVHC due 
to its degradation to a substance of very high concern 

Substances are identified as “substances of very high concern” due to their intrinsic 
properties leading to very high concern. For such substances regulatory measures such as 
inclusion into the Candidate List and further measures to account for the risk arising from 
these properties are considered necessary. As the measures are based on the intrinsic 
properties of these substances it seems to be rational that all substances that may 
contribute to the occurrence of such substances due to their degradation under realistic 
conditions should be regarded as substances of very high concern themselves.  

Indeed such a rationale is already included in the new Annex XIII for substances being of 
very high concern due to their PBT or vPvB properties. Annex XIII states that 
transformation / degradation products should be taken into account when assessing the PBT 
properties of a substance. This implies that a substance may be considered as substance of 
very high concern due to the PBT properties of its transformation product.  

Recently the European Commission suggested a similar rationale to identify substances as 
SVHC according to Art 57(f) of REACH which may degrade to a substance having CMR 
properties. It is straightforward that such an approach should account for all substances 
degrading /transforming to any substances of very high concern.  

With regard to substances transforming to a substance which is of very high concern due to 
its endocrine disrupting properties and subsequent probable serious effects to the 
environment, such an approach is further substantiated by the type of concern of the 
degradation product. As described in the support document for the identification of 4-NP as 
SVHC, one aspect contributing to the very high concern is the difficulty to accurately 
describe and analyse the risk of such a substance. If substances increase the overall 
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environmental concentration of such SVHC due to their degradation to the SVHC, this 
increases the possibility to underestimate the risk for the substance of very high concern. 

6.3.2 Rationale for the identification of 4-nonylphenol branched and linear 
ethoxylated as substances of very high concern due to their 

degradation to 4-nonylphenol, branched and linear 

The rationale provided below is based on available degradation data for 4-NPnEO and 
NPnEO. Further information  on 4-tert-octylphenol ethoxylates (4-tert-OPnEO) is included as 
supporting evidence and for comparison. 4-tert-OPnEO are already identified as SVHC 
because of their degradation to the SVHC 4-tert-OP (European Chemicals Agency, 2012a). 
They are considered close analogues due to their similar chemical structure with the only 
difference being the alkylgroup differing by one C-atom. Both alkylphenols are degraded by 
a stepwise cleavage of the terminal ethoxygroup. 

Although data are mainly available for ethoxylates with an average grade of ethoxylation of 
up to 20, it is assumed that the chain length – up to a specific grade – does not influence 
the degradation process and thus that available data may be extrapolated to longer chain 
ethoxylates (see chapter 3.1).Many studies were performed with the technical nonylphenol 
ethoxylate (NPnEO) and thus the exact composition of the test material is often unknown. 
As the technical nonylphenol consists of about 95% para-nonylphenol, it can be assumed 
that the main constituents of the technical nonylphenol ethoxylate (NPnEO) were para-
nonylphenol ethoxylates (4-NPnEO). Data provided in chapter 3 show that 4-NPnEO may 
degrade to 4-NP in sewage treatment plants and thus increase the overall 4-NP load in the 
environment. Degradation in waste water treatment plants is not complete. 4-NPnEO are 
also released from waste water treatment plants. Due to their further degradation to 4-NP 
in sediment and soil, 4-NPnEO distributed to those environmental compartments contribute 
to the overall concentration of 4-NP in the environment, too. 

6.3.2.1 Emission from sewage treatment plants 

As analyzed in simulation studies (chapter 3.1.2.1.1) and substantiated by quantitative 
measurements in sewage treatment plants (chapter 3.2.4) primary degradation of 4-
nonylphenol ethoxylates is fast. Degradation is not complete but involves formation of 
NP2EO, NP1EO and NP under anaerobic conditions in sewage sludge.  

Only few data are available for the aerobic degradation pathway for 4-NPnEO. However data 
for 4-tert-OPnEO indicate that under aerobic conditions both short chain carboxylates as 
well as short chain ethoxylates may be rapidly formed (Ball et al, 1989).  

Degradation of 4-nonylphenol ethoxylates (based on studies carried out with 4-NPnEO and 
NPnEO) in sewage treatment plants 

• 87 % primary dissipation during sewage treatment (mean of 11 plants (Ahel et al., 
1994a)) 

• Formation of NP1EO and NP2EO during degradation of NPnEO under anaerobic 
conditions  with a peak on day 7-21 (Lu et al., 2008a; Lu et al., 2008b) 

• Formation of NP during decreased NPnEO (n =9) concentration under anaerobic 
conditions with a peak on day 21 (Lu et al., 2008a; Lu et al., 2008b) 

• 31 -57% formation of 4-NP from 4-NP1-3EO  after 150 days under anaerobic 
conditions (Ejlertsson et al., 1999) 

• Formation of NP2EO and unknown products of a size between 4 and 10 ethoxy units 
from NPnEO (n up to 40) under anaerobic conditions (Teurneu, 2004) 
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Results provided in chapter 3 and summarized in the next box indicate that the degradation 
products are more stable and thus overall mineralization or degradation to metabolites 
other than those described above is generally very slow.  

 

The data are supported by data for 4-tert-OPnEO which showed nearly no degradation of 4-
tert-OPnEC in aerobic sludge after 24 hours and only minor degradation of 4-tert-OP1-2EO 
within 17 days in primary sewage (Ball et al. 1989) and no degradation of the radiolabeled 
phenol moiety within 7 days in activated sludge and in an anaerobic percolation field system 
(170 days) (Lashen et al., 1966) 

The data indicate, that a relevant amount of 4-NPnEO is released to the environment from 
sewage treatment plants either as short chain ethoxylates or as 4-nonylphenol: 
Measurements in sewage treatment plants by Ahel et al., McAdam et al., Varineau et al. and 
Yu et al. (Ahel et al., 1994a; McAdam et al., 2011; Varineau et al., 1996; Yu et al., 2009) 
indicate, that about 55 - 73% of the NPnEO influent in primary sewage treatment plant will 
be released to the environment. Data provided by Ahel et al and Varineau et al. (Ahel et al., 
1994a; Varineau et al., 1996) show that about 4.6 %  to 25% of the NPnEO influent is 
released as nonylphenol, mainly via sludge. Main degradation products in the effluent are 
NPnEO and NP. According to the environment risk assessment report for 4-nonylphenol 
(European Commission, 2002; Varineau et al., 1996) the data provided by Varineau et al, 
1996 can be used as a reasonable worst case assumption for 4-NPnEO. 

 

Based on these data it becomes obvious, that degradation of 4-NPnEO to 4-NP in sewage 
treatment plants may be a relevant direct source of 4-NP for soil via sludge accounting for 
3.5 – 22.5% of the overall 4-NPnEO influent. Undegraded 4-NPnEO and short chain 
ethoxylates (4-NP1-2EO) released via effluent may be a potential source of 4-NP in surface 
water as they may further degrade to 4-NP in the environment (see next paragraphs). 
Based on the assumption by Ahel et al (1994a) for NPnEO, that 60% of the not further 
degraded NPnEO, short chain ethoxylates and NP are released via effluent, 21.6 – 36% of 
the overall NPnEO influent would be released to surface water via effluent. Release of NP 
from sewage treatment plants as a result of NPnEO degradation in sewage treatment plants 
seems to be low at a first glance. However as described in chapter 3.2.4, this results in a 
relevant increase of the overall release of NP to surface water. The degradation of NPnEO 

Overall dissipation /degradation of transformation products (based on studies carried out 
with tNPnEO) in sewage treatment plants: 

• Only 30-50% disappearance of total NPnEO (including NPnEC and NP) in 3 days in 
anaerobic sewage sludge (Lu et al., 2008a; Lu et al., 2008b) 

• Overall dissipation of NPnEO ( including NPnEC and NP) between 27 and 45% in 
several waste water treatment plants (Ahel et al., 1994a; McAdam et al., 2011; 
Varineau et al., 1996; Yu et al., 2009) 

Summary release of 4-nonylphenol ethoxylates (based on studies carried out with NPnEO) 
from waste water treatment plants into the environment 
 
(Ahel et al., 1994a) (Varineau et al., 1996) 

60-65 % of nonylphenolic compounds in 
influent released to the environment as: 
19 % NPnEC 
11% NPnEO 
25 % NP (> 22.5 % in sludge, <2.5% in 
effluent)* 
40% of total load released via sludge 

36% of influent released to  the environment 
as NP/NPnEO or NPnEC: 
26% NPnEC in effluent 
7 % NP/NPnEO in effluent 
3.5 % NP/NPnEO adsorbed to sludge 
(overall 4.6 % of the NPnEO converted into 
NP) 

* based on the calculation that > 90% of NP is adsorbed to sludge 

Distributed for comment only -- do not cite or quote 
 



SVHC SUPPORT DOCUMENT – 4-NONYLPHENOL, BRANCHED AND LINEAR, ETHOXYLATED 
 

47 
 

may result in a 54 – 758 % increase of the NP load released to the overall environment. 

6.3.2.2 Further degradation in the environment 

Once released to the environment via wastewater treatment effluent it can be expected that 
4-NP and short chain 4-NPnEO will distribute into sediment while longer chain 4-NPnEO and 
4-NPnEC remain in the water phase, as indicated by the distribution properties of 4-NP and 
its ethoxylates described in chapter 3.2.1 - 3.2.3. 

In the water column long chain 4-NPnEO are expected to further degrade to short chain 4-
NPnEO or 4-NPnEC depending on the environment condition. As the short chain 4-NPnEO 
are expected to distribute into sediment, they may contribute to the overall sediment load. 

Results from sediment tests indicate that – as expected from anaerob sewage sludge 
studies - 4-nonylphenol is formed under anaerobic conditions with a DegT50 of 49 – 77 
days. Degradation may be even slower if highly polluted sediments are used.  

 

Summary formation of 4-NP (based on studies carried out with NPnEO) during waste water 
treatment: 

• Ahels et al. (Ahel et al., 1994a): 181 and 758 % increase of overall NP mass 
(mol/day) in two waste water treatment plants   

• Varineau et al. (Varineau et al., 1996): 112.5 % increase of overall NP mass during 
sewage treatment compared to influent 

• Yu et al. (Yu et al., 2009): 70% concentration increase in effluent compared to 
influent 

• McAdam et al. (McAdam et al., 2011): 54 % increase in effluent compared to influent 
in  the  carbonaceous/nitrification/denitrification activated sludge plant  

 Biodegradation in surface water (based on studies carried out with technical NPnEO):   
• > 99% primary degradation in 100hours under aerobic conditions (main product 

NPnEC) (Jonkers et al., 2001) 

• DisT50 23-69 days (winter) and 2.5-35 days (summer) in an aerobic die away test 
with estuarine bacteria ; main intermediate NP2EO (Kveštak and Ahel, 1995) 

Biodegradation in sediment (based on studies carried out with 4-NPnEO and technical 
NPnEO):  

• Aerob: DegT50 (primary degradation) in river samples 69.3-115.5 days; increased 
with temperature (Yuan et al., 2004) 

• Anaerob: DegT50 (primary degradation) in anaerobic river samples 49-77 days; 
increased with temperature, 4-NP formation (Chang et al., 2004) 

• Aerob: DisT50 = 85 days (NPnEO including short chain NPnEO and 4-NP), only 1.9 % 
mineralization after 120 days in highly polluted sludge (Ferguson and Brownawell, 
2003) 

• Anaerob: DisT50 = 289 days (NPnEO including short chain NPnEO and NP), formation 
of NP1EO during decrease of NP2-5EO, no formation of NP- during 120 days in highly 
polluted sludge at a highly polluted site (Ferguson and Brownawell, 2003) 
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Thus, in summary once released to the environment, 4-NPnEO will undergo further 
degradation to 4-NP in anaerobic sediments and in river water during winter conditions. 
Degradation half lives are low and 4-NP is a very stable product in sediment (DegT50 46.2 
days (primary degradation) to no elimination after 703 day in anaerobic freshwater 
sediment - depending on linear or branched isomers) (European Chemicals Agency, 2012b). 
Thus once released to surface water and distributed to sediment, degradation of 4-NPnEO 
will remain a long lasting source for 4-NP. 

Release to soil via sewage sludge may be an additional relevant source of 4-NP and short 
chain ethoxylates due to the high adsorption of 4-NPnEO to sludge. Results described in 
chapter 3.1.2.3 indicate that short chain ethoxylates may degrade to 4-NP in soil but slowly 
(DisT50 between 48 days (Sjöström et al., 2008 for NPnEO) and > 360 days (Marcomini et 
al, 1989)). Thus, once released to soil, short chain 4-NPnEO may contribute to the overall 
concentration of 4-NP in soil. Because conversion is slow, it can be expected that these 
ethoxylates are a constant source of 4-NP in soil. Results by Sjöstrom et al (2008) indicate 
that 4-nonylphenol formation exceeds its transformation.   

4-NP itself is a stable metabolite which strongly adsorbs to soil, sludge and sediment.  

6.3.2.3 Equivalence of concern 

Besides the rationale that all relevant precursors of SVHCs should be considered as SVHCs 
themselves, some specific aspects with regard to 4-NP and its ethoxylates substantiate the 
equivalent level of concern for 4-NPnEO: 

As degradation of the ethoxylates in sediments is a very slow process, it can be expected, 
that sediments will remain a relevant source for 4-NP long after the cessation of exposure of 
4-NP and its ethoxylates. This is of high importance as degradation of 4-NP in sediments is 
very slow (DegT50 46.2 days (primary degradation) to no elimination after 703 day in 
anaerobic freshwater sediment - depending on linear or branched isomers) and thus 4-NP 
formed by degradation of its ethoxylates may accumulate in sediment. 

4-NP adsorbed to sediment may be an unpredictable relevant source of 4-NP in surface 
water due to environmental events such as flood or dredging. Effects observed for 4-NP on 
aquatic organisms indicate, that short term exposure during sensitive life stages may 
increase their susceptibility and may lead to effects during the entire life stage. Any 
environmental event leading to a higher release of 4-NP produced by degradation of its 
ethoxylates may coincide with such sensitive life stages resulting in unpredictable high 
effects. 

In addition to the concern based on the degradation to 4-NP, available information indicates 
that short chain ethoxylates (4-NP1EO and 4-NP2EO) and carboxylates (4-NP1EC and 4-
NP2EC) may show endocrine activity themselves: results for O.mykiss and O.latipes indicate 
that the in vivo and in vitro endocrine activity of those substances is nearly as high (factor 
10) or similar to the endocrine activity of 4-NP. These tests do not include adverse 
endpoints and thus it is not possible to conclude whether or not 4-NP1EO and 4-NP2EO are 
endocrine disruptors themselves. However due to the similar endocrine activity and 
information available for 4-NP it seems possible that they may cause endocrine disrupting 
adverse effects. 

6.3.3 Conclusion on the equivalence of concern for 4-nonylphenol 
ethoxylates 

In consistence with the approach used for PBT substances it seems reasonable to conclude 
that any substance which may result in exposure to an SVHC (i.e. due to degradation to this 
substance) should be considered as SVHC itself as it has an equivalent level of concern. 
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Available information for 4-NPnEO indicates that 4-NPnEO contribute to the 4-NP 
concentration in the environment. A significant amount is either degraded to 4-NP itself in 
waste water treatment plants or is released to rivers in a form which may undergo further 
degradation to 4-NP. Available data show that 4-NP formed from degradation of 4-NPnEO 
may increase the 4-NP load to the environment (via sludge and effluent) by 54 to 758 % 
and may thus contribute to the 4-NP concentration in the environment.  

Once released to the environment 4-NPnEO will remain a long-term source for 4-NP due to 
the tendency of short chain ethoxylates to bind to the sediment combined with a very slow 
degradation in anaerobic sediments of both the ethoxylates and their degradation product 
4-NP. This long-term source results in additional exposure of both sediment and pelagic 
organisms such as fishes (via remobilisation) to 4-NP.  

Especially due to the fact that short term exposure to 4-NP may result in life time effects in 
aquatic organisms and due to the fact that sudden environmental events may increase short 
term exposure concentrations, such a sink (mainly of short chain ethoxylates) and long-
term source for 4-NP is considered of very high concern. The possible endocrine activity of 
short chain ethoxylates (4-NP1EO and 4-NP2EO) add to the concern. 
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Substance Name(s): 4-Nonylphenol, branched and linear [substances with a linear 
and/or branched alkyl chain with a carbon number of 9 covalently bound in position 4 to 
phenol, covering also UVCB- and well-defined substances which include any of the individual 
isomers or a combination thereof]  

 

EC Number(s): - 

CAS number(s): -  

The substances covered by the entry ‘4-nonylphenol, branched and linear [substances with a 
linear and/or branched alkyl chain with a carbon number of 9 covalently bound in position 4 to 
phenol, covering also UVCB-and well-defined substances which include any of the individual 
isomers or a combination thereof]’, are identified as substances meeting the criteria of Article 
57 (f) of Regulation (EC) 1997/2006 (REACH) because they are substances with endocrine 
disrupting properties for which there is scientific evidence of probable serious effects to 
environment which give rise to an equivalent level of concern to those of other substances 
listed in points (a) to (e) of Article 57 of REACH. 

 

Summary of how the substances meet the criteria of Article 57 (f) 

 

4-Nonylphenol, branched and linear [substances with a linear and/or branched alkyl chain with 
a carbon number of 9 covalently bound in position 4 to phenol, covering also UVCB-and well-
defined substances which include any of the individual isomers or a combination thereof] 
(short: 4-Nonylphenols) are identified as substances of very high concern in accordance with 
Article 57 (f) of Regulation (EC) 1907/2006 (REACH) because they are substances with 
endocrine disrupting properties for which there is scientific evidence of probable serious effects 
to the environment which gives rise to an equivalent level of concern to those of other 
substances listed in points (a) to (e) of Article 57 of REACH.  
 

This conclusion is based on the fact that there is strong evidence from high quality studies of 
endocrine mediated adverse effects in fish species. Results for amphibians provide indication 
that effects in other taxa may be endocrine mediated i.e. caused by an estrogen-like mode of 
action, too.  

According to the OECD (Organisation for Economic Co-operation and development) guidance 
document for endocrine disruptors (OECD, 2012) 4-nonylphenols need to be considered as 
endocrine disruptors based on these results. Moreover, based on the widely accepted IPCS 
definition for endocrine disruptors (WHO/IPCS, 2002; WHO: World Health Organization/IPCS: 
INSTITUTE OF PEACE & CONFLICT STUDIES) 4-nonylphenols are considered to be endocrine 
disruptors. 

 

Based on the above conclusion, evidence that the substances are of an equivalent level of 
concern includes: 

Evidence from several test data show that effects of the 4-nonylphenols on fish fit to those of 
other estrogen agonists which are considered serious for the environment due to the type of 
effects. Effects remain manifest even after exposure has ceased and the fact that exposure 
during sensitive life stages may change the endocrine feedback system resulting in effects 
during the entire life:  
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• Exposure to 4-nonylphenol resulted in effects in fish on reproduction parameters 
(fecundity) as well as on sexual development (including changes in sex-ratio) and 
growth. Results for at least 3 fish species show that exposure to 4-nonylphenol may 
result in a complete sex reversal resulting in all female populations. Effects observed 
include behavioural effects that may influence the gene pool.  

• Effects observed in several fish species show that transient exposure during sensitive 
life stages may result in effects that remain during the entire life and even in following 
generations. Thus exposure in one area might influence population stability in another 
area and effects persist even after exposure has ceased. 

• In addition to the severity of effects, some results substantiate the hypothesis that, 
although there might be a safe level, it is difficult to estimate what that may be.  

• Effects on non-traditional endpoints indicate that effects may start at much lower 
concentrations than those considered in OECD test guidelines.  

• Exposure to 4-nonylphenols resulted in effects on reproduction and development in 
different invertebrates at concentrations below 1 µg/L (e.g. LOEC sex-ratio < 1 µg/l in 
mussels, LOEC development 0.09 µg/L in echinoderm species). Although it is not 
possible to clearly state that the effects are endocrine mediated, these effects fit to the 
knowledge that steroids are known to play an important role in invertebrates (Kendall 
et al., 1998). Owing to the lack of in depth knowledge of their endocrine system and 
the lack of test systems, it is currently nearly impossible to estimate which species are 
most sensitive and which concentration should be regarded as safe for the 
environment.  

Thus in summary, effects observed after exposure to 4-nonylphenols are considered to impair 
population stability and recruitment. They may occur even after short term exposure and thus 
may result in adverse effects in regions other than those where exposure occurred. Effects 
persist even after exposure has ceased and may influence population level on a long term 
basis e.g. due to transgenerational effects or changes in the gene pool. Effects may influence a 
wide range of taxa. A safe level of exposure may exist but it is difficult to estimate what that 
may be. Consequently they are considered to be of an equivalent level of concern.  

The concern is substantiated by an analysis of literature of current knowledge on endocrine 
disruptors which reveals strong evidence that exposure to endocrine disrupting chemicals is 
linked to reproductive disorder and dysfunction in wildlife. Although this is mainly due to 
exposure to steroidal estrogens, at some sites xenoestrogens may significantly contribute to 
the effect.  

 

Registration dossiers submitted for the substances:  Yes 
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Justification 

1 Identity of the substance and physical and chemical 
properties 

1.1 Name and other identifiers of the substance 

Table 1: Substance identity 

EC number: - 

EC name: - 

CAS number (in the EC inventory): - 

CAS number: - 

CAS name: - 

IUPAC name: 4-Nonylphenol, branched and linear [substances with a 
linear and/or branched alkyl chain with a carbon 
number of 9 covalently bound in position 4 to phenol, 
covering also UVCB- and well-defined substances which 
include any of the individual isomers or a combination 
thereof] 

Index number in Annex VI of the CLP 
Regulation 

- 

Molecular formula: C15H24O 

Molecular weight range: 220.35 g/mol 

Synonyms: - 

 

Structural formula: 

                                                OH

(C9 branched or linear)
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1.2 Composition of the substance 

Name:  4-Nonylphenol, branched and linear: substances with a linear and/or branched alkyl 
chain with a carbon number of 9 covalently bound in position 4 to phenol, covering 
also UVCB- and well-defined substances which include any of the individual isomers 
or a combination thereof 

Description: group entry  

Degree of purity: -  

Table 2: Constituents 

Constituents Typical 
concentration 

Concentration range Remarks 

n/a    

 

Table 3: Impurities 

Impurities Typical 

concentration 

Concentration range Remarks 

n/a    

 

Table 4: Additives 

Additives Typical 
concentration 

Concentration range Remarks 

n/a    

 

No detailed composition of the substance could be given. The given identity 4-Nonylphenol, 
branched and linear: substances with a linear and/or branched alkyl chain with a carbon 
number of 9 covalently bound in position 4 to phenol, covering also UVCB- and well-defined 
substances which include any of the individual isomers or a combination thereof shall cover the 
group of p-Nonylphenols with linear or branched alkyl chain. In Table 5 a list of example 
substances are given which are covered by the group entry.  

The substance Phenol, 4-nonyl-, branched (CAS-Nr. 84852-15-3) is registered and for p-
nonylphenol (CAS-Nr. 104-40-5) C&L notifications are submitted. The other substances are 
listed as examples. None of them is registered or a C&L notification (in IUCLID format) is 
submitted at the time of the submission of this A.XV report. 

Table 5 provides a non-exhaustive list of examples of substances covered by the group name.  

 Table 5: Non-exhaustive list of substances covered by the group entry* 

EC Name 

CAS Name: 

IUPAC Name:  

EC – 

Nr. 

CAS 

Nr. 

Molecular  

formula 

Structure 

EC Name: Phenol, 4-nonyl-
, branched 

CAS Name:  Phenol, 4-

284-
325-
5 

8485
2-15-
3 

C15 H24 O - 
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nonyl-, branched 

IUPAC Name: 4-
Nonylphenol, branched 

EC Name: p-isononylphenol 

CAS Name:  Phenol, 4-
isononyl- 

IUPAC Name: p-
isononylphenol 

247-
770-
6 

2654
3-97-
5 

C15 H24 O 

 

EC Name: p-nonylphenol 

CAS Name: Phenol, 4-
nonyl- 

IUPAC Name:  4-
Nonylphenol 

203-
199-
4 

104-
40-5 

C15 H24 O 

 

EC Name:  p-(1-
methyloctyl)phenol 

CAS Name: Phenol, 4-(1-
methyloctyl)- 

IUPAC Name:  4-(1-
Methyloctyl)phenol 

241-
427-
4 

1740
4-66-
9 

C15 H24 O 

 

EC Name: p-(1,1-
dimethylheptyl)phenol 

CAS Name: Phenol, 4-(1,1-
dimethylheptyl)- 

IUPAC Name: 4-(1,1-
Dimethylheptyl)phenol 

250-
339-
5 

3078
4-30-
6 

C15 H24 O 

 

EC Name: 4-(1-ethyl-1-
methylhexyl)phenol 

CAS Name: Phenol, 4-(1-
ethyl-1-methylhexyl)- 

IUPAC Name: 4-(1-Ethyl-1-
methylhexyl)phenol 

257-
907-
1 

5242
7-13-
1 

C15 H24 O 

 

EC Name: - 

CAS Name: Phenol, 4-(1-
ethyl-1,3-dimethylpentyl)- 

IUPAC Name:4-(1-Ethyl-
1,3-dimethylpentyl)phenol 

- 1868
25-
36-5 

C15 H24 O 

 

EC Name: - 

CAS Name: Phenol, 4-(1-
ethyl-1,4-dimethylpentyl)- 

IUPAC Name: 4-(1-Ethyl-
1,4-dimethylpentyl)phenol 

- 1427
31-
63-3 

C15 H24 O 
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* This is a list of substances identified as covered by the generic substance description, 
however further substances not listed here may be covered as well. 

1.3 Physico-chemical properties 

For two of the example substances which are covered by the group entry, physico-chemical 
properties could be given. These data are given in table 6.  

For the other example substances in chapter 1.2 no registration dossiers are available and no 
physical and chemical properties could be found in accepted databases.  

Please attend that this values are specific for the example substances and do not cover all 
substances of the group entry.  
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Table 6: Overview of physicochemical properties 

Property Value Remarks 

Yellow liquid with 
phenolic odour 

The result is valid for 4-nonylphenol (branched) 
(CAS-Nr. 84852-15-3) and nonylphenol (CAS-Nr. 
25154-52-3)(see European Union Risk 
Assessment Report EUR 20387 EN) 

Physical state at 20°C 
and 101.3 kPa 

Pale yellow viscous 
liquid 4-Nonylphenol 

CAS-Nr.: 104-40-5 

Melting/freezing point < -7 °C at 1 atm 4-nonylphenol (branched) (CAS-Nr. 84852-15-3) 

Boiling point 302 °C at ca.101 kPa  4-nonylphenol (branched) (CAS-Nr. 84852-15-3) 

Decomposition may occur according to European 
Union Risk Assessment Report 

Density 0.95 g/cm³ 4-nonylphenol (branched) (CAS-Nr. 84852-15-3) 

experimental result 

0.3 Pa at 25 °C  The result is valid for 4-nonylphenol (branched) 
(CAS-Nr. 84852-15-3) and nonylphenol (CAS-Nr. 
25154-52-3)(see European Union Risk 
Assessment Report EUR 20387 EN) 

Vapour pressure 

0.109 Pa at 25 °C 4-Nonylphenol 
CAS-Nr.: 104-40-5 

Ca. 5.7 mg/L at 
25 °C, 
6 < pH < 7 

4-nonylphenol (branched) (CAS-Nr. 84852-15-3) 

experimental result 

Water solubility 

7 mg/L at 25 deg C 4-Nonylphenol 
CAS-Nr.: 104-40-5 

5.4 at 23 °C, pH 5.7 4-nonylphenol (branched) (CAS-Nr. 84852-15-3) 

experimental result 

Partition coefficient n-
octanol/water (log value) 

Log Kow = 5.76 4-Nonylphenol 
CAS-Nr.: 104-40-5 

Dissociation constant pKa ca. 10 
(Value could be 
higher than this) 

At this pKa value nonylphenol would be 
undissociated at environmental pHs 

2 Harmonised classification and labelling 

Nonylphenol is listed in Regulation (EC) No 1272/2008 as follows: 
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Table 7: Classification and labelling of nonylphenol according to part 3 of Annex VI, Table 3.1 
of Regulation (EC) No 1272/2008 

Classification Labelling Specific 
concentrat
ion limits, 
 M-factors 

Index-
No 

Internation
al Chemical 
Identificati
on 

EC No CAS-No 

Hazard 
Class and 

Category 
Code(s) 

Hazard 
Statem

ent 
Code(s) 

Pictogram, 
Signal Word 
Code(s) 

Hazard 
statement 

Code(s) 

 

601-053-
00-8 

nonylphenol; 
[1] 

4-
nonylphenol, 
branched [2] 

246-
672-0 
[1] 

284-
325-5 
[2] 

25154-52-3 
[1] 

84852-15-3 
[2] 

Repr. 2 
Acute Tox. 4* 
Skin Corr. 1B 
Aquatic 
Acute 1 
Aquatic 
Chronic 1 

H361fd 
H302 
H314 
H400 
H410 

GHS08 
GHS05 
GHS07 
GHS09 
Dgr 

H361fd 
H302 
H314 
H410 

 

 

Table 8: Classification and labelling of nonylphenol according to part 3 of Annex VI, Table 3.2 
of Regulation (EC) No 1272/2008 

Index-
No 

International Chemical 
Identification 

EC No CAS-No Classificatio
n 

Labelling Concentrati
on limits 

601-
053-00-
8 

nonylphenol; [1] 

4-nonylphenol, branched 
[2] 

246-672-
0 [1] 

284-325-
5 [2] 

25154-
52-3 [1] 

84852-
15-3 [2] 

Repr. Cat. 3; 
R62-63 
Xn; R22 
C; R34 
N; R50-53 

C; N 
R: 22-34-62-63-
50/53 
S: (1/2-)26-
36/37/39- 
45-46-60-61 

 

 

3 Environmental fate properties 

3.1 Degradation  

3.1.1 Abiotic degradation 

This chapter describes abiotic degradation test results according to the Risk Assessment Report 
(European Commission, 2002). 

3.1.1.1 Hydrolysis 

Due to the chemical structure of the 4-nonylphenols it is expected that hydrolysis normally will 
not occur under environmental conditions and therefore it is supposed hydrolysis is not a 
relevant path of abiotic degradation.  
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3.1.1.2 Phototransformation/photolysis 

3.1.1.2.1 Phototransformation in air 

4-Nonylphenols released to the atmosphere are likely to be rapidly degraded by reaction with 
hydroxyl radicals. The rate constant for the reaction with hydroxyl radicals has been estimated 
using the AOP program (v1.91, in EPISUITE, 2004) to be 5.17·10-11 cm³ s-1 molecules-1. From 
this rate constant the estimated half-life for the reaction of 4-nonylphenols with hydroxyl 
radicals in the atmosphere is calculated as 2.48 hours (for 12 hour-day, 1.5·106 OH/cm³). No 
further verification for the domain of application was conducted for the QSAR-program AOPwin 
as the information on phototransformation in air is only supportive for identification of 4-
nonylphenol as SVHC in this dossier. 

The fraction of chemical absorbed to aerosol particles is also regarded to be low. Therefore 
long-range transport would not occur because of previous degradation (European Commission, 
2002). Also it is unlikely that 4-nonylphenols move from the troposphere to the stratosphere 
and contribute to ozone depletion. 4-Nonylphenols are not thought to contribute to low-level 
ozone formation. 

3.1.1.2.2 Phototransformation in water 

The rates of photochemical transformation of 4-nonylphenols (branched isomers) in natural 
waters were assessed by exposing their solutions in filtered lake water to sunlight (Ahel et al., 
1994). Sunlight phototransformation was performed in 50 ml quartz tubes which were 
suspended in a shallow flat-bottomed container filled with tap water or in a creek at a depth of 
20-25 cm. The first-order rate constant of sunlight photolysis was estimated at 0.09 m²(kWh) 
with a corresponding half-life of 10-15 hours (surface layer). At depths of 20-25 cm the 
photolysis rate is approximately 1.5 times slower than at the surface. 

When having in mind photochemical transformation in natural waters it has to be kept in mind 
that the environmental exposure occurs in the whole water column. Because of the substance’s 
adsorption potential it will predominantly bind to suspended organic matter and sediment 
which is supposed to decrease the tendency for photodegradation. Therefore photodegradation 
of the 4-nonylphenols are expected to be a relevant degradation process only in very shallow 
clear waters and in the first few centimetres layer of the water column. Therefore aquatic 
photodegradation is not considered to have relevant impact on the overall persistency of the 4-
nonylphenols in the aquatic environment. 

Summary 

As already remarked according to the Risk Assessment Report (European Commission, 2002) 
abiotic degradation of nonylphenol resulting from hydrolysis or photolysis are thought to be 
negligible removal processes in the aquatic environment. 

3.1.2 Biodegradation 

Biodegradation studies are available for several nonylphenol isomers. The biodegradation 
behaviour of the linear isomer 4-n-nonylphenol is different to the other nonylphenols. 
Therefore, 4-n-nonylphenol is considered seperately.  
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3.1.2.1 Biodegradation in water 

3.1.2.1.1 Estimated data 

3.1.2.1.2 Screening tests 

Table 9: Summary of screening tests  

Test Compound Result  Reliability Reference 

OECD 
301 C 

Nonylphenol 
(CAS-
No.:25154-52-3) 

0% after 14 days 2 (National 
Institute of 
Technology and 
Evaluation, 2002) 

OECD 
301 B 

4-Nonylphenol 
branched (CAS-
No.:84852-15-3) 

47.5 ± 7.2 % after 28 days  
 

2 (Gledhill, 1999; 
Staples et al., 
2001) 

OECD 
301 F 

4-Nonylphenol 
branched (CAS-
No.:84852-15-3) 

57.4 – 68.4% after 28 days (average 
62%; 10 day window was failed) 

2 (Staples et al., 
1999) 

OECD 
301 F 

4-n-Nonylphenol 
(CAS-No.:104-
40-5) 

61.5 ± 6.0 % after 28 days (10 day 
window was fulfilled) 

2 (Stasinakis et al., 
2008) 

OECD 
301 B 

4-Nonylphenol 
branched (CAS-
No.:84852-15-3) 
 

0 % after 32 days (with and without 
emulsifier) 
With adopted inoculum (adaption 
time 7 weeks): 
0 % after 40 days (without 
emulsifier) 
78 % after 40 days (with emulsifier) 

4 (European 
Commission, 
2002; Hüls AG 
1996a; Hüls AG 
1996b) 

In a 14 day ready biodegradability test (MITI I, OECD 301C) using 100 mg/l of the substance 
and 30 mg/l sludge no biodegradability was detected (National Institute of Technology and 
Evaluation, 2002). 

Gledhill et al. determined the potential of biodegradation of nonylphenol following OECD Test 
Guideline 301B (Gledhill, 1999; Staples et al., 2001). Activated sludge from a Waste Water 
Treatment Plant, showing a high nonylphenol ethoxylate concentration, was used for this 
study. On day 28 47.5% ThCO2 (48.2 % at day 35) was measured. 48.4% suspended organic 
carbon was determined on day 35. This suggests that nonylphenol incorporated into biomass 
or adsorbed to suspended material. 

Staples et al. determined the extent of biodegradation of nonylphenol using the OECD 301F 
test (manometric respirometry) (Staples et al., 1999). After 28 days (62% ThCO2) the pass 
level of ready biodegradability was fulfilled, but the 10 day window was failed (17 days). Based 
on assumed first order kinetics, the aerobic biodegradation half-life was 20 days.  

In an OECD 301F test with 4-n-nonylphenol additional 10 mg/L allythiourea was added for 
preventing nitrification (Stasinakis et al., 2008). After a lag phase of 7.9±0.6 days, 4-n-
nonylphenol was aerobically biodegraded with 61.5±6.0% at day 28. 

The study of Hüls AG was already assessed in the Risk Assessment Report of 4-nonylphenol 
(branched and nonylphenol (European Commission, 2002). Therfore, the following information 
(italic) was copied from this report . 

The biodegradability of nonylphenol has been determined in the modified Sturm test (EEC 
Directive 79/831 ENV/283/80) (Hüls AG, 1996a). In the study nonylphenol at a concentration 
of 22.8 mg/l was added to a liquid mineral medium which was inoculated and aerated at a 
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temperature of 21-23°C for 32 days. The inoculum used in the test was activated sludge from 
a municipal sewage plant and had a bacterial count of 18.105 CFU/ml (colony forming 
units/ml). The experiments were carried out both with and without an emulsifier (at a 
concentration of 20 mg C/l) present in the nonylphenol test solution. Control experiments were 
conducted using the emulsifier only and a control substance (sodium benzoate). Degradation 
was monitored by measuring the actual CO2 evolution compared with the theoretical amount 
that would be evolved if the substance was completely oxidised. The control substance 
(sodium benzoate) achieved a degradation level of 102% within 20 days, reaching the 
threshold for ready biodegradability within 14 days. This indicated that the inoculum used had 
sufficient biological activity. Nonylphenol, with and without emulsifier, achieved a degradation 
level of 0% within a period of 32 days. When tested on its own the emulsifier achieved a 
degradation level of 0% within the 32-day period. 

In a second study the biodegradability of nonylphenol was again studied in the modified Sturm 
test (EEC Directive 79/831 ENV/283/80) (Hüls AG, 1996b) but adapted activated sludge was 
used as the inoculum. In this case the activated sludge was adapted prior to use in the test by 
incubation with nonylphenol at a concentration of 5 mg/l for 13 days and then 50 mg/l for a 
further 5 weeks. The test conditions were then the same as in the previous test with the 
exception that the duration of the test was 40 days. Nonylphenol (22.8 mg/l) was tested with 
and without an emulsifier (at a concentration of 20 mg C/l) and sodium benzoate was used as 
a control substance. Nonylphenol without emulsifier achieved a degradation level of 0% within 
the 40-day period. Nonylphenol and the emulsifier achieved a degradation level of 78% within 
the 40-day period (the control with emulsifier alone showed 0% degradation). 

3.1.2.1.3 Simulation tests 

Table 10: Summary of simulation tests in water 

Compound Conditions Result Reliability Reference 

Sewage sludge 

aerobic Primary degradation: 
DegT50 = 3.1 - 4.7 days (30 °C) 
DegT50 = 7.5 days (20 °C) 

2 (Chang et al., 
2005b) 

Nonylphenol (not 
specified) 
 

anaerobic Primary degradation: 
Sewage sludge:  
DegT50 = 23.9 days (30 °C)  
DegT50 = 38.5 days (20 °C) 
Petrochemical sludge: 
DegT50 = 36.5 days (30 °C) 

2 (Chang et al., 
2005a) 

Seawater 

4-n-Nonylphenol 
(CAS-No.:104-40-5) 

aerobic With bubbling: 98.8% dissipation 
after 1 week 
Without bubbling: DisT50 = 5 
days 

2 (Ying and 
Kookana, 
2003) 

4-Nonylphenol 
(mixture of different 
branched isomers) 

aerobic DegT50 ~ 56 days; 
lag phase 28 days 

2 (European 
Commission, 
2002; 
Ekelund et 
al., 1993) 

Fresh water (stream and bond) 

Nonylphenol 
(mixture of 
monoalkyl phenols 
predominantly para 
substituted) 
 

aerobic Open flaks: DisT50 = 2.5 days 
(volatilisation and co-distillaion) 
Closed flasks: DisT50 ~ 16 days   

2 (European 
Commission, 
2002; 
Sundaram 
and Szeto, 
1981) 
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Chang et al. investigated the degradation of nonylphenol in sewage sludge under aerobic 
conditions as well as under anaerobic conditions (Chang et al., 2005b; Chang et al., 2005a). 
Effects of various factors (initial concentration, temperature, pH, additives) were tested. 
Without additives, inital nonylphenol concentrations of 5 mg/L and a temperature of 30°C,  the 
DegT50s (primary degradation) (the time when 50% of a substance degraded from a single 
medium) ranged from 3.1 days (bioreactor experiment) and 4.7 days (batch experiment) 
under aerobic conditions and 23.9 days (sewage sludge) or 36.5 days (petrochemical sludge) 
under anaerobic conditions. 

Ying and Kookana studied the elimination of 4-n-nonylphenol in marine environment using 
seawater taken from a coastal area near Adelaide, Australia (Ying and Kookana, 2003). The 
initial concentration of 4-n-nonylphenol in water was 5 µg/L (incubation at 20 ± 3°C). The 
solutions were aerated by bubbling air through them. Rapid initial losses were seen in the non-
sterile solutions and the sterile control, indicating that these losses resulted from abiotic 
processes (volatilization, adsorption). After this initial removal, the concentration in the non-
sterile solutions continued to decrease to 0.06 µg/L within 1 week. The concentration in the 
sterile control remained stable with little change. Experiments which were carried out without 
bubbling air through the solutions, showed a DisT50 (the time when 50% of a substance 
dissipates from a single medium) of 5 days. Some loss may have been caused by adsorption, 
too.  

The following information (italic) was copied from the Risk Assessment Report of 4-
nonylphenol (branched) and nonylphenol (European Commission, 2002). 

Ekelund et al. (1993) studied the biodegradation of 4-nonylphenol in seawater and sediment. 
In the experiments 14C uniformly ring-labelled nonylphenol (synthesised using nonene 
containing a mixture of branched isomers) was used. The reaction flasks used contained 
seawater or seawater plus sieved soft bottom sediment. Formalin was added to four flasks 
containing seawater and half of the flasks containing seawater and sediment were bubbled 
with nitrogen gas prior to the start of the experiment. 11µg 14C ring-labelled nonylphenol was 
dissolved in acetone and added to small glass plates, the solvent was then evaporated and the 
glass plates added to the reaction flasks. The flasks were incubated at 11 ± 2°C in the dark for 
16 weeks. In flasks containing formalin no 14CO2 was recovered, indicating that any 14CO2 must 
come from the nonylphenol in the presence of living organisms. In the absence of sediment, 
degradation (as measured by 14CO2 production) was very slow at 0.06% per day up to 28 days 
then 1% per day after 28 days, suggesting a period of adaptation is required. In the presence 
of sediment the degradation rate was faster at 1.2% per day. In the low oxygen experiments 
the reaction rate was slow. The increase in degradation rate in the sediment system was 
attributed to the higher number of microorganisms present. The overall recovery of 14C from 
these experiments was around 64% (44% in the CO2 fraction) in the flasks without sediment 
and 49% (46% in the CO2 fraction) in the flasks with sediment. Thus around 45% of the ring-
label was converted to CO2 in 8 weeks, giving a mineralisation half-life of slightly longer than 
56 days. However, the low overall recovery of 14C-label in the experiments indicates that the 
actual extent of biodegradation may be higher (with a resulting shorter half-life) than implied 
by the 14CO2 measurements (for example incorporation of the 14C-label into biomass may have 
occurred (Ekelund et al., 1993). 

The degradation of nonylphenol in stream and pond water has been studied under simulated 
field conditions (Sundaram and Szeto, 1981). The water and sediments used were taken from 
Northland Creek and Hargraft Lake, Ontario, Canada. The degradation experiments were 
carried out by incubating samples of the water or water plus sediment (100 g pond sediment in 
200 ml pond water) with nonylphenol (1 mg/l) in either open or closed flasks at 16°C for up to 
44 days, under artificial light (16 hours light and 8 hours dark per day). At various times 
during the study samples were analysed for the presence of nonylphenol by HPLC analysis. 
When incubated in either pond water (pH 7.3) or stream water (pH 6.9) in open flasks, 
nonylphenol was found to disappear from solution rapidly with a half-life of around 2.5 days for 
both systems. No degradation products were detected in the water during the experiment and 
it was thought that the removal from solution was due to volatilisation and co-distillation 
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rather than degradation. When nonylphenol was incubated in either pond water or stream 
water in sealed flasks, the halflife was found to be 16.5 days in stream waterand 16.3 days in 
pond water. Unidentified transformation products (more polar than the parent nonylphenol) 
were also shown to be formed in the experiment and it was thought by the authors that these 
could be formed by microbial degradation or photo-oxidation. In incubations in pond water 
with sediment present, most of the nonylphenol initially adsorbed onto the sediment phase. 
The sediment phase showed a maximum nonylphenol concentration after around 10 days 
which subsequently reduced, with only 20% of the added nonylphenol being present after 70 
days. This removal was thought to be due to microbial degradation as the concentration in 
autoclaved samples remained constant over the same time period (Sundaram and Szeto, 
1981) 

3.1.2.2 Biodegradation in sediments 

Table 11: Summary of biodegradation tests in sediments  

Compound Conditions Result Reliability Reference 

Fresh water sediment 
aerobic Primary degradation  

DegT50 = 13.6 – 99.0 days (30 °C) 
DegT50 = 40.8 days (20°) 

2 (Yuan et al., 
2004) 

Nonylphenol 
(not specified) 
 

anaerobic Primary degradation 
DegT50 = 46.2 – 69.3 days (30 °C) 
DegT50 = 99 days (20 °C) 

2 (Chang et al., 
2004) 

aerobic Degradation > 90% after 32 days 4-n-Nonylphenol 
(CAS-No.:104-
40-5) 

anaerobic DegT50 > 154 days 
2 (Bradley et 

al., 2008) 

aerobic Original Sediment:  
dissipation 80-85% after 6 months 
Spiked Sediment (100 ppm 
nonylphenol): 
dissipation 50% after 6 months 

Nonylphenol 
(not specified) 

anaerobic 25-30% increase after 6 months 

2 (Dutka et al., 
1998) 

Nonylphenol 
technical 
mixture (tNP) 
(branched) and  
 

anaerobic 
(methanoge
nic, 
sulphate 
reducing 
and nitrate 
reducing) 

0% dissipation within 703 days 

anaerobic 
(nitrate 
reducing) 

100 % dissipation after 91-104 days 4-n-NP (linear) 

anaerobic 
(methanoge
nic and 
sulphate 
reducing) 

0% dissipation within 703 days 

2 (De Weert et 
al., 2011) 

Nonylphenol 
(mixture of 
monoalkyl 
phenols 
predominantly 
para substituted  

aerobic Nonylphenol dissipated from water to 
sediment (0 % nonylphenol in water 
after 10 days) 
Sediment: 80 %  dissipation after 71 
days 

2 (European 
Commission, 
2002; 
Sundaram 
and Szeto, 
1981) 

Marine sediment 
aerobic DisT50 = 5.8 days 4-n-Nonylphenol 

(CAS-No.:104-
40-5) 

methanogen
ic 

DisT50 > 70 days 
2 (Ying and 

Kookana, 
2003) 
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4-Nonylphenol 
(mixture of 
different 
branched 
isomers) 

aerobic/ 
anaerobic 

DegT50 > 56 days 
 

2 (European 
Commission, 
2002; 
Ekelund et 
al., 1993) 

 

Chang et al. studied the degradation of nonylphenol by anaerobic microorganisms from NP-
acclimated river sediments (Chang et al., 2004). The DegT50 (primary degradation) ranged 
from 46.2 to 69.3 days (30 °C). Degradation rates for nonylphenol were enhanced by 
increasing temperature and inhibited by the addition of acetate, pyruvate, lactate, manganese 
dioxide, ferric chloride, sodium chloride, heavy metals, and phthalic acid esters. Degradation 
was also measured under three anaerobic conditions. Results show the high-to-low order of 
degradation rates to be sulfate-reducing conditions > methanogenic conditions > nitrate-
reducing conditions.  

Yuan et al. sampled sediment from the same samples sites as Chang et al. 2004 and studied 
the aerobic degradation of nonylphenol (Yuan et al., 2004). The half-lives DegT50 (primary 
degradation) ranged from 13.6 to 99.0 days. These results suggest that microorganisms adapt 
in a site specific manner, and therefore vary in terms of biodegrading capacity. If the sediment 
was additionally acclimated with nonylphenol, nonylphenol was completely dissipated after 28 
days. 

The potential for biodegradation of 4-nonylphenol (linear isomers) was investigated in three 
hydrologically distinct streams impacted by wastewater treatment plants (Bradley et al., 
2008). Microcosms prepared with sediment collected upstream of the wastewater treatment 
plant outfalls and incubated under aerobic conditions (23 °C) showed rapid and complete 
mineralization of [U-ring-14C]4-n-nonylphenol to CO2 in all three systems. No mineralization of 
[U-ring-14C]4-n-nonylphenol was observed under methanogenic conditions. The initial linear 
rate of [U-ring-14C]4-n-nonylphenol mineralization in sediments from upstream and 
downstream of the respective WWTP outfalls was inversely correlated with the biochemical 
oxygen demand (BOD) of the streambed sediments. These results suggest that the net supply 
of dissolved oxygen to streambed sediments is a key determinant of the rate and extent of 4-
nonylphenol biodegradation in stream systems. 

In a six month study the aerobic and anaerobic biodegradation (21°C) of nonylphenol in 
original (81 ppm nonylphenol) and spiked fresh water sediment (additionally 100 ppm 
nonylphenol) was observed (Dutka et al., 1998). Under aerobic conditions nonylphenol 
dissipated in the original sediment 80-85% within 6 months. In the spiked sediment the 
concentration of nonylphenol increased over the first 3 months followed by a 50% decrease 
after 6 months. Under anaerobic conditions increasing concentrations (25-30%) were 
observed. These results suggest that either nonylphenol is resistant to biodegradation under 
anaerobic conditions or that it is maintained by biodegradation of precursors. De Weert et al. 
got similar results (De Weert et al., 2011). The biodegradation of branched (t-nonylphenol) 
and linear (4-n-nonylphenol) nonylphenol was investigated under anaerobic conditions 
(methanogenic, sulphate reducing and nitrate reducing) in nonylphenol polluted sediment 
(mixture of t-nonylphenol; 4-n-nonylphenol was not present). The bottles were incubated in 
the dark at 30 °C for 703 days. Under denitrifying conditions 100 % dissipation of linear 
nonylphenol was observed within 91 days. No degradation was observed for branched and 
linear nonylphenol after 703 days under methanogenic and sulphate reducing conditions. 
Although the sediment was polluted with t-nonylphenol and the bacteria were potentially 
adapted, no degradation occurred under anaerobic conditions. 

The studies of Ying and Kookana (see chapter 3.1.2.1.3 Simulation tests) were also carried out 
on marine sediments, collected from close to the same area. 5 g of marine sediment with 5 ml 
of seawater were used to make slurry during all experiments (incubation at 20 °C). In addition 
to 1µg/g 4-n-nonylphenol, four other substances (including 4-tert-octylphenol) were added. 
Under aerobic conditions complete degradation of 4-n-nonylphenol was seen within 70 days 
(DisT50 = 5.8 days). Under anaerobic conditions no degradation was occurred.  
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Further information for the studies of Ekelund et al. and also Sundaram and Szeto are listed in 
chapter 3.1.2.1.3 (Simulation tests). 

3.1.2.3 Biodegradation in soil 

Table 12: Summary of biodegradation tests in soil 

Compound Result Reliability Reference 

Soil 

4-Nonylphenol Biphasic kinetics 
1. Inital phase: 
DegT50 = 4.5 (±0.05) – 16.7 (±2.28) days 
2. slower degradation phase (DegT50 > 40 days) 

2 (Topp and 
Starratt, 2000) 

4-Nonylphenol 
(linear and 
branched) 

Branched isomers:  
DisT50 = 2.1-10.3 days 
Linear isomer: 
DisT50 = 1.4 days 

4-Nonylphenol 
(14C-4-NP111) 

After 58 days: 
bound residuals of  14C-4-NP111= 54.4% 
mineralization (14CO2) ~ 5%   

2 (Shan et al., 
2011) 

Soil + sludge 

Nonylphenol (not 
specified) 

biphasic kinetic: 
0-10 days: 55 % dissipation  
10-110 days: > 90 % dissipation (NP < LOD 
(50µg/kg d.w.)) 
DisT50 = 31 - 46 days 

2 (Jacobsen et al., 
2004) 

Nonylphenol (not 
specified) 

DisT50 = 31 -51 days 2 (Dettenmaier 
and Doucette, 
2007) 

Nonylphenol 
(mixture of 
isomers, 
branched) 

Biphasic kinetic 
DisT50 = 11.5 days 
26-35% of the initial concentration remained after 
105 days 

2 (Sjöström et al., 
2008) 

Linear 4-
nonylphenol 

Mineralization after 2 months: 
sludge-soil ratio 1:20 (40% water content) = 63.2 %  
sludge-soil ratio 1:20 (80% water content) = 56.0 %  
sludge-soil ratio 1:100 (40% water content) = 58.4 -
63.7 %  
sludge-soil ratio 1:100 (80% water content) = 44.2 
%  
sludge = 28.5 %  
soil = 56.3 %  

2 (Gejlsbjerg et 
al., 2001) 

Technical 4-
nonylphenol 

ca. 90% dissipation after 322 days; 
triphasic kinetics: 
1. Initital period (1-14 days): DisT50 = 8 days 
2. Transition time (30 – 90 days): DisT50 = 90 days 
3. Long-term persistence (> 150 days): DisT50 > 360 
days 

2 (European 
Commission, 
2002; Marcomini 
et al., 1989) 

4-nonylphenol 
(mixture of 
uncharacterized 
isomers, 
branched) 

89 % dissipation after 40 days (initial conc. 100 ppm) 
62 % dissipation after 40 days (initial conc. 1000 
ppm; 0.22% volatilization) 

2 (European 
Commission, 
2002; Trocmé et 
al., 1988) 

The persistence of 4-nonylphenol in six various agricultural, noncultivated temperate, and 
Arctic soils was assessed in laboratory microcosm incubations (Topp and Starratt, 2000). At 
30°C, mineralization of [ring-U-14C]4-nonylphenol was biphasic, with a rapid initial phase 
lasting about 10 d, during which about 30% of the initial radioactivity was converted to carbon 
dioxide, followed by a much slower second phase with the final amount of carbon dioxide 
accumulated representing about 40% of that initially applied. The estimated half-lives (based 
on the inital mineralization rate) ranged from 4.5 to 16.7 days (without a lag phase). 
Furthermore, Topp and Starratt investigated the effect of sewage sludge on mineralization of 
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[ring-U-14C]4-nonylphenol in soil. Sludge solids did not inhibit 4-nonylphenol mineralization, 
although sewage sludge at high concentrations was inhibitory, apparently because of high 
biological oxygen demand. 

Dissipation of five p-nonylphenol (4-NP) isomers including four branched (4-NP38, 4-NP65, 4-
NP111, and 4-NP112) and one linear (4-NP1) isomers in a rice paddy soil was studied under oxic 
conditions and 20±1°C (Shan et al., 2011). Dissipation followed availability-adjusted first-
order kinetics with the decreasing order of dissipation half-life 4-NP111 (10.3 days) > 4-NP112 
(8.4 days) > 4-NP65 (5.8 days) > 4-NP38 (2.1 days) > 4-NP1 (1.4 days). Further tests with 
radiolabelled 4-NP111 exhibit, that at the end of incubation (54 days) bound residues of 4-NP111 
amounted to 54% and only 5% of 4-NP111 mineralized to 

14CO2. 

Degradation and mobility of nonylphenol was investigated in a lysimeter study (Jacobsen et 
al., 2004). In the top soil layer an initial rapid degradation of nonylphenol was observed (55% 
within 10 days), followed by slower but continuous degradation (nonylphenol content < 50 
µg/kg d.w. (LOD) after 110 days). Assuming first-order degradation kinetics DisT50 of 31 - 46 
days were estimated. The lysimeter study showed no downward transport of nonylphenol, as it 
was not measured in the leachate samples or in soil layers below the top 15-cm soil layer with 
sludge incorporation at any time during the 110-d experimental period (first sampling after 10 
days). Sjöström et al. observed also biphasic decay curves (Sjöström et al., 2008). They 
expected that the different degradation rates result from the presence of isomers with different 
side chain branching. Furthermore, a significant recalcitrant fraction (26-35%) of NP remained 
at the end of the tests (105 days). 

The mineralization of linear nonylphenol was investigated in different sludge-soil mixtures and 
soils (Gejlsbjerg et al., 2001). Depending on the sludge-soil ratio (1:20 - initial concentration 
55 mg/kg, 1: 100 - initial concentration 11.4 mg/kg) and oxygen demand 44.2 – 63.7 % 
nonylphenol were mineralized after two months. A higher content of sludge in the sludge-soil 
mixture should reduce the concentration of oxygen, which should result in a decrease of the 
mineralization rate. However, a large part of the NP was mineralized in all of the sludge-soil 
mixtures. Contrary to the typical situation for sludge-soil mixtures at 80% of content, the 
measurements of oxygen concentrations showed that the mixtures containing NP were 
dominated by aerobic conditions at the end of the experiment (Extension of aerobe conditions 
68.8-91.6%% as compared to the experiment with nonylphenol-di-ethoxylate 16.3-37.5%). 
This indicates a loss of moisture by evaporation during the experiment. Only a minor 
mineralization of NP was seen in the core with sludge that was mainly anaerobic.  

Dettenmaier and Doucette conducted microcosm experiments to evaluate the mineralization 
and plant uptake of nonylphenol (Dettenmaier and Doucette, 2007) in a soil/biosolids (99.5 : 
0.5 w/w) environment planted with crested wheatgrass. The microcosms were located in a 
greenhouse with a 16:8-h light:dark photoperiod and a day/night temperature of 20±1/16±1 
°C. The mineralization from 14C-nonylphenol to 14CO2 was 7 % within 150 days and was 
independent of the initial exposure concentration. The presence of crested wheatgrass did not 
enhance the percentage mineralization. Assuming first-order disappearance kinetics, half-lives 
for NP averaged from 31 to 51 d in the various planted, unplanted, and unplanted poisoned 
systems. 

The following information (italic) was copied from the Risk Assessment Report of 4-
nonylphenol (branched) and nonylphenol (European Commission, 2002): 

Trocmé et al. (1988) studied the fate of nonylphenol in a simplified soil system and its effect 
on microbial activity. The soil system was made up of sewage sludge compost (1/3 dry matter) 
and sandstone (2/3 dry matter) and had the following characteristics: pH 6.8, total nitrogen 
0.5%, organic carbon 11%, carbon:nitrogen ratio 20, total phosphorus 1%, cation exchange 
capacity 22.1 meq/100g, water holding capacity 51%. Nonylphenol was dissolved in ethanol 
(0.4 ml/g spiked compost) and mixed with part of the compost, the ethanol was then left to 
evaporate off. The spiked compost was mixed with the remaining compost to give a 60 g 
sample. Two concentrations of nonylphenol were applied (100 mg/kg and 1,000 mg/kg) plus a 
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control sample spiked with ethanol. The cells were incubated at 60% field moisture capacity at 
25°C in the dark for 40 days. Carbon dioxide was removed periodically by flushing the cells 
with carbon dioxide free air, the adsorbed carbon dioxide was determined by a conductivity 
method and volatilisation of nonylphenol measured by phenol traps. Nonylphenol persistence 
was also studied under aseptic conditions. Samples were sterilised by gamma irradiation, 
spiked with 100 mg/kg nonylphenol then incubated for 24 hours under the above conditions. 
The authors found that carbon dioxide evolution was significantly depressed by the 4th day in 
the 1,000 mg/kg spiked sample, and a decrease was noted in the adenosine triphosphate 
(ATP) content in the 1,000 mg/kg sample after 5 days. No significant changes in carbon 
dioxide evolution or ATP content were observed in the control and 100 mg/kg sample. After 40 
days incubation 11% nonylphenol remained in the 100 mg/kg sample and 38% remained in 
the 1,000 mg/kg sample. In both samples volatilisation was insignificant with 0.22% 
volatilisation over 40 days in the 1,000 mg/kg sample. In both samples nonylphenol 
concentrations started decreasing after 5 days incubation; loss was rapid at first then slowed 
down. Nonylphenol was more persistent under the semi-sterile conditions with 76% 
nonylphenol recoverable after 24 days. The authors suggested that nonylphenol underwent 
microbial degradation after a period of induction of the microorganisms. The chromatographic 
profile for nonylphenol taken at various times during the test indicated that certain isomers of 
nonylphenol degraded more easily than others (Trocmé et al., 1988). 

Marcomini et al. (1989) studied the fate of nonylphenol in sludge amended soil. Soil samples 
were collected from the upper 5 cm of planted grassland that had received anaerobically 
digested sludge at an average application rate of 13.5 tonnes/ha year (dry weight). The sludge 
was applied to the surface soil as a liquid spread, four to six times per year. Samples were 
dried at 60°C, pulverised to a particle size of <300 µm and stored in the dark at 4°C. 
Nonylphenol was analysed by extraction with hexane and quantified by HPLC with a UV-
fluorescence detector. The initial concentration of nonylphenol in the soil was 4.7 mg/kg and 
this had dropped to 0.46 mg/kg dry weight after 322 days. The concentration of nonylphenol 
in a soil that did not have sludge applied was <0.02 mg/kg (dry weight). (Marcomini et al., 
1989). 

The primary biodegradation of nonylphenol in soil has been studied in field trials over a period 
of 1 year (Küchler et al., 1994). Areas of land (each 6�3 m) were treated with either sewage 
sludge or sanitary effluent which contained nonylphenol, along with nonylphenol ethoxylates. 
Initially it was found that the concentration of nonylphenol increased slightly, possibly due to 
formation from the degradation of nonylphenol ethoxylates present. The concentration of 
nonylphenol was then found to decrease rapidly in the soil, with no nonylphenol being detected 
in any sample (samples were collected at depths of 0-10 cm, 10-20 cm and 20-30 cm) after 
20 days. Nonylphenol did not leach from the 0-10 cm depth layer into lower layers, indicating 
that biodegradation is the most likely removal mechanism. 

Kirchman et al. (1991) studied the biodegradation of 4-n-nonylphenol in soil (the substance 
tested presumably has a straight alkyl chain rather than a branched chain as typically found in 
commercial products). In the test nonylphenol was added to soil at concentrations of 10 or 500 
mg/kg and incubated in sealed flasks for 3 months. Degradation was monitored by analysis for 
the parent compound and also CO2 evolution. Based on parent compound analysis, less than 
10% of the added nonylphenol remained after 10 days incubation, and nonylphenol was not 
detected (<0.02 mg/kg) after 20 days incubation. At the higher concentration tested, CO2 
evolution was higher than that seen in controls and indicated that around 61% of the 
nonylphenol carbon was converted to CO2 after 94 days incubation. However, at the 10 mg/kg 
concentration the CO2 evolution was similar to controls and so it is not possible to infer 
anything about the rate of mineralisation at this concentration. A short-term (7 day) inhibition 
on nitrification was seen in the system exposed to 500 mg/kg nonylphenol 
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3.1.2.4 Summary and discussion on biodegradation 

The linear isomer 4-n-nonylphenol: 

For 4-n-nonylphenol only one test of ready biodegradability is available. This test suggests that 
4-n-nonylphenol is ready biodegradable. 

The results from simulation tests demonstrate that 4-n-nonylphenol dissipates and degrades in 
surface water (DisT50 = 5 days, (Ying and Kookana, 2003)), fresh water sediment (90% 
degraded after 32 days, (Bradley et al., 2008)) and marine sediment (DisT50 = 5.8 days, (Ying 
and Kookana, 2003)) under aerobic conditions. The dissipation in surface water is probably 
caused by adsorption to sediment. Under anaerobic conditions no dissipation was observed for 
marine sediment within 70 days and no degradation was observed for fresh water sediment 
until day 154 (Bradley et al., 2008; Ying and Kookana, 2003). Only limited data is available for 
dissipation of 4-n-nonylphenol in soil. A dissipation half life of 1.4 days suggests that 4-n-
nonylphenol dissipates fast in soil (Shan et al., 2011). 

4-Nonylphenols: 

The results of the ready biodegradability tests show that nonylphenol is not readily 
biodegradable. But after a time of adaption nonylphenol may undergo biodegradation. Hence, 
nonylphenol could be considered as inherently biodegradable. 

Biodegradation of nonylphenol depends on several factors. Nonylphenol exists as linear and 
branched (differing degrees) isomers. Regarding this the following is applicable: the higher the 
branching, the lower the biodegradability. The different degrees of biodegradability were 
demonstrated in some soil simulation tests. Several authors observed a biphasic degradation 
or dissipation kinetic with a fast inital phase (for example degradation or dissipation of the 
linear isomer) and a following slower degradation phase (European Commission, 2002; 
Jacobsen et al., 2004; Marcomini et al., 1989; Sjöström et al., 2008; Topp and Starratt, 
2000).  

Further factors that affect the biodegradation of nonylphenol are that microorganisms need a 
period of adaption (Ekelund et al., 1993) and that the biodegradation is enhanced by 
increasing temperature (Chang et al., 2005a; Chang et al., 2005b; Chang et al., 2004; Yuan et 
al., 2004)  

The results from simulation tests demonstrate that nonylphenol degrades and dissipates in 
surface water (DisT50 = 2.5 days, DegT50 ~ 56 days) and sediment (DegT50 = 13.6 - 99 days) 
under aerobic conditions. Dissipation from the surface water is probably caused by adsorption 
to sediment ((European Commission, 2002; Sundaram and Szeto, 1981). Different results 
exist for biodegradation in sediment under anaerobic conditions. The half-lives range from 46.2 
days (primary degradation) to > 703 days. These differences under aerobic as well as 
anaerobic conditions results from the abovementioned factors. Additionally, in some studies 
the isomer is not indicated, so it is not known whether the isomer is linear or branched. The 
majority of the studies indicate a very slow or no biodegradation of nonylphenol in sediment 
under anaerobic conditions. 

For biodegradation of nonylphenol in soil, most of the studies investigated dissipation or 
primary degradation (DisT50 = 2.1-51 days). Like abovementioned, nonylphenol degrades 
biphasic with a fast initial phase (DegT50 < 16.7 days) and a following slower degradation 
phase (DegT50 > 40 days) (Topp and Starratt, 2000) with residual concentrations of 
nonylphenol after the end of the test (Sjöström et al., 2008). Only one study investigated 
mineralization (5% CO2 after 58 days) (Shan et al., 2011). 
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3.1.3 Summary and discussion on degradation 

Even if photodegradation (DT50= 0.3 days) and photolysis in water (DT50= 10-15 hours) may 
occur in the environment, overall the abiotic degradation is a negligible removal process. 

The screening tests for ready biodegradability indicate that nonylphenol is inherently 
biodegradable after a time of adaptation. Nonylphenol is biodegradable in surface water, soil 
and sediment under aerobic conditions. But under anaerobic conditions nonylphenol 
biodegrades very slowly or not at all. 

The screening test for ready biodegradability indicates that 4-n-nonylphenol is readily 
biodegradable. 4-n-nonylphenol dissipates in surface water, soil and sediment under aerobic 
conditions. But under anaerobic conditions no degradation was observed. 

3.2 Environmental distribution 

3.2.1 Adsorption/desorption 

The Risk Assessment Report (European Commission, 2002) refers to several studies and 
calculated values for the adsorption behaviour which can be used for the assessment of the 
adsorption behaviour. The Risk Assessment cited a study conducted by Roy F. Weston Inc. 
(1990) which reported a wide range of log KOC values ranging from log 4.35 to log 5.69. But 
these values deal with uncertainties because adsorption on the test vessels was detected. Ahel 
et al. (1994) measured the occurance of nonylphenol ethoxylates and their metabolites in 
surface waters and sediments in the Glatt River in Switzerland. The ratio of nonylphenol 
concentrations in sludge to nonylphenol concentrations in water ranged from 364 to 5100. In 
the RAR also a set of partitioning coefficients is presented: 

Koc   5,360 l/kg  Partition coefficient organic carbon-water 
Kpsusp 536 l/kg  Partition coefficient solids-water in suspended matter 
Kpsed   268 l/kg  Partition coefficient solids-water in sediment 
Kpsoil   107 l/kg  Partition coefficient solids-water in soil 
Ksoil-water  161 m³/m³  Soil-water partitioning coefficient 
Ksusp-water  135 m³/m³ Suspended matter-water partitioning coefficient 
Ksed-water  135 m³/m³ Sediment-water partitioning coefficient 
 

Finally experimental data and calculated partition coefficients lead to the conclusion that 
nonylphenol will strongly adsorb to soils, sludges and sediments. 

3.2.2 Volatilisation 

The volatilisation of 4-Nonylphenols from surface water to air may be estimated by the Henry’s 
Law constant. This is calculated as 11.02 Pa*m3*mol-1 for substance properties of nonylphenol 
taken from the RAR (melting point: -8°C, Vapour pressure (@25°C): 0.3 Pa). The airwater 
partitioning coefficient (Kair-water) may be derived from the Henry’s law constant and is 
calculated as 4.65*10-3 m3/m3. The Kair-water and Henry’s law constant are low suggesting 
that volatilisation is unlikely to be a significant removal mechanism for nonylphenol from 
aquatic systems and it is unlikely that the substance will be transported very far in the 
atmosphere. 
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3.2.3 Distribution modelling 

When released to the environment 4-nonylphenol (branched) will be distributed to the 
environmental compartments in different ratios. The table below shows the result of Fugacity 
Level III distribution modelling using EPI Suite v4.10 and the substance properties calculated 
within EPI Suite. No further verification for the domain of application of the QSARs used for 
calculation of the physical-chemical properties within EPISUITE was conducted as the 
information received from Level III distribution modeling is only supportive. 

Table 13: Result of Fugacity Level III distribution modelling for p-nonylphenol (branched) 

 Value (percent; EPI suite 
v4.10, standalone version) 

Value (percent; EPI suite 
based calculation from 
www.chemspider.com) 

Fraction to air  0.26 0.095 

Fraction to water 12.2 4.47 

Fraction to soil 66.0 36.9 

Fraction to sediment 21.5 58.5 

 

The results of distribution modelling indicate that the substance will strongly adsorb to soil and 
sediment when released to the environment. The reason for the different distribution figures is 
unclear because the EPI Suite modules of both show the same physical-chemical properties. 
Nevertheless both distributions show a similar result – the majority of 4-nonylphenol 
(branched) released to the environment will accumulate in soil and sediment.  

Distribution in wastewater treatment plants 

The dominant route of environmental releases for 4-nonylphenol (branched) is expected to be 
via wastewater which is treated in sewage treatment plants. Therefore different approaches – 
based on physical-chemical data retrieved from QSAR and measurements – have been used to 
estimate the distribution of the substance in sewage treatment plants. No further verification 
for the domain of application of the QSARs used for calculation of the physical-chemical 
properties within EPISUITE was conducted as the estimated information received from 
distribution modeling is only supportive. 

 

Table 14: Fractions of emissions from sewage treatment plant into environmental 
compartments calculated with EPI Suite. 

 Value (percent; EPI suite 
v4.10, standalone 

version) 

Value (percent; EPI suite 
based calculation from 
www.chemspider.com) 

Fraction to air (percent) 0.56 0.01 

Fraction to water (percent) 69.47 8.22 

Fraction via primary sludge 
(percent) 

17.30 

Fraction via surplus sludge (percent) 12.35 

91.01 

Fraction degraded (percent)  0.32 0.77 
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As the modelling of the distribution of substances based on physical-chemical properties 
calculated with QSARs shows great differences in the results, additional calculations have been 
conducted with SimpleTreat and the measured physical-chemical data for nonylphenol from 
the Risk Assessment Report (European Commission, 2002). As in the Risk Assessment Report 
for comparsion the calculation has been done assuming the substance being both inherently 
and not readily biodegradable (see table below).  

Table 15: Fractions of emissions from sewage treatment plant into environmental 
compartments acc. To SimpleTreat 3.0 (debugged version 7 Feb 1997). 

 Not readily 

biodegradable (k = 

0/h) 

Inherently 

biodegradable (k = 

0.1/h) 

Fraction to air (percent) 9.6 6.7 

Fraction to water (percent) 52.7 35.0 

Fraction via primary sludge 
(percent) 

27.9 27.9 

Fraction via surplus sludge (percent) 9.8 6.5 

Fraction degraded (percent)  0.0 23.9 

 

As well as mentioned in the Risk Assessment Report it can be seen that degradation 
predominantly effects the residual concentration of p-nonylphenol (branched) in the water 
phase while the predicted concentration in sludge and air nearly remains constant.  

4 Human health hazard assessment 

Not relevant for the proposed SVHC identification in accordance with Article 57 (f).

5 Environmental hazard assessment 

5.1 Aquatic compartment (including sediment) 

5.1.1 Acute toxicity data 

This chapter provides a short summary of acute toxicity test results in order to be able to 
compare between acute and chronic test results for the 4-nonylphenols. All available 
results are included in the IUCLID-file. They are obtained from the registration dossiers 
for nonylphenol and no further evaluation of their validity has been performed. 

There are several acute data for fish, invertebrates and algae available, though some of 
them are use with care studies. For fish acute toxicity test results are in the range of 135 
– 950 µg/L. For aquatic invertebrates the EC50 values for D. magma and Hyalella azteca 
(Saussure) were in the range between 85 and 150 µg/L. Other tests showed 
malformations and very low EC50 values: 43µg/L (Americamysis bahia) and 23.4µg/L 
(mollusk Haliotis diversicolor suptertexta, morphology embryo toxicity after 96h). After 
exposure of Crassostrea gigas larvae (48 – 72 h) D-shaped larvae were observed (NOECs 
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between 0.1 and 10µg/L). Also Arbacia lixula (sea urchin) showed larval malformations 
72h-LOEC 0.937µg/L after exposure from fertilization. The LC50 for the mollusk Mulinia 
lateralis was 37.9µg/L.  

The acute values for algae were in the range of 27µg/L (growth rate) to 1300µg/L 
(biomass).  

5.1.2 Toxicity tests results concerning endocrine disruption 

5.1.2.1 General approach 

No criteria are available yet on how to assess whether or not a substance has endocrine 
disrupting properties and/or is an actual endocrine disruptor. However, a widely accepted 
definition of an endocrine disruptor by the IPCS is available:  

“An endocrine disrupter is an exogenous substance or mixture that alters function(s) of 
the endocrine system and consequently causes adverse health effects in an intact 
organism, or its progeny, or (sub)populations” (IPCS; cited in (European Commission, 
1999)). 

As it is assumed in this report, that a substance should fulfil at least this definition in 
order to be of equivalent concern (see chapter 8), information available is assessed 
based on the following questions: 

- Does the substance influence the endocrine system? 

- Are adverse effects observed likely to be a consequence of this alteration? 

As the 4-nonylphenols are described in the literature as showing estrogen agonist activity 
(estrogen receptor activation and other estrogen like activity), information is analysed 
with a focus on this mode of action. However, other modes of action are analysed too, 
where information is available.  

Information is summarized by organism groups in the following chapters, starting with a 
summary of available in vitro-tests as supportive information.  

5.1.2.2 In vitro data 

In vitro estrogen activity of the 4-nonylphenols were assessed in different assays 
including binding assays, reporter gene assays, YES assays and assays analyzing 
vitellogenin (VTG) induction in primary hepatocytes of Oncorhynchus mykiss and 
Xenopus laevis. In addition some information on anti-androgen activity is available. Tests 
were either performed with the linear 4-nonylphenol isomer (4-n-NP) or the technical 
nonylphenol isomer mixture (4-NP) which is assumed to be a mixture of isomers with 
different branching. Results are briefly summarized below and in Table 16. 

Competitive ligand-binding assays 

Competitive ligand-binding assays are used to assess whether or not a test chemical is 
able to specifically bind to a given receptor. Typically, the estrogen receptor (ER) 
preparation is incubated with a radioactively labelled model ligand at a concentration that 
results in saturation of the receptors ligand-binding site. Then, unlabelled test chemical 
or unlabelled model ligand are added at increasing concentrations. Depending on the 
binding affinity of the test chemical to the receptor lower or higher concentrations are 
needed to displace a certain percentage of the radiolabelled ligand from the ligand-
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binding pocket. From the established binding curves the relative biding affinity of the test 
chemicals compared to model ligand can be compared 

Various authors assessed whether or not 4-nonylphenols are able to specifically bind to 
the estrogen receptor. In total seven of such studies were analyzed for this dossier. In all 
studies, 4-nonylphenols were demonstrated to displace specifically bound 17β-estradiol 
(E2) from the estrogen receptor (ER). The relative binding affinity (RBA) of 4-
nonylphenols compared to E2, however, varied between the individual studies. (Tollefsen 
et al., 2002), (Olsen et al., 2005) and (Tollefsen and Nilsen, 2008) found that NP had an 
approximately 100,000 lower affinity to the rainbow trout estrogen receptor (rtER) than 
the model ligand E2 (RBA = 1 x 10

-5). In a study conducted by (Petit et al., 1997), a 270-
fold excess of 4-nonylphenols was sufficient to displace 50 % of specifically bound E2 
(RBA = 0.37 x 10-2).  

The discrepancy between the RBA of 4-nonylphenol derived by (Petit et al., 1997) and 
the the RBA observed by the formerly quoted authors may be due to differences in the 
biochemical background of the ER preparation used. While (Tollefsen et al., 2002), (Olsen 
et al., 2005) and (Tollefsen and Nilsen, 2008) were using trout liver homogenates 
comprising various, in the native tissue coexisting ER isoforms, (Petit et al., 1997) was 
using a recombinant system in which only one concrete receptor isoform was 
(over)expressed.  

However, the RBA reported by (Marlatt et al., 2006), who also performed ligand-binding 
studies in trout liver homogenates, was in the same order of magnitude as the RBA found 
by (Petit et al., 1997) (0.44 x 10-2). The difference might be due to the isomers tested. 
While both authors tested the technical nonylphenol, i.e. a mixture of branched isomers, 
all other authors tested the linear 4- nonylphenol isomer (4-n-NP).  

In two of the analyzed studies (Tollefsen et al., 2002), (Olsen et al., 2005) ERs derived 
from different species were compared. No major difference could be found regarding the 
RBA of NP to the ER derived from rainbow trout (1 x 10-5) and to the ER derived from 
atlantic salmon (1.2 x 10-4) (Tollefsen et al., 2002). The RBA affinity of Nonylphenol to 
the human estrogen receptor (hER) (RBA = 2.0 x 10-4) was higher than the RBA for the 
rainbow trout estrogen receptor (rtER), which is generally about (RBA = 1 x 10-5) (Olsen 
et al., 2005).  

Reporter gene assays 

Transcriptional activation assays in vertebrate cell lines 

Transcriptional activation assays are used to assess whether or not a test chemical is 
able to activate the receptor. Activation of the receptor is demonstrated by means of 
reporter genes. These reporter genes are under the control of a promoter which contains 
specific sequences (responsive elements) to which the receptor binds upon its activation. 
The reporter genes typically encode for enzymes that convert an added substrate in a 
colored or fluorescent product. This enzyme activity correlates with the transcriptional 
activity of the receptor and thus is a measure of the agonistic potential of the test 
chemical.  

(Ackermann et al., 2002a) determined the relative estrogenic potency (REP) of 
Nonylphenol (compared to E2) using RTG-2 cells (a cell line derived from rainbow trout 
gonad) transiently transfected with an rtER expressing vector and an estrogen-
responsive luciferase reporter plasmid. NP was found to significantly induce luciferase 
activity at concentrations as little as 5 x 10-8 M (11 µg/L). The LOEC of E2 in this test 
system was 5 x 10-11 M (0.014 µg/L). The REP of NP, here defined as ratio between the 
EC50 obtained for E2 and the concentration of NP that resulted in equal induction levels as 
EC50 (E2), was 1 x 10-3.  

Similar studies were conducted in human in vitro systems. (Lascombe et al., 2000) and 
(Van den Belt et al., 2004) used MCF-7 cells stably transfected with a plasmid bearing 
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the sequence of the human estrogen response element (ERE) coupled to a luciferase 
reporter gene to investigate whether or not Nonylphenol has the ability to activate the 
human estrogen receptor (hER).  

Both authors observed a concentration-dependent increase in luciferase activity. 
(Lascombe et al., 2000) tested only three different Nonylphenol concentrations and 
therefore was not able to establish a dose-response curve and/or calculate the potency of 
Nonylphenol compared to E2. However, Nonylphenol was found to induce luciferase 
activity to a similar extent as E2. Maximal induction levels were observed at Nonylphenol 
concentrations that were only 1 x 10³-times higher than that of E2 (ECmax(NP) = 1 x 10

-5 
M or 2203.5 µg/L, respectively and ECmax(E2) = 1 x 10

-8 M or 2.7 µg/L, respectively). Co-
incubation of Nonylphenol with the ER-antagonist ICI 182,780 led to abolishment of NP-
dependent luciferase activity giving evidence that the effect was mediated by the ER. 
However, it has to be taken into account that a decrease in luciferase activity (albeit to a 
lower extent) was also observed in the respective vehicle control. This observation 
suggests that the used culture medium was not completely devoid of estrogens 
(Lascombe et al., 2000). (Van den Belt et al., 2004) tested a broad range of Nonlyphenol 
concentrations. For both compounds, the reference estrogen E2 and the test chemical NP, 
EC10 and EC50 values were estimated from dose-response curves that were fitted to the 
data. The EC10-value of NP was with 1.28 x 10

-7 M (=28.2 µg/L) about five order of 
magnitude higher than the EC10-value derived for E2 (3 x 10

-12 M or 0.8 x 10-3 µg/L, 
respectively). The REP of NP (here calculated as the ratio of the EC50 values obtained for 
E2 and Nonylphenol) was reported to be 3 x 10

-5 (Van den Belt et al., 2004). 

Thus, in the assay based on the human breast cancer cell line MCF-7 conducted by (Van 
den Belt et al., 2004) Nonylphenol appeared to be by a factor of 100 less potent than in 
the assay based on the piscine cell line used by (Ackermann et al., 2002a). 

Whether this discrepancy in the REPs derived for Nonylphenol is due to differences in the 
experimental performance of the assay or due to species-dependent differences in the 
affinity of Nonylphenol to the respective receptor, remains to be elucidated.  

Transcriptional activation in recombinant yeast (Yeast estrogen screen, YES) 

The potential of 4-nonylphenols to act as agonist of the ER was also investigated by 
means of reporter gene assays based on recombinant yeast cells heterogously expressing 
the human or piscine (O. mykiss) ER. For this dossier ten of such studies were analyzed 
and evaluated. In two studies a yeast strain heterogously expressing the trout ER (rtER) 
was used (Madigou et al., 2001; Petit et al., 1997), in eight studies a yeast strain 
heterogously expressing the human ER (hER) was used (Coldham et al., 1997), (Gaido et 
al., 1997), (Lascombe et al., 2000), (Payne et al., 2000), (Folmar et al., 2002), 
(Rutishauser et al., 2004), (Van den Belt et al., 2004) and (Isidori et al., 2006).  

In the two studies in which the activation of the trout ER was examined, the LOEC for NP 
was found to be 1 x 10-6 M (220.35 µg/L). The LOECs for the reference estrogen E2 were 
similar in both studies (1 x 10-8 - 1 x 10-9 M or 0.027 – 0.272 µg/L, respectively). A lack 
of reporter gene induction in cells which were not transformed with the rtER (negative 
control). demonstrates that the NP-induced response was mediated by the receptor (Petit 
et al., 1997).  

The REP of Nonylphenol (in both studies calculated as REP = LOEC(E2)/LOEC(NP)) was 1 
x 10-2 - 1 x 10-3, respectively. However, Madigou et al. (2003) demonstrated that the 
relative transcriptional activity induced by Nonylphenol (compared to E2) may depend on 
the reporter construct used. In total four reporter constructs differing in the number of 
estrogen responsive elements (EREs) and/or promoter were compared. While in one 
construct the ß-galoctosidase activity  at 10-6 M (220 µg/L) NP was similar to the activity 
of E2 at 10

-9 M (0.272 µg/L), in three other assays the activity was less pronounced (60 
%, 40 % or 15 % activity compared to E2). No differences between the linear and 
branched nonylphenol isomers were observed (REP 4-NP: 1 x 10-3; REP 4-n-NP: 1x 10-2 – 
1 x 10-3) 
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These findings must be taken into consideration when quantitatively comparing the REPs 
obtained with different test systems.  

In the studies which aimed to assess the interaction of 4-Nonylphenols with hER, the 
REPs of Nonylphenol (in all studies calculated as REP = EC50(E2)/ EC50(NP)) ranged from 
1 x 10-6 (Folmar et al., 2002) to 2 x 10-2 (Isidori et al., 2006). However, in six of the 
eight studies REPs of Nonylphenol were in the same order of magnitude (0.22 x 10-4 - 2 x 
10-4). No differences between the linear and branched nonylphenol isomers were 
observed  (Coldham et al 1997: REP 4-NP: 0.5 x 10-4; REP 4-n-NP: 0.22 x 10-4) 

 
Expression of estrogen-responsive genes 

Vitellogenin expression 

Seven in vitro studies investigating the effect of 4-Nonylphenols on vitellogenin (Vtg) 
mRNA or protein expression were analyzed. In six of these studies primary hepatocytes 
derived from male and/or immature rainbow trout (Oncorhynchus mykiss) were used to 
assess if 4-Nonylphenols acts as agonists of the ER (Jobling and Sumpter, 1993), 
(Tollefsen and Nilsen, 2008), (Olsen et al., 2005), (Marlatt et al., 2006), (Petit et al., 
1997) and (Madigou et al., 2001). In one of these studies primary hepatocytes derived 
from male African clawed frog (Xenopus laevis) were used to assess the potential of 4-
Nonylphenols to activate the ER-mediated pathway in frog (Kloas et al., 1999). All 
studies demonstrated that exposure to 4-Nonylphenols resulted in a dose-dependent 
increase in vitellogenin expression levels. In addition, co-exposure of 4-Nonylphenols and 
the model ER-antagonist tamoxifen led to a statistically significant decrease in 
Nonylphenol-dependent vitellogenin expression levels suggesting that the Nonylphenol-
induced effect is mediated by the receptor (Jobling and Sumpter, 1993). A direct 
comparison of the studies however is difficult since not all authors calculated and/or 
reported EC50 values and/or LOECs. Moreover, different approaches were used to 
determine the REP of NP. Still, the REPs of NP determined by (Olsen et al., 2005), 
(Marlatt et al., 2006) and (Tollefsen and Nilsen, 2008), all measuring Vtg protein 
expression levels in trout hepatocytes, are in the same range (2.0 x 10-4, 3.1 x 10-4 and 
3.3 x 10-4, respectively). No differences between the linear and branched nonylphenol 
isomers were observed (REP 4-NP: 3.1 x 10-4; REP 4-n-NP: 2 x 10-4 – 3.3 x 10-4)  The 
REP of NP reported by (Jobling and Sumpter, 1993) is with a value of 0.9 x 10-5 about 
one to two orders of magnitude lower. This difference might be explained by the shorter 
time the cells were exposed to NP and E2 in this study compared to those quoted above 
(48 h vs. 96 h).  

The Vtg induction level is a function of the affinity of the test chemical to the receptor, its 
concentration and the exposure time. Data published by (Jobling and Sumpter, 1993) 
indicate that maximal induction levels were not reached after 24 h (“[…]Greater secretion 
of vitellogenin by the cells could be obtained by restimulation and incubation for a further 
2 days […]”). Based on the assumption that exposure to E2 results in a steeper increase 
in Vtg protein levels than exposure to NP, the difference between the Vtg expression 
levels of both treatments can be expected to be higher after 48 h than after 24 h of 
incubation (especially if the exposure medium is renewed after the first two days as it 
was done by (Olsen et al., 2005) and (Tollefsen and Nilsen, 2008)).  

In comparison, in the two studies in which rtVtg mRNA levels were measured, the REP of 
Nonylphenol  was determined as being in the order of 0.25 (Petit et al., 1997), (Madigou 
et al., 2001). Again no differences between the linear and branched 4- nonylphenol 
isomers were observed. 

However, results of this type of assay (i.e. quantification of mRNA level) should be used 
with care if no thorough time course was performed prior to the actual experiment that 
was used to determine the REP. This seems to be the case in at least one of the two 
studies. (Petit et al., 1997) quantified Vtg mRNA expression levels for only one exposure 
concentration and at only one time point (after 48 h). Since induction at the mRNA level 
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typically occurs relatively short after exposure to a respective agonist and most mRNAs 
have a relatively short half-life, at the time of measurement that was used in this study 
(after 48 h) an important amount of mRNA might have been already subject to 
degradation. The difference between E2-induced and NP-induced Vtg mRNA expression 
levels may therefore not be that pronounced as if Vtg mRNA expression levels had been 
quantified at an earlier time point (e.g. 8 h). The REP, which was calculated by both 
authors as the ratio of the maximal response provoked by NP and the maximal response 
provoked by E2, may therefore not accurately reflect the potential of NP to activate the 
ER-mediated pathway. 

Vtg expression as response to 4-Nonylphenol exposure was also investigated in 
amphibian in vitro systems. In primary hepatocytes derived from Xenopus laevis 
Nonylphenol was observed to induce Vtg mRNA expression at much lower levels than in 
primary heptocytes derived from Oncorhynchus mykiss. The LOEC for NP in Xenopus 
hepatocytes was 10-8 M (2.2 µg/L) (Kloas et al., 1999), the LOECs for NP in trout 
heptocytes (as far as determined in the individual studies) were 3 x 10-5 M (=6610.5 
µg/L) and 1 x 10-5 M (=2203.5 µg/L) (Tollefsen and Nilsen, 2008), (Marlatt et al., 2006). 
Comparing these results it must be borne in mind that Vtg expression in Xenopus was 
quantified at the mRNA level and Vtg expression in trout was quantified at the protein 
level. Nonetheless, the LOECs obtained for E2 were lower in the assays where rtVtg 
protein levels were measured than the LOEC obtained for E2 in Xenopus suggesting that 
the higher sensitivity observed for Xenopus is not due to the measurement of different 
endpoints. (Mitsui et al., 2007) demonstrated NP to weakly induce Vtg protein expression 
in Xenopus laevis hepatocyte cultures. The lowest NP concentration at which a 
significantly higher Vtg protein induction compared to the control could be observed was 
0.1 x 10-6 M (22.04 µg/L). Since, according to the author, LOECs were practically difficult 
to determine, another conceptual approach was used to calculate the estrogenic potency 
of NP compared to E2. First, so called equivalently effective concentrations (EEC) of NP 
and E2 were determined. In this study, the EECs were defined as those concentrations of 
NP and E2, which are required to induce Vtg protein expression to certain level in the 
lower, linear part of the established dose-response curves (here: 2 ng/ml). The REP was 
then calculated on the basis of the EEC determined for E2 (0.04 x 10

-9 M) and the EEC 
determined for NP (0.74 x 10-6 M), resulting in a final REP of 5.4 x 10-5. Moreover, in co-
exposure experiments with E2, NP was observed to show antagonistic effects on E2-
dependent Vtg induction. The relative inhibitory potency of NP compared to tamoxifen (a 
model inhibitor of the ER) was found to be 0.002. It was suggested that NP is not able to 
fully activate the receptor (near maximum induction levels obtained with NP were 1000-
3000 fold lower than those obtained with E2) and therefore may act as a competitive 
inhibitor.  

Zona radiata protein expression 

NP was demonstrated to induce zona radiata protein expression in primary hepatocytes 
derived from rainbow trout (Rutishauser et al., 2004). EC50 derived for NP was 14 x 10

-6 
M (3084.9 µg/L). The REP of NP in this study was 7.5 x 10-5.  
 
Expression of other estrogen-responsive genes (Microarray analysis) 

(Terasaka et al., 2006) exposed MCF-7 cells to NP (1 x 10-9 M or 0.220 µg/L, 
respectively) and E2 (1 x 10

-6 M or 220 µg/L, respectively) and thereupon statistically 
compared the respective expression profiles of 120 estrogen-responsive genes 
(categorized into six groups: enzymes, signaling, proliferation, transcription, transport 
and other) using a custom cDNA microarray. NP was found to modulate most of the 
genes similarly as E2. Statistical analysis revealed a significantly high (p<0.01) 
correlation between both expression profiles. The coefficient R describing the correlation 
between both profiles was 0.9. 

MCF-7 cell proliferation assay 
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NP was further demonstrated to induce human breast cancer cell (MCF-7) proliferation 
(Olsen et al., 2005) and thus act as ER agonist in these cells. However, the proliferative 
effect induced by NP was relatively weak compared to that induced by E2 (<50%).  

Anti-androgenic effects 

Besides the observed estrogenic effects, 4-nonylphenol was reported to also exert anti-
androgenic effects. (Lee et al., 2003) tested NP for its anti-androgenic activity in a 
variety of in vitro assays yielding complementary information about the underlying 
molecular mechanisms. In a yeast two-hybrid assay system NP was observed to inhibit 
testosterone-dependent interaction of the AR and its co-activator protein ASC-1 in a 
concentration-dependent manner (IC50 = 2.6 M or 572.9 µg/L, respectively). 
Interestingly, NP was found to be a more potent AR antagonist than the model inhibitor 
cyproterone (CPA). In a competitive-ligand binding assay NP was found to be able to 
displace DHT from the AR. The inhibition reached a maximum of 30 % at a NP 
concentration of 5 x 10-9 M (1.1. µg/L). Note, the NP-dependent inhibition did not appear 
to follow a concentration-dependent relationship suggesting that NP might not act as a 
competitive but rather non-competitive inhibitor. NP was also demonstrated to prevent 
testosterone-induced translocation of the AR into the nucleus as well as inhibit androgen-
dependent expression of respective reporter genes.  

In another study by (Jolly et al., 2009), primary kidney cells derived from female 
sticklebacks were treated with dihydrotestosterone (DHT) to yield high spiggin protein 
expression levels and then treated with either NP or E2. At concentrations of 10

-5 M (2204 
µg/L) and 10-6 M (220 µg/L) NP caused a significant (p<0.01) inhibition of DHT-induced 
spiggin production. At 10-6 M (220 µg/L) a complete inhibition of DHT-induced spiggin 
production was observed, while E2 induced a significant but incomplete inhibition of 
spiggin production only at the highest concentration applied (10-6 M or 272 µg/L, 
respectively). All together, these results corroborate the hypothesis that NP is an AR 
antagonist. Results are summarized in Table 16. 

Summary 

The competitive ligand-binding studies clearly demonstrated that 4-nonylphenols are able 
to displace specifically bound E2 from the ER ligand-binding pocket. The RBA of 4-
nonylphenols for ERs derived from aquatic species ranged from 0.94 x 10-5 to 0.44 x 10-
2. Thus, 4-nonylphenols acts as a ligand of the ER. Furthermore, there is conclusive 
evidence that binding of 4-nonylphenols to the ER leads to activation of the ER-mediated 
pathway and consequently to transcriptional activation of typically estrogen-responsive 
genes. Modulation of 4-nonylphenols -dependent and ER-mediated gene expression was 
evidenced on the transcriptional, protein and cell physiological level. In frog hepatocytes 
concentrations as little as 10-8 M (2.2 µg/L) were sufficient to yield Vtg mRNA levels that 
are significantly higher than in the corresponding control. The EC50 values determined in 
the studies in which the expression of estrogen-dependent biomarkers (rtVtg, zona 
radiata protein) was quantified on the protein level ranged from 1.4 x 10-7 M (3084.9 
µg/L) to 8 x 10-7 M (17,600 µg/L).The EC50 of 4-nonylphenols obtained in the 
transcriptional activation assay, which was based on transfected RTG-2 cells was even 
lower (1.21 x 10-11M or 26.66 µg/L, respectively).  
 
Moreover, there is some indication that 4-nonylphenols may be able to interfere with 
other nuclear receptor-mediated pathways. Thus, 4-nonylphenols were demonstrated to 
inhibit androgen-mediated gene expression in vitro, with 50 % inhibition of hAR 
transactivation activity observed at concentrations as little as 1.97 x 10-6 M (536.59 
µg/L). 
 
Based on the available mechanistic information it can be concluded that 4-nonylphenols 
possesse the potential to exert estrogen-like effects and disrupt endocrine homeostasis in 
vivo. 
Some information exist, that the linear 4-nonylphenol might be less estrogenic active 
than the branched and that the activity of branched nonylphenols might depend on the 
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type of branching (see Gabriel et al, 2008). But all of these tests showed that both the 
linear as well as the different branched 4-nonylphenol are endocrine active and that thus 
the branching of the alkylchain only modulates the in vitro endocrine acitivity. This is 
supported by the data summarized above which show only slight differences between the 
linear and branched nonylphenols.  
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Table 16: Summary of in vitro studies assessing the potential of 4-nonylphenols to interact with the ER-mediated pathway. 

ER =estrogen receptor, E2 = 17 β-estradiol, n = number of independent experiments, I = number of replicates within each experiment, 
ECmax = concentration, at which highest response was observed, LOEC = lowest observed effect concentration, cmax = maximal 
concentration of test chemical or solvent in the assay, REP = relative estrogen potency, RBA = relative binding affinity. 

Endpoint: Expression of estrogen-sensitive genes 

Expression of vitellogenin 

Species Referenc

e 

Cell type and 

origin 

Test conditions Endocrine mediated 

measurement 
parameters  

Potency (relative to 

17 β-estradiol=1)  

Comment 

Oncorhynch
us mykiss,  
rainbow 
trout 

Jobling 
and 
Sumpter 
(1993) 

Primary 
hepatocytes 
derived from 
male, (mostly) 
immature fish 

Cells were exposed to different 
concentrations of 4-NP or E2 for two 
day. Solvent: Ethanol, cmax = 0.3 % 
(v/v) / 
n=4, i=3 (It is not reported whether 
or not the hepatocytes used in the 
individual experiments were isolated 
from different fish.) 

Expression of 
vitellogenin protein 
(rtVgt) 
 
EC50 (E2)  = 1.81 x 10

-9 

M (0.49 µg/L) 
 
EC50 (NP) = 16.15 x 10

-

6 M  
(3558.7 µg/L) 
 
LOEC (E2) = 1 x 10

-11 M 
(2.7 x 10-3 µg/L) 
 
ECmax (E2)  = 1 x 10

-7 M 
(27.2 µg/L) 

REP = 9 x 10-6  
  
REP was calculated 
as: 
EC50 (E2) / EC50 (4-
NP)  
 
 

A statistically 
significant (p < 0.05) 
decrease in NP-
dependent 
vitellogenin 
production was 
observed in presence 
of the ER-antagonist 
tamoxifen. 
 

Oncorhynch
us mykiss  
rainbow 
trout 

Tollefsen 
et al. 
(2008) 

Primary 
hepatocytes 
derived from 
male, immature 
fish 

Cells were exposed to serial 
dilutions of 4-n-NP for 96 h. The 
exposure medium was renewed 
after two days.  
 Solvent: DMSO, cmax < 0.3 % (v/v) 
/ n=3, i=3 (Cells from different 
isolations were used to perform 
replicates.) 

Expression of 
vitellogenin protein 
(rtVgt) 
 
LOEC (E2) = 1 x 10

-10 M 
(2.7 x 10-2 µg/L) 
 
LOEC (4-n-NP): 30 x 
10-6 M 
(6610.5 µg/L) 
 
ECmax (E2)  = 1 x 10

-7 M  

REP = 3.3 x 10-4  
 
REP was calculated as 
LOEC(E2) / LOEC(4-n-
NP)  
  

Note: 30 x 10-6 M 4-
n-NP was the first 
concentration at 
which a slight, but 
significant cytotoxic 
effect was observed.  
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(27.2 µg/L) 
 
ECmax (4-n-NP): 30 x 
10-6 M 
(6610.5 µg/L) 

Oncorhynch
us mykiss  
rainbow 
trout 

Olsen et 
al. (2005) 

Primary 
hepatocytes 
derived from 
immature fish  

Hepatocyte monolayer cultures were 
exposed to different concentrations 
of 4-n-NP monolayers for 96 h 
whereas the exposure medium was 
renewed after two days. / 
Solvent: DMSO, cmax  < 0.2% (v/v)  

Expression of 
vitellogenin protein 
(rtVgt) 
 
EC50 (E2) = 1 x 10

-10 M 
(2.7 x 10-2 µg/L) 
 
EC50 (4-n-NP) = 80 x 
10-6 M 
(17.6 x 103 µg/L) 
 
ECmax (E2)  = 1 x 10

-7 M 
(27.2 µg/L) 

REP = 2.0 x 10-4 
 
REP was calculated 
as: 
EC50 (E2) / 
concentration of 4-n-
NP that resulted in 
equal induction levels 
as EC50 (E2). 

REP is not 
reproducible from 
reported EC50 values. 
 

Oncorhynch
us mykiss  
rainbow 
trout 

Marlatt et 
al. (2006) 

Primary 
hepatocytes 
derived from 
immature fish  

Cells were exposed to different 
concentrations of NP or E2 for 96 h. 
Solvent: DMSO, cmax = 0.2% (v/v) / 
n=1, i=4  
(Note: Only one experiment was 
carried out.) 

Expression of 
vitellogenin protein 
(rtVgt) 
 
The individual EC50 
values are not reported 
in the publication. 

REP  = 3.1 x 10-4  
 
REP was calculated 
as: 
EC50 (E2) / EC50 (NP) 
 
 

No full dose-
response curves 
were established for 
NP and for E2.  
 

Oncorhynch
us mykiss  
rainbow 
trout 

Petit et 
al. (1997) 

Primary 
hepatocytes 
derived from 
male fish 

Hepatocyte aggregate cultures were 
exposed to a single concentration of 
4-NP (10-5 M) or E2 (10

-6 M) for 48 
h.  
Solvent: Ethanol, cmax = 0.1 % 
(v/v) /  n ≤ 3  

Expression of 
vitellogenin mRNA 
(rtVgt mRNA) 
 
 

REP = 0.259  
 
REP was defined as 
(maximal) Vtg mRNA 
expression level 
induced by 4-NP 
relative to that 
induced by E2. 

Note: The rtVgt 
mRNA expression 
level was determined 
at only one time 
point and at only one 
given concentration. 
REP may be different 
under other 
experimental 
conditions. 

Oncorhynch
us mykiss  
rainbow 
trout 

Madigou 
et al. 
(2001) 

Primary 
hepatocytes 
derived from 
male fish 

Hepatocyte aggregate cultures were 
exposed to increasing 
concentrations of 4-n-NP or E2 (10

-6 
M) for 48 h.  
Solvent: Ethanol, cmax ≤ 0.1 % 
(v/v) / n ≤ 3 

Expression of 
vitellogenin mRNA 
(rtVgt mRNA) 
 
ECmax (E2) = 1 x 10

-6 M 
(272.38 µg/L) 
 

REP ≈ 0.25 
 
REP was defined as 
(maximal) Vtg mRNA 
expression level 
induced by 4-NP 
relative to that 

Dose-response 
curves for NP and E2 
are not presented in 
the publication.  
 
Note: There are 
some indications that 
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ECmax (4-n-NP) = 1 x 
10-5 M 
(2203.5 µg/L) 

induced by E2. 
 
Note: The REP value 
stated in this table is 
not reported in the 
publication but was 
estimated from the 
published graph. 
 

the data reported in 
Madigou et al 
(2001). and Petit et 
al. (1997) are the 
same (co-authors). 
It was not tested if 
used concentrations 
may have cytotoxic 
effects. 

Xenopus 
laevis 

Kloas et 
al. (1999) 

Primary 
hepatocytes 
derived from 
male, 2-3 years 
old Xenopus 
laevis animals 

Hepatocytes were exposed to 
different concentrations of 4-NP (10-
10 – 10-5 M) or E2 (10

-10 – 10-5 M) for 
36 h. 
 Solvent: Ethanol, cmax = 1 % (v/v) 
/ n=3 

Expression of 
vitellogenin mRNA 
(xlVgt mRNA) 
 
LOEC (E2) = 10

-9 M 
(0.27 µg/L) 
 
LOEC (4-NP) = 10-8 M 
(22.04 µg/L) 

4-NP was about one 
order of magnitude 
less potent than E2 in 
stimulating 
vitellogenin 
expression.  
(REP was not 
calculated by the 
author) 

Note: No statistical 
analysis/ 
comparisons were 
performed to confirm 
that the LOECs are 
statistically 
significantly different 
from the control. 

Xenopus 
laevis 

Mitsu et 
al. (2007) 

Primary 
hepatocytes 
isolated from 
male Xenopus 
laevis 

Cells were exposed to different 
concentrations of NP (0.04 x 10-6 M 
to 10 x 10-6 M) for six days, 
whereas after three days two thirds 
of the exposure medium volume 
was renewed.  
Solvent: DMSO, cmax =  ≤ 0.1 % 
(v/v) / 
n=4 (same hepatocyte preparation)  

Expression of 
vitellogenin protein 
(xlVgt) 
 
LOEC (E2)  = 0.02 nM 
(µg/L) 
 
LOEC (NP) = 100 nM  
(µg/L) 
 
EEC (E2)  = 0.04 n 

EEC (NP)  =740 nM 

REP = 0.00005 
  
 

Note: REP was 
calculated as the 
ratio of equivalently 
effect concentrations 
determined for E2 
and NP. (for detailed 
information cf. to 
text)  
 
 

Expression of zona radiata protein 

Oncorhynch
us mykiss 
rainbow 
trout 

Rutishaus
er et al. 
(2004) 

Primary 
hepatocytes 
isolated from 
immature 
rainbow trout 
 

Hepatocytes were exposed to 
different concentrations of NP (1 x 
10-8 M – 0.1 x 10-3 M) or E2 (1 x 10-
11 M –1 x 10-6 M) for 72 h. Solvent: 
DMSO / n = 2-3 (independent 
preparations were used), i = 4 

Expression of zona 
radiata protein:  
 
EC50 (E2) = 1.05 x 10

-9 
M 
(0.29 µg/L) 
 
EC50 (NP) = 14 x 10

-6 M 
(3084.9 µg/L) 

REP = 7.5 x 10-5 
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Expression of other estrogen-responsive genes (DNA microarray assay) 

human 
 
 
 
 

Terasaka 
et al. 
(2006) 

MCF-7 cells 
 
 
 

Cells exposed to 1 x 10-6 M NP 
(branched) or 1 x 10-9 M E2 for 
three days. Afterwards the 
expression profiles of 120 estrogen-
responsive genes were statistically 
compared. Solvent: Ethanol, cmax 
not stated.  

Expression profile of 
120 estrogen-
responsive genes 
(custom cDNA 
microarray: EstrArray) 
 
Statistically significant 
correlation between the 
expression profiles 
induced by E2 and NP 

Correlation coefficient 
(R): 
 
R (E2) = 0.91 
(Average of nine 
assays for 120 genes 
(S.D. = 0.024)) 
 
R (NP) = 0.90 
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Endpoint: Competitive ligand-binding (IC50 is the concentration displacing 50 % of [3H]E2 from ER ligand binding pocket). 

Binding to ER 

Species Referenc
e 

Receptor origin 
and preparation 

Test conditions Endocrine mediated 
measurement 

parameters 

Relative binding 
affinity (RBA) 

compared to 17β-

estradiol (=100 %) 

Comment 

Oncorhynch
us mykiss  
rainbow 
trout 

Petit et 
al. (1997) 

Extract of yeast 
cells 
heterogously 
expressing rtER  

Yeast extracts were incubated with 
20 nM [3H]E2 for 16 h at 4°C in the 
absence or presence of increasing 
concentrations of 4-NP or E2 / 
Solvent: Ethanol, cmax ≤ 1 % (v/v) / 
n=2  

270-fold excess of 4-NP 
displaced 50% of 
specifically bound 
[3H]E2.  
 

1/270 = 3.7 x 10-3 
RBA was calculated as 
EC50(E2) / 
concentration of 4-NP 
resulting in equivalent 
effect levels as EC50 
(E2) 

The data suggest 
that 4-NP is able to 
displace maximal 40 
% of bound [3H]E2. 
 

Oncorhynch
us mykiss 
rainbow 
trout 

Tollefsen 
et al. 
(2002) 

Cytosolic 
preparation of 
female rainbow 
trout liver 
homogenates 

Pooled female liver homogenates 
(~2.5 mg/ml protein) were 
incubated with 2.5 nM [3H]E2 for 16 
h at 4°C in the absence or presence 
of different concentrations of 4-n-NP 
or E2 / Solvent: Methanol,  cmax = 2 
% (v/v) / n=2-3 

IC50(E2) = 6.6 x 10
-9 M 

(1.79 µg/L) 
 
Note: IC50(4-n-NP) 
could not be calculated 
since less than 50% 
inhibition of [3H]E2 
binding occurred.  

RBA = 1 x 10-5  
RBA was calculated as 
IC30(E2) /IC30(4-n-NP) 
x 100. 

Note: Not IC50 
values, but IC30 
values were used to 
calculate RBA. 

Oncorhynch
us mykiss  
rainbow 
trout 

Olsen et 
al. (2005) 

Cytosolic 
preparation of 
rainbow trout 
liver 
homogenates 

Liver homogenates were incubated 
with [3H]E2 for 16 h at 4°C in the 
absence or presence of different 
concentrations of 4-n-NP or E2 /  
Solvent: Methanol. cmax = 2 % (v/v) 
/ n=3, i=2 

IC50(E2) = 6.6 x 10
-9 M 

(1.79 µg/L) 
 
IC50(4-n-NP)= 3.6 x 10

-

4 M 
(79.33 x 103 µg/L) 
 
Note: IC50 was obtained 
by extrapolation  

RBA = 0.94 x 10-5 
 
RBA was calculated as 
IC50(E2)/IC50(4-n-NP) 
x 100 

Note: The calculation 
of RBA is not 
reproducible using 
the reported IC50 
values. SD or SEM 
are not stated in the 
publication. 

Oncorhynch
us mykiss  
rainbow 
trout 

Marlatt et 
al. (2006) 

Cytosolic 
preparation of 
rainbow trout 
liver 
homogenates 

Pooled liver homogenates were 
incubated with [3H]E2 in the 
absence or presence of different 
concentrations of NP or E2. The 
incubation time and temperature is 
not stated/ Solvent: DMSO, cmax = 
1% (v/v) / n=2, i = 3.  

The IC50 values are not 
stated in the 
publication.  

RBA = = 4.4 x 10-3 
 

RBA was calculated as 
IC50(E2)/IC50(NP) 
x 100 

NP completely 
displaced specifically 
bound [3H]E2  when 
applied at a 
concentration of 
1x106 nM 
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Oncorhynch
us mykiss 
rainbow 
trout 

Tollefsen 
and 
Nilsen 
(2008) 

Cytosolic 
preparation of 
female trout liver 
homogenates  

Pooled liver homogenates (2.5 
mg/ml protein) was incubated with 
2.5nM [3H]E2 for 16 h at 4 °C) in 
the absence or presence of different 
concentrations of 4-n-NP (CAS 104-
40-5) (0.25 x 10-6  M to 7.5 x 10-3 
M) or E2 (75  x 10

-12 M to 75 x 10-9 

M)  
Solvent: Methanol, cmax =1.25 % 
(v/v) / n=3 

IC50 (E2) = 3.5 x 10
-9 M 

(0.95 µg/L) 
 
IC50 (4-n-NP) = 3.4 x 
10-4 M 
(74.92 x 103 µg/L) 
 
Note:  
IC50 values for 4-n-NP 
were obtained by 
extrapolation.  

RBA = 1.0 x 10-5 
 
RBA was calculated as 
IC50(E2)/IC50(4-n-NP) 
x 100 

 

 

Endpoint: Transcriptional activation of reporter genes under the control of the ER 

Endpoint: Competitive ligand-binding (IC50 is the concentration displacing 50 % of [3H]E2 from ER ligand binding pocket). 

Binding to ER 

Species Referenc

e 

Receptor origin 

and preparation 

Test conditions Endocrine mediated 

measurement 

parameters 

Relative binding 

affinity (RBA) 

compared to 17β-
estradiol (=100 %) 

Comment 

Salmo salar 
atlantic 
salmon 

Tollefsen 
et al. 
(2002) 

Cytosolic 
preparation of 
female atlantic 
salmon liver 
homogenates  

Pooled female liver homogenates 
(~2.5 mg/ml protein) were 
incubated with 2.5 nM [3H]E2 for 16 
h at 4°C in the absence or presence 
of different concentrations of 4-n-P  
or E2 / Solvent: Methanol,  cmax = 2 
% (v/v) / n=2-3 

IC50(E2)=2.1 x 10
-9 M 

(0.57 µg/L) 
 
IC50(4-n-NP)=1.8 x 10

-5 
M 
(3966.3 µg/L) 
 

RBA = 1.2 x 10-4 
 

RBA was calculated as 
IC50(E2)/IC50(4-n-NP) 
x 100 

 

Human  Olsen et 
al. (2005) 

Cytosolic fraction 
of lysed MCF-7 
cells 

Cell lysates were incubated with 
[3H]E2 for 2h at 4°C in the absence 
or presence of unlabelled (4-n-NP) 
or E2.  
Solvent: DMSO, cmax = 15% (v/v) / 
n=3, i=2 Note: Solvent 
concentration appears to be very 
high. 

IC50 (E2) = 1.8 x 10
-9 M 

(0.49 µg/L) 
 
IC50 (4-n-NP)= 1.3 x 
10-5 M 
(2864.5 µg/L) 
 

RBA(4-n-NP) 
=2.0 x 10-4  
 
RBA was calculated as 
IC50(E2)/IC50(4-n-NP) 
x 100 

Note: The calculation 
of RBA is not 
reproducible using 
the reported IC50 
values. SD or SEM 
are not stated in the 
publication. 
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Transcriptional activation assay using recombinant yeast (yeast estrogen screen, YES) 

Species Referenc

e 

Yeast strain 

/receptor 
origin 

Test condition Endocrine mediated 

measurement 
parameters 

Potency (relative to 

17 β-estradiol=1)  
 

Comment 

Oncorhynch
us mykiss 
rainbow 
trout 

Petit et 
al. (1997) 

Recombinant 
yeast 
heterogously 
expressing rtER. 

Yeast cells were exposed to 
increasing concentrations of 4-NP 
(10-8 to 10-4 M) or E2 (10

-11 to 10-6 
M) for 4 h at 30°C. 
Solvent: Ethanol, cmax = 1 % (v/v) / 
n ≥ 3 

Induction of β-
galactosidase activity: 
 
LOEC (E2) = 10

-9 M 
(0.27 µg/L) 
 
LOEC (4-NP) = 10-6 M  
(220.35 µg/L) 
 
ECmax (E2) = 10

-8 M 
(2.72 µg/L) 
 
ECmax (4-NP) = 10

-5 M 
(2203.5 µg/L) 
 
Note: The maximal β-
galactosidase activity 
induced by 4-NP (10-5 
M) was similar to that 
induced by E2 (10

-8 M) 
= 92.09 % 

REP = 1 x 10-3 
 

REP was calculated 
as: 
LOEC(E2)/LOEC(4-NP) 
 
Note: No statistical 
comparison between 
LOEC and VC was 
performed. 

No 4-NP-dependent 
lacZ induction was 
observed in the BJ-
ECZ yeast strain, 
which does not 
express rtER giving 
evidence that the 4-
NP induced response 
is mediated by the 
ER.  
 
Note: β-
galactosidase activity 
in the absence of 
ligand = 14-18 % 
 
 

Oncorhynch
us mykiss 
rainbow 
trout 

Madigou 
et al. 
(2003) 

Recombinant 
yeast 
heterogously 
expressing rtER.  

Yeast cells were exposed to 
increasing concentrations of 4-n-NP 
(10-8 to 10-4 M) or E2 (10

-10 to 10-4 
M) for 4 h at 30°C  
Solvent: Ethanol, cmax = 0.1 % 
(v/v) / n=3 

Induction of β-
galactosidase activity: 
LOEC (E2) = 10

-9 to 10-8 
M 
(0.27 - 2.72 µg/L) 
 
LOEC (4-NP) = 10-6 M 
(220.35 µg/L) 
 
Maximal response 
induced by 4-n-NP was 
around 90% of that 
induced by E2.  

REP = 1 x 10-2 -  1 x 
10-3 

 
Note: The REP was 
not reported by the 
authors, but can be 
estimated based on 
the reported LOECs 
(LOEC(E2)/LOEC(4-n-
NP)) 

Four different test 
systems were 
compared. The 
relative 
transcriptional 
activity induced by 
exposure to 4-n-NP 
(compared to E2) 
was found to depend 
upon the reporter 
construct used (cf. 
text).  

human Coldham 
et al. 

Recombinant 
yeast 

Yeast cells were exposed to 
increasing concentrations of 4-NP 

Induction of β-
galactosidase activity: 

REP (4-NP) = 0.5 x 
10-4 

The results for 4-n-
NP were not 
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(1997) heterogously 
expressing hER 
 

(1x10-11 - 1x10-5 M), 4-n-
nonylphenol (1x10-11 - 1x10-5 M) or 
E2 (1x10

-13 - 1x10-11 M) for 18 h at 
30°C. 
Solvent: Ethanol / n ≥ 2 

 
EC50 values are not 
stated. 
 
 

REP (4-n-NP) = 0.22 
x 10-4 
 
REP was calculated 
as: 
EC50(E2) / EC50(NP)  
 
RIE (4-NP) = 57 % 
RIE (4-n-NP) = 38.3 
% 
 
The relative inductive 
efficiency (RIE) was 
calculated as the 
maximal response 
evoked by 4-NP 
expressed as 
percentage of the 
maximal response 
evoked by E2. 

presented together 
with the other test 
chemicals in the 
graph.  

human Gaido et 
al. 
(1997) 

Recombinant 
yeast 
heterogously 
expressing hER.  

Yeast cells were exposed to 
increasing concentrations of 4-NP 
(CAS No. 84852-15-3) (1x10-9 – 
1x10-3 M) or E2 (10

-12 – 10-8 M) 
overnight at 30 °C. 
Solvent: Methanol, cmax = 0.1 % 
(v/v) / 
 n = 3, i = 3 

Induction of β-
galactosidase activity: 
 
EC50 (E2) = 2.25 x 10

-10 
M 
(0.06 µg/L) 
 
EC50 (4-NP) = 1.10 x 
10-6 M 
(242.39 µg/L) 

REP = 2 x 10-4 
 
REP was calculated 
as: EC50(E2) / EC50(4-
NP) 

 

human Lascombe 
et al. 
(2000) 

Recombinant 
yeast 
heterogously 
expressing hER 
 

Yeast cells were exposed to 
increasing concentrations of NPm 
(mixture of ring and chain isomers) 
(10-8 – 10-5 M) or E2 (10

-11 – 10-6 M) 
overnight at 30 °C.  
Solvent: Ethanol, cmax = 0.1 % 
(v/v) / 
 n = 2, i = 3  

Induction of β-
galactosidase activity:  
 
No EC50 values were 
calculated by the 
authors. 

The maximal effect 
induced by NPm (10

-5 
M) corresponded to 
40 – 50 % of the 
maximal effect 
induced by E2. 

 

human Payne et 
al. 
(2000) 

Recombinant 
yeast 
heterogously 
expressing hER 

Yeast cells were exposed to 
increasing concentrations of 4-NP 
(0.1 x 10-6 - 100 x 10-6 M) or E2 
(concentration range not stated) for 

Induction of β-
galactosidase activity: 
 
EC50 (E2) = 1.6 x 10

-10 

REP = 0.825 x 10-4 
 
Note: The REP was 
not calculated by the 
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72 h at 32 °C.  
Solvent: Ethanol, cmax not stated / n 
= 2, i = 2 

M 
(0.04 µg/L) 
 
EC50 (4-NP) = 1.94 x 
10-6 M 
(427.48 µg/L) 
 
Note: 4-NP produced 
maximal responses 
similar to those 
obtained for E2. 

authors, but was 
derived from the EC50 
values as EC50(E2) / 
EC50(4-NP) based on 
the assumption that 
the Hill slope for both 
dose-response curves 
was similar.  

human Folmar et 
al. (2002) 

Recombinant 
yeast 
heterogously 
expressing hER 

 (concentration range not stated) 
overnight at 30 °C. 
Solvent: Triethylene glycol, cmax < 
1% (v/v) / n=2, i=3  

Induction of β-
galactosidase activity: 
 
EC50 (E2) = 0.21 x 10

-9 
M 
(0.05 µg/L) 
 
EC50 (4-NP) = 2.9 x 10

-

4 M  
(63.9 x 103 µg/L) 

REP = = 1 x 10-6 
 
REP was calculated 
as: 
EC50 (E2) / EC50 (4-
NP) 

 

human Rutishaus
er et al. 
(2004) 

Recombinant 
yeast 
heterogously 
expressing hERα 

The assay was performed as 
described by Routledge and 
Sumpter (1996). Yeast cells were 
exposed to increasing 
concentrations of 4-NP (NP, 85% of 
branched p-isomers) or E2. 
 

Induction of β-
galactosidase activity: 
 
EC50 (E2) = 0.21 x 10

-9 
M 
(0.05 µg/L) 
 
EC50 (4-NP) = 8.4 x 10

-

6 M 
(1850.9 µg/L) 

REP  = 0.25 x 10-4 
 
 
 

 

human Van den 
Belt et al. 
(2004) 

Recombinant 
yeast 
heterogously 
expressing hER  
 

Yeast cells were exposed to 
increasing concentrations of 4-NP 
(8x10-6 – 6.25x10-3M, dilution 
factor: 2) or E2 (6 x 10

-13 – 1 x 10-8 

M, dilution factor: 5) for three days 
at 32 °C / Solvent: E2: Methanol, 
cmax = 0.5 % (v/v),  
4-NP: DMSO, cmax = 0.5 % (v/v) / 
n=3, i=6 

Induction of β-
galactosidase activity: 
 
EC10(E2) = 39 x 10

-12M 
(1.06 x 10-2 µg/L) 
EC50(E2) =  153 x 10

-12 

M 
(4.16 x 10-2 µg/L) 
 
EC10(4-NP) = 403 x 10

-

9M 

REP = 1 x 10-4 
 
REP was calculated 
as:  
EC50 (E2) / EC50 (4-
NP)  
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(88.80 µg/L) 
EC50(4-NP)=1276 x 10

-

9M 
(281.17 µg/L) 

human Isidori et 
al. (2006) 

Recombinant 
yeast 
heterogously 
expressing hERα 

Yeast cells were exposed to 
increasing concentrations of 4-NP 
(1x10-9 – 1x10-5 M) or E2 (1x10

-11 – 
1x10-5 M) overnight. 
Solvent: Ethanol, cmax = 0.1 % 
(v/v) / n=3  

Induction of β-
galactosidase activity: 
 
EC50 (E2) = 1.03 x 10

-7 
M  
(28.05 µg/L) 
 
EC50 (4-NP) = 4.22 x 
10-6 M 
(929.88 µg/L) 
 
Note: The EC50 for 4-NP 
was calculated as the 
concentration that 
causes 50% of the 
maximal response 
induced by E2. 
 
LOEC (E2) = 1x 10

-11 M 
(2.7 x 10-3 µg/L) 

REP = 0.03 
 
REP was calculated 
as: 
EC50(E2) / EC50(4-NP)  
 
RIE = 72% 
 
The relative inductive 
efficiency (RIE) was 
calculated as the 
maximal response 
evoked by 4-NP 
expressed as 
percentage of the 
maximal response 
evoked by E2. 

For NP no full-
response curve was 
obtained.  

Transcriptional activation assay using vertebrate cell lines 

Species Referenc
e 

Cell type  Test condition Endocrine mediated 
measurement 

parameters 

Potency (relative to 
17ß-estradiol=1)  

 

Comment 

human Lascombe 
et al. 
(2000) 

MELN41 cells 
(derived from 
MCF-7 cells) 

Cells were exposed to different 
concentrations of NPm (mixture of 
ring and chain isomers) (10-7– 10-5 
M) or E2 (10

-12 – 10-6 M) for 12 h. 
Solvent: Ethanol, cmax = 0.1 % 
(v/v) / n=3 

Luciferase activity: 
 
EC50 (E2) = 1 x 10

-10 M 

(27.2 x 10-3 µg/L) 
 
Note: No dose-response 
curve was established 
for Only three different 
concentrations of NPm 
were tested. 

ECmax (E2) = 10
-8 M 

ECmax (NPm) = 10
-5 M 

 
Note: NPm (10

-5 M) 
induced luciferase 
activity to an extent 
similar to E2. 
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human Van den 
Belt et al. 
(2004) 

MVLN-cell line 
(=MCF-7 cells 
stably transfected 
with a pVit-tk-Luc 
plasmide = 
human estrogen 
response element 
(ERE) coupled to 
a luciferase 
reporter gene). 

Cells were exposed to different 
concentrations of 4-NP (3.2 x 10-7 – 
1 x 10-6 M, dilution factor 2) or E2 
(3.2 x 10-13 – 1 x 10-9 M, dilution 
factor 5) for 19-20 h. 
Solvent: Methanol, cmax = 0.1 % 
(v/v) / 
n=3, i=4 

Luciferase activity 
 
EC10(E2) = 3 x 10

-12M 
(0.82 x 10-3 µg/L) 
EC50(E2) = 15 x 10

-12 M 
(4.09 x 10-3 µg/L) 
 
EC10(4-NP) = 128 x 10

-

9M 
(28.21 µg/L) 
EC50(4-NP) = 463 x 10

-

9M 
(102.02 µg/L) 

REP = 3 x 10-5 
 
REP was calculated 
as: 
EC50(E2) / EC50(4-NP)  
 
 

 

Oncorhynch
us mykiss 
rainbow 
trout 

Ackerman
n et al. 
(2002) 

Rainbow trout 
gonade cell line 
RTG-2 transiently 
transfected with 
rtERα expressing 
vector and a 
estrogen-
responsive firefly 
luciferase 
reporter plasmid. 

Cells were exposed to different 
concentrations of 4-NP (1x10-10 - 
7.5x10-6 M) or E2 (1x10

-13 – 1x10-7 
M) for 48 h. 
Solvent: DMSO, cmax = 0.05 % (v/v) 
/ 
n=7, i=4 

Luciferase activity 
 
LOEC(E2) = 0.05 x 10

-9 
M 
(1.36 x 10-2 µg/L) 
LOEC(4-NP) = 50 x 10-9 
M 
(11.02 µg/L) 
 
EC50(E2) = 0.33 x 10

-9M 
(9 x 10-2 µg/L) 
EC50(4-NP) = 121 x 10

-

9M 
(26.66 µg/L) 

REP = 1 x 10-3 
 
REP was defined as 
ratio between the 
EC50 obtained for E2 
and the concentration 
of 4-NP that resulted 
in equal induction 
levels as EC50 (E2). (In 
the study referred to 
as E2 equivalent 
factor)  

 

Endpoint: MCF-7 cell proliferation assay (E-Screen) 

Species Referenc

e 

Cell type  Test conditions Endocrine mediated 

measurement 

parameters 

Potency (relative to 

17ß-estradiol=1)  

 

Comment 

human Olsen et 
al. (2005) 

MCF-7 Cells were exposed to 4-NP for six 
days. Solvent: Ethanol, cmax < 0.2% 
(v/v) / n≥3, i=2 

Cell proliferation 
 
 

weak inducer (here 
defined as  < 50% 
induction of cell 
growth). 

SD or SEM are not 
reported.  
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Table 17: Summary of in vitro studies assessing the ED potential of 4-nonylphenols to interact with AR-mediated pathway. 

AR = androgen receptor, CPA = cyproterone acetate, n = number of independent experiments, i= number of replicates within each 
experiment. 

Endpoint: Interaction with the AR 
 

Competitive ligand-binding studies 

mouse Lee et al. 
(2003) 

HeLa cells 
transiently 
expressing 
mouse AR 

HeLa cells were incubated incubated 
for 2 h at 37° with 5 nM 
radiolabelled dihydrotestosterone 
(DHT) in the presence and absence 
of increasing concentrations of 
unlabeled DHT (0.005 x 10-6 – 0.5 x 
10-6).or NP (0.005 x 10-6 – 5 x 10-
6). 

AR binding: 
 
5 nM (1.1 µg/L) NP 
displaced up to 30 % of 
labeled DHT specifically 
bound to the AR. 
 

 Note: the observed 
inhibition did not 
follow a dose-
response relationship 
suggesting that NP 
may inhibit DHT-AR 
binding in a 
noncompetitive 
manner. 

Inhibition of nuclear translocation of the AR 

human Lee et al. 
(2003) 

HeLa cells 
transfected with 
GFP-AR 

HeLa cells overexpressing the GFP-
AR fusion protein were incubated 
with NP (1 x 10-5 M) and/or 
testosterone (1 x 10-9 M). The 
subcellular distribution of GFP-AR 
was visualized by means of 
fluorescence microscopy.  

Nuclear translocation of 
AR: 
 
NP inhibited the 
translocation of GFP-AR 
into the nucleus under 
the conditions used.  
 

  

Inhibition of AR-controlled gene expression 

human Lee et al. 
(2003) 

15p-1 cells 
(=sertoli cell line) 
and HepG2 cells 
(=human 
hepatoma cell 
lines)  transiently 
transfected with 

Cells were treated with different 
concentrations of NP (1 x 10-8 M – 1 
x 10-5 M) or CPA (1 x 10-8 M – 1 x 
10-7) in the presence of 10 nM 
testosterone.  
Solvent: Ethanol / n = 3 

Transcriptional activity 
of AR 
 
NP was found to inhibit 
AR transactivation 
activity in a dose-
dependent manner.  
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AR expression 
vector. 

  
IC50 (NP) = 1.97 x 10

-6 
M 
(536.59 µg/L) 
IC50 (CPA) = 520 x 10

-9 
M 
(216.81 g/L) 

Inhibition of androgen-dependent gene expression 

Gasterosteu
s aculeatus 
Three-
spined 
stickleback 

Jolly et 
al. (2009) 

Primary kidney 
cells derived from 
DHT-primed 
female 
sticklebacks 

Cells were pre-treated with 1x10-8 M 
(3 µg/L) DHT, and then incubated in 
presence of  
E2 (2.7 pg/L to 270 µg/L or 1x10

-14-
1x10-6 M, respceitvely) or NP (2.2 
pg/L to 228 µg/L, or 1x10-14-1x10-6 

M, respectively for 48 h at 18°C. 
Solvent: Ethanol, cmax= 0.1% (v/v) 
/ n=3 
 

Inhibition of spiggin 
protein expression 
(anti-androgenic effect) 
 
The two highest 
concentrations of NP 
were able to 
significantly (p<0.01) 
inhibit DHT-induced 
spiggin production as 
compared to positive 
control. 

Note: 10−6M of NP 
caused a 
complete inhibition of 
DHT-induced spiggin 
production  
(= spiggin cell content 
similar to that of the 
vehicle control) 

 

Yeast two-hybrid assay 

human Lee et al. 
(2003) 

ARhLBD-ASCI 
Yeast Cells 
(Yeast two-hybrid 
assay system) 

ARhLBD-ASCI yeast cells were 
grown in the absence or presence of 
1 x 10-5 M testosterone and/or 
different concentrations of NP (1 x 
10-7–1 x 10-4 M) at 30°C for 3 h / n 
= 3, i = 2 

Inhibition of β-
galactosedas activity / 
inhibition of the 
interaction between AR 
and ASC-1. 
 
IC50 = 2.6 M (572.9 
µg/L) 
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5.1.2.3 Fish 

5.1.2.3.1 Approach used for assessing the endocrine activity in fish  

The assessment of whether or not the 4-nonylphenols are actual endocrine disruptors in fish 
was mainly based on the OECD guidance document on standardised test guidelines for 
evaluating chemicals for endocrine disruption (OECD, 2012). Although it focuses on 
validated OECD test guidelines, some general information on how to assess endocrine 
disrupting properties can be extracted. Information provided in this document is 
supplemented by information from other guidance documents (e.g. OECD guidance 
document on the diagnosis of endocrine related histopathology in fish gonads (OECD, 
2010)) and information from literature (e.g. (IPCS, 2002; Kendall et al., 1998; Knacker et 
al., 2010; OECD, 2004)). In general two different types of effects are considered and 
analysed separately: 

- Indicators of an endocrine mode of action and 

- Effects on apical endpoints that are considered to provide evidence that a substance 
results in adverse effects owing to its endocrine mode of action.  

Indicators of endocrine mode of action: 

Indicators of an endocrine mode of action may be provided by biomarkers that are known to 
indicate a specific mode of action as well as by histological changes that are likely to be a 
direct response to an estrogen mode of action. 

One of the most common biomarkers indicating an estrogen or androgen endocrine mode of 
action is vitellogenin (VTG). Vitellogenin is naturally produced by female fish as a precursor 
of yolk proteins that are incorporated in eggs (IPCS, 2002). Induction of vitellogenin in 
female and (more pronounced) in male fish is a known indicator of an estrogen agonist 
mode of action (IPCS, 2002; Kendall et al., 1998; Knacker et al., 2010; OECD, 2004).  

With respect to histological changes according to the OECD test guideline 229 for the fish 
short term reproduction assay (OECD, 2009b) and the guidance document on the diagnosis 
of endocrine related histopathology in fish gonads (OECD, 2010), the following endpoints 
are diagnostic for endocrine activity:  

- Male:   increased proportion of spermatogonia (early sperm cells), presence of testis-
ova, increased testicular degeneration, interstitial (Leiydig) cell 
hyperplasia/hypertrophy 

- Female:  increased oocyte atresia, perifollicular cell hyperplasia/hypertrophy, 
decreased yolk formation (aromatase inhibition), changes in gonadal staging.  

Other effects such as decreased proportion of spermatogonia, altered proportions of 
spermatozoa (mature sperm cells) and gonadal staging in males are of secondary diagnostic 
interest as they may also be influenced by other modes of action. 

Changes in the gonadosomatic index (GSI) may provide additional information about the 
gonad maturation and spawning readiness (OECD, 2004). It describes changes in the 
relation of gonad to whole body mass and thus may be an indicator of the reproductive 
effort of organisms (Helfman et al., 1997). Although GSI might be influenced by other 
modes of action too, reduction of GSI in male fish is regarded as a sensitive parameter in 
reproductive studies with estrogenic substances (OECD, 2004). However, care must be 
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taken as the GSI is highly dependent on the individual fish (frequent spawners) or seasonal 

gonadal stage (seasonal breeders) 2.  

In addition, the following apical endpoints are considered to be indicators of an estrogen 
agonist mode of action according to the draft OECD guidance document (OECD, 2012).  

- Depression of male secondary sex characteristics in fathead minnow or medaka 

- Female biased phenotypic sex-ratio during sexual development 

Decrease in secondary sex characteristics in males may indicate an estrogenic mode of 
action but should be interpreted with caution and based on weight of evidence according to 
(OECD, 2009b). Induction of female secondary sex characteristics in males such as uro-
genital papillae in male zebrafish was shown to be significant after exposure to estrogenic 
substances (Kendall et al., 1998; OECD, 2004). 

Change of sex-ratio towards females is a known result of estrogen exposure during sexual 
development (IPCS, 2002; Kendall et al., 1998; OECD, 2004). In aquaculture this 
phenomenon is frequently used to generate all female or partial female populations by 
exposing fishes to exogenous estrogen active substances (Baroiller et al., 1999; Piferrer, 
2001). 

Whether or not endocrine mediated effects are observable highly depends on the life stage 
tested. For example testis-ova might be induced in adult males as at least in some species 
gonads remain bipotent, but sensitivity is usually highest during sexual development (e.g. 
(Nakamura et al., 1998)). Differences in development of fish species must be considered. 
O.latipes for example is a differentiated gonochorist that naturally develops either male or 
female gonads and sex is naturally not changed after gonadal development. Hormonal 
influence (especially of female hormones) in this species starts very early during pre-hatch 
development (OECD, 2004) and thus life stages under exposure need to be considered 
carefully while analysing test results. Especially if effects on gonadal staging are analysed 
the reproductive cycle of a species should be considered. Especially for total spawners 
having only one breeding season such as O.mykiss effects may be observed only during the 
process of maturing prior to spawning and may be missed at other times of the year. 

Indicators that adverse effects are endocrine mediated 

Alteration of the endocrine system may cause adverse effects that are endocrine specific but 
may also influence endpoints that are not endocrine specific (Kendall et al., 1998; Knacker 
et al., 2010; OECD, 2004). 

Secondary sex characteristics and sex-ratio, are apical endpoints that are considered to be 
estrogen specific.  

Other endpoints such as growth, sexual maturity, reproduction and behavior are known to 
be sensitive to estrogens (IPCS, 2002; OECD, 2004; OECD, 2011). Fertility rate, growth, 
time to first spawn sex-ratio shift toward females (medaka and fathead minnow) and delay 
of male sexual development (zebrafish) evolved to be the most sensitive endpoints for 
estrogen agonists in fish full life cycle tests (Knacker et al., 2010). 

                                           

2

 The size of the sexual gonads (testis and ovaries) increases when gonads mature prior to spawning. Depending 
on the spawning strategy of fish species (total spawners, spawning only once in a breeding season or lifetime 
versus repeated, batch or serial spawners) the gonadal size and thus the GSI may substantially increase during a 
spawning season, reaching maxima just before spawning (Helfman et al., 1997). In repeated spawners, this 
process recurs and, as their spawning is usually not synchronized, individual gonadal growth differs in time.  
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Thus, in combination with indicators of endocrine activity they provide evidence of estrogen 
mediated effects but alone they are not diagnostic for this mode of action as they might also 
be influenced by other modes of action. 

Table 18 summarizes endpoints that are considered indicators of estrogen activity and may 
be affected as a result of this activity in vivo. 

Table 18: Summary of endpoints that are considered during analysis of fish data 

Endpoints indicating an estrogen agonist mode of action Endpoint considered to be sensitive 
to an estrogen mode of action in vivo 

• Vitellogenin induction in males 

• increased proportion of spermatogonia (early 
sperm cells), presence of testis-ova, increased 
testicular degeneration, interstitial (Leiydig) cell 
hyperplasia/hypertrophy in males 

• increased oocyte atresia, perifollicular cell 
hyperplasia/hypertrophy, decreased yolk 
formation (aromatase inhibition), changes in 
gonadal staging in females 

• Depression of male secondary sex characteristics 

in fathead minnow or medaka and induction of 

female secondary sex characteristics such as uro-

genital papillae in zebrafish 

• Female biased phenotypic sex-ratio during sexual 

development. 

• Female biased phenotypic 

sex-ratio during sexual 

development especially in 

medaka 

• Reproduction (fecundity, 
fertility, number of males or 
females with reproductive 
success) 

• Spawning behaviour 

• Growth of offspring 

5.1.2.3.2 Analysis of available data for fish species 

Available data are analyzed by summarizing information on indicators of estrogen activity 
and indicators of estrogen mediated adverse effects. In order to do so, exposure regime and 
life stages tested are considered.  

Overall for 6 oviparous fish species and 3 viviparous fish species in vivo data at different 
levels (biomarker, histology and apical endpoints) are available. They are analyzed species 
by species. 

In the studies analysed mostly technical 4-nonylphenol was tested which comprises of a 
mixture of different isomers, usually consisting of 90 % 4-nonylphenol and 10 % 2-
nonylphenol and a mixture of different branching- isomers including the linear nonylphenol 
although to a low degree. Specific isomers tested are indicated in the summarizing tables. 

With regard to linear nonylphenol no in vivo data are available.  Available in vitro 
information shows that it does bind to the fish estrogen receptor and is able to activate it 
(see section 5.1.2.2). Available metabolic information indicates that the metabolism in fish 
for n-nonylphenol and the branched isomers is similar: Data provided by Arukwe et al (1999 
and 2000) show that for n-nonylphenol the main metabolic pathway in Salmo salar is via 
glucoronidation which involves a conjunction with the OH group. Data provided by Coldham 
et al (1998) show, that this holds also true for the technical NP which includes mainly 
branched nonylphenol isomers.  
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With regard to n-nonylphenol data provided by Arukwe et al (1999, 2000) for Salmo salar 
and by Thibault et al (1998) for Oncorhynchus mykiss show that hydroxylation of the alkyl-
chain may occur in addition to the glucoronidation pathway. In principle it could be argued 
that this pathway could be more important for the linear nonylphenol. However data 
provided by Arukwe et al (1999, 2000) show that it is not a major pathway and data by 
Coldham et al (1998) show that this pathway is also present for branched nonylphenols. 
 
In summary, available data on metabolic pathways do not indicate any difference in the 
pathway for the linear and the branched nonylphenols and thus it can be concluded that 
based on the available information, it can be expected that the in vivo data available for the 
branched nonylphenols describe the adverse effects  for the linear nonylphenol too.  

In order to complete the picture, the summary of the effects was complemented with 
information summarized for 4-tert-octylphenol, if available (table 20, 26 and 28 for 
O.latipes, O.mykiss and Poecilia reticulata). 4-tert-octylphenol has been agreed to be a 
substance of very high concern due to its endocrine disrupting properties and the 
subsequent adverse effects which are considered to be of equivalent concern. 4-tert-
octylphenol is a close analogue to nonylphenol which differs from 4-nonylphenol by one 
carbon atom only. Data for 4-tert-octylphenol were added as additional information only. 
The final conclusion is based on the data for 4-nonylphenol only. 

Effects on O. latipes:  

For the evaluation of O. latipes the following tests are available:  Four fish sexual 
development tests (partly with considerable deviations), a full life-cycle test (1.5-
generation) and 3 reproduction assays with some deviations.  Two of the sexual 
development tests and two of the reproduction tests are scored as reliable 2 while the other 
tests are used as supportive information only. An overview of results derived from these 
tests is provided in Table 19. They are discussed in the following sections by comparing 
results from tests with similar test design followed by an overall conclusion. 
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Table 19: Summary of effects of 4-nonylphenols in O. latipes 

Life stage/ 
duration  

Concentration/ test 
condition/ tested 
substance / solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex-ratio / 
gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
characteristi
cs  

others  Positive 
control  

Referenc
e  

Reliabilit
y  

FSDT, 
Exposure 
<12 h 
after 
fertilization 
until 60 d 
posthatch 

3.30 - 6.08 - 11.6 -
23.5 - 44.7 µg/L (m) 

Flow-through,  

4-nonylphenol (97.4% 
purity as a mixture of 
isomers) 

Solvent: DMSO 
(100µg/L) 

hepatic 
VTG in 
males and 
females: 

LOEC: 
11.6µg/L 
NOEC: 
6.08µg/L 

 

Induction of 
testis-ova 
LOEC: 11.6µg/L 

(9 testes: 4 
testis-ova: 7 
ovary)  

 At 44.7 
µg/L 75% 
females (no 
statistics) 

LOEC 23.5 
µg/L  

(11 males: 47 
females based 
on secondary 
sex char.) 

at 44.7µg/L 
only one 
phenotypic 
male out of 60 
fish  

 LOEC: 23.5µg/L 
(body weight) 
and 44.7µg/L 
(length)  

no 

 

(Seki et 
al., 
2003) 

2 

FSDT (with 
deviations) 

Exposure: 
after hatch  
for 100d 

0.29 - 0.87 - 2.9 - 8.7 -
29 µg/L (m); 

Semi-static, renewal of 
test water every 48 h 

nonylphenol, HP-PNP, 
Lot No. 14081-001 

Solvent: Acetone 

 LOEC: 29µg/L 
(18 of 22 
phenotypic 
males had 
testis-ova) 

 

 No effects 
up to 29 
µg/L 

 

 

Mixed sec. 
sex char. 
(MSC): 
LOEC: 
8.7µg/L 
(20%),  

Male sec sex 
char.: 
LOEC: 
29µg/L (no 
fish with  
male 
papillary 
processes at 
the anal fin) 

 17ß-
Estradiol 
(1µg/L 
nominal) 

Gonadal 
sex ratio: 
48 
females : 
1 male 

33% with 
MSC, no 
fish with 
papillary 
processe
s  

(Balch 
and 
Metcalfe, 
2006)  

2 

FSDT (with 
deviations) 
exposure 
from hatch 

first month: 5,48 - 27,4 
- 54,8 µg/L
second and third month: 
6,61 - 33,1 - 66,1 µg/L 

 33µg/L: 50% 
testis-ova. 

66µg/L: 86 % 

 LOEC 66 
µg/L (male: 
female 

   no (Gray 
and 
Metcalfe, 

3 

(high 
control 
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Life stage/ 
duration  

Concentration/ test 
condition/ tested 
substance / solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex-ratio / 
gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
characteristi
cs  

others  Positive 
control  

Referenc
e  

Reliabilit
y  

for 3 
months 

(m),  

Semi-static,  

4-nonylphenol, technical 
grade 

Solvent: Acetone 

testis-ova. 

 

7:13) 1997)  mortalit
y of 30-
40%) 

 Modified 
FSDT 
Exposure: 
from hatch 
for 30 d  

Subsequen
t 
reproducti
on trail 
without 
exposure 

0.44 (vehicle control) -
0.54 - 0.77 - 1.93 µg/L 
(m) 

Flow-through,  

Nonylphenol, mixture of 
isomers, CAS-No.: 
84852-15-3 

Solvent: Acetone 
(0.1%) 

  No effects 
on 
fecundity. 

At 0.77µg/L 
stat. sign. 
more males 
than 
females 
(101:75),  

no dose-
response.  

  No effects on g 
growth and no 
mortality 

 

Estradiol 
(E2):  
0.1 – 
1.66 µg/L 
(m) 

Sex-
ratio:No 
males in 
all 
concentr
ations.  

Highly 
mortality 
at 
1.66µg/L 

(Nimrod 
and 
Benson, 
1998) 

3 

(vehicle 
control 
containe
d Nonyl-
phenol) 

Full life-
cycle 

1,5-
generation 

Exposure 
from ≤ 24 
h 
postfertilis
ation for 
104 d (F0 

4.2 - 8.2 - 17.7 - 51.5 - 
183 µg/L (m) 

 

Flow-through 

4-nonylphenol, 97.4% 
purity, mixture of 
isomers 

Solvent: Ethanol 

 Testis-ova:  

F0-generation 
(60d posthatch):

17.7µg/L: testis-
ova in 20% of 
fish, (4 of 9 
phenotypic 
males)  

51.5µg/L: 

No 
significant 
effects up 
to 
17.7µg/L 

 

F0-Gener.: 
60d 
posthatch 
LOEC: 
51.5µg/L 
(no fish 
with normal 
testes) F1-
Gener.: 60d 
posthatch 
LOEC: 

Based on 
secondary sex 
char: 

F0-generation: 

51.5µg/L: (no 
phenotypic 
male out of 20 
fishes)  

 F0-gener.: 

LOEC 
hatchability: 
183µg/L (50% 
mortality, 100% 
swim-up failure) 

Post-swim-up 
cumulative 
mortality: LOEC: 

no (Yokota 
et al., 
2001) 

2 
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Life stage/ 
duration  

Concentration/ test 
condition/ tested 
substance / solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex-ratio / 
gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
characteristi
cs  

others  Positive 
control  

Referenc
e  

Reliabilit
y  

generation
) and 
subsequen
t 60 d (F1 
generation
)  

(100µl/L), solvent 
control existed 

 

testis-ova in 
40% of fish (no 
phenotypic 
males) 

F1-generation: 
(60d posthatch): 
8.2µg/L: testis-
ova were in 10% 
of all fish;  

17.7µg/L testis-
ova in 25% of 
all fish.  

(no statistics) 

17.7µg/L (5 
out of 9 
phenotypic 
male fish 
had testis-
ova, 4 had 
testis), 
NOEC: 
8.2µg/L  

F1-generation: 

17.7µg/L:  
ratio male to 
female 9:19) 

(no statistics) 

 

17.7µg/L 

F1-gener.: 

No effects on 
mortality, growth  
and time to 
hatch 

 

Modified 
reproducti
on assay 

Sexually 
mature 
medaka 
pair wise 
exposed 
for 21 d,  

Eggs 
collected 
at the last 
24 h and 
examined 
for 90 d 
without 
exposure 

5.4, 16.5, 61.2µg/L (m) 

Semi static (renewal 
every 24 h), 

4-nonylphenol,  

Solvent: DMSO, 
(100µL/L), solvent 
control existed 

LOEC: 
5.4µg/L, 
NOEC < 
5.4µg/L 

Dose 
dependent 
increase 

 Fecundity 
and 
Fertility: 
LOEC: 
61.2µg/L, 
NOEC: 
16.5µg/L 

Declining 
fertility 
over 
testing 
period (no 
fertilized 
eggs 
during the 
last 24 h 
of 
exposure) 

Not 
examined 

F1-generation 
(without 
exposure): no 
effects 

 F0-generation: 
No effects on 
growth.  

Mortality: 
61.2µg/L: two of 
five males 
(abdomen was 
swollen). 

HSI: LOEC males 
16.5µg/L, 
females 61.2µg/L 

F1-generation: 
increased time to 
hatch at 
61.2µg/L. 

Hatchability sign. 
decreased at 

no (Ishibash
i et al., 
2006) 

2 
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Life stage/ 
duration  

Concentration/ test 
condition/ tested 
substance / solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex-ratio / 
gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
characteristi
cs  

others  Positive 
control  

Referenc
e  

Reliabilit
y  

 61.2µg/L  

No effects on 
mortality after 
hatching and 
growth up to 
16.5µg/L. 

Reproducti
ve assay 
(with 
deviations) 

Sexually 
mature 
medaka 
pair wise 
exposed 
for 21 d 

24.8 - 50.9 - 101 - 184 
µg/L (m) 

Flow-through,  

4-nonylphenol, 97.4% 
purity, mixture of 
isomers 

Solvent: DMSO 
(0.0001%), solvent 
control existed 

Hepatic 
VTG in 
both 
males and 
females 

LOEC: 
50.9µg/L 

NOEC: 
24.8µg/L 

Testis-ova: 
Some indication 
(at the three low 
conc. 1 out of 8 
male fish, at the 
highest conc. 1 
out of 3 male 
fish) 

spermatogenesis
: sparse primary 
and secondary 
spermatocytes, 
LOEC: 184 µg/L 

NOEC: 101µg/L 

Fertility  

LOEC: 
184µg/L 
NOEC: 
101µg/L,  

Fecundity 
LOEC: 
101µg/L 

NOEC: 
50.9µg/L, 

   GSI males:, 
LOEC 184µg/L 

NOEC 101µg/L 

HSI males: at 
50.9µg/L 
increased to 
appr. 40% (not  
sign.), LOEC 
101µg/L 

Mortality: at 
184µg/L three 
male fish died 
(subcutaneous 
hemorrhage)  

no (Kang et 
al., 
2003)  

2 

Modified 
reproducti
on assay: 
Exposure: 
male 
medaka 
for 2 
weeks, 
afterwards 
reproducti
on of 
exposed 

(6.45µg/L - 21.5 - 64.5 
µg/L) (n) 

Semi-static: water 
exchange every 2 days 

nonylphenol, contains 
90% p- and 10% o-
nonylphenol, Solvent: 
Acetone (<100µl/L) 

  High 
variation 
in the 
number of 
eggs. No 
sign. 
effects are 
visible. 

   Mean hatchability 
decreased 
slightly at 
64.5µg/L (not 
significant) 

17 ß-
estradiol,  

At 3 and 
10 
nmol/L 
sign. 
decrease 
in the 
number 
of eggs.  

At 

(Shioda 
and 
Wakabay
ashi, 
2000) 

3 

No 
solvent 
control 
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Life stage/ 
duration  

Concentration/ test 
condition/ tested 
substance / solvent 

Vitellogeni
n  

Histology  Fertility/ 
Fecundity  

Sex-ratio / 
gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
characteristi
cs  

others  Positive 
control  

Referenc
e  

Reliabilit
y  

males with  
unexposed 
females for 
one week. 

3nmol/L 
significan
t effect 
on 
hatching. 
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(Seki et al., 2003) exposed fertilized eggs for 60 d. Although the exposure design did not 
exactly match the OECD draft guideline for the fish sexual development test in all aspects, 
the number of replicates (4), test concentrations (at least 3) and test duration matched the 
test guideline. The validity criteria were fulfilled: hatchability in controls ≥96%, post hatch 
mortality was less than 6%, weight and length in controls were 232 – 282 mg and 28.7 – 
29.1mm (at termination of the test) respectively. Exposure began 12 hours post 
fertilization. The gonadal histology and secondary sexual characteristics were determined 60 
days after hatch. Test results show that the hepatic VTG in males and females was 
increased at 11.6µg/L (LOEC) and above in a dose dependent manner.  At the same 
concentration testis ova appeared in 4 of 20 fish (20%). The sex-ratio was significantly 
skewed toward females at 23.5 µg/L and above based on secondary sex characteristics, 
with only one male out of 60 fish remaining at 44.7 µg/L. 

Comparable results were observed in the second reliable sexual development test which 
started one day after hatch. (Balch and Metcalfe, 2006) detected testis-ova after 100 d of 
exposure at 29 µg/L in 18 of 22 male fish. Similar to Seki et al, Balch and Metcalfe observed 
changes in the secondary sex characteristics. While Seki et al showed that the ratio of 
males based on secondary sex characteristics decreased down to 19% (11 out of 58 fish) at 
23 µg/L, Balch and Metcalfe observed, that the number of true phenotypic males decreased 
at 29 µg/L (no fish had papillary process at the anal fin, which is a prominent secondary 
sex-characteristic of male medaka) and the percentage of fish with mixed secondary sex-
characteristics increased (LOEC 8.7 µg/L). Based on the gonads, no change in the sex-ratio 
was observed by (Balch and Metcalfe, 2006). However, it should be kept in mind, that 
exposure started after hatch and thus after the critical window of female gonad 
differentiation in medaka. 

Results by the – less reliable – sexual development test perfomed by (Gray and Metcalfe, 
1997) support these findings. They exposed medaka for 3 months starting after hatch. Only 
a qualitative evaluation of the study is possible due to a control mortality of 30 to 40 %. 
The study was therefore assessed with Klimisch 3. At the middle and high concentration (33 
and 66µg/L) testis-ova appeared in respectively 50% and 86% of histological male medaka. 
A change in the sex-ratio (13 females: 7 males) was seen at 66µg/L based on gonadal 
histology. Although this change might be due to high mortality which could be biased to 
males, effects are in line with those observed by Seki and Balch and Metcalfe.  

Similar results with regard to sex-ratio were observed by (Yokota et al., 2001) in a 1.5-
generation full-life-cycle test (exposure of F0  for 104 d until spawning and subsequent 60 d 
exposure of F1-generation). The first part of the test was similar to a fish sexual 
development test: The exposure of F0-generation began less than 24 hours after 
fertilization. Sixty embryos were exposed in each treatment divided in four replicates. The 
gonadal histology and secondary sexual characteristics were determined 60 days after 
hatch. The validity criteria of a fish sexual development test had been matched: The 
hatchability in the controls was 90 – 93 %, the swim-up failure 5.5 – 7 %. The weight and 
length at 60 days post hatch were 169 – 174 mg and 26 mm respectively. At 70d 
posthatch, six mating pairs were selected for the two lowest test concentrations and further 
exposed until 104 d posthatch. Eggs were collected and eggs spawned on the last two days 
were exposed until 60d posthatch. 

In the F0-generation testis-ova were observed in 20% of all fish (4 of 9 phenotypic male 
fish had testis-ova) at 17.7 µg/L. At the next concentration (51.5µg/L) 8 of 20 fish showed 
testis-ova (40%) and no true male fish were observable (no fish had testis and none 
showed male secondary sex characteristics). Effects are coincident with increased post-
swim-up mortality. At 51.5 µg/L approx. 35 % and at 17.7µg/l approx. 20% showed post 
swim-up mortality. However it seems unlikely, that the skewed sex-ratio is a secondary 
result of this increased mortality as effects on sex-ratio were more pronounced than 
mortality (no male fish at 51.5 µg/L but only 35% mortality) and gonadal changes indicate 
that effects were endocrine mediated. 
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Similar, but even more pronounced effects were observed in the F1 generation: Occurrence 
of testis-ova started at 8.2 µg/L (2 of 20 fish (10 %)).  Already at 17.7 µg/L 5 of 9 males 
had testis-ova (25% of all fish) and sex-ratio was significantly skewed to females (9:19 
males: females). No significant mortality occurred at this concentration.   

Effects on reproduction were observed in two of three modified fish reproduction assays: 

(Ishibashi et al., 2006) exposed adult pairs of medaka for 21 d. The fertilized eggs from the 
last 24 h of exposure were collected. The eggs were maintained in clean water and the 
hatchability and time to hatch was determined for 90 d. Results show an endocrine 
biomarker response and provide evidence that nonylphenol impairs fecundity and fertility. 
The hepatic VTG concentration in males increased in a dose dependent manner (LOEC = 5.4 
µg/L).  At 61.2µg/L the total number of eggs per mating pair as well as the mean fertility 
was significantly decreased. There were no fertilized eggs during the last 24 h at this 
concentration.  

In addition 2 of 5 male fish died at this concentration after their abdomen began to swell. 
According to the authors mortality could be due to the increased hepatic VTG production as 
male medaka are not able to excrete VTG. This fits to a significantly increased hepato-
somatic index at 16.5 µg/l and above.  Similar effects were observed by other authors for 
ethinylestradiol.   

Results also show, that exposure of adults impairs the development of its offspring even if 
the offspring is not directly exposed: At 61.2µg/L embryos produced during the second and 
the last week of exposure showed a significantly increased time to hatch (12.3 days 
compared with control 8.7 – 9 days) and a significantly decreased hatchability.  The 
phenotypic sex ratio in the – unexposed – F1 generation was - not surprisingly - not 
affected. 

Similar results with regard to reproduction were observed by (Kang et al., 2003)in a 
modified fish reproduction assay:  

They exposed sexually mature fish pair wise for 21 d. Appearance of testis-ova (one out of 
8 males at 24.8µg/L to 101µg/L and 1 out of 3 males at 184 µg/L ) provides some indication 
of an endocrine mode of action. Furthermore abnormal spermatogenesis was observed 
(LOEC: 184µg/L) and the hepatic VTG in males and females was increased (LOEC: 
50.9µg/L). Fecundity was affected at 101µg/L (LOEC) and fertility was affected at a LOEC of 
184µg/L. Three male fish died in the highest concentration (184µg/L) with subcutaneous 
hemorrhage.   

Results of the last reproduction assay (Shioda and Wakabayashi, 2000) are inconclusive due 
to high variations in fecundity. 

Summary: 

Overall, increased levels of VTG (a widely accepted biomarker for an estrogen mode of 
action) were determined in all studies analyzing this endpoint. The lowest LOEC was 5.4µg/L 
for hepatic VTG in males (Ishibashi et al., 2006). In addition, the occurrence of testis-ova, 
as an indicator of an estrogenic effect according to the OECD guidance document 123 
(OECD, 2010), was observed in all sexual development tests if examined and in one full life-
cycle study, some testis- ova were observed even after short term exposure of adult males. 
The most significant effects were determined if the exposure began within 24 h after 
fertilization which is not surprising as female gonad development starts before hatch. The 
lowest LOEC value was 11.6µg/L (Seki et al., 2003).  

Apical effects observed fit to these indicators of an estrogen mediated effect: The sex- ratio 
was significantly skewed toward females in all sexual development tests which included 
exposure during sensitive life stages (before hatch). Based on secondary sex characteristics 
significant effects started at 51.5 µg/L (Yokota) and 23 µg/L (Seki) with no and only one 
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male developed at 51 and 44 µg/L respectively. The effect concentration decreased to 17.5 
µg/L when eggs from exposed parents were used (Yokota).   

Results from reproduction assays indicate that, in addition to the sex-ratio, 4-nonylphenols 
influence reproduction in medaka by an estrogen mode of action after exposure of adults. In 
both reliable tests vitellogenin was increased at lower or similar concentrations compared to 
impaired fecundity and fertility, with some indication that the increased VTG level in males 
might have caused male specific mortality at high concentrations. 

Table 20: Summary of  evidence for endocrine disrupting effects for 4-nonylphenols in 
O.latipes based on the OECD Guidance document (OECD, 2012) and overall conclusion. 
Only results from tests with at least reliability 2 were included.   

Test system Number of 
tests 
available 

Indication of 
hormonal 
activity? 

Apical endpoints 
positive? 

Indication 
that apical 
endpoints 
fit to mode 
of action 

OECD 
conclusion 

Sexual 
development 
test 

2 reliable, 
1supporting 

 

YesLOEC = 
11.6µg/L (VTG 
and testis-ova) 

 

Yes, if sensitive life 
stages are considered  

LOEC= 23.5µg/L (sex 
ratio and body weight) 

Yes, testis-
ova and 
changes in 
sex ratio 
are known 
effects of 
estrogens 

Substance 
almost 
certain an 
actual 
endocrine 
disruptor 

Reproduction 
assay 

2 reliable,1 
inconclusive  

 

Yes 

LOEC=5.4µg/L 
(VTG) 

Inhibition of 
spermatogenesis 
at 184 µg/L 

Yes 

LOEC=61.2µg/L 
(Fecundity and 
Fertility, time to hatch 
and hatchability F1) 

Yes, 
increase of 
VTG 
indicates 
and 
estrogen 
mode of 
action and 
reduction 
of fecundity 
and fertility 
are known 
responses 
to 
estrogens 

Strong 
evidence 
that the 
substance 
is an 
actual 
endocrine 
disruptor 

Fish full life 
cycle 

1  

Yokota 

Yes 

Testis –ova at 
17.7µg/L and 
above (no 
statistics) 

  

YES 

no phenotypic males 
at 51.5µg/L (Sex ratio 
based on gonadal 
histology in F0 (no 
statistics) 

Effects at 17.7µg/L 
(Sex ratio based on 
gonadal histology in 
F1 (m:f 9:19 (no 
statistics)), LOEC 
swim up sucess) 

 

Yes, testis-
ova and  a 
skewed sex 
ratio 
toward 
females are 
known 
responses 
to 
estrogens 

Substance 
is an 
actual 
endocrine 
disruptor 

Overall  Yes,  Phenotypical and Yes Substance 
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conclusion 
Testis-ova and 
VTG 

gonadal sex ratio, 
fecundity and fertility 

is an 
actual 
endocrine 
disruptor 

 

Comparison with information for 4-tert-octylphenol 

The effects observed for 4-nonylphenol fit to the effects oberserved for 4-tert-octylphenol in 
a full life cycle test as well as in sexual development tests and reproduction assays. 

Test system Number of 
tests 
available 

Indication of 
hormonal 
activity? 

Apical endpoints 
positive? 

Indication 
that apical 
endpoints 
fit to mode 
of action 

OECD 
conclusion 

Overall 
conclusion for 
4-t-
octylphenol 

FLC, Sexual 
development 
test, 
Reproduction 
assay 

FLC, sexual 
development 
tests and 
reproduction 
assays 

Yes,  

VTG and testis –
ova if sensitive 
endpoints are 
considered 

Yes,  

effects on sex-ratio, 
fertility, courtship 
behaviour 

Yes Substance 
is an 
actual 
endocrine 
disruptor 

 

Fathead minnow (Pimephales promelas) 

With regard to Pimephales promelas two reproduction screeening assays, determining 
endpoints indicative for an endocrine disruption as well as apical endpoints are available (all 

with reliablity Klimisch 2). In addition, one behaviour study with two experiments was 

performed (including endpoints indicative for an endocrine mode of action as well as apical 

endpoints) and a normal early life stage test is available. The following table (Table 21 ) 

summarizes the effects oberserved. 
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Table 21: Summary of effects of 4-nonylphenols in Pimephales promelas 

Life stage/ 
duration  

Conc./ test 
condition/ tested 
substance/ solvent 

Vitellogenin  Histology  Fertility/ 
Fecundity  

Sex-
ratio  

Sec. sex 
charac-teristics  

others  Positiv
e 
contro
l  

Referenc
e  

reliability  

Modified 
reproduction 
assay  
 3 wk 
exposure of 
sexual mature 
pairs.  

Age: 6 months  
(exp.1) and 4 
months (exp. 
2)  

 

1.Exp: 71µg/L (m) 

2.Exp: 0.65 - 8.1 - 
57.7 µg/L (m)  

Flow through, 

4-nonylphenol, 
technical grade, 
branched chain 
isomers, 99% 
purity; Solvent: 
methanol 
(0.2mL/L); 
Solvent control 
existed 

Experiment 1:  

Plasma VTG was 
sign. elevated in 
males and 
females, LOEC: 
71µg/L  

Experiment 2 
(only in 
support): 
Plasma-VTG in 
males elevated: 
NOEC: 0.65µg/L, 
LOEC: 8.1µg/L  

In females: 
LOEC: 57.7µg/L, 
NOEC: 8.1µg/L 

 Number of 
eggs 
spawned: 
LOEC: 
71µg/L; 

Number of 
spawnings: 
LOEC: 
71µg/L;  

number of 
eggs per 
spawn: LOEC: 
71µg/L 

(All values 
from 
experiment 1) 

 tubercles in 
males: 

Experiment 1: 
LOEC: 71µg/L;  

Experiment 2 
(in support)  

NOEC: 8.1 
µg/L, LOEC: 
57.7µg/L 

 

No effects on 
growth and 
survival (All 
values from 
experiment 1) 

no (Harries 
et al., 
2000) 

2 

(only a few 
measureme
nts were 
made, but 
additional 
measureme
nts of 
estrogen 
activity were 
done by 
YEAST 
assay) 

Experiment 
2 should be 
used with 
care due to 
low 
reproduction 
performance 
in controls 
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Reproduction 
assay 

sexually 
mature fish    
(12 – 18 
months) 
paired for 

42 d  

Two experiments 
(data from 
experiment 2 not 
usable, egg 
production was 
totally inhibited by 
solvent control): 
First experiment 
was conducted 
July to August.  

Exp.1: 0,05 - 0,16  
0,4 - 1,6 - 3,4 
µg/L (m); Flow-
through,4-p-
nonylphenol, 
purity > 98%; 
Solvent: ethanol 
(0.0001%), 
solvent control 
existed 

 dose-
dependent 
increase in 
severity 
scores in 
the testes 
of males at 
1,6 and 
3,4 µg/L 

 LOEC: 
1.6µg/L, 
NOEC: 
0.4µg/L 

  Fat pad size 
and tubercles 

NOEC: >= 
3.4µg/L 

  

 no (Miles-
Richards
on et al., 
1999) 
(the 
same 
experime
nt like 
(Giesy et 
al., 
2000)) 

2 

Life stage/ 
duration  

Conc./ test 
condition/ tested 
substance/ solvent 

Vitellogenin  Histology  Fertility/ 
Fecundity  

Sex-
ratio  

Sec. sex 
charac-teristics  

others  Positiv
e 
contro
l  

Referenc
e  

reliability  

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 60

Reproduction 
assay 

sexually 
mature fish    
(12 – 18 
months) 
paired 

42 d 

Two experiments 
(data from 
experiment 2 are 
not usable, egg 
production was 
totally inhibited by 
solvent control): 
First experiment 
was conducted 
July to August.  

Exp.1: 0,05 - 0,16  
0,4 - 1,6 - 3,4 
µg/L (m) 

Flow-through, 

4-p-nonylphenol, 
purity > 98% 

Solvent: ethanol 
(0.0001%), 
solvent control 
existed 

Decrease in 
plasma VTG in 
females.  

No dose related 
changes of 
plasma VTG in 
males. 

 At 3.4µg/L:  
spawning of 
eggs almost 
completely 
inhibited  

 

  Survival: 
NOEC: >= 
3.4µg/L,  

Plasma 
estradiol: 
significant 
elevation at 
0.05 up 
to 1.6µg/L. 
At 3.4µg/L no 
difference was 
found 
compared to 
controls. The 
effects were 
the same in 
males and 
females.  

no (Giesy et 
al., 
2000) 
(the 
same 
experime
nt like 
(Miles-
Richards
on et al., 
1999)) 

 

2 

Male fish, age 
8 months. 
Exposure 28 
day, followed 
by 7 day 
competitive 
spawning 
period in clear 
water 
(competition 
with control 
malesfor 
reproductive 
opportunities).  

Experiment 1:  

0.15, 0.25, 0.63, 
3.2µg/L(m) 

Flow through,  

4-nonylphenol, 
complex isomeric 
mixture of 4-NP 
with minor 
(<10%) 
amounts of 2-NP, 
4-octylphenol, and 
dodecylphenol  

Solvent: ethanol, 
(≤1.8µg/L) 

 NOEC ≥ 
3.2µg/L 
(7d after 
cessation 
of 
exposure) 

  NOEC ≥ 
3.2µg/L (7d 
after cessation 
of exposure) 

Competitive 
spawning 
assay:  

At 0.25µg/L 
(and higher) 
control males 
significantly 
out-competed 
exposed males 
by 6 – 8 % for 
access to nest 
sites.  

HSI and GSI: 
NOEC ≥ 
3.2µg/L 

no (Schoenf
uss et 
al., 
2008)  

2 

Cannot be 
subsumed 
under a 
guideline.  
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Mortality: at 
0.15µg/L 42%, 
at 3.2 µg/L 16 
%, other conc. 
and control ≤ 
10 %. 

Life stage/ 
duration  

Conc./ test 
condition/ tested 
substance/ solvent 

Vitellogenin  Histology  Fertility/ 
Fecundity  

Sex-
ratio  

Sec. sex 
charac-teristics  

others  Positiv
e 
contro
l  

Referenc
e  

reliability  

Male fish, age 
9 months. 
Exposure 28 
day, time 
series analysis 
of plasma VTG 
was examined 
and 
competitive 
spawning 
period as 
described 
above.  

Experiment 2 

0.3, 5, 11, 15µg/L 
(m) 

Otherwise the 
same as above. 

Increased 
plasma VTG in 
males : LOEC: 
15µg/L (after 7 
and 14 days of 
exposure) NOEC: 
11µg/L;  

No sign. effects 
7d after 
cessation of 
exposure. 

NOEC ≥ 
15µg/L (7d 
after 
cessation 
of 
exposure) 

  NOEC ≥ 15µg/L 
(7d after 
cessation of 
exposure) 

Competitive 
spawning 
assay:  

At 11µg/L (and 
higher) control 
males 
significantly 
out-competed 
exposed males 
by 5 - 10 % for 
access to nest 
sites. 

Mortality: at 
0.3µg/L 20%, 
other 
concentrations 
and control ≤ 
10 %. 

no (Schoenf
uss et 
al., 
2008) 

2 

Cannot be 
subsumed 
under a 
guideline.  

 

ELS:  

Exposure: 
starting with 
eggs, 33 days  

2.8, 4.5, 7.4, 14, 
23 µg/L 

Flow through 

 

     Time to hatch: 
At 2.8, 4.5, 
7.4µg/L and in 
the control 
began hatch on 
third day of 
exposure. At 14 
and 23 µg/L 
hatch began on 

no Ward and 
Boeri 
1991  

(from 
(U.S.EPA, 
2005b))  

4 

Only 
summary 
available.  

Mortality in 
control: 
13.3%.  
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the fourth day.  

Growth: no 
significant 
effects 

Mortality LOEC 
= 14 µg/L, 
NOEC = 
7.4µg/L 
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(Harries et al., 2000) exposed sexual mature Pimephales promelas during a pair-breeding 
trial for 3 weeks. The test was performed similar to OECD 229. Experiment 1 was a limit 

test with 4 breeding pairs. In experiment 2 one male died, and 2 females were unable to 

release their eggs in the solvent control (hence 3 of 4 pairs stopped breeding). Therefore 

results of experiment 2 should be used with care with regard to effects on reproduction and 

may be used as supporting information only.  

VTG and secondary sexual characteristics were determined as indicators for an endocrine 

mode of action. The VTG concentration in both males and females was significantly elevated 

at the single concentration 71µg/L in experiment 1. VTG was also increased in the 

supporting second experiment. The LOEC was 8.1µg/Lin males and in females the LOEC was 

57.7µg/L. In both experiments induction of VTG in males was very pronounced: 4000-fold in 

the first experiment and 45,000-fold above controls in the second experiment. In addition, 

in both experiments a decrease in male secondary sex characteristics was observed: Male 

fish in experiment 1 had no tubercles (a prominent male secondary sex characteristic). And 

in the second experiment the LOEC for reduced tubercles (0-4) was comparable (57.7 

µg/L).   

Consistent with these findings of an estrogen mode of action, a pronounced decrease of 

fecundity was observed in experiment 1. The total number of eggs was reduced from 

approx. 1500 to 2300 eggs in controls and during pre-exposure to a total number of approx. 

100 eggs at 71 µg/L. Similarly, the number (frequency) of spawning and the number of 

eggs per spawn (mean egg batch size spawned for three weeks) were significantly reduced 

at 71µg/L. Growth was not impaired in experiment 1 and no mortality occurred. 

(Giesy et al., 2000) conducted two comparable reproduction experiments with sexually 

mature paired fish (age 12 – 18 months). 3 replicates with twhere males and two females 

each were exposed for 42 days. In the second experiment egg production in the solvent 

control was totally inhibited and thus results from this experiment are not valid. The first 

experiment was conducted from July to August and showed the following results: Plasma 

VTG concentrations in females decreased in a dose independent manner (LOEC 0.16 µg/L) 

while no dose dependent effects were observed in males up to 3.4 µg/L.  

Reproduction was severely inhibited in the first experiment.  While the egg production (per 

female) at the lowest concentration 0.05µg/L was considerably elevated (about 300 eggs 

per female compared to approx. 150 eggs in controls); the exposure to 3.4µg/l caused an 

almost complete inhibition of egg production.  Although effects were very pronounced, they 

were not statistically significant according to the Kruskal-Wallis and Tukey test used by the 

authors.  

Histological results from the same experiment (Giesy et al., 2000) are reported in (Miles-

Richardson et al., 1999) . They determined a dose-dependent and significant increase in 

severity scores in the testes of males at 1,6 µg/L and above. The severity score was 

estimated on the basis of gonad scoring criteria for sertoli cell proliferation (see also FFLC 

detailed review paper, No. 95, ENV/JM/MONO(2008)22) (OECD, 2008a).  

In addition to these reproduction assays (Schoenfuss et al., 2008) conducted two behavior 

experiments with 8 and 9 months old male P. promelas. A competitive spawning period in 
clear water was followed by exposure duration of 28 days. During exposure males had to 

compete with control males for reproductive opportunities. In addition plasma VTG, 

histology and secondary sexual characteristics were determined.  
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Histology and secondary sexual characteristics revealed no pathological findings in both 

experiments up to the highest test concentrations (NOEC ≥ 3.2µg and NOEC ≥ 15µg/L). 

Valid VTG results are available from experiment two only, due to an abnormal VTG induction 

in control males in the first experiment.  

VTG in males was significantly increased at the highest test concentration (15µg/L) after 7 

and 14 days of exposure. No significant effects were seen 7 days after the end of exposure.  

Furthermore the behavior in competitive spawning assays was affected: At 0.25µg/L and 

higher the exposed males were significantly out-competed by control males which had 6 – 8 

% more access to nest sites. Experiment 2 showed similar effects at higher concentrations: 

at 11µg/l and higher the control males out-competed the exposed males by 5 – 10% for 

access to nest sites. In both experiments some treatments showed increased mortality, but 

not in a dose dependent manner (Experiment 1:  42% at 0.15 µg/L and 16 % at 3.2 µg/L; 

experiment 2: 20 % at 0.3µg/L, controls < 10 %). Due to the dose independency it is 

deemed to be of no relevance with regard to the other effects observed. 

 
Ward and Boeri (1991) (from the report Aquatic Life Ambient Water Quality Criteria – 

Nonylphenol, (U.S.EPA, 2005b)) conducted an early-life-stage toxicity test with Pimephales 
promelas. Embryos and larvae were exposed under continuous-flow conditions for a total of 
33 days to five concentrations of nonylphenol ranging from 2.8 to 23 µg/L. Larval hatch was 

delayed by one day at 14 µg/L and above and survival of the fish at the end of the test was 

significantly reduced at nonylphenol concentrations ≥ 14 µg/L. Growth (length or weight) of 

nonylphenol exposed fish was not significantly different from control organisms at any of 

the nonylphenol treatment concentrations. Survival of the fish at the end of the test was 

significantly reduced at nonylphenol concentrations ≥ 14 µg/L.  

Summary: 

In summary, results of the three reproduction assays are conclusive. They show, that 4- 

nonylphenols act via an estrogen mode of action in P. promelas: 

The indicative endpoint VTG was examined in three assays (Harries 2000 and Giesy 2000 

and Schoenfuss 2008). In two cases exposed mature males showed VTG induction at a 

LOEC of 71 µg/L (Harries, limit test) and 15 µg/L (Schoenfuss et al., 2008) while no effects 

in males up to 3.4°µg/L were observed in the third study (Giesy et al., 2000). Results from 

the second – less valid - test by Harries showed that vitellogenin induction might occur at 

lower concentrations (LOEC 8.1°µg/L).  

In addition to this indicator for an estrogen mode of action, reduced male secondary sexual 

characteristics were observed in one test: Male fish at 71µg/L (limit test) had no tubercles 

and this result was supported by results from the –less valid - second experiment of this 

study (Harries, LOEC 57.7 µg/L). No such effects were observed at lower concentrations 

((Miles-Richardson et al., 1999) and (Schoenfuss et al., 2008)) indicating that the LOEC is 

between 15 and 71 µg/L.  

Results observed by Harries and Giesy, show that nonylphenol also impairs reproduction: 

(LOEC fecundity 71 µg/L (Harries, limit test, with some indication that effects may start at 

3.4 µg/L (Giesy et al., 2000). Although apical effects started at similar or even lower 

concentration compared to biomarker responses, it seems very likely that they are estrogen 

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 65

mediated. Effects observed fit the endocrine mode of action and to effects observed in other 

species.  

The endpoints for behavior determined by Schoenfuss during two competitive spawning 

assays are in line with the values for VTG and support the estrogen mode of action. Exposed 

males were out-competed in two experiments with regard to access to nest-sites at 

0.25 µg/L and 11µg/L for about 5 – 10%. Similar results with other endocrine disrupting 

substances support the hypothesis.  

Results from the fish early life stage test by Ward and Boeri (1991) (LOEC mortality and 

time to hatch = 14 µg/L) fit to these findings. It is well known, that estrogens may induce 

mortality and delays in development.  

Table 22: Summary of evidence for endocrine disrupting effects of 4- nonylphenols in 

P.promelas based on the OECD Guidance document (OECD 2011) and overall conclusion. 
Results from tests with reliability less than 2 were clearly indicated. 

Test sytem Number of 
tests 
available 

Indication of 
hormonal 
activity? 

Apical 
endpoints 
positive? 

Indication that 
apical 
endpoints fit 
to mode of 
action 

OECD 
conclusion 

ELS 1 
(reliability 
4) 

Not 
considered 

Yes,  

LOEC 
mortality 
14µg/L 

no conclusion 
possible 

- 

Reproduction 
screen 

4  Yes, LOEC 
VTG 71 µg/L,  

LOEC 
Secondary 
sexual 
characteristics 
71µg/L 

(testes 
damage in 
second test 
LOEC 1.6 
µg/L) 

Yes,  

LOEC 
Fecundity  
71µg/L 
(almost 
complete 
inhibition at 
3.4µg/L in a 
second test 
but not 
significant),  

LOEC 
Behaviour 
0.25µg/L and 
11µg/l in two 
tests (only in 
competitive 
spawning 
assays) 

Yes,  

Biomarker 
response and 
apical 
endpoints fit 
to the 
expected 
mode of action  

Strong 
evidence 
that the 
substance 
is an actual 
endocrine 
disruptor 

Overall 
conclusion 

 Yes, VTG and 
secondary 
sexual 
characteristics 

Yes, effects on 
fecundity, 
behaviour 

Yes Strong 
evidence 
that the 
substance 
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are sensitive 
endpoints of 
estrogen 
activity. 

is an actual 
endocrine 
disruptor 

 

Danio rerio: 

With respect to Danio rerio, one modified reproduction screening assay (reliability 3) and 
two prolonged fish sexual development tests are available (reliability 2 and 3). All Studies 
include endocrine specific biomarkers as well as apical endpoints.
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Table 23: Summary of effects of 4-nonylphenols in Danio rerio 

Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / 
solvent 

Vitello-genin  Histology  Fertility/ 
Fecundity  

Sex 
ratio  

others  Positive 
control  

Reference  Reliability  

Reproduction 
screening 
assay 
(modified) 

Exposure: 
adults for 3 
weeks 

Reproduction 
period 
without 
exposure: 
one week 
(cross-wise 
as well as 
parallel 
experiments). 
Following 
monitoring 
until hatch.   

0.1 - 1 - 10 - 50 - 
100 - 500µg/L 
(n),  

Reproduction 
trial: fishes 
formerly exposed 
to 50 µg/L  

Semi static, half 
of the water was 
renewed every 
other day 

Nonylphenol, 
technical grade 

Solvent: DMSO 
(0.1‰), solvent 
control probably 
did not exist 

VTG in 
males 
(whole body 
mass) 
increased 

NOEC: 
50µg/L 

LOEC: 
100µg/L 

At 50µg/L 
significant 
decrease 
(23.6%) of 
eggshell 
thickness 

Fecundity (in 
formerly 
exposed 
females) was 
lowered, but 
effects were 
not significant 
(50µg/L) 

 

 Malformation 
in embryos of 
exposed 
females: 
NOEC: 
10µg/L   
LOEC: 
50µg/L 

Results 
should be 
used with 
care due to 
high 
mortality in 
the offspring 
in control. 

no (Yang et 
al., 2006)  

3 

(nominal, no 
vehicle 
control) 
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Life stage/ 
duration  

Conc. / test 
condition / 
tested 
substance / 
solvent 

Vitello-
genin  

Histology  Fertility/ 
Fecundity  

Sex ratio  others  Positive 
control  

Reference Reliability  

FSDT with 
following 
depuration 
period and 
afterwards 
reproduction 

Exposure:  2 
to 60 dph1. 
Reproduction 
starting at  
240 dph 
(without 
exposure).  

10; 100 µg/L 
(n) 

Semistatic, 
(100% water 
exchange every 
48 h) 

4-nonylphenol, 
technical grade 

Solvent: 
Acetone 
(0.01%), 
solvent control, 
but no normal 
water control 

NOEC: 
10µg/L,  
LOEC: 
100µg/L,  

(60dph, 
whole body 
VTG was 
increased 
from male 
and female 
fish 
combined) 

Females 
(60dph): 
Ovarian 
oogenesis 
staging 
skewed to 
earlier stages:       
NOEC: 10µg/L, 
LOEC: 100µg/L 

Males 
(60dph): 
At 10µg/L 
testicular 
development 
was skewed to 
earlier stages;        
At 100µg/l no 
histological 
males, but 
only females 
existed.  

Reduced 
fecundity 
(cumulative 
egg 
production:, 
at 100µg/L: 
6705 eggs; 
in the 
control: 
10752 
eggs) (not 
significant).  

Successful 
breeding 
trials: at 
both 10 and 
100µg/L:  
88.9%;  in 
the control 
95.6% (not 
sign.) 

sex-ratio 
skewed 
to 
females 
based on 
gonadal 
histology: 
NOEC 
< 10µg/L, 
LOEC: 
10µg/L 
(60dph);  

At 
100µg/L 
only 
females  

F1-
Generation 
(240dph): 
NOEC 
swim-up 
succes: 
10µg/L, 
LOEC: 
100µg/L  

No 
significant 
effects on 
mortality, 
growth (F0 
generation), 
egg viability 
and 
hatchability 
(F1).  

Yes  

17 α Estradiol:  

LOEC VTG: 10 
ng/L LOEC sex 
ratio and 
changes in 
female 
gametogenesis 
1 ng/L (89.4% 
females, 5.3% 
males, 60.5 % 
oogonia in 
females);  

(Lin and 
Janz, 
2006)  

2 (nominal, 
only two 
concentrations) 

1 dph: days post hatch 
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Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / solvent 

Vitello-genin  Histology  Fertility/ 
Fecundity  

Sex ratio  others  Positive control  Reference  Reliability  

FSDT with 
following 
depuration 
period and 
afterwards 
reproduction 

Exposure:  2 
to 60 dph  

Reproduction 
period: 
starting at 
120 dph until 
300 dph (no 
exposure)  

10 – 30 – 100µg/L 
(n),  

Semi static, 
renewal every 48 h, 

4-nonylphenol, 
technical grade 

Solvent: Acetone 
(0.2% v/v), solvent 
control existed, but 
no normal water 
control 

 

 60dph: Female 
gametogenesis: 
At 100µg/L 
only earliest 
stages of cells 
(oogonia and 
previtellogenic) 
existed.  

60 dph: Male 
gametogenesis: 
At 100µg/L: no 
mature sperm, 
but higher 
proportions of 
spermatogonia.  

(in both cases 
no statistical 
analysis was 
conducted)  

Females 
(300dph): sign. 
increased 
ovarian follicle 
atresia rate 
(from primary 
exposition to 
100µg/L and 
afterwards 
clean water) 

   EE (1 and 10 
ng/L), 

Female gonads:   
only earliest 
stages (oogonia 
and 
previtellogenic) 
and atretic cells 
at 10 µg/L  

Male gonads:    
LOEC 
spermatogenesis 
= 1ng/L (lack of 
mature sperm)   

300dph: atretic 
ovarian follicles 
sign. increased. 

(Weber et 
al., 2003) 
(the same 
experiment 
like (Hill 
and Janz, 
2003)) 

3 (nominal, 
high control 
mortality) 
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Life stage/ 
duration  

Conc. / test condition 
/ tested substance / 
solvent 

Vitello-genin  Histology  Fertility/ 
Fecundity 

Sex ratio others  Positive control  Reference  Reliability  

FSDT with 
following 
depuration 
period and 
afterwards 
reproductio
n 

Exposure:  
2 to 60 dph  

Reproducti
on period: 
starting at 
120 dph 
until 300 
dph (no 
exposure)  

10 – 30 – 100µg/L 
(n),  

Semi static, renewal 
every 48 h, 

4-nonylphenol, 
technical grade 

Solvent: Acetone 
(0.2% v/v), solvent 
control existed, but 
no normal water 
control 

 

VTG from 
hearts:  

At 30 and 
100µg/L  
VTG 
detection in 
males (no 
statistics), 
no 
measureme
nt possible 
in 10 µg/L  

Ovo-testes: 
At 30µg/L: in 1 of 
20 fish 
At 100µg/L: in 2 of 
20 fish 
(previtellogenic 
ovarian follicles 
embedded within 
testicular tissue).  

  At 
100µg/L 
=LOEC 
sex ratio 
was 
sign. 
skewed 
to 
females 
based on 
gonadal 
histology
. NOEC= 
30µg/L. 

Significant 
decrease  of 
hatchability 
and swim-
up success 
at 100µg/L 
(some 
effects at 
30 µg/L but 
not 
significant) 

No 
evaluation 
in F0 
possible 
due to high 
control 
mortality. 

17α-ethinylestradiol 
(EE) 1 or 10ng/L,  

F0 (60dph): Sex ratio 
(histological) skewed 
to females: 

1ng/L: 75% females, 
20% males, 5% 
undifferentiated   

10 ng/L: 20 % females 
and 80% 
undifferentiated  

VTG in males at  10 
ng/L (no statistics) 

F1: significant 
decrease of 
hatchability, swim-up 
success and egg 
viability at 10ng/L 

(Hill and 
Janz, 
2003) (the 
same 
experimen
t like 
(Weber et 
al., 2003)) 

3 (nominal, 
high control 
mortality) 

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 71

(Yang et al., 2006) exposed mature males and females for 3 weeks and examined the 
endpoints VTG and GSI. After the exposure period fish exposed to 50µg/L were paired for 
one week without exposure. The experiment included cross-wise breeding pairs (only males 
or females exposed) and parallel breeding pairs (both exposed or both control fish). 
Development of the F1 generation was observed until hatch.  

The increase of the VTG concentration in males after three weeks exposure was significant 
and very pronounced at 100µg/L and higher (nominal concentration). The GSI was reduced 
in females at 500µg/L while no effects occurred in males.  

Fecundity in groups with formerly exposed females was lowered, but effects were not 
significant (mean number of eggs of exposed females: 1919, control females: 2676). All 
reproduction trials using formerly exposed females (either paired with exposed males or 
with unexposed males) resulted in a significant increase of malformations (spinal column 
flexure) in offspring after hatch (18.2%) compared to the groups with control females (2.6 
%). However, results observed with regard to the development of offspring should be used 
with care as the hatching success in controls was below OECD guideline validity standards 
(55% instead of 80%).  

(Lin and Janz, 2006) conducted an experiment comparable to the OECD fish sexual 
development test guideline (FSDT;exposure until 60d posthatch) but with a following 
depuration period for 6 months in clean water. Reproduction was assessed after these 6 
months (at 240 dph (days post hatch)).   

After 60d of exposure (60 dhp) Vitellogenin (whole body VTG, females and males combined) 
was significantly elevated at the highest concentration (100µg/L, nominal value). 
Histological changes in gametogenesis indicating estrogen mediated effects were observed 
in both females and males starting at 10 µg/L. In the control 81.7 +- 2.3% of female tissue 
consisted of previtellogenic oocytes surrounded by oogonia and early oocyte stages. At 10 
µg/l fewer provitellogenic oocytes and more oogonia were found (not significant). After 
exposure to 100 µg/L only 38.8% of the ovarian tissue consisted of previtellogenic oocytes 
and 61.2% were yet oogonia. While control males showed in majority a full spectrum of 
sperm cell differentiation stages, histologically differentiated males exposed to 10µg/L 40% 
had only early stages of differentiation.  

In addition to the observed changes in gametogenesis, the sex-ratio (based on histological 
observations) was significantly skewed towards females at 10 µg/L (58% females compared 
to 30% in control) with no histological males observed at 100 µg/L.  

There were also effects on fecundity, and viability of the F1 generation: The egg production 
at 100µg/l was reduced (not significant; the number of cumulative egg production in the 
control: 10752 eggs, at 100µg/L: 6705 eggs). This effect and also the effect on fecundity 
revealed by Yang et al (2006) match with the other endocrine effects of 4-nonylphenols. 
The swim-up success of the F1 generation was significantly impaired at 100µg/L (NOEC= 
10µg/L). No significant differences were observed in egg viability and hatchability.  

Similar effects were observed by (Hill and Janz, 2003)and (Weber et al., 2003). They 
exposed  D. rerio from 2 dph up to 60 dph. At 60 dph 20 fish per group were randomly 
chosen, weighed, measured and histological examined. The remaining fish were maintained 
in clean water until 120 dph and then used for breeding trails. A total of five breeding trials 
were conducted for each treatment with a resting period of 7 -8 days before beginning 
another trial until 160 dph. A random subsample was maintained in clean water until 
300dph and examined histological. The publication by Hill and Janz (2003) concentrates on 
the effects on sex -ratio and breeding success, whereas the publication by Weber et al 
(2003) describes the histological evaluation of the same experiment.  

The following effects were observed after exposure to 4-nonylphenols:  
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VTG could be detected in males at 30 and 100µg/L after 60d of exposure (VTG in heart 
homogenates by western blot). VTG at 10 µg/L was not determined due to low protein yield. 
By histological evaluation ovo-testes (previtellogenic ovarian follicles embedded within 
testicular tissue) were seen at 30µg/L in 1 of 20 fishes and at 100µg/L in 2 of 20 fishes (Hill 
and Janz, 2003). Both endpoints indicate an estrogen mode of action.   

The female gametogenesis as well as the male gametogenesis was considerably affected 
after 60dph. At 100 µg/L in females only the two earliest stages (oogonia and 
previtellogenic cells) were visible (no statistical analysis) and no mature sperms were visible 
in males, but a high proportion of the young cell stage spermatogonia. At 10 and 30µg/L all 
stages were seen (Weber et al., 2003). While no significant change in ovarian follicle atresia 
was observed after 60 d of exposure, at day 300 (240 days after the end of exposure), 
female fish exposed to 100 µg/L showed a significant increase in ovarian follicle atresia. 
Such effects are considered as indicators for an estrogen agonist mode of action and similar 
effects were observed after exposure to 10 ng/L EE2. 

The sex-ratio at 100µg/L was significantly skewed to females, while aside from the ovo-
testes no abnormalities at 30µg/L were observed. With the endpoint sex- ratio an apical 
endpoint was influenced.  

The mortality in the F1-generation in the control was not affected; the values for viability of 
eggs, hatchability and swim-up success were between 70 and 90 %. The progeny of parents 
exposed to 30µg/L had slightly lower values for hatchability and swim-up success; at 
100µg/L the values were significantly decreased in comparison to the positive control 17α-
ethinylestradiol at 10ng/L.  

Due to high initial mortality in the control, both publications can only be used as supporting 
information with regard to endpoints that might be influenced by an overall reduced fitness. 
As the observed increase in VTG, histological changes as well as the sex-ratio are 
considered endocrine specific it is assumed, that the high mortality does not influence the 
validity of these results.   

Summary:  

Tests available clearly prove an estrogen mode of action. All experiments showed an 
elevated concentration of VTG in males. The lowest concentration for VTG revealed was at 
30µg/L in the fish sexual development test ((Hill and Janz, 2003), by western blot, no 
statistical analysis). In all other tests elevated VTG was observed at 100µg/L.  

Other endpoints indicating the endocrine mode of action are: 

• The impaired gametogenesis described in the two FSDT studies by Lin and Janz 
(2006) and Weber (2003). In both studies the gametogenesis was shifted to younger 
stages of cells in males and females at 100µg/L. Weber conducted no statistical 
evaluation for that endpoint. But Lin and Janz showed that the effect on the 
oogenesis in females at 100µg/L was significant. In males at 10µg/L initial effects on 
testicular development were observed; at 100µg/l only histological females existed. 
In addition in one study ovo-testes were observed by Hill and Janz: At 30µg/l 1 of 20 
fish and at 100µg/l 2 of 20 fish had ovo-testes.  

• The increase of ovarian follicle atresia being significant at 100 µg/L even 180 days 
after the end of exposure (Weber et al, 2003).  

In addition, the endpoint sex ratio was significantly impaired in two sexual development 
tests (Hill and Janz, 2003; Lin and Janz, 2006), with significant effects at 10 µg/L in one 
study (Lin and Janz, 2006) and no or only few males being observed in both studies after 
exposure to 100 µg/L nonylphenol.  

Effects observed on fecundity by (Lin and Janz, 2006; Yang et al., 2006) at 50 and 100 µ/L 
even after exposure has been ceased, fit to the endocrine mode of action.  

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 73

In summary, adult exposure as well as exposure during sexual development resulted in 
clearly endocrine mediated changes on the biomarker and the histological level. Changes in 
sex-ratio (a clear indicator of an estrogen agonist mode of action) as well as changes in 
fecundity fit to these changes. Fecundity was lowered (but not significantly) at 50µg/L, 
while the sex ratio was significantly impaired at 10µg/L.  Thus, with regard to D.rerio, 
exposure to nonylphenol results in clearly endocrine mediated adverse effects, which are 
considered relevant for the population. In comparison to the OECD Guideline 2011 this 
results in the conclusion summarized in Table 24. 

Table 24: Summary of  evidence for endocrine disrupting effects of 4- nonylphenols in 
D.rerio based on the OECD Guidance document (OECD 2011) and overall conclusion. Only 
results from tests with at least reliability 2 were included.   

Test system Number of 
tests 
available 

Indication of 
hormonal 
activity? 

Apical 
endpoints 
positive? 

Indication 
that apical 
endpoints fit 
to mode of 
action 

OECD 
conclusion 

Prolonged 
sexual 
development 
test 

1 
(supported 
by one 
test with 
reliability 
3) 

Yes 

VTG induction: 
LOEC 100µg/L 
(pooled males 
and females) 

Gametogenesis: 
LOEC 100µg/L, 
effect at 10µg/L 
(in males, no 
statistic) 

Indication of ovo-
testes:  at 
30µg/L and 
above 

Ovarian follicle 
atresia: LOEC 
100µg/L 

 

Skewed sex 
ratio: LOEC 
10µg/L 

 

Yes, change 
in sex ratio is 
an indicator 
for estrogen 
mediated 
effects  

Substance 
is almost 
certain an 
endocrine 
disruptor 

Overall 
conclusion 

 Yes,  

Testis-ova, 
gametogenesis, 
ovarian follicle 
atresia and VTG 

Gonadal sex 
ratio, 
(fecundity). 

Yes Substance 
is almost 
certain an 
endocrine 
disruptor 

Rainbow trout: Oncorhynchus mykiss 

For the evaluation of the effects on O. mykiss several tests are available. Three tests can 
roughly be classified as short term screening assays (Harris et al., 2001; Jobling et al., 
1996; Lahnsteiner et al., 2005; Schwaiger et al., 2002) and two tests are similar to the 
OECD fish sexual development test (Ackermann et al., 2002b; Ashfield et al., 1998); in 
addition one extended early life stage test is available (Brooke 1993 from the report 
(U.S.EPA,2005b)). 
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Table 25: Summary of effects of 4-nonylphenols in Oncorhynchus mykiss 

Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / solvent 

Vitellogenin  Histology  Fertility/ 
Fecundit
y  

Sex-
ratio / 
gonad 
histology 

Sex –
ratio / 
phenotyp
ic 

Sec. 
sex 
charac-
teristics  

others  Positive control  Referen
ce  

Reliability 

Modified sexual 
development 
test,  

Exposure: from 
hatch for 35 d, 
post-exposure 
period: 431 d, 

all-female 
population, 

1 - 10 - 30 µg/L (n) 

Flow-through,  

4-tertiary-
nonylphenol, 
mixture of different 
isomers and 
oligomers 

Solvent: Methanol 
(0.0005%) 

      Growth: length, 
weight: NOEC 
1µg/L, LOEC 
10µg/L;  

Increased 
Ovosomatic 
index, 
beginning 
effect: 10µg/L, 
LOEC: 30µg/L  

no (Ashfiel
d et al., 
1998)  

2 

Only 
nominal 

Extended 
sexual 
development 
test Exposure: 
fertilized eggs 
for 1 year 

1.05 - 10.17 µg/L 
(m) 

Flow-through,  

4-nonylphenol, 
98% purity, 
technical grade 

Solvent: DMSO 
(0.001%) 

Hepatic VTG in 
males and 
females:  

NOEC: 
<1.05µg/L; 

LOEC: 
1.05µg/L 

No effect on 
maturity 
stages of 
gonads. No 
testis-ova 
like also in 
the positive 
control.  

  No effect  Zona radiata 
protein in 
males and 
females: 

NOEC: 
1.05µg/L 

LOEC: 
10.17µg/L 

Hatching rate: 
no effect 

Mortality: no 
effect 

Body weight: 
no effects after 
1 year 
exposure 

EE2, Monthly 
injections 
(5µgEE2 pro 
10g bw., from 
6 to 12 
months); no 
effects on 
maturity stages 
of gonads; no 
testis-ova, no 
alteration of 
sex ratio, but 
VTG was 
increased. 

(Acker
mann 
et al., 
2002b)  

2 
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Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / solvent 

Vitellogenin  Histology  Fertility/ 
Fecundit
y  

Sex-
ratio / 
gonad 
histology 

Sex –
ratio / 
phenotyp
ic 

Sec. 
sex 
charac-
teristics  

others  Positive control  Referen
ce  

Reliability 

Early life stage, 
91 day 

6, 10.3, 23.1, 53, 
114µg/L 

flow through 

      High level of 
larval 
abnormalities 
at ≥53µg/L). 

Reduced 
growth (weight 
and length): 
LOEC: 
10.3µg/L, 
NOEC 6µg/L 

Reduced 
survival at the 
end of the test 
LOEC: 
23.1µg/L, 
NOEC: 
10.3µg/L 

No effects on 
time to hatch 
and survival at 
hatch. 

n.a. (Brooke 
1993 
from 
the 
report 
(U.S.EP
A, 
2005b)) 

4 

(only 
summary 
available) 

Modified 
screening assay 
2-year old male 
rainbow trouts,
 

Exposure: 3 
weeks in may 

36.81µg/L (m) 

(Limittest) 

Flow-through 

4-nonylphenol, 
95% 4-substituted 
isomers 

Solvent: Methanol 

LOEC:  

36.81µg/L 

LOEC: 
36.8µg/L 
Spermatogen
esis: cell type 
Spermatogon
ia A was 
significantly 
elevated 

    GSI: LOEC: ≤ 
36.8 µg/L 

 

17α-ethynyl-
estradiol 

2ng/L: 

Effects on 
spermato-
genesis, VTG, 
GSI 

(Jobling 
et al., 
1996)  

2 
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Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / 
solvent 

Vitellogenin  Histology  Fertility
/ 
Fecundi
ty  

Sex-
ratio / 
gonad 
histolog
y  

Sex –
ratio / 
phenoty
pic 

Sec. 
sex 
charac
-
teristic
s  

others  Positive 
control  

Refere
nce  

Reliabilit
y 

Modified 
screening 
assay 2-year 
old male 
rainbow 
trouts, 

Exposure: 3 
weeks in 
August 

0.24 - 1.06 -
1.85 - 5.02 -
20.3 - 54.3 µg/L 
(m) 

Flow-through, 

4-nonylphenol, 
95% 4-
substituted 
isomers 

Solvent: 
Methanol 

NOEC: 
5.02µg/L 

LOEC: 
20.3µg/L 

at 54.3µg/L 
VTG 
increased 
more than 
10'000-fold 

     GSI in males:  

LOEC: 
54.3µg/L 

NOEC: 
20.3µg/L 

(completely 
inhibited 
testicular 
growth at 
54.3µg/L;  
inconstancy in 
dose-
relationship, 
but overall 
effect was 
significant) 

no (Joblin
g et 
al., 
1996)  

2 

Modified 
screening 
assay: 
Exposure of 
adult females: 
18wk during 
early ovarian 
development 
(March - July) 

0.7 - 8.3 -
85.6µg/L (m) 

Flow-through,  

4-nonylphenol, 
99% purity, 
mixture of 
isomers 

Solvent: 

Increased 
plasma VTG:  
NOEC: 
0.7µg/L, 
LOEC: 
8.3µg/L 

     Sign. 
decreased 
GSI: At 
85.6µg/L = 
LOEC ovaries 
of fish had 
not 
developed. 
NOEC =  

No (Harris 
et al., 
2001) 

2 
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methanol 
(0.002%) 

8.3µg/L 

Plasma estrad
iol was 
significantly 
decreased: 
NOEC: 
8.3µg/L  
LOEC: 
85.6µg/L 

At 85.6µg/L: 
Increasing 
mortality over 
the duration 
of the test.  
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Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / solvent 

Vitellogenin  Histology  Fertility/ 
Fecundit
y  

Sex-
ratio / 
gonad 
histology 

Sex –
ratio / 
phenotyp
ic 

Sec. 
sex 
charac-
teristics  

others  Positive control  Referen
ce  

Reliability 

Modified 
reproduction 
assay: 
Exposure of 
adult males: 
60d during 
spermiation 
period (Dec. –
end of Jan.),
subsequent 
exposure of 
eggs for 60d  

0.13 – 0.28 – 0.75 
µg/L (calculated by 
water flow and 
injection rate of 
NP), 

Flow-through,  

4-nonylphenol 

Solvent: DMSO 

  No effect 
on 
fertility 
of 
semen in 
vitro 

   Semen volume 
after 30 
and 60d: 
LOEC: 0.13µg/L
, 
NOEC: <0.13µg
/L 

At 0.75µg/L no 
semen 
available after 
60d of 
exposure (third 
stripping)  

No significant 
effects on 
sperm density 
and motility up 
to 0.28 µg/l 

Mortality: Eyed 
stage embryos, 
hatched larvae, 
yolk sac stage 
larvae: LOEC: 
0.28µg/L, 
NOEC: 
0.13µg/L 

no (Lahnst
einer et 
al., 
2005)  

2 

Concentr
ations 
were only 
calculate
d, not 
measure
d. Eggs 
were 
disinfecte
d with 
formalde
hyde.  
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Life stage/ 
duration  

Conc. / test 
condition / tested 
substance / 
solvent 

Vitellogenin  Histolog
y  

Fertility/ 
Fecundit
y  

Sex-ratio / 
gonad histology  

Sex –
ratio / 
phenotyp
ic 

Sec. 
sex 
charac-
teristics  

others  Positive 
control  

Referen
ce  

Reliabili
ty 

Modified 
screening assay 
with 
subsequent 
maintenance of 
eggs in clear 
water.  

F0-generation: 
Intermittently 
exposure of 
adults (10 day 
per month from 
July to October) 
prior to 
spawning. 
Subsequent 
maintainance of 
Eggs and 
sperms (not 
exposed) until 
sexual maturity 

1.2, 10.4 µg/L 
(m),  

Flow-through 

technical NP, 
which consisted of 
98% NP isomers 
(90% 4-NP, 10% 
2-NP) and 2% 
dinonylphenol 

solvent: ethanol 

 

F0 -generation: 

VTG increased in 
males  

LOEC: 1µg/L 

NOEC: < 1µg/L,  

F1 -generation: 
female offspring, 
age 3 years, 
VTG sign. 
increased: 

LOEC: 10µg/L 

NOEC:  1µg/L,   

   F1 generation 
(without 
exposure):  

23 out of 217 
offspring (all 
males from their 
gross 
morphology) 
from parents 
exposed at 
10µg/L revealed 
histologically to 
be females.  

6 of these 23 
fish had 
spermatogenic 
activity. (no 
data about 
significance) 

 

No effects on 1 
and 10µg/L 
without 
determination of 
gross 
morphology 
before 
examination 

   F1-generation: 

Viability of eggs 
before the eyed-egg 
stage LOEC:1µg/L, 
NOEC:<1µg/L 

No effects on 
mortality between 
eyed-egg stage and 
hatching  

Hatching rate: LOEC: 
10µg/L, NOEC: 1µg/L 

Sexual steroids were 
significantly increased 
at the age of 3 years 
of the progeny:  

Estradiol in males: 
LOEC:10µg/L 

Testosterone in 
females: 
LOEC:10µg/L 

no (Schwai
ger et 
al., 
2002)  

2 
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Juvenile female 
fish 

5 d  

40µg/L, 80µg/L 

flow-through,  

4-nonylphenol, 
mixture of several 
isomers 

      Behaviour: Significant 
effects: Distance to 
other fishes 
increased; more 
aggression directed to 
exposed fish; fish 
obtained fewer food 
pellets. Effects 
increased with 
increased dose 
beginning at 40µg/L.  

No effects on 
swimming speed and 
escape response to 
predator attack. 

17ß-
estradio
l 
0.1µg/L 

No 
effects 
were 
seen.  

(Ward 
et al., 
2006)  

2 
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Fish sexual development and early life stage tests: 

Ashfield et al. (Ashfield et al., 1998) examined the effects on growth and ovosomatic index 
(OSI) during a modified sexual development test with an all-female population of rainbow 
trout. The exposure began at hatch and lasted 35 d; afterwards the fish were kept for 431 d 
in clean water. Significant effects were on growth: The length and weight were reduced at 
10µg/L on day 55 and on day 84 respectively. At 10µg/L the effect on weight was reversed 
until day 466 so that fish were significant heavier than controls. The weight at 30µg/L 
remained significantly lower until day 466. The OSI was significantly increased at 30µg/L = 
LOEC, a NOEC of 10µg/L was determined (a dose response relationship existed with a 
beginning effect at 10µg/L). 

Ackermann et al. (Ackermann et al., 2002b) exposed rainbow trout for one year starting 
with fertilized eggs (extended sexual development test). Only two concentrations were 
used: 1.05 and 10.17µg/L. Hepatic VTG in males and females was elevated at 1.05µg/L = 
LOEC, the NOEC was < 1.05µg/L.  There were no effects on histology and sex- ratio. 
However, at this age the development of fish gonads is in an early stage. Control female 
and male gonads were in the early gonadal growth (females: only early stage oocytes, 
males: only primary and secondary spermatogonia). Effects of estrogen substances usually 
involve the delay of germatogenesis (i.e. reduced percentage of late stages) and such an 
effect may not be observable if control fish had not developed until late stages.   This is 
supported by the positive control 17α-ethinylestradiol (monthly injections of 5µg EE2 per 
10g b.w.) which also showed no effects on histology like testis-ova, maturity stages of 
gonads and sex -ratio. But VTG was significantly increased like in the nonylphenol 
treatment. There were no effects on hatchability or body weight. A 91-day early life-stage 
test was conducted with embryos and fry of the rainbow trout, Oncorhynchus mykiss 
(Brooke 1993 from the report (U.S.EPA, 2005b)). For this test only a well described 
summary from a publication from the U.S. EPA is available. Therefore it can be assessed 
with reliability 4 only. Five nonylphenol exposure concentrations were tested, ranging from 
6.0 to 114 µg/L in the flow-through test. Time to hatch and percent survival at hatch were 
not affected by the nonylphenol concentrations tested; however, nearly all of the larvae 
were abnormal at the two highest exposure concentrations (≥ 53.0 µg/L). At the end of the 
test, survival was significantly reduced at concentrations ≥ 23.1 µg/L.  Growth (both weight 
and length) was a more sensitive chronic endpoint than survival. At the end of the test, the 
fish were significantly shorter (14 %) and weighed less (30 %, dry weight) than control fish 
at nonylphenol concentrations ≥ 10.3 µg/L. Based on growth, the NOEC and LOEC 
determined in this study were 6.0 and ≥ 10.3 µg/L, respectively.  

The effect on growth at 10µg/L is significant only during the development as shown by 
Ashfield (after 55 and 84 day) and Brooke (after 91d). In both cases there were significant 
effects at 10µg/L whereas Ackermann did not determine a significant effect at 10µg/l after 1 
year exposure (no earlier measurement). However after exposure at 30µg/L effects on 
growth remained significantly lower until day 466 although exposure was finished at day 35 
(Ashfield).  

Short term reproduction tests: 

Jobling et al. (Jobling et al., 1996) conducted two modified screening assays with two year 
old male rainbow trout. Exposure lasted in each case for 3 weeks. The first test (a limit test) 
was conducted in May and the second (a dose response study) in August. In the first test 
the distribution of cell types in gonads was determined and revealed effects on 
spermatogenesis. While in most cells spermatogenesis was  at the stage of spermatocyte A 
(a middle stage), gonads of nonylphenol exposed fish at 36.8µg/L were mainly at the stage 
of Spermatogonia A and B (a very early stage) and significantly with regard to 
Spermatogonia A (LOEC 36.8µg/L). Rainbow trout reproduce annually.  Usually in late 
spring  (May) the testes of fish beginn to grow, spermatogenesis starts and the GSI is 
normally rising. In the test in May nonylphenol inhibited growth of testes significantly 
resulting in a significant reduction of the GSI at the end of the test compared to normally 
grown control testes. (LOEC 36.8µg/L).  VTG was significantly elevated at 36.8µg/L (LOEC).  
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The second test was conducted in August when “testicular growth is well underway” (cited 
from Jobling) and again testicular growth was affected. At 54.3µg/L = LOEC the testicular 
growth was completely inhibited, basically indicating that no spermatogenesis occured. A 
dose response relationship was observable (only exception 20.3 µg/L).VTG was affected at 
20.3µg/L and above (NOEC 5.02µg/L). At 54.3µg/L VTG was increased more than 10’000-
fold.  

Harris et al (Harris et al., 2001) conducted a modified screening assay with two year old 
female rainbow trout and exposed them for 18 weeks beginning at the time of early ovarian 
development (May-June). The concentration of VTG in plasma showed a dose related 
increase during the whole experiment: (LOEC 8.3µg/L, NOEC: 0.7µg/L) VTG concentration 
in the highest test concentration (85.6 µg/L) at the end was even higher than usually found 
in female rainbow trouts during ovarian development. According to the authors this could be 
the reason for an increased mortality at 85.6µg/L (about 60% at the end of the test) due to 
an impairment of organ functions. Also other authors observed this effect (e.g. Zha et al. 
2008, Seki et al. 2002). 

Similar to spermatogenesis, oogenesis in rainbow trout usually occurs during summer prior 
to the spawning season and results in a growth of ovaries. Such growth was observed in 
control females (GSI increased from 0.16 to 0.57). However, the ovaries of fish exposed to 
85.6µg/L (= LOEC) had not developed at all since the start of the experiment and no 
increase in GSI was observed.  

As the level of estradiol in the plasma is regulated by the oocytes it is not surprising that 
almost no plasma estradiol was formed at 85.6µg/L (=LOEC, NOEC 8.3µg/L).  

Lahnsteiner et al. (Lahnsteiner et al., 2005) exposed 2 year old male rainbow trout for 60 
days (modified reproduction assay) during the spermiation period (the release of mature 
spermatozoa begins in December, lasts until end of January). Effects on semen volume, 
semen fertility, motility and density were determined.  

No effects on sperm density, sperm motility and sperm fertility were observed up to 0.75 
µg/L (fertility up to 0.28 µg/L as no determination was possible at 0.75µg/L).  

However, effects on the semen volume were observed: The semen volume was determined 
three times by stripping: The first time on the onset of the experiment, the second time 
after 30 weeks, and the last time after 60 weeks. In the control the semen volume had at 
each time approximately the same volume. The semen volume was significantly lower after 
30d  in all test concentrations (LOEC ≤ 0.13 µg/L in a dose- dependent manner. The 
reduction was even more pronounced after 60d.  At 0.75µg/L after 30 days the sperm 
volume was decreased to about half of the beginning value and after 60 days no semen at 
all could be stripped (semen volume = zero).  

In addition to effects on sperm quality and quantity, Lahnsteiner and co-workers 
(Lahnsteiner et al., 2005) examined the influence of 4-nonylphenol on egg and larvae. Eggs 
were fertilized in vitro and exposed for 60d.  There is no explicit information available if the 
parent animals were exposed or not, therefore this part of experiment can be seen as a fish 
early life stage test. The percentage of eyed stage embryos at 0.28 and 0.75µg/L after 30 d 
were slightly but significantly lower than in the controls (LOEC 0.28µg/L, NOEC 0.13µg/L). 
Also the number of hatched larvae and yolk sac stage larvae after 45 and 60d respectively 
were significantly lower at 0.28µg/L = LOEC, NOEC = 0.13µg/L. However, results should be 
used with care as egg incubators were supplied with water from the fish tanks. The eggs 
were regularly disinfected with 4% formaldehyde, as the risk of infection with fungus under 
such conditions is high.  

(Schwaiger et al., 2002) exposed adult rainbow trout at the age of 3 years intermittently 
(10 days per month) over 4 months (July to October) by use of a modified screening assay. 
The concentrations were 1 and 10µg/L. The last exposure was finished just prior to 
spawning. Eggs and sperm of exposed fish were collected, fertilized in vitro and grown up 
until sexual maturity without exposure. Some individuals were maintained until the age of 3 
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years and  blood samples were taken at spawning time to determine VTG and sex steroid 
levels.  

Results: In the F0-generation VTG was significantly increased (approx. tenfold) at 1 and 
10µg/L (NOEC: <1µg/L, LOEC: 1µg/L, p<0.001). In the F1-generation the male offspring 
from parents exposed to 10µg/L did not differ significantly from the control regarding the 
plasma VTG level, but the female offspring showed significantly higher levels of VTG (NOEC: 
1µg/L, LOEC: 10µg/L, p<0.05). The whole hormone system in the offspring seemed to be 
confused as the females showed a 13-fold higher value of testosterone content than 
controls and the estradiol in males was 2.3-fold higher than in controls. Both values were 
significant (LOEC: 10µg/L, p<0.01, no measurements at 1µg/L). In the F1-generation the 
viability of eggs before the eyed-egg stage was reduced (LOEC 1µg/L). No effects on 
mortality were seen between eyed-egg stage and hatching. But also the hatching rate was 
impaired at 10µg/L (LOEC). A group of 217 offspring of exposed parents (10µg/L) which 
from their gross morphology appeared to be male were checked for the occurrence of 
intersex gonads. Thereof 23 fish (11%) proved histologically to be females. 6 of these 23 
‘females’ revealed spermatogenic activity as indicated by the presence of spermatocysts 
containing either spermatocytes or spermatids within otherwise normal ovarian tissue. The 
occurrence of masculinisation may be seen in connection with the confused hormone system 
in the offspring described above. This effect was observed in this group only (with 
determination of gross morphology before histological examination). In another group of 
offspring with males and females from parents exposed to 10µg/L (and 1 group from 
parents exposed at 1µg/L) no effects on sex-ratio and maturation stage of germ cells were 
determined.  

(Ward et al., 2006) exposed juvenile female rainbow trout for 5 days to 40 and 80µg/L 
nonylphenol. Behaviour of fish was examined. Effects started at 40µg/L (e.g. increased 
distance to other fish, reduced capability to obtain food pellets). Swimming speed and 
escape response were not affected. The positive control 17ß-estradiol did not show effects. 
According to the authors effects do not appear to be related to the estrogenic potential of 
nonylphenol but rather due to olfactory cues that underlie social behaviour in fishes.  

Summary: 

The studies revealed effects of 4-nonylphenols on endpoints indicative for an estrogen mode 
of action as well as on apical endpoints.  

An indicative endpoint is the increasing concentration of VTG. This was examined in 4  tests 
(3 screening or reproduction assays and 1 development test).  Vitellogenin induction was 
observed in all tests with LOEC values in the range from 1 µg/L to 36.81µg/L.  Results by 
Schwaiger et al (Schwaiger et al., 2002) showed that the vitellogenin level is increased even 
in adult fish if only their parents were exposed (LOEC 10 µg/L). Similarly, this holds true 
with regard to changes of estradiol and testosterone level observed in that test. A further 
endpoint substantiating an estrogen mode of action is the effect on spermatogenesis 
observed in a screening assay by Jobling et al.  (Jobling et al., 1996) at 36.8 µg/L and the 
inhibition of testicular growth (measured as GSI) at 54 µg/L. Thus study results clearly 
indicate 4-nonylphenols induced endocrine activity in O.mykiss.  

No apical endpoints which are clearly endocrine mediated (i.e. effects on sex-ratio) were 
examined. Results by Ackermann et al. (Ackermann et al., 2002b) which found induced 
vitellogenin but no effects on gonads and sex-ratio should not be considered as an indicator 
that estrogen activity does not result in adverse effects as the lack of effects could be due 
to the fact that fish were not mature enough at the end of the test to detect such effects.  

However, apical effects observed by Ashfield et al. (Ashfield et al., 1998) and Brooke et al. 
1993 such as reduced growth and impaired development- with an high level of larval 
abnormalities (LOEC 10 and 53 µg/L respectively) fit to the endocrine mode of action. 
Reproduction was not assessed in any of these tests. But effects observed by Jobling et al 
(Jobling et al., 1996) with regard to testicular growth should be considered as strong 
evidence for an impaired reproduction. Testicular growth during the annual sperm 
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production period (August) was totally inhibited at 54 µg/L indicating, that males did not 
produce sperms. This is in line with a delayed spermatogenesis observed early in the year 
by the same author and results by Lahnsteiner and co-workers. (Lahnsteiner et al., 2005) 
who found a reduction in the total sperm number. Similar holds true for effects observed by 
Harris and colleagues. (Harris et al., 2001) who found ovaries did not develop at all after 
exposure to 85.6 µg/L based on GSI during oocyte production (March-July). Again, total 
inhibition of oocyte germination is considered to be a strong evidence for impaired 
reproduction. Induction of vitellogenin and estradiol provide some evidence that the effect is 
endocrine mediated. However, due to high mortality at this concentration it can not be 
excluded that reduced ovarian growth was a result of a reduced overall fitness. Results 
observed by Lahnsteiner and co-workers (Lahnsteiner et al., 2005) provide some indication 
that effects on reproduction may occur at  much lower concentration. The semen volume 
was significantly reduced after exposure to 0.75 µg/L with the effect that no semen was 
available for a third stripping. The biological relevance of such effects is unclear. However, 
as no real reproduction data are available, effects should be considered in the overall 
assessment.   

In summary the observed elevated concentration of VTG is an indicative endpoint, that is 
unambiguously caused by an endocrine mode of action and the apical endpoints semen 
production and development of ovaries are relevant for the viability of the population. 
Effects observed on growth and development are known to be estrogen sensitive (growth 
and abnormal development). Results by two tests show that adverse effects which are 
considered endocrine sensitive start at 10 µg/L (LOEC). All in all the results give clear 
indications for an endocrine mediated mode of action of the 4-nonylphenols and subsequent 
adverse effects. 

Table 26: Summary of evidence of endocrine disrupting effects of 4 -nonylphenols in 
O.mykiss based on the OECD Guidance document (OECD 2011) and overall conclusion. 
Results from tests with reliability less than 2 were clearly indicated.   

Test system Number of 
tests 
available 

Indication of 
hormonal activity? 

Apical endpoints 
positive? 

Indication 
that apical 
endpoints fit 
to mode of 
action 

OECD 
conclusion 

Sexual 
development 
test 

1 Yes 

LOEC = 1.05µg/L 
(VTG) 

 

No effects on 
hatching rate, 
mortality and 
growth up to 10 
µg/L (measured 
after 1 year 
only). 

 

Extended ELS 
and ELS 

 

1 Extended 
ELS 
(reliability 2) 

1  ELS 
(reliability 4) 

No information 

 

Yes,  

10µg/l in both 
tests (growth) 

Yes, growth 
is a known 
endpoint of 
an endocrine 
mode of 
action 

Strong 
evidence that 
the substance 
is an  
endocrine 
disruptor  

Reproduction 
assay partly 
modified with 
subsequent 
maintenance 
of eggs in 
clean water) 

5 

 

Yes 

LOEC= 1 – 38.8 
µg/L (VTG, 3 
tests) 

VTG (F1-
generation) LOEC 
10µg/L (without 
exposure) 

Yes, 

L 

F1: Viability of 
eggs LOEC 
1µg/L and 
Hatching rate 
LOEC 10µg/L 
(without 

F1: Viability 
of eggs and 
hatching rate 
likely to be 
endocrine 
mediated. 

Strong 
evidence that 
the substance 
is an  
endocrine 
disruptor.  
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Sexual steroids in 
F1-generation 
LOEC 10µg/L 

Inhibition of 
Spermatogenesis 
LOEC= 36.81 – 54 
µg/L 

Non developed 
ovaries LOEC 
85.6µg/ 

exposure of 
eggs) 

 

Overall 
conclusion 

 Yes,  

VTG 

Inhibition of 
Spermatogenesis 

Yes 

Growth, 
developing of 
ovaries, 
sexual 
steroids in the 
F1-generation 

Yes Strong 
evidence 
that the 
substance is 
an 
endocrine 
disruptor. 

 

Comparision with 4-tert-octylphenol: 

Both 4-nonylphenol and 4-t-octylphenol showed effects on the indicative endpoints 
vitellogenin level, spermatogenesis was skewed to younger cell stages and reduced growth. 

Test system Number of 
tests 
available 

Indication of 
hormonal activity? 

Apical 
endpoints 
positive? 

Indication 
that apical 
endpoints fit 
to mode of 
action 

OECD 
conclusion 

Overall 
conclusion for 
4-t-
octylphenol 

 

2 
reproduction 
assays 

1 extended 
ELS 

Yes,. 

LOEC 4.8 µg/L 
(VTG, adult males) 

LOEC ≤ 39µg/L 
(increased 
percentage of early 
sperm stages 
(spermatogonia)) 

Yes,  

LOEC 11µg/L 
(reduced 
growth ELS)  

Some indication 
that effects 
might start at ≤ 
1µg/L (no dose 
response) 

Yes, growth 
is a known 
endpoint of 
an endocrine 
mode of 
action 

Strong 
evidence that 
the substance 
is a possible 
endocrine 
disruptor 

Viviparous fish species 

Tests are available for three viviparous fish of the family Poeciliidae (Poecilia reticulata, 
Xiphophorus helleri and Gambusia holbrooki): 

Two assays for Poecilia reticulata (adult males and a sexual development test with following 
reproduction period; (Cardinali et al., 2004; Li and Wang, 2005)), one for Gambusia 
holbrooki (sexual development, (Drèze et al., 2000)) and two for Xiphophorus helleri 
(juvenile growth test and short term test (Kwak et al., 2001)). Tests include endocrine 
biomarkers as well as apical endpoints. 
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Table 27: Summary of effects of 4-nonylphenols in viviparous fish 

Life stage/ 
duration  

Concentration / test 
condition / tested 
substance / solvent 

Vitellogenin  Histology  Fertility/ 
Fecundity  

Sex-ratio 
/ gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
charac-
teristics  

others  Positive 
control  

Reference  reliability  

Poecilia 
reticulata 

Exposure 
from 5 days 
after birth for 
90d.  

Reproduction 
period without 
exposure for 
5 months.  

Crosswise 
experiments 
(control fish 
with treated 
fish). 

100µg/L (n), Limit test,  

semi-static, 100% water 
weekly changed 

Nonylphenol; mixture of 
isomers with differently 
branched nonyl side 
chains, contains approx. 
85%  p-isomers. Major 
impurities are 2-
nonylphenol (o-isomers), 
dodecylphenol, 
dinonylphenol, which 
together comprise 
approx. 10 % of NP-
mixture. 

Solvent: ethanol 
(<0.1mL/L) 

Solvent control existed, 
but no normal water 
control. 

Hepatic VTG 
expression 
was 
significant 
elevated in 
both females 
and males  

LOEC: 
100µg/L 

 

   Sex-ratio 
skewed to 
females 
(based on 
secondary 
sexual 
characterist
ic):  

29: 71 
(m:f) 
compared 
to 46:54 
(m:f) in 
controls 

(no 
statistics) 

See sex 
ratio. 

Delayed appearance 
of offspring after 
exposure of males 
(at month 8 
compared to month 
5 in controls) 

Delay in appearance 
of sexual behavior  
(approach to females 
and sigmoid display). 
(No statistic).  

GSI significant 
decreased in males 
and increased in 
females. No effects 
on mortality. 

No 

 

(Cardinali 
et al., 
2004)  

2 
(nominal, 
only one 
concentrati
on, semi-
static, 
100% 
water 
weekly 
changed) 

Poecilia 
reticulata 

Adult males 
exposed 21 d  

10, 60, 150µg/L (n) 

Semi static (renewal of 
water three times a 
week) 

4-nonylphenol 

Solvent: Acetone 
(30ppm), Solvent control 
existed but no normal 
water control 

 

LOEC 
increased 
Plasma VTG 
= 10µg/L  

     GSI was decreased 
in all treatments but 
only at 60µg/L after 
14 d sign.  

Mortality: At 60µg/L: 
29% after 21 d, at 
150µg/L: 33% after 
14 d, otherwise < 
20% 

17β-
estradiol 
(1µg/L) 

Sign. 
induction 
of VTG 

GSI 
sign. 
decrease
d after 
14 d 

Mortality

(Li and 
Wang, 
2005) 

2 
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: 29% 
after 7 d 

Life stage/ 
duration  

Concentration / test 
condition / tested 
substance / solvent 

Vitellogenin  Histology  Fertility/ 
Fecundity  

Sex-ratio 
/ gonad 
histology  

Sex –ratio / 
phenotypic 

Sec. sex 
charac-
teristics  

others  Positive 
control  

Reference  reliability  

Mosquito-fish 
(Gambusia 
holbrooki) 

3 days old 

75 d exposure 

0.5; 5; 50µg/L (n) 

Semi-static 

4-nonylphenol, consisted 
of 85% p-isomers 

Solvent: ethanol (10 
ppm) 

Solvent control existed 

 Oocytes:  
50µg/L: only 
females with 
oocytes in the late 
perinucleolus stage; 
no other stages 
existed (no 
statistics).  

Number of fish with 
male gonads 
decreased with 
increasing 
concentration;  

Fish with atrophied 
gonads increased 
with increasing 
concentration;  
0.5µg/L: 5%  
5µg/L: 18%  
50µg/L: 31% (no 
fish with male 
gonads). 

 50µg/L: 
no 
histologic
al males, 
females 
with 
small 
gonads 
and 
individual
s with 
small 
undiffere
ntiated 
gonads 

Sex-ratio on 
the basis of 
male anal 
fin:  

NOEC 
5µg/L, LOEC 
50µg/L;  

at 50µg/L:   
only 
females (no 
fish with 
gonopodium
) 

Partially 
developed 
gonopodiu
m:  

At 
0.5µg/L: 
5% 

At 5µg/L: 
18% 

At 50µg/L 
no fish 
with 
gonopodiu
m existed. 

 

Sign. effects on 
length and weight  

LOEC females 5  
µg/L,  

LOEC males 0.5 µg/L 

individuals with 
atrophied gonad and 
partially developed 
gonopodium were 
smaller than fully 
developed males 
from the same group  

no (Drèze et 
al., 2000) 

2 (nominal 
concentrat
ions) 
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Life stage/ 
duration  

Concentration/ test 
condition/ tested 
substance/ solvent 

Vitellogenin  Histology  Fertility/ 
Fecundity  

Sex-ratio / 
gonad 
histology  

Sex –ratio 
/ 
phenotypic 

Sec. sex 
charac-
teristics  

others  Positive 
control  

Reference  reliability  

Xiphophorus 
helleri 

30 day-old 
juvenile male 
fish 

60 d 

1.experiment:  

0.2 ; 2 ; 20 µg/l (n) 

Static, 

Nonylphenol,  

Solvent: ethanol 

     Sword 
growth 
LOEC 
0.2µg/L  

  (Kwak et al., 
2001)  

3 (static and 
nominal) 

Xiphophorus 
helleri 

adult male 
fish 

3 d 

2. experiment 

4; 20; 100µg/L 

Semistatic,  

Nonylphenol, 

Solvent: ethanol 

 

Increasing 
hepatic VTG 
production in all 
concentrations; 
no statistics)  

Increasing 
apoptotic 
changes in the 
testes  at 4µg/L 
; many apoptotic 
cells at 100µg/L 
(no statistics) 

At 100µg/l:  
testicular 
degeneration 
with 
multinucleated 
cells. 

      (Kwak et al., 
2001)  

3  

(miss-
leading 
information 
on 
concentratio
n, nominal) 
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Poecilia reticulata 

(Li and Wang, 2005) exposed adult male Poecilia reticulata for 21 days. At 10µg/L plasma 
VTG was significantly elevated. Mortality occurred at 60 and 150µg/L (29% after 21 days 
and 33% after 14 days respectively), and also in the positive control at 1µg/L 17ß-estradiol 
(29% after 7 days). During the fish sexual development test conducted by (Cardinali et al., 
2004) Poecilia reticulata were exposed after birth for 90 day to a limit concentration of 
100µg/L (nominal). Afterwards a reproduction period without exposure with cross wise 
paired fish (control fish with treated fish) was performed for 5 months.  

The VTG expression in the liver determined after 90 days of exposure was significantly 
elevated in both sexes compared with controls. At the end of the exposure period, when fish 
attained sexual maturity sex- ratio was determined based on the secondary sexual 
characteristics male anal fin (gonopodium) and pigmentation. In the control group a 
balanced sex ratio of 46 male to 54 females existed while the sex-ratio in the treatment 
group was skewed to females: 29 males to 71 females (no statistics performed). In the 
following reproduction period behaviour and reproduction were monitored. Exposed male 
fish showed significant effects as these males did not approach females and did not assume 
sigmoid display. The display of normal courtship behavior was delayed for 3 months 
compared with controls. This result matches with the time of first appearance of progeny. In 
the control group as well as in the group with exposed females and control males progeny 
appeared in the 5th month. In the group with exposed males progeny did not appear until 
the 8th month. 

In summary, induction of vitellogenin as well as the sex-ratio skewed to females clearly 
indicates an estrogen mode of action for P. reticulata. Significant apical population relevant 
effects fit to this mode of action (sex-ratio, behavior, first appearance of progeny).  

- Gambusia holbrooki 

(Drèze et al., 2000) exposed three days old Mosquitofish (Gambusia holbrooki) for 75 days. 
Treatment was stopped when the modified anal fin of males (gonopodium) appeared in 
control males. Fish were measured; sex- ratio was analyzed by secondary sexual 
characteristics (appearance of gonopodium) and gonads (primary sexual characteristic). 
Oocytes were classified in five developmental stages (according the modified method 
described by (Koya et al., 1998) 

The determination of secondary sexual characteristics revealed a significant impact on the 
sex ratio at 50µg/L: No fish with gonopodium and thus no phenotypic males existed at this 
concentration. At 0.5 and 5µg/l fish with only partially developed gonopodium were 
observed (5 and 18% respectively). These results match with the results of the primary 
sexual characteristics. At 50µg/L no males were observed. Females had small ovaries; and 
individuals with small undifferentiated gonads (atrophied gonads) were identified 
(statistically not significant). The same fish with partially developed gonopodium showed 
also atrophied gonads.  

 No spermatozoa were found in individuals with atrophied gonad and partially developed 
gonopodium at 0.5 and 5 µg/L.  

The oocyte development stages at 0.5 and 5 µg/L were similar to control females where all 
stages described by Koya were found. But at 50µg/L the late perinucleolus stage (a very 
early oocyte development stage) was the only stage found. Such changes in oocytes 
development stages are indicative for an estrogen mode of action according to OECD 123 
(2010). Growth was impaired too: At 0.5 and 5µg/l the length and weight of males was 
significantly decreased with the individuals with atrophied gonads being smaller than fully 
developed males. At 5 and 50µg/L length and weight of females was significantly decreased. 
Although such effects cannot be considered as clearly endocrine mediated effects, in 
connection with the other effects it seems likely that they are influenced by the endocrine 
mode of action.  
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In summary, for Gambusia holbrooki indications are available that proves an endocrine 
mode of action (gonadal histology in males and females) and population relevant effects 
(skewed phenotypic sex-ratio, only females at 50µg/L).  

- Xiphophorus hellerie (swordtail) 

A short-term test conducted by (Kwak et al., 2001) is described. He exposed adult male 
Xiphophorus helleri for 3 days up to 20 µg/L. Increasing hepatic VTG production was 
detected in all concentrations. Furthermore histological changes were determined: Apoptotic 
changes in the testes began at 4 µg/L and at 100µg/l an increase of apoptotic cells was 
seen. Also at 100µg/L testicular degeneration with multinucleated cells (a sign of 
degeneration in testes according to OECD 123) was described.  

In a long-term test over 60 days Kwak et al. (2001) exposed juvenile (30 day old) 
Xiphophorus hellerie. Normally male swordtails show a long fin - the “sword” as secondary 
sexual characteristic. The sword growth was inhibited in a concentration-dependent manner 
beginning at 0.2µg/L. At 20µg/L almost no sword growth was seen.  

In summary, increased vitellogenin level as well as changes in secondary sex-characteristics 
clearly indicates an endocrine mode of action in X. hellerie. Based on available tests, apical 
effect concentrations are not available.  

Table 28: Summary of effects of 4- nonylphenols in the viviparous fish Poecilia reticulata, 
Gambusia holbrooki, Xiphophorus helleri based on the OECD Guidance document (OECD 
2011) and overall conclusion. Results from tests with reliability less than 2 were clearly 
indicated.   

Test sytem Number of 
tests 
available 

Indication of 
hormonal 
activity? 

Apical 
endpoints 
positive? 

Indication that 
apical 
endpoints fit to 
mode of action 

OECD 
conclusion 

Sexual 
development 
test (one test 
with juvenile 
male fish) 

2 Yes, 

LOEC = 50µg/L 
(change in 
gonadal staging 
in females) 

Depression of 
secondary 
sexual 
characteristic in 
males affected 
at 20µg/L 
(some 
indication of 
effects starting 
at 0.2 µg/L but 
reliable 3) 

Yes,  

LOEC 50µg/L 
(Sex ratio) 

 

 

Yes, changes in 
sex ratio as 
known effect of 
estrogens 

Substance is 
almost 
certain an 
actual 
endocrine 
disruptor  

Sexual 
development 
test with 
following 
reproduction 
period 

1 LOEC  = 
100µg/L (VTG, 
limit test) 

 

Yes,  

Sex ratio 
affected at 
100µg/L 

Display of 
normal 
courtship 
behavior and 

Yes, changes in 
sex ratio as 
known effect of 
estrogens, as 
well as 
courtship 
behavior and 
time to hatch 

Substance  
is almost 
certain an 
actual 
endocrine 
disruptor 
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time to hatch 
delayed for 3 
months at 
100µg/L 

Modified 
screening 
assay with 
adult males 

1 Yes,  

LOEC  = 10µg/L 
(VTG) 

 

  Strong 
evidence 
that the 
substance is 
a possible 
endocrine 
disruptor (in 
vivo 
endocrine 
activity)  

Overall 
conclusion 

 Yes, VTG and 
change in 
gonadal staging 
in females 

Yes, effects on 
sex-ratio, 
courtship 
behavior, time 
to hatch 

Yes Substance is 
almost 
certain an 
actual 
endocrine 
disruptor 

 

Comparison with 4-tert-octylphenol: 

Data for 4-tert-octylphenol are available only for P.reticulata. They confirm an increase of 
vitellogenin and showed effects on the gonadal staging which were not monitored for 4-
nonylphenol. 

Test sytem Number of 
tests 
available 

Indication of 
hormonal 
activity? 

Apical 
endpoints 
positive? 

Indication that 
apical 
endpoints fit to 
mode of action 

OECD 
conclusion 

Overall 
conclusion for  
4-t-
octylphenol 

Poecilia 
reticulata 

4 short term 
screening 
tests 

1 partial life 
cycle 

Yes, 

No VTG 
measurement, 
some indication 
of reduced 
number of 
oocytes 
(change in 
female gonadal 
staging) at 1.7 
µg/L and above 

Yes, 

some indication 
of reduced 
number of 
mature oocytes 
and embryos at 
1.7 µg/L and 
above (no 
statistics) 

Yes, 

changes in 
female gonadal 
staging fit the 
reduced 
number of 
mature oocytes 
and embryos 

Evidence for 
in vivo 
endocrine 
activity with 
potential 
adverse 
effects (but 
based on 
tests 
without 
statistics) 

 

Other fish species 

The effects of 4-nonylphenols in two different fish species (Chinese rare minnows – 
Gobiocypris rarus and Silver Carp – Carassius auratus) are described in the following:  

For Gobiocypris rarus a reproduction assay and for Carrassius auratus an experiment with 
adult male fish is available. Both studies are assessed with Klimisch 2. The experiments give 
indications for an estrogen mode of action.  
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Table 29: Summary of effects of 4-nonylphenols in other species 

Life stage/ 
duration  

Concentration / test 
condition / tested 
substance / solvent 

Vitellogenin Histology  Fertility/ 
Fecundity  

Sex-ratio 
/ gonad 
histology  

Sex –
ratio / 
phenot
ypic 

Sec. 
sex 
charac
-
teristi
cs  

others  Positive control  Referenc
e  

reliabili
ty  

Rare minnows 
(Gobiocypris 
rarus) 

Reproduction 
assay 

Adults, age 9 
months, 
pairwise 
exposure for 
21 d,  

 

4.52 ; 9.13 ; 18.53  
µg/L (m), 

Flow-through, 

4-nonylphenol, technical 
grade, consisted of 98% 
NP isomers (90% 4-NP, 
10% 2-NP) and 2% 
dinonylphenol. 

Solvent: acetone 
(<0.01%), solvent 
control existed 

Plasma-VTG 
increased in 
males:  

NOEC 
<5µg/L,  

LOEC 5µg/L 

Testis-ova: 

LOEC: 18µg/L,  

Lesions in liver: 
LOEC 9µg/L, 
Lesions in 
kidneys: LOEC 
5µg/L,  

Males: In liver 
and kidney tissues 
eosinophilic 
material 
accumulated at 
18µg/L NP 
(probably VTG 
produced under 
estrogenic 
stimulation).  

No 
significant 
effects 

    17α-estradiol, EE2, 
4ng/L,  

Effects: increased 
VTG, Fertilisation 
rate, number of 
eggs, Histology: 
Lesions in liver and 
kidneys.  

In males: 
Eosinophilic material 
accumulated in 
hepatic tissue. 

 

(Zha et 
al., 
2008)  

2 

Carassius 
auratus 
(silver carp) 

Sex: male 

Age: 2 – 3 
years 

21 d 

1, 10, 100µg/L (n),  
Values immediately 
after  spiking 60 – 80% 
of nominal; 
1.39, 8.57, 64.5µg/L 
(initial, per water 
exchange); 
 (NP in controls:  
0.21 – 0.31 µg/L) 
 
Semistatic, water 
exchange every 48 h 
 

 Hypertrophic 
leydig cells  

Broken 
spermatogenic 
cysts,  

Increased number 
of sertoli cells,  

 

    Serum 
steroid 
hormone
s Estrone 
and 17ß-
estradiol 
significan
t 
elevated, 
LOEC 
10µg/L 

Testoster

Diethylstilbestrol 
(10µg/L) 

Estrone and 17ß-
estradiol significant 
elevated,  

Testosterone 
significant 
decreased  

Hypertrophic leydig 

(Yang et 
al., 
2008)  

2 
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Nonylphenol, technical 
grade, t-NP 
 
Solvent: methanol, 
(0.01%) 
 
Solvent control existed. 

one 
significan
t 
decrease
d LOEC 
10µg/L 

cells 

Broken 
spermatogenic 
cysts,  

Increased number 
of sertoli cells 
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Gobiocypris rarus 

(Zha et al., 2008) exposed adult fish (age 9 months) pair wise for 21 days. At the end of 
exposure plasma VTG in males was considerably increased at the lowest concentration 
(LOEC =5µg/L). No effects were seen in females. Further indications for an endocrine mode 
of action are testis-ova. At 9µg/L one of 8 male fish had testis-ova. At 18µg/L three out of 8 
male fish had testis-ova (LOEC = 18µg/L). No significant effects on reproduction (fertility) 
were observed up to 18µg/L. 

Carassius auratus 

(Yang et al., 2008) conducted an assay with male silver carp of the age 2 – 3 years. In the 
controls were also measurable concentrations of nonylphenol. As this was very low (0.21 – 
0.31µg/L), the serum steroid hormones showed a notable difference between controls and 
treatments and as there appeared to be no effects on histology it is deemed to be of no 
relevance. Histological examination was conducted after exposure for 21 d. The structure of 
testes was severely degenerated when exposed to 100µg/L NP. Effects observed were 
similar to those observed after exposure to 10µg/L Diethylstilbestrol. Leydig cells were 
slightly hypertrophic. According to the OECD Guidance on the diagnosis of endocrine related 
histopathology in fish gonads hypertrophic leydig cells are diagnostic for histopathological 
changes following estrogen exposure in fathead minnow, medaka and zebrafish (OECD 
123).  

Furthermore serum steroid hormones were affected: Estrone and 17ß-estradiol were 
significantly elevated and testosterone was significantly decreased after 3 weeks exposure. 
All effects were dose dependent and the LOEC was 10 µg/L in all cases. The positive control 
diethylstilbestrol (10µg/L) induced the same significant effects.  

Summary:  

Tests for both fish species show that exposure to 4-nonylphenols results in in vivo endocrine 
activity in these species in the low µg/L range. The observed induction of vitellogenin as 
well as the induction of testis-ova in male Gobiocypris rarus, are clear indicators for an 
estrogen mode of action. The induction of hypertrophic leydig cells in C. auratus provide 
evidence for an endocrine mode of action. Due to the lack of information about apical 
endpoints it is not possible to conclude about adverse effects as a result of this endocrine 
activity. With regard to Gobiocypris rarus, no change in fertility was observed up to 18 µg/L. 
However, this does not exclude effects at higher concentrations. Based on experience with 
other fish species, it seems likely that 4-nonylphenols will impair reproduction in these two 
species.   

Table 30: Summary of evidence for endocrine disrupting effects of 4- nonylphenols in 
G.rarus and C. auratus based on the OECD Guidance document (OECD 2011) and overall 
conclusion. Only results from tests with reliability 2 and above are summarized.   

Test system Number 
of tests 
available 

Indication of 
hormonal 
activity? 

Apical endpoints positive? Indication that 
apical endpoints 
fit to mode of 
action 

OECD 
conclusion 

Reproduction 
assay 

(Gobiocypris 
rarus) 

1  

 

Yes 

LOEC=5µg/L 
(VTG) 

Testis-ova 

LOEC = 
18µg/L  

No (low concentration)  Strong 
evidence 
that the 
substance 
is a 
possible 
endocrine 
disruptor 
(in vivo 
endocrine 
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activity)  

Assay with 
male adult 
fish 

(Carrassius 
auratus) 

 Hypertrophic 
leydig cells 
(no 
statistics) 

Sexual 
hormones 
(17ß-
estradiol 
and estrone 
elevated; 
testosterone 
decreased) 

  Strong 
evidence 
that the 
substance 
is a 
possible 
endocrine 
disruptor 
(in vivo 
endocrine 
activity 
based on 
histological 
findings) 

Overall 
conclusion 

 Yes,  

Testis-ova 
and VTG 

  Strong 
evidence 
that the 
substance 
is a 
possible 
endocrine 
disruptor  

 

Overall summary for fishes 

Overall indication of estrogen activity was observed in all fish species tested. Estrogen 
activity started at the concentration of 1µg/L (O.mykiss) with respect to increased 
vitellogenin and between 11.6µg/L (O.latipes, testis-ova) and 36.8µg/L (O.mykiss, sperm 
stages) with respect to histological changes.  

In three species (O.latipes, P.reticulata, D.rerio) observed effects on apical endpoints are 
very likely to be estrogen mediated. In one another species (O.mykiss) and the viviparous 
fish there is strong evidence for endocrine mediated apical endpoints.  

In summary results show that 4-nonylphenols act as endocrine disruptors in all fish species 
tested. Clearly endocrine mediated effects start between 1.05µg/L (O.mykiss) and 15µg/L 
(P.promelas). 

Table 31: Summary over all fish species tested 

Test sytem Indication of 
hormonal 
activity? 

Apical endpoints positive? Indication that 
apical endpoints 
fit to mode of 
action 

Conclusion 

O. latipes 
(FLC) 

Yes,  

Testis-ova LOEC 
11.6µ/L 

VTG LOEC 
5.4µg/L 

 

Yes, 

Phenotypic sex ratio LOEC 
23.5µg/L,  

Sex ratio based on gonadal 
histology in F1 generation 
17.7µg/L 

fecundity and fertility LOEC 
61.2µg/L 

Yes Substance is 
an actual 
endocrine 
disruptor 

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 96

P.promelas 
(Reproduction 
assay)  

Yes, VTG LOEC 
15µg/L; 
Secondary 
sexual 
characteristics 
71µ/L 

Yes,  

effects on fecundity LOEC 
71µg/L, (almost complete 
inhibition at 3.4µg/L but not 
significant) 

  

behavior (LOEC 0.25µg/L) 

Yes Strong 
evidenced 
that the 
substance is 
an actual 
endocrine 
disruptor 

D. rerio 
(FSDT) 

Yes,  

Testis-ova 
30µg/L, 
gametogenesis 
100µg/L, ovarian 
follicle atresia 
and VTG 
100µg/L 

Yes,  

Gonadal sex ratio LOEC 
10µg/L,  

(fecundity). 

Yes Substance is 
almost 
certain an 
actual 
endocrine 
disruptor 

O.mykiss 
(modified 
FSDT) 

Yes,  

VTG LOEC 
1.05µg/L 

Inhibition of 
Spermatogenesis 
LOEC 36.81µg 

Yes, 

Growth LOEC 10µg/L,  

developing of ovaries LOEC 
85.6µ/L,  

sexual steroids in the F1-
generation LOEC 10µg/L 

Yes Strong 
evidence 
that the 
substance is 
an 
endocrine 
disruptor. 

Viviparous 
fish (FSDT) 

Yes,  

VTG LOEC 
10µg/L  

change in 
gonadal staging 
in females 
50µg/L 

Yes,  

effects on sex-ratio LOEC 
50µg/L,  

courtship behavior 100µg/L,  

time to hatch delayed for 3 
months 100µg/L 

Yes Substance is 
almost 
certain an 
actual 
endocrine 
disruptor 

5.1.2.4 Amphibians  

In this chapter information about the potential endocrine mode(s) of action of 4-
nonylphenols in amphibians (only anurans) is summarized, as far as available.  

While in fishes estrogen-, and/or androgen-mediated effects are the most commonly 
assessed modes of action, in amphibians impact on the thyroid activity is a known potent 
endocrine mode of action which is linked to the thyroid-dependent process of amphibian 
metamorphosis.. 

According to the OECD guideline (231) for the amphibian metamorphosis assay (OECD, 
2009a), the following effects indicate a thyroid mode of action: 

- Advanced development (according to development stages or hind limb length) 

- Asynchronous development 
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- Remarkable histological effects 

Delay in development may be induced by a thyroid antagonistic mode of action, but could 
also be influenced by systemic toxicity. Thus, this parameter should be regarded as 
indicative for an endocrine mode of action only, if no systemic toxicity (reduced growth, 
mortality) is observable. Similarly, increased body weight is often observed for substances 
negatively affecting normal development but should not be used alone. 

In order to identify whether or not 4-nonylphenols induce also estrogen-like effects in 
amphibians, the effects observed are compared to effects observed after exposure to 17ß-
estradiol (E2). 

Although, no specific guidance is available on how to identify estrogen-mediated effects and 
knowledge of vertebrate steroid hormones and their role in normal development and 
reproduction in non-mammalians is scarce (OECD, 2008b; U.S.EPA, 2005a) effects of E2 
and/or 17 α-ethinylestradiol (EE2) on larval gonadal sex differentiation and sex -ratio of 
several frog and toad species were shown in a number of studies summarized by 
(Kortenkamp et al., 2012).  

To illustrate estrogen- mediated effects relevant studies with the African clawed frog 
Xenopus laevis are summarized as examples: In a study by (Hu et al., 2008) fertilized eggs 
embryos were exposed 1-100 µgE2/L  through metamorphosis and could develop in 
untreated media for 2 months after metamorphosis. Compared to controls, intersex gonads 
(11%) occurred and sex ratio skewed towards females at the lowest concentration (1 µg 
E2/L with an increase to 99% females at 10 µg E2/l, (Sharma and Patino, 2010) used a 
similar design to study the effects of E2 on gonad structure and metamorphosis. Compared 
to controls 1 ug E2/l (nominal) enhanced intersex gonads (10%) and sex- ratio significantly 
skewed towards females. This confirms the findings of (Hu et al., 2008) that about half of 
would-be  genetic males appeared to be partially or fully sex reversed by exposure to 1 
ug/L E2. 

(Gyllenhammar et al., 2009) examined the effects of EE2 on the related frog species 
Silurana (Xenopus) tropicalis. Exposure of tadpoles to 1,8 ng EE2/L was shown to lead to a 
significant increase in females (72%) compared to controls. 

Further “feminizing effects” of these estrogens on larval reproductive development in other 
anuran species were summarized by Kortenkamp et al. (2010).  

While estrogens are not considered to lead to direct effects on the thyroid axes in 
amphibians there is some evidence for hormone system cross-talk between sex steroids and 
thyroid axes as stated in a recent review by (Pickford, 2010). Also a delay in 
metamorphosis due to exposure to E2 was reported by (Hu et al., 2008; Pickford et al., 
2003; Sharma and Patino, 2010). 

One Amphibian metamorphosis Assay with E2 was performed during the validation process 
during guideline development for the OECD 231 guideline. In this study E2 did not affect 
developmental stage or thyroid histopathology. Nevertheless, a small but significant 
reduction in hind-limb-length relative to controls was found starting at concentrations of 2 
ug/L (OECD, 2008b). Even though the actual mechanism exerted by E2 is still unclear there 
is a possibility of an amphibian specific hormone system cross-talk between sex steroids 
and thyroid axes. 

Overall, 8 studies with 5 frog and 2 toad species are available assessing possible endocrine 
modulated effects on larval (sexual) development and metamorphosis. Results are 
summarized in Table 32. As age and developmental stages differed among studies and were 
examined according to different criteria (by (Gosner, 1960; Nieuwkoop and Faber, 1994)) 
information about duration, development stage and, criteria used for determination are 
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included. None of the summarized studies was performed according to the OECD Guideline 
for the amphibian metamorphosis assay (assay (OECD, 2009b)) or is reliable without 
restriction according to (Klimisch et al., 1997).  

In the studies analysed different isomers of 4-Nonylphenol were used. Owing to the fact 
that the in vitro data show no significant difference between linear and branched isomers all 
4-Nonylphenols are considered to exert estrogen mediated effects. Specific isomers tested 
are indicated in the summarizing tables. 
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Table 32: Summary of effects on amphibians after exposure to 4-nonylphenols. E2 = 17ß-estradiol. Substance identity/ specific isomer 
tested indicated in the last column. 

Species Life stage tested/ 
test duration 

test conditions/ test 
concentration  

Relevant 
parameter(s)  

Effect concentration(s) Reference Reliability (Klimisch) 

Xenopus laevis  

African clawed 
frog 

Embryos (Gosner 
stage 10.5 up to 
stage 37)/ 2 days 

Static/ 2 – 20 – 100 
– 200 – 1000 - 2000 
µg/L (nominal) + 
DMSO 

apoptosis, 
melanocyte 
differentiation 

LOEC melanocyte differentiation = 20 
µg/L  

Mortality starting at 200 µg/L 
(no statistics) 

(Bevan et al., 
2003) 

2 - nominal conc., well 
documented but no guideline 
used 

(4-nonylphenol) 

Bombina 
orientalis 

Oriental fire-
bellied toad 

2 h p.f. (fertilized 
eggs)/ 10 d 

10 - 40 embryos; 
glass water bath; 
300 mL tap water; 
18°C, / ethanol < 
0.05% - 0.1 - 1 - 10 
- 100 µM (nominal) 

pigmentation of 
tadpoles 
(melanophore 
size decreased) 

pigmentation of 
tadpoles 
(number of 
melanophore 
increased) 

NOEC melanophore size = 22 µg/L 

NOEC number of melanophore = 22 
µg/L 

(Park et al., 
2012) 

2 – nominal concentration, 
well documented but no 
guideline used 

(nonylphenol) 

Xenopus laevis  

African clawed 
frog 

Males/ 28 days single dose of 100 
µg/g/week; injected 
intraperitoneally (IP) 
with the specific 
treatment chemical 
on days 1, 7, and 14 
of the experiment 

Breeding 
(nuptial) gland 
activity, body 
condition, GSI, 
HIS, plasma 
VTG, plasma 
testosterone 

no variation (lowering) in the 
mean epithelium heights of 
nuptial glands (in contrast to 
OP) 

no significant effects on the 
other endpoints 

E2 (10 µg/g/week): sign 
increased conc. of plasma 
VTG 

E2 (10 µg/g/week): sign 
lower conc. of plasma 
testosterone 

(van Wyk et 
al., 2003) 

2 – unusual exposure route, 
single dose 

(4-t-nonylphenol hydroxyl) 
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Species Life stage tested/ 
test duration 

test conditions/ test 
concentration  

Relevant 
parameter(s)  

Effect concentration(s) Reference Reliability (Klimisch) 

Xenopus laevis 

African clawed 
frog 

2-3 days post 
hatch larvae/ 12 
weeks up to stage 
38/40 (Nieuwkoop 
and Faber 1975) 

semistatic, controls: 
60% males/ 10-7 - 
10-8 M (nominal) 

Sex ratio NOEC = 10-8 M (= 22.035 
µg/L) 

LOEC = 10-7 M: changes in 
sex ratio with increased 
proportion of females 

E2: 2.7 µg/L sex ratio 70% w 

(Kloas et al., 
1999) 

3 - nominal conc., 
reproducibility with regard to 
NOEC derivation questionable 
(only a method developing 
study, not optimally designed 
to establish a NOEC) 

(nonylphenol) 

Rana pipiens 

Northern 
leopard frog 

Gosner stage 25-
28 (start of  

independent 
feeding) - 46 (end 
of metamorphosis 
and complete tail 
resorption)/ ca. 47 
d 

semistatic, 50 
L/Lacetone, glass 
aquaria, 19-23°C, 
16hlight/d, density: 
1g tadpole/5L water, 
1 Replicates, 37 
tadpoles/ 10 - 100 
µg/L (nominal), WR 
9 - 41% (real) 

Gonad 
histology; Sex-
ratio 

NOEC < 10 µg/L (nominal) 

LOEC different sex ratio, increased 

incidence of intersex gonads = 10 µg/L 
(nominal) 

(Mackenzie et 
al., 2003) 

2 - no Guideline but well 
documented study; nominal 
conc. 

(4-nonylphenol technical 
grade) 

Rana sylvatica 

Wood frog 

Gosner stage 25 
(start of  

independent 
feeding) - 46 (end 
of metamorphosis 
and complete tail 
resorption)/ ca. 
124 d 

semistatic, 50 L/L 
acetone, glass 
aquaria, 19-23°C, 
16hlight/d, density: 
1g tadpole/5L water, 
2 Replicates, 30 
tadpoles/ 10 - 100 
µg/L (nominal), WR 
9 - 41% (real) 

Gonad 
histology; Sex-
ratio 

NOEC < 10 µg/L (nominal) 

LOEC sex ratios = 10 µg/L 
(nominal) 

LOEC intersex gonads = 10 µg/L 
(nominal) 

(sex ratio F:M:I at 10µg/L = 
1:0.9:0.3 and at 100 µg/L = 
1:1:0.3 in contrast to control 
1:1.1:0.1) (at 10 µg/L: 16 
from 35 R.sylvatica were 
females; at 100 µg/L: 14 from 
32) 
(% intersex: at 10 µg/L: 14% 
or 5 frogs of 35; at 100µg/L: 

(Mackenzie et 
al., 2003) 

2 - no Guideline but well 
documented study; nominal 
conc. 

(4-nonylphenol technical 
grade) 
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Species Life stage tested/ 
test duration 

test conditions/ test 
concentration  

Relevant 
parameter(s)  

Effect concentration(s) Reference Reliability (Klimisch) 

13% or 4 frogs of 32; control: 
3% or 1 frog of 36) 

Rana pipiens 

Northern 
leopard frog 

Gosner stage 25 
(start of 
independent 
feeding) - 46 (end 
of metamorphosis 
and complete tail 
resorption)/ ca. 
124 d 

semistatic, 50 
L/Lacetone, glass 
aquaria, 19-23°C, 
16hlight/d, densitiy: 
1g tadpole/5L water, 
2 Replicates, 30 
tadpoles/ 10 - 100 
µg/L (nominal), WR 
9 - 41% (real) 

morphometrics 
(time to 
metamorphosis, 
weight, length) 

NOEC = 100 µg/L (nominal) 
� no significant effect 

Relatively high mortality (40-
58%) 

(Mackenzie et 
al., 2003) 

2 - no Guideline but  well 
documented study 

(4-nonylphenol technical 
grade) 

Rana sylvatica 

Wood frog 

Gosner stage 25-
28 (start of 
independent 
feeding) - 46 (end 
of metamorphosis 
and complete tail 
resorption)/ ca. 47 
d 

semistatic, 50 
L/Lacetone, glass 
aquaria, 19-23°C, 
16hlight/d, densitiy: 
1g tadpole/5L water, 
1 Replicates, 37 
tadpoles/ 10 - 100 
µg/L (nominal), WR 
9 - 41% (real) 

morphometrics 
(time to 
metamorphosis, 
weight, length) 

 

NOEC = 100 µg/L (nominal) 
� no significant effect 

Low mortality (0-19%) 

(Mackenzie et 
al., 2003) 

2 - ; no Guideline but well 
documented study 

(4-nonylphenol technical 
grade) 
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Species Life stage tested/ 
test duration 

test conditions/ test 
concentration  

Relevant 
parameter(s)  

Effect concentration(s) Reference Reliability (Klimisch) 

Rana 
nigromaculata 

Dark-spotted 
frog 

Tadpoles/ 60 d semistatic/ 2 - 20 - 
200 µg/L (nominal) 
+ DMSO, also 
combined 
treatments with BPA 

malformations 
of tail flexure 

NOEC (45 d) = 20 µg/L 

LOEC (45 d) = 200 µg/L 
(16.7% malformations) 

(Yang et al., 
2005) 

2 – no Guideline but well 
documented study; nominal 
conc. 

(nonylphenol technical) 

Rana 
catesbeiana 

American 
Bullfrog 

Stage 35 – 37 
(premetaphoric 
tadpoles)/ 7 d 

semistatic, 21°C, 16 
h light/d,3 
Replicates / 234-
468-936 µg/L 
(nominal) with or 
without addition of 
10-7M 3,3',5-
triiodothyronine 
(T3), solvent: 40 
µL/L methanol + 
100 µL/L DMSO 

tail length NOEC = 468 µg/L 

Significant dose-response 
curve 

(Christensen 
et al., 2005) 

2 – no Guideline but well 
documented study, nominal 
conc.,  

(nonylphenol) 

Bombina 
orientalis 

Oriental fire-
bellied toad 

2 h p.f. (fertilized 
eggs)/ 10 d 

10 - 40 embryos; 
glass dishes; 
ANOVA/ 3 groups: 1 
treated with 50 nM 
T3 for 1d + 6d 
without chemical; 
group 2: treated 
with T3 and NP (0.1 
or 1 µM) for 1 d + 
6d NP (0.1 or 1 µM); 
group 3: 7d treated 
with NP (0.1 or 1 
µM) without T3 

tail and body 
length 

NOEC tail length = 22 µg/L 

NOEC shorter body length < 22 µg/L 

T3-exposed toads showed 
significant shorter tadpoles 
than the control. 

(Park et al., 
2012) 

2 – nominal concentration, 
well documented but no 
guideline used 

(nonylphenol) 
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Species Life stage tested/ 
test duration 

test conditions/ test 
concentration  

Relevant 
parameter(s)  

Effect concentration(s) Reference Reliability (Klimisch) 

Xenopus laevis 

African clawed 
frog 

Embryos (Gosner 
stage 10.5 up to 
stage 37)/ 2 days 

Static/ 2 – 20 – 100 
– 200 – 1000 - 2000 
µg/L (nominal) + 
DMSO 

body shape, 
length 

LOEC decreased body length = 100 
µg/L 

(Bevan et al., 
2003) 

2 - nominal conc. 

(4-nonylphenol) 

Bufo raddei 

Radde’s Toad 

period of 
amplexus and 
fertilization/ 3d 

50 - 200 - 400µg/L 
(nominal) - 0,04‰ 
Alcohol 

sperm motility 
and fertilization 
rate 

NOEC = 50 µg/L 

LOEC = 200 µg/L (direct 
exposure of sperm) (reduction 
of sperm motility and 
fertilization rate) 

(Feng et al., 
2011) 

2 - Nominal conc. 

(4-nonylphenol) 
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Two studies were carried out investigating the impact of 4-nonylphenols on the 
pigmentation of tadpoles. With the oriental fire-bellied toad Bombina orientalis the test 
conducted started with fertilized eggs. Here a decreased size and increased number of 
melanophore could be observed with a NOEC of 22 µg/L and a LOEC of 220 µg/L. The 
melanocyte differentiation is altered by exposure to a number of estrogenic chemicals. So 
maybe the inhibition of the melanophore growth in tadpoles was mediated by the estrogenic 
effects of nonylphenol. The increased number of melanophore could be a result of a 
compensatory mechanism for the insufficient growth of melanophores or result from the 
absence of a contact inhibition between developing melanophores. A result from the effect 
of nonylphenol on the pigmentation of the tadpoles could be that light coloured tadpoles 
may be more vulnerable to predation, increasing the predation pressure (Park et al., 2012). 
The other study is conducted with Xenopus laevis and resulted in a LOEC of 20 µg/L. Here 
Co-incubation of embryos with the pure antiestrogen ICI 182,780 blocked the ability of 
nonylphenol to induce abnormalities in body shape and in melanocyte differentiation, 
emphasising the assumption that the inhibition of melanophore growth was mediated by the 
estrogenic effects of nonylphenol (Bevan et al., 2003). 

For Xenopus laevis four studies examining different development stages and endpoints are 
available. None of the studies provides evidence about a thyroidal mode of action, in fact no 
changes in development were observed by (Kloas et al., 1999) in a reliability 3 study. 
Unfortunately this endpoint was not examined in the two other studies. Results of the above 
mentioned study indicate that nonylphenol might influence sexual development of 
amphibians by a similar mode of action as 17ß-estradiol although results should be used 
with care as the study was considered of low reliability. A shift of sex-ratio towards females 
was observed and fits to effects observed in fish species after exposure to the natural 
estrogen. The effect is consistent with effects observed for 17ß-estradiol at 2.7 µg/L (70% 
female) in this study and is also consistent with effects observed for 17ß-estradiol in a 
guideline conforming study performed as part of the validation of the OECD amphibian 
metamorphosis assay (OECD, 2008b). In this test between 2 and 10 µg E2/L an almost 
complete feminization was observed. Indication of an estrogen like mode of action is 
supported by in vitro results showing reporter gene binding in X. laevis cells (see chapter 
5.1.2.2). However, results provided by the study by (Kloas et al., 1999) should be used with 
care as it was not a reliable method development study. Results are not in line with results 
by (van Wyk et al., 2003) who found no vitellogenin induction in male X. laevis after 
intraperitoneal injection in high dosage. Nevertheless, as described above several other 
studies substantiate the sex-reversal found in the one single test with E2 during the 
validation of the guideline for the amphibian metamorphosis assay.  

For Rana sp. two studies with 3 different species are shown in Table 32. For Rana pipens 
and Rana sylvatica (Mackenzie et al., 2003) the effects of nonylphenol were examined on 
the gonadal histology. As for X. laevis in the (Kloas et al. 1999)-Study the examination from 
(Mackenzie et al., 2003) revealed a change in sex- ratio consistent with the findings for E2 
but compared to X. laevis already at concentrations of 10 µg nonylphenol/L. There was an 
increased incidence of intersex gonads and for Rana sylvatica the sex- ratio was female-
biased. So Rana sp. seems to be more sensitive for influences of nonylphenol on the 
gonadal endpoints. (Chang and Wischi, 1955) exposed Rana sp. to E2. In low 
concentrations of 0.07 to 0.37 µM (corresponds to 19 to 100 µg/L) this resulted in a change 
in sex -ratio with 100% female. In (Mackenzie et al., 2003) there was no effect on 
morphometrics such as the time to metamorphosis, weight and length described up to a 
concentration of 100 µg nonylphenol/L. For Rana nigromaculata there was a test conducted 
by (Yang et al., 2005) showing malformations of the tail flexure under the influence of 200 
µg NP/L.  

Due to exposure to nonylphenol there were also other effects e.g. on the body and tail 
length visible at Bombina orientalis, Rana catesbeiana, Rana nigromaculata and Xenopus 
laevis. The body and/or tail was significantly shorter than in the control groups at 
concentrations above 20 µg/L (NOEC) for B. orientalis (Park et al., 2012) and X. laevis 
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(Bevan et al., 2003) and 468 µg/L for R. catesbeiana (Christensen et al., 2005). 
(Christensen et al., 2005) revealed also malformations of the tail flexure of R. catesbeiana 
above 20 µg/L (NOEC). Also the limb development was accelerated by 936 µg 
nonylphenol/L. When the American Bullfrog was exposed to NP and T3 together the effect of 
nonylphenol on tail length was not significant.  

In summary, although all studies should be used with care, the overall weight of evidence 
suggests that organism groups other than fish may be adversely affected by exposure to 4-
nonylphenols at low concentrations (low µg/L range and below). Comparison with effects 
observed for 17ß-estradiol is suggestive of being estrogene like with respect to Rana sp and 
some indication is available that this might hold true for X.laevis too. For  R. sylvatica and 
R. pipiens the effects of 4-nonylphenols exerted on gonadal sexual differentiation and 
changes in sex-ratio for these 3 species fit to an estrogen-like mode of action. 

Thus, in summary some information indicates that the adverse effects observed after 
exposure of amphibians to 4-nonylphenols might be connected to an endocrine (estrogen 
like) mode of action although not enough guidance is available to definitvely conclude.  No 
definite conclusion can be drawn on direct or indirect effects of 4-nonylphenols of a thyroid 
mode of action owing to lack of guideline-conforming metamorphosis studies and/ or lack of 
knowledge on cross-talk feedback of sex-steroid and thyroid axes. 

5.1.2.5 Aquatic invertebrates 

Invertebrate endocrine systems are highly diverse. Although hormones that can be 
examined in vertebrate species often also occur in invertebrate species the functions of 
these hormones differ greatly between the phyla since their action depends on which cell 
and tissue types express receptors for them, and at what time in an organism’s 
development these receptors are expressed. We have only limited knowledge about 
invertebrate endocrinology with some focused research on special areas like the juvenile 
and moulting hormones of insects and some of the mollusc and arthropod neurohormones. 
There is only limited information available about endocrine disrupting effects of 4-
nonylphenols on (aquatic) invertebrates. Even though this phylum is very large and diverse 
the knowledge on how exogenous substances influence invertebrate endocrine systems is 
up till now scarce (U.S.EPA, 2005a). OECD development of test methods for the detection of 
adverse effects on development and reproduction for several groups of invertebrates is still 
underway (Gourmelon and Ahtiainen, 2007). Owing to our lack of knowledge on hormonal 
systems of most invertebrates, no biochemical endpoints are available. Therefore no specific 
mode of action can be ascertained and no conclusion can be drawn if a substance is an 
actual endocrine disruptor on invertebrate species alone.  

In the studies analysed different isomers of 4-Nonylphenol were used. Owing to the fact 
that the in vitro data show no significant difference between linear and branched isomers all 
4-Nonylphenols are considered to exert estrogen mediated effects. Specific isomers tested 
are indicated in the summarizing tables. 

Table 33 summarizes adverse effects on development and reproduction in invertebrates. 
Where possible, the observed effects are assessed in relation to knowledge on endocrine 
effects and effects observed for natural and synthetic estrogens.  
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Table 33: Summary of most sensitive apical effects on aquatic invertebrates after exposure to 4-nonylphenols. Substance identity/ 
specific isomer tested indicated in the last column 

 

Species 

Life stage 

tested/ test 
duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 
[µg/L) 

Reference Reliablity 

Crustacea       

Americamysis 
bahia 

< 24h/ 14 d EPA/600/4-91/003; semi 
static; 25°C; 16 h light/d; 
8 replicates; 40 
organisms; pH 8.0; 
salinity 2.5% / DMSO 
0.01 mL/L - 0.3 - 1 - 3 - 
10 - 30 µg/L (nominal) 

Body length, total 
number of molts, 
number of immature 
mysids 

NOEC body length = 0.3 

NOEC total number molts = 3 

NOEC number immature 

mysids = 10 

(Hirano et al., 
2009) 

1 – guideline 
study 

(Nonylphenol 
technical grade – 
mixture of ring 
and chain 
isomers) 

Americamysis 
bahia 

< 24 h/ 28d static, 23.3-26.4°C, pH7.5 
- 8.2 

Length, survival, 
reproduction 

NOEC length = 3.9 

NOEC survival and reproduction 
= 6.7 

(Ward and 
Boeri, 1991) 
In: (U.S.EPA, 
2005b) 

4 – secondary 
source 

 

Ceriodaphnia 
dubia 

<24h/ 7d ISO/CD 20665; semi 
static, 25°C/ (real)  

Reproduction EC50 = 8 
(Isidori et al., 
2006) 

1 – guideline 
study with 
measured 
concentrations 

(4-nonylphenol) 

Daphnia magna 4-21h/ 22 d OECD 202 (1984) mod. 
For chronic study; semi 
static, 20.2 +/- 0.29 °C, 
pH 7.68 - 8.81, O2 99.8 - 
77.4 %, GLP, 10 daphnia 
individually held/ GC-FID 
1.55 - 1.34 - 3.45 - 10.70 
- 47.81 µg/L (real) 

Reproduction: 
offspring per survivor 
or total no offspring 
d9 – intrinsic rate r 

NOEC offspring/survivor = 
3.45 

NOEC d9: total no offspring = 
10.7  

(Fliedner, 
1993) 

UBA-002/4-
22 

Test report 

1 – guideline 
study + GLP 

(93.1 Gew. - % p 
– Nonylphenol / 
6.7 Gew. - % o – 
Nonylphenol) 
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Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Daphnia galeata 
mandotae 

30 d semi static/ 10-50-100 
µg/L; solvent c. + c. 
(different!) 

(number of female 
offspring, number of 
male offspring, 
number of ephippia) 
number of 
developmentally 
abnormal male and 
female offspring 
(11% of live young), 
fecundity 

NOEC abnormal offspring = 
10 

LOEC abnormal offspring = 
50 

only animals that were 
prenatally exposed to 
NP exhibited this 
deformity 

NOEC fecundity = 10 

Questionable result, 
because also increased 
fecundity in acetone 
control 

(Shurin and 
Dodson, 
1997) 

3 – nominal 
concentration, no 
guideline, 
increased 
fecundity in 
acetone control 

Daphnia magna 6-24h/ 21 d semi static; 3 replicates; 
3 daphnia per replicate; 
feeding with Chlorella; 
ANOVA; Dunnett’s 
Procedure/ nominal: 13 – 
25 – 50 – 100 – 200 
µg/L) 

Reproduction, 
survival, molting 
process 

NOEC Reproduction = 13 

NOEC survival = 25 

NOEC molting process = 25 

(Sun and Gu, 
2005) 

2 – comparable to 
guideline study, 
nominal 
concentrations 

(nonylphenol) 
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Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Daphnia magna 21 d ISO guidelines [ISO 
10706, 2000. Water 
quality—Determination of 
long term toxicity of 
substances to Daphnia 
magna Straus (Cladocera, 
Crustacea). British 
Standards Institute, 
London.]; semistatic;10 
replicates with 1 org; fed 
with Algae and fish food 
suspension; 16h light/d; 
19-21 °C; ANOVA; 
Dunnett's multiple t-test/ 
solvent (0.1 mL/L) - 20 - 
40 - 60 - 80 - 100 µg/L 
(nominal) 

Mortality 

Cumulative 
offspring/female (2nd 
generation) 

NOEC mort., Cumulative 

offspring/female (2nd generation) 
= 20 

LOEC mort., Cumulative 

offspring/female (2nd generation) 
= 40 

LC50, 1st generation (21d) = 
58 

NOEC Cumulative offspring/ 

female (1st generation) = 60 

LOEC Cumulative offspring/ 

female (1st generation) = 80 

 

(Brennan et 
al., 2006) 

2 – nominal 
concentration 

(4-nonylphenol) 

Daphnia magna <24h, 21 d OECD 202 (1984) mod. 
for chronic study; semi 
static, 20+/-1°C, ph 
8.25+/-0.25; GLP;10 
daphnia individually held/ 
HPLC WR 70 - 78% 0-14-
24-39-71-130-250 µg/L 
(real) 

survival offspring, 
fecundity (mean no 
live offspring/ 
surviving parent), 
length 

NOEC survival offspring= 24 

LC50 (21d) = 100 
(real) 

NOEC length = 39 

(Comber et 
al., 1993) 

1 – guideline 
study with 
measured 
concentrations 

(91.8% 
nonylphenol, 
86.1% 4-
nonylphenol) 
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Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Daphnia magna <24h, 21 d semi static; 18 - 22 °C; 
16 h light/d; 10 replicates 
with 1 daphnia; HPLC-UV 
analysis/ 8 µg/L Ethanol - 
12.5 - 25 - 50 µg/L 
(nominal). WR 89-95% 

neonate deformities 
(esp. late-stage 
neonate deformities 
like curved or 
unextended shell 
spines and 
undeveloped second 
antennae); mortality, 
molting, fecundity, 
sex ratio 

NOEC neonate deformities = 
25 

NOEC mortality, molting, 

fecundity, sex ratio = 50 

(Zhang et al., 
2003) 

2 – well 
documented 
study, nominal 
concentrations 

(4-nonylphenol 
(85% based on p-
isomers)) 

Daphnia magna <24h/ 21 d semi static; 20°C; 16 h 
light/d; 50mL-beakers 
with 40mL culture 
medium; 10 replicates; 1 
Daphnia/repl.; Student's 
t-test; Dunnett's t-test/ 
0.001% vehicle solvent 
(ethanol); 0.2 - 0.46 - 
0.91 µM (corresponds to 
44 - 101.36 - 200.52 
µg/L) 

Embryotoxicity - 
developmental 
abnormalities (curved 
or unextended shell 
spines and 
underdeveloped first 
antenna) (result of 
exposure of gravid 
females); mortality of 
maternal organisms 

NOEC embryotoxicity = 44 

LOEC embryotoxicity = 
101.36 (23% abnormal 
embryos) 

LOEC embryotoxicity 

testosterone = 1154 

LC50 mortality maternal org 
(21d) = 200.52 

(LeBlanc et 
al., 2000) 

2 – well 
documented 
study, nominal 
concentrations 

(4-nonylphenol) 

Daphnia magna <24h/ 21 d semi static; Statistics: 
one-way ANOVA, 
Dunnett's multiple 
comparison test (sign =< 
0.05)/ 6.2 - 12 - 25 - 50 - 
100 µg/L (nominal) 

Reproduction NOEC = 50 (Baldwin et 
al., 1997) 

2 – nominal 
concentrations 

(4-nonylphenol 
Cas-No.:104-40-
5) 
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Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Daphnia magna 10 d old 
females/ 21 d 

semi static, 48h NP then 
16h C14-testosterone; 
Statistics: one-way 
ANOVA, Dunnett's 
multiple comparison test 
(sign =< 0.05)/ 6.2 - 12 - 
25 - 50 - 100 µg/L 
(nominal) 

higher acc. of C14-
testosterone 
(reduced prod. of 
major testosterone 
elimination product 
t.-glucose and higher 
prod. of reduced/ 
hydrogenated 
metabolites) 

NOEC = 50 

Effect is concentration 
related 

(Baldwin et 
al., 1997) 

2 – nominal 
concentrations 

(4-nonylphenol 
Cas-No.:104-40-
5) 

Daphnia galeata 24 h/ 25 d semi static; 20°C; 16 h 
light/d; pH 6.9-7.2; DO 
6.8-7.0 mg/L; CaCO3 30 
mg/L; Chlorella vulgaris; 
10 neonates/ DMSO - 3 - 
10 - 30 - 50 - 70 - 100 
µg/L (nominal) 

Survival NOEC survival = 70 (Tanaka and 
Nakanishi, 
2002) 

2 – nominal 
concentrations 

(p-nonylphenol) 

Ceriodaphnia 
dubia 

1st instar/ 7d static; 24-25°C; 6.4 - 7.9 
mg O2/L;  pH 8.3 - 8.6/ 
real 

Reproduction NOEC reproduction = 88.7 (England, 
1995) in: 
(U.S.EPA, 
2005b) 

4 – secondary 
source (there: 
reliability 1) 

(Cas-No.:84852-
15-3) 

Daphnia magna 21 d semi static; nominal Reproduction NOEC reproduction = 100 (Hüls 1992b) 4 – secondary 
source (there: 
reliability 2 
because of 
nominal conc.) 

(Cas-No.:25154-
52-3) 

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 111 

 

Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Daphnia magna <24h females/ 
14d 

18-22°C; 10 replicates; 1 
daphnid each;16 h light/d 
or 8 h light/d; 300 - 450 
lux/ 100 µg/L WR 89-95% 

survival, total 
number of molts, 
total number of live 
neonates, total 
number of deformed 
neonates 

LOEC = 100 (5.5% 
increased total number 
of deformed neonates 
- curved or 
unextended shell 
spines and 
undeveloped second 
swimming antennae) 

(Gibble and 
Baer, 2003) 

2 - well 
documented but 
no guideline used 

(4-nonylphenol) 

Daphnia magna 21 d ASTM; flow through; 16h 
light/d; 20 organisms; 2 
replicates; measured test 
conditions 

(mean number of 
young/starting 
adult;) mean length 
(mm) of surviving 
adults; mean number 
of young/surviving 
adult 

 

 

 

 

NOEC growth = 116 

NOEC number young/surviving 
adult = 215 

(Spehar et 
al., 2010) 

1 – guideline 
study with 
measured conc. 

(4-nonylphenol) 

Echinodermata       

Distributed for comment only -- do not cite or quote 
 



            SVHC SUPPORT DOCUMENT - 4-NONYLPHENOL, BRANCHED AND LINEAR 

 112 

 

Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Arbacia lixula 
(sea urchin) 

Sperm and 
eggs/ 3 days 

static; saltwater; 17-
21°C/ 0.937 - 1.874 - 
2.811 - 3.748 - 4.685 - 
9.37 - 18.74 µg/L 
(nominal) + solvent 
(DMSO) 

developmental 
anomalies [normal 
plutei (N), retarded) 
plutei, pathologic 
malformed plutei 
(P1), pathologic 
embryos (P2) unable 
to differentiate up to 
the pluteus larval 
stages and dead (D) 
embryos/larvae] 

 

LOEC larval malformations = 
0.937  

clear dose-response 
relationship 

(Arslan and 
Parlak, 2007) 

2 - - nominal 
conc. 

(NP C15H24O; 
Aldrich) 

Paracentrotus 
lividus (sea 
urchin) 

Sperm and 
eggs/ 3 days 

static; saltwater/ 0.937 - 
1.874 - 2.811 - 3.748 - 
4.685 - 9.37 - 18.74 µg/L 
(nominal) 

sperm fertilization 
success, quantitative 
and morphologic 
changes in mitotic 
activity, larval 
malformations, 
developmental 
arrest, 
embryonic/larval 
mortality 

 

LOEC larval malformations = 
1.874 

LOEC larval malformations P1 
and arrest of differentiation at the 

gastrula stage P2 = 4.685 

(Arslan et al., 
2007) 

2 – nominal conc. 

C9H19C6H4 
(OCH2CH2)nOH 

Molluscs       

snails       

Lymnaea 
stagnalis L. 

Adult/ 49 d semistatic; 22°C; 16 h 
light/d; 15-20 snails per 
treatment/ 1 - 10 - 100 
µg/L (nominal) 

mortality, shell 
growth, fecundity, F1 
hatching success and 
fecundity after 84 d 

NOEC = 100 (Czech et al., 
2001) 

2 – nominal conc. 

(4-nonylphenol) 
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Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Lymnaea 
stagnalis L. 
freshwater 
pulmonate snail 

life-cycle/ 20 d static; 18-20°C; glass 
aquarium with 80L water 
and 3-4cm sediment 
depth; 12h light/d; pH=8; 
6.7mg O2/L / 105 µg/L 
(real) 

embryonic growth, 
embryo mortality, 
hatching success 

NOEC < 105 (Lalah et al., 
2007) 

2 –well 
documented 
study; no guidline 
available 

(4(3’,6’,-dimethyl-
3’-heptyl) phenol 
constitute 10% of 
technical p-NP, 
which is a mixture 
of >  20 
differently 
branched- and 
linear-chain 
isomers) 
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Species 

Life stage 

tested/ test 

duration  

Test conditions/ test 

concentration  

relevant 

parameters 

Effect 

concentrations 

[µg/L) 

Reference Reliablity 

Haliotis 
diversicolor 
supertexta 

species of sea 
snail, a marine 
gastropod 
mollusk in the 
family Haliotidae, 
the abalone 

from fertilization 
to the end of 
metamorphosis/ 
96 h 

100mL petri dishes 
containing 50mL 
seawater; 24-26°C; 5.8-
6.2mg O2/L; salinity 29-
31ppm; pH 8.0-8.2; 
methanol as solvent; 3 
replicates; 4 embryos per 
mL; after 20h: living style 
from swimming to 
settlement -> 500mL 
glass beakers containing 
400 mL culture media and 
8 glass slides ccoated with 
Navicula incerta in euch 
beacker as the settlement 
substrate ! pre-exposed 
to the target chemical for 
96h rather than cultured 
in F/2medium !; GC-2010 
gas chromatography; 
real: WR -3 u +8% 

 

 

 

embryo toxicity (no 
un-metamorphosed 
larvae could survive 
after 96-h culture -> 
completion of larval 
metamorphosis were 
used to indicate the 
suvival of abalone 
embryos) 

EC5 = 0.99 

EC50 = 11.65 

(Liu et al., 
2011) 

2 - not according 
to a guideline but 
very well 
documented 
study! 

(4-n-nonylphenol) 
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mussels       

Dreissena 
polymorpha 

Zebramuschel 

112 d semistatic; collected at 
the beginning of January 
(water temp. 5-6°C); size 
15-30 mm; 185 mussels 
per tank; 5-8°C; 12 h 
light per day; triplicate/ 
ethyl acetate - 5 and 500 
µg/L (nominal) 

Vn-like proteins and 
alkali-lagile 
phosphates 

NOEC = 5 

 

(Quinn et al., 
2006)  

2 – well-
documented 
study, nominal 
conc. 

(4-n-nonylphenol) 

Mulinia lateralis 

marine mussel 

embryo/ 48 h static; unmeasured conc.; 
pH 7.8 - 8.2; salinity 32 
g/kg; 18.3°C; 3 
replicates; 26 embryos 
per mL// 20% acetone 
and 80% triethylene 
glycol - 2.4 - 8 - 24 - 80 - 
240 - 800 µg/L (nominal) 

Mortality LC50 = 37.9 (Lussier et 
al., 2000) 

1 - guideline 
study (ASTM); 
with measured 
conc. 

(4-nonylphenol 
(or para-
nonylphenol) 
(CAS-No.:84852-
15-3)) 

Mytilus edulis L. 

common mussel 

30 d semsitatic; 16-18°C; 30-
34 ‰/ acetone - 18 - 56 
- 100 - 200 µg/L 
(nominal) 

Byssus strength  

energy budget 
(scope of growth … 
SFG)  

fertilization and early 
developmental 
success 

NOEC byssus strength + 
energy budget = 18 
(decrease) 

NOEC fertilization = 200 

(Granmo et 
al., 1989) 

2 – nominal conc. 

(4-nonylphenol 
(CAS-No.: 25154-
52-3)) 

Mytilus edulis L. 

common mussel 

30 d flow-through; 8-12°C; 
30-34 ‰/ acetone - 18 - 
32 - 56 - 100 - 200 µg/L 
(nominal) 

Byssus strength  

energy budget 
(scope of growth … 
SFG) 

NOEC byssus strength + 
energy budget = 32 
(decrease) 

(Granmo et 
al., 1989) 

2 – nominal conc. 

(4-nonylphenol 
(CAS-No.: 25154-
52-3)) 
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Crassostrea 
gigas 

pacific oyster 

3 months p.f. 
(gametogenesis)/ 
72 h 

18-22°C; 6 replicates; 5 
oysters/replicate; 
seawater (35ppt); fed 
with 50000 cells per mL; 
ANOVA with linear 
regression, Tukey test/ 
methanol - 1 - 100 µg/L 
(nominal) 

Sperm motility 

shell length, fresh 
body weight, sex 
ratio 

NOEC sperm motility < 1 

NOEC shell length + sex ratio 
= 100 

(Nice, 2005) 2 - nominal conc.; 
well documented 
publication which 
meets basic 
scientific 
principles 

(nonylphenol) 

Crassostrea 
gigas 

pacific oyster 

post fertilization/ 
72 h 

35 ‰; 28mL glass test 
vessels (27.5mL volume); 
3 replicates; 19-21°C; 
Kruskal-Wallis one-way 
ANOVA; Tukey-HSD/ 
methanol - 0.1 - 1 - 10 - 
100 - 1000 - 10000 µg/L 
(nominal) 

deformities (D-
shaped larvae with a 
"convex-hinge") 

NOEC = 10 (48h); 0.1 
(56h); 10 (64h, 72h) 
(delay in the 
embryonic 
development) 

(Nice et al., 
2000) 

2 - acceptable, 
well-documented 
publication which 
meets basic 
scientific 
principles 

(4-nonylphenol) 

Crassostrea 
gigas 

pacific oyster 

eggs 7 days p.f./ 
48 h (+ 10 
months without 
NP) 

2L-test vessels; 3 
replicates; 10000 
eggs/mL; after 48h larvae 
put into clear seawater - 
after 10 mo pf oysters 
sexed - test-crosses - 
resulting embryos 
adjusted to a density of 
200/mL - after 48h dev of 
embryos and larvae was 
arrested; filtered 
seawater (35ppt); 20 - 24 
°C; pH 7.8 - 8.1; O2= 95 
- 100 %; food: mixture of 
algae species/ GC-MS; 
100 µg methanol/L - 1 - 
100 µg/L (nominal); <1 - 
4 µg/L (real) 

sex ratio of resulting 
oysters (skewed 
towards females) and 
fully functional 
hermaphrodites; 

transgenerational 
effects - gamete 
viability 

LOEC < 1 (17% 
hermaphrodites) 

LOEC < 1 (offspring 
from control parents 
had a significantly 
higher survival rate 
than offspring where 
at least one parent 
had been exposed to 
nonylphenol during 
larval development) 

(Nice et al., 
2003) 

2 – acceptable, 
well documented 
publication 
(nonylphenol Lot 
No. 74430 Sigma-
Aldrich Chemcial 
Company Ltd) 
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In summary, effects on three different phyla (crustaceans, echinoderms and molluscs) were 
examined. 

Within the group of crustaceans two species were tested (Daphnia magna and Americamysis 
bahia). No effect on reproduction was observed on D. magna at concentrations lower than 
3.45 µg/L (Fliedner, 1993). A 7d-guideline study with Ceriodaphnia dubia revealed an EC50 
of 8µg/L for reproduction (Isidori et al., 2006). Ceriodaphnia is morphologically very similar 
to Daphnia but is smaller and has a shorter generation time (U.S.EPA, 2002). (Baldwin et 
al., 1997) investigated the effects on the testosterone metabolism of Daphnia magna. It 
was shown that concentrations < 25 µg /L can significantly affect the androgen metabolism 
and therefore may contribute to the overall effects on reproduction. (LeBlanc et al., 2000) 
describe embryotoxic effects which include developmental abnormalities such as curved or 
unextended shell spines and underdeveloped first antenna as a result of an exposure of 
gravid females. At 100 µg 4-nonylphenol/L, 23% of the embryos showed these 
developmental abnormalities with a NOEC of 44 µg/L. Also prenatally exposed animals were 
under examination in a study by (Shurin and Dodson, 1997) with similar results beginning 
at 50 µg/L and a NOEC of 10 µg/L. This examination revealed that prenatally exposed 
Daphnia galeata mandotae showed abnormalities like curled tail spines and lacked or had 
severely reduced terminal setae on their second antennae, which is characteristic for 
Daphnia in embryonic stages. Similar neotade deformities were found in Daphnia magna in 
the study of (Zhang et al., 2003) with a NOEC of 25 µg/L. (Brennan et al., 2006) describes 
in a guideline-conform study an effect on Daphnia magna that seems to become more 
sensitive from the first generation to second. This effect applies to the mortality and 
cumulative number of offspring per female. In the second generation the NOEC (20 µg/L ) is 
one third lower than in the first generation. A similar NOEC value for the mortality of the 
offspring resulted from the guideline-conforming study conducted by (Comber et al., 1993). 

For the mysid A. bahia the NOEC on reproduction was in the same range as for the daphnids 
(NOEC = 6.7 µg/L) (Ward and Boeri, 1991). In both species the reproduction was reduced 
starting from 10 µg/L. No developmental effects (moulting) were observed in A. bahia up to 
3 µg/L (Hirano et al., 2009). In the treatment groups from 10 µg/L the total number of 
moults was significantly lower than in the control groups (Hirano et al., 2009). Molting 
characterizes the crustacean growth and is under the immediate control of moult-promoting 
steroid hormones, the ecdysteroids (Verslycke et al., 2007). It should be noted that growth 
effects in mysids are likely to have important implications for development, metamorphosis, 
and reproductive success since fecundity is related directly to female body size (Winkler and 
Greve, 2002). As the endpoints assessed did not include indicative parameters for endocrine 
mediated effects e.g. biomarkers, it cannot be concluded that it is endocrine mediated but it 
fits to the assumption of an endocrine activity. However, for A. bahia also the effect of 4-
nonylphenol on production of 20-hydroxyecdysone (20E) was compared with the control 
during a moult cycle. In contrast to the normal pattern of ecdysteroid cycling during the 
moult cycles of A. bahia, in mysids exposed to 30 µg NP /L a significant suppression in 20E 
levels was observed (Hirano et al., 2009).   

Effects on echinoderms were assessed with two sea urchin species. In the two tested 
species (P.lividus and A. lixula) larval malformation after exposure of sperms and eggs were 
observed, starting to occur at concentrations of respectively 1.9 and 0.9 µg/L (Arslan and 
Parlak, 2007; Arslan et al., 2007). Echinoderms are relatively closely related to vertebrates. 
Therefore, their endocrine systems may have some similarities. Vertebrate sex steroids may 
play a role in echinoderm reproduction. (OECD Series on Testing and Assessment No.50 
(Kropp et al., 2005)) Pentachlorophenol, an anti-estrogen and thyroid active substance, 
tested on P.lividus resulted in a similar effect which means an alteration in embryonic 
development and differentiation (Ozretic and Krajnovic-Ozretic, 1985). 

Effects on molluscs are summarized separately for mussels and snails. For mussels there 
are six tests with four different species available. 

Up to the highest concentration tested (100 or 200 µg/L) there is no effect on sex-ratio or 
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fertilization for Crassostrea gigas (Nice, 2005) and Mytilus edulis (Granmo et al., 1989). 
Other endpoints like energy budget or sperm motility were more sensitive with a  NOEC at 
concentrations of 18 or lower than 1 µg/L for M. edulis (Granmo et al., 1989) or C. gigas 
(Nice, 2005). Egg production in oysters requires 50% more energy than sperm production. 
So it is not surprising that the energy budget of the common mussel was a sensitive 
endpoint and affected in the study conducted by (Granmo et al., 1989). (Nice et al., 2003) 
describes an increased incidence of hermaphroditism (17%) and sex ratio skewed towards 
females resulting from an exposure of C. gigas to nonyphenol (<1 and 4 µg/L - real) at a 
key stage of sexual differentiation. The global incidence of hermaphroditism in oviparous 
oysters is generally very low in a range between 0 and 1.1% for C. gigas. In this test there 
was no significant difference between the sex-ratios in the control and expected from 
historical data deduced sex ratios. Although Crassostrea gigas has the capability to change 
sex between seasons, usually there is a clear period during which the gonad remains 
undifferentiated between reproductive seasons; and once gametogenesis has been initiated 
the oyster loses the ability to change sex for that season (Kennedy et al., 1996). Eggs 
usually only begin to develop after the sperm have been extruded – usually with a winter 
(period of sexual undifferentiation) between the two sexual phases. So it is extremely 
unusual to find evidence of both male and female gametes in the same individual 
simultaneously. Several studies describe that estrogens are involved in sexual maturation 
following an undifferentiated phase in older (2 to 3 years) C. gigas (Matsumoto et al., 1997; 
Mori, 1968a; Mori, 1968b). In studies where E2 was administered to adult (2 to 3 yr) 
Crassostrea gigas, sex reversal from male to female was induced when administration 
began at early stages of sexual maturation between reproductive seasons (Mori et al., 
1969). However, at a later stage, i.e. once gonad development had begun, the addition of 
E2 had no effect on sex- ratio (Mori et al., 1969). Exposure to E2 was also found to 
accelerate sexual maturation in female C. gigas (Mori, 1969). There is evidence to suggest 
that the reproductive physiology of an oyster can be affected by water-borne pheromones 
from another oyster (Kennedy, 1983). Therefore, it follows that this system may also be 
sensitive to other chemicals, hormonal or otherwise, present in the local environment during 
particular stages of development. Oestrogens are known to be involved in the development 
of Crassostrea gigas ovaries and gametes (Matsumoto et al. 1997). Another effect of the 4-
Nonylphenol described in the test of (Nice et al., 2003) is a transgenerational one. The 
examination indicates that 4-Nonylphenol had an influence on the quality of the developed 
gametes so that they are of poor quality resulting in a reduced survival rate of the offspring 
from parents where at least one had been exposed to 4-Nonylphenol during the larval 
development.   

A test for the snail species Lymnaea stagnalis shows a NOEC for fecundity and F1 hatching 
success of 100µg/L (Czech et al., 2001). Adults were exposed and reduction effects on egg 
production and hatching rate after 6-12 weeks of exposure were seen. (Czech et al., 2001) 
also reported transfer of the endocrine effect, from maternal exposure to the next 
generation, by analysis of symptoms in F1 generation snails. According to (Segner et al., 
2003) the ovulation and egg-laying behavior in L. stagnalis are regulated by a 
neurosecretory peptide, the egg-laying hormone. Another test with L. stagnalis (Lalah et al., 
2007) with a limit concentration of 105 µg/L Nonylphenol caused significant delay in all 
stages of growth and an increase in embryo mortality. Also the hatching success of embryos 
was significantly reduced.  
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6 Conclusions on the SVHC Properties 

6.1 PBT, vPvB assessment 

Not assessed for the identification of this substance as SVHC in accordance with Article 
57(f). 

6.2 CMR assessment 

Not assessed for the identification of this substance as SVHC in accordance with Article 
57(f). 

6.3 Substances of equivalent level of concern assessment 

6.3.1 Environment 

According to article 57(f), substances having endocrine disrupting properties, for which 
there is scientific evidence of probable serious effects to the environment which give rise to 
an equivalent concern to those of PBT/vPvB and/or CMR substances might be substances of 
very high concern, identified on a case by case basis. 

Although article 57 (f) provides no clear criteria for “equivalent concern”, starting from the 
legal text two questions seem to be relevant:  

a) Are 4- nonylphenols substances having endocrine disrupting properties? 

b) Is there scientific evidence of probable serious effects to the environment which give 
rise to an equivalent concern compared to CMR and/or PBT substances? 

Information available for 4-nonylphenols is structured along these two questions in order to 
facilitate a conclusion. 

 

6.3.1.1 Endocrine disrupting properties 

Endocrine disrupting properties are one example of inherent properties that might, if 
scientific evidence of probable serious effects is available, give rise to an equivalent level of 
concern as exerted by CMR and/or PBT/vPvB substances. Although the term “endocrine 
disrupting properties” is not equivalent to the term “endocrine disruptor” the definition of an 
endocrine disruptor provided by WHO/IPCS (WHO/IPCS, 2002) is used as starting point to 
analyse the endocrine disrupting properties of nonylphenol:  

 “An endocrine disrupter is an exogenous substance or mixture that alters function(s) of the 
endocrine system and consequently causes adverse health effects in an intact organism, or 
its progeny, or (sub)populations” (WHO/IPCS, 2002)”. 

In chapter 5.1.2 available in vitro data as well as data for fish, amphibians, and 
invertebrates are examined in order to analyze whether 4-nonylphenols should be regarded 
as endocrine disruptors according to this definition. This examination is based on the criteria 
set out in the OECD guidance document on standardised test guidelines for evaluating 
chemicals for endocrine disruption (OECD, 2012).   
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In vitro results described in chapter 5.1.2.2 demonstrate that 4-nonylphenols act as ligands 
of the estrogen receptor. Gene activation as well as vitellogenin expression as a result of 
this activation were observed for different vertebrate estrogen receptors including 
mammals, fishes (O.mykiss and S. Salar) and frogs (X. laevis) in isolated receptors as well 
as primary hepatocytes. Furthermore, data available show that 4-nonylphenols  is able to 
interfere with other nuclear receptor-mediated pathways as nonylphenol inhibited androgen-
mediated gene expression in vitro. Thus in summary, the available mechanistic information 
provides clear evidence that 4-nonylphenols act as estrogen receptor agonists and may 
have anti-androgenic properties as well. The relative potency of 4-nonylphenols compared 
to 17ß estradiol ranged from 0.94 10-5 to 0.44 10-2.  

As described in chapter 5.1.2.3 data available for fish substantiate the endocrine 
mechanism of action of 4-nonylphenols in vivo and provide strong evidence that it results in 
population relevant adverse effects as a consequence of the endocrine mode of action:  

• In four fish species (O.latipes, D.rerio and the two vivivarous species P. reticulata, G. 
holbrooki) reliable sexual development tests and a full life cycle test (O.latipes) 
clearly showed that nonylphenol is endocrine active in fish and causes population 
relevant adverse effects (change in sex-ratio) which are clearly linked to the 
endocrine activity: Vitellogenin was induced, testis-ova or other indicative 
histological changes occurred and the sex-ratio was skewed towards females.  

• For two other species (P.promelas nd O.mykiss) results clearly show that 4-
nonylphenols are endocrine active in vivo: Vitellogenin was induced and either 
changes in secondary- sex characteristics (P.promelas) or testis-ova and inhibition of 
spermatogenesis (O.mykiss) were observed. Observed adverse effects fit to the 
endocrine mode of action (reduced growth during early life stages and reduced 
fecundity) providing strong evidence that the substance is an endocrine disruptor 
also in these species.  

•  In all other species (Gobiocypris rarus, Crassius auratus) endpoints indicating 
population relevant effects were not analyzed. But changes in the vitellogenin level 
and the estradiol level as well as histological changes (testis-ova and hypertrophic 
leydig cells respectively) give clear hints that 4-nonylphenols are endocrine active in 
these species, too.  

Thus, there is strong evidence from high quality data that 4-nonylphenols actually act as 
endocrine disruptors in fishes i.e. that the substance alters the function of the endocrine 
system and consequently causes adverse, population relevant effects. Data for several fish 
species show that this holds true for a variety of different species. 

For amphibians study results, as well as our knowledge about estrogen mediated effects in 
these taxa, do not allow for a definitive conclusion as to whether the adverse effects 
observed are estrogen endocrine mediated.  However, in vitro results for one species 
(X.laevis) indicate that 4-nonyphenols may induce vitellogenin expression by binding to the 
estrogen receptor. Adverse effects in a low quality study for X. laevis (change in sex-ratio) 
are comparable to effects observed for 17ß-estradiol providing some indication that effects 
may be caused by an estrogen-like mode of action. This estrogen-like effect was also found 
in two other frog species (R. sylvatica and R.pipens) where sex reversal towards females 
was shown to start at low µg/L concentrations in reliable studies.   

With regard to invertebrates, no clear conclusion can be drawn. Effects observed for 
crustaceans, echinoderms, and mollusks provide some indication of endocrine activity and 
apical effects observed in two mussel species fit to those observed for the natural estrogen 
17ß-estradiol.  
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Overall summary of endocrine disrupting effects of 4-nonyphenols in taxonomic groups 
analysed   

In summary, available information shows that 4-nonylphenols act as endocrine disruptors in 
fish and there is some evidence for estrogen-like disruption in anuran amphibians. Some 
data indicate that 4-nonylphenols may be endocrine active in invertebrate species too, but 
no clear conclusion can be drawn due to the lack of knowledge about the exact endocrine 
mechanism in invertebrates and the lack of test systems which include endocrine 
biomarkers diagnostic of endocrine mechanisms.  

These concluding aspects are summarized in Table 34.  

Table 34: Endocrine disrupting effects of 4-nonylphenols in different taxonomic groups  

Taxonomic 
group 

Number of 
species 

Indication of 
hormonal activity? 

Apical adverse effects 
observed?  

Indication that 
apical 
endpoints fit to 
mode of action 

Fishes  9 Yes,  

in all species 
observed  ( 
increased 
vitellogenin level in 
males and females, 
changes in female 
gonadal staging, 
changes in sperm 
stages in males, 
testis-ova, 
secondary sex-
characteristics, 
elevated estradiol 
levels) 

Yes, 

 effects in all species with 
tested apical endpoints (6 
species). 

Most sensitive adverse 
endpoints: 

Sex-ratio (O.latipes, D.rerio, 
P,reticulata, G. holbrooki), 
growth (O.mykiss, 
P.promelas)  

Most sensitive fully reliable 
LOEC = 10 µg/L (growth 
O.mykiss and sex-ratio 
D.rerio) with some indication 
that effects may start at 
0.75µg/L (semen volume  
O.mykiss) 

Yes, based on 
studies with 
nonylphenol 
clear link for 
four fishes 

Effects 
observed in all 
species 
substantiate 
the endocrine 
mode of action 
and are known 
to be estrogen 
sensitive 

Amphibians  7 Yes, 

 in vitro receptor 
binding for one 
species. 

Some hints that 
effects might be 
endocrine mediated 
in another species 
but not conclusive.  

Yes, 

 in 3  species (change in sex – 
ratio, occurrence of intersex 
gonads, changes in 
development) 

Most sensitive LOEC≤ 10  µg/L 
(sex-ratio in  R. sylvatica,and 
R. pipiens Klimisch 2)   

Effects 
observed on 
sex-ratio in 
X.laevis in low 
quality study  
and changes in 
sex-ratio in  R. 
sylvatica and 
R. pipelines  in 
a Klimisch 2-
study point to 
an estrogen 
mediated 
mode of action  

Invertebrates 2 crustacean 
species 

Yes, 

effects on androgen 
metabolism in 
D.magna 

Depression of 20-

Yes 
(reproduction,development, 
moulting) 

Most sensitive fully reliable 
EC50 = 8 µg/L (reproduction in 

Some 
indication but 
no clear 
conclusion 
possible due to 
lack of 
knowledge 
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hydroxyecdysone 
production during 
amolt cycle 

C. Dubia) 

 2 echinoderm 
species 

Effects observed are 
similar to those 
observed for a 
known anti-estrogen 
and thyroid active 
substance 
(pentachlorphenol) 

Yes (larval malformations)) 

Most sensitive reliable  LOEC 
= 0.9 µg/L (larval 
malformation in A. Lixula   

Some 
indication but 
no conclusion 
possible due to 
lack of 
knowledge 

 4 mussel 
species 

 

Induced 
hermaphrodism 

Effects fit to those 
observed for 17ß 
estradiol and our 
knowledge about the 
influence of 
estrogens on female 
sexual maturation 

Yes (sex ratio skewed to 
females in one study, survival 
ofspring) 

Most sensitive reliable  LOEC 
≤ 1 µg/L (survival, sex-ratio in 
C:gigas 

Some 
indication but 
no clear 
conclusion 
possible   

 1 snail species - Yes (fecundity, hatching 
success F1 generation, 
growth) 

Most sensitive reliable LOEC 1  
µg/L (embryonic toxicity in H. 
diversicolor 

No conclusion 
possible 

 
With regard to linear nonylphenol no in vivo data are available.  Available in vitro 
information shows that it does bind to the fish estrogen receptor and is able to activate it 
(see section 5.1.2.2). Available metabolic information indicates that the metabolism in fish 
for n-nonylphenol and the branched isomers is similar: Data provided by Arukwe et al (1999 
and 2000) show that for n-nonylphenol the main metabolic pathway in Salmo salar is via 
glucoronidation which involves a conjunction with the OH group. Data provided by Coldham 
et al (1998) show, that this holds also true for the technical NP which includes mainly 
branched nonylphenol isomers.  
 
With regard to n-nonylphenol data provided by Arukwe et al (1999, 2000) for Salmo salar 
and by Thibault et al (1998) for Oncorhynchus mykiss show that hydroxylation of the alkyl-
chain may occur in addition to the glucoronidation pathway. In principle it could be argued 
that this pathway could be more important for the linear nonylphenol. However data 
provided by Arukwe et al (1999, 2000) show that it is not a major pathway and data by 
Coldham et al (1998) show that this pathway is also present for branched nonylphenols. 
 
In summary, available data on metabolic pathways do not indicate any difference in the 
pathway for the linear and the branched nonylphenols and thus it can be concluded that 
based on the available information, it can be expected that the in vivo data available for the 
branched nonylphenols describe the adverse effects  for the linear nonylphenol too.  

6.3.1.2 Equivalence of concern based on probable serious effects in the 

environment  

As described in article 57 (f), an endocrine disruptor should be regarded as of very high 
concern if the probable serious effects to the environment are of equal concern compared to 
CMR and/or PBT/vPvB substances (REACH, Art. 57 f). The seriousness of effects and the 
equivalency of concern needs to be analysed case by case employing a weight of evidence 
approach. 
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The effects observed as a result of exposure of several species including fish, and 
amphibians to nonylphenol are considered to be of equivalent concern due to the severity of 
the effects and the difficulties to quantify a safe level of risk for estrogene-like endocrine 
disruptors.  

Effects are severe with regard to the type of effects and the concentrations causing the 
effects. As described in chapter 5.1.2 nonylphenol results in endocrine mediated adverse 
effects on apical endpoints in several fish species at very low test concentrations (low µg/L 
range). Sensitive endpoints observed in fish are clearly endocrine mediated. Compared to 
17ß-estradiol in vivo potency ranged from 10-4 to 10-5 (sex-ratio and histological changes in 
D.rerio) with some indication that the relative potency might be higher in other fish species 
(factor ≤ 0.11 for O.latipes with regard to male secondary sex characteristics; factor ≤ 0.1 
for P.reticulata with regard to vitellogenin induction).  

Effects are considered serious for the environment as they impair population stability or 
recruitment. Exposure to 4-nonylphenols resulted in effects in fish on reproduction 
parameters (fecundity) as well as on sexual development (including changes in sex-ratio) 
and growth. Results for at least 3 fish species and three frog species show that exposure to 
nonylphenol may result in a complete sex-reversal and all female populations.  

Several effects observed after exposure to 4-nonylphenols indicate that they may cause 
long lasting effects which persist even after exposure has ceased. 

Exposure in one generation resulted in effects in the next generation even if that generation 
was not directly exposed: In O.mykiss VTG induction and increased level of sexual steroids 
were observable in 3 year old unexposed progeny of parents exposed as adults. Viability of 
eggs and hatching rate of unexposed progenity was reduced (Schwaiger et al., 2002). In 
D.rerio exposure of female adults resulted in malformation of embryo although embryos 
were not exposed and reproduction started after the end of exposure (Yang et al., 2006). 
Exposure during sexual development resulted in a reduced fecundity and a reduced swim-up 
success of progeny even if adults were not exposed any longer (Lin and Janz, 2006). 

Effects observed in two fish species provide evidence, that exposure to 4-nonylphenols 
reduces the reproductive capacity of exposed male fish. In P.promelas exposed males were 
outcompeted during spawning by unexposed males (Schoenfuss et al., 2008) and in P. 
reticulata reproduction was three months delayed due to the fact that males did not show 
courtship behavior. Such changes in male reproduction capacity might influence the genetic 
variability of populations in the long-term, as only a part of the males may be capable to 
reproduce (Sumpter and Johnson, 2008) 

Effects observed in O.latipes provide indication that a continous exposure may result in 
more pronounced effects not covered in one generation tests as effects on the sex-ratio in 
the F1 generation of O.latipes were more pronounced than in the F0 generation (Yokota et 
al., 2001). 

These observations are in line with our knowledge about the endocrine system. Endocrine 
modulation is a very complex feedback process that is set up during critical life stages. As 
summarized in (IPCS, 2002) disturbance of this set up may result in  effects during the 
entire life-time.  

Results show that a transient short term exposure during sensitive life stages may result in 
life long effects and even in following generations. This must be considered as serious 
effects as migration is a common pattern in species such as birds, amphibians, mammals 
and fishes. It includes long-distance migration of migratory birds or of fish species, such as 
salmonids and eel. Thus a short term exposure in one area may result in effects that impair 
population stability in another area (e.g exposure during development of flatfish in coastal 
area may result in population changes in the open sea, or exposure of adult salmonids in 
estuarine areas during migration might influence sperm quality and fertilization success at 
the reproduction sites in rivers).  
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In addition to the severity of these effects, some results substantiate the hypothesis that it 
is difficult to quantify a safe level of exposure to 4-nonylphenols owing to their endocrine 
activity. 

Effects in O.mykiss indicate that effects on reproduction (which was not analyzed in 
available tests) may start at much lower concentrations than the most sensitive adverse  
endpoint observed in the tests (growth at 10 µg/L) as exposure to 0.75 µg/L 4-nonylphenol 
resulted in a reduced sperm volume after exposure of males.  

Effects on reproductive behavior as observed in P.promelas and P.reticulata indicate that 
effects on endpoints not covered in OECD guideline tests may influence reproduction. As 
described by Crane (2010), aspects such as influence on breeding behaviors and 
competition are not taken into account in laboratory tests. Thus it seems possible that 
effects on reproduction may occur at concentrations lower than those observed in the fish 
reproduction and screening tests.  

Effects observed in X.helleri (reduced sword tail length, relevant secondary sex 
characteristic in that species at 0.2 µg/L) indicate that species other than those normally 
tested might be more sensitive to exposure to 4-nonylphenols. 

Although it is difficult to estimate whether or not such effects might result in a population 
change in ecosystems they indicate that exposure to 4-nonylphenols might result in effects 
at concentrations below those observed. This is substantiated by the fact that exposure to4- 
nonylphenosl resulted in effects on reproduction and development in different invertebrates 
at concentrations below 1 µg/L (e.g. LOEC sex-ratio < 1 µg/l in mussels, LOEC development 
0.09 µg/L in echinoderm species). Although it is not possible to clearly state that the effects 
are endocrine mediated, these effects fit to the knowledge that steroids are known to play 
an important role e.g. in vertebrates other than fishes (Baroiller et al., 1999) and in 
invertebrates (Kendall et al., 1998). Due to highly conserved estrogen receptors it is very 
likely that a wide range of species with different functions in ecosystems could be affected. 
Owing to the lack of in depth knowledge of their endocrine system and the lack of test 
systems it is currently nearly impossible to estimate which species are most sensitive and 
which concentration should be regarded as safe for the environment.  

Thus, in summary, effects observed after exposure to 4-nonylphenols are considered to 
impair population stability and recruitment. They may occur even after short term exposure 
and thus may result in impairments in regions other than those where exposure occurred. 
Effects persist even after exposure has ceased and may influence population level on a long 
term basis e.g. due to transgenerational effects and/or changes in the gene pool. Effects 
may influence a wide range of taxa and it is difficult to estimate a safe level of exposure to 
4-nonylphenols. Consequently they are considered to be of an equivalent level of concern.  
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1. INTRODUCTION 
 

 
1.1  Background 

 
The International Programme on Chemical Safety (IPCS) was initiated in 1980 as a 

collaborative programme of the United Nations Environment Programme (UNEP), the 
International Labour Organisation (ILO), and the World Health Organization (WHO).  One of 
the major objectives of the IPCS is to develop and promote the use of improved methodologies 
for assessing the risks of chemical exposures on humans and the environment.  For historical and 
practical reasons, human health and environmental risk assessment methodologies have 
generally developed independently.  However, there is a need for an integrated, holistic approach 
to risk assessment that addresses real life situations of multi-chemical, multimedia, multi-route, 
and multi-species exposures. In response to this need, the IPCS (in collaboration with the US 
Environmental Protection Agency (US EPA), the European Commission (EC), and other 
international and national organizations) initiated activities to develop and promote the 
integration of assessment approaches to evaluate human health and ecological risks.   

 
The term “integration” can have many meanings, and several opportunities exist within 

risk assessment generically for integration.  In the IPCS project, integrated risk assessment was 
defined as a science-based approach that combines the process of risk estimation for 
humans, biota, and natural resources in one assessment.  The overall goal of this project was 
to promote international understanding and acceptance of the integrated risk assessment process. 
Three specific objectives were identified to meet this goal: 1) enhance understanding of the 
benefits of integration, 2) identify and understand obstacles to integration, and 3) engage key 
scientific organizations to promote discussion of an integrated approach to risk assessment. To 
implement these objectives, IPCS in collaboration with a working group of international 
scientific experts developed a generic framework (see Figure 1.) to demonstrate and 
communicate how an integrated risk assessment could be conducted (WHO, 2001, 2001a; Suter 
et al., 2003; Munns et al., 2003a).  In addition, four separate case studies were developed to 
demonstrate the use of the framework and to highlight the benefits of using an integrated 
approach (Ross and Birnbaum, 2003; Hansen et al., 2003; Sekizawa et al., 2003; Vermeire et al., 
2003).  The framework and case studies were evaluated at an international workshop in April 
2001 (WHO, 2001, 2001b).  Workshop participants identified a) a number of opportunities to 
integrate the risk assessment process; b) benefits and obstacles to using an integrated approach; 
and c) research recommendations to improve and facilitate integrated approaches (Munns et al., 
2003b).   

 
One recommendation of the April 2004 workshop was to conduct an integrated risk 

assessment on a specific chemical to demonstrate the practical applications, benefits, and 
obstacles to using an integrated approach when compared to independently conducted 
assessments for human health and the environment.  The chemical, nonylphenol (NP), was 
chosen for this “demonstration integrated risk assessment.”  IPCS contracted with experts from 
the Institute of Risk Assessment, University of Utrecht, The Netherlands (in collaboration with 
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the Institute of Public Health and the Environment, Bilthoven, The Netherlands) to prepare the 
Nonylphenol case study using the IPCS generic framework for conducting integrated risk 
assessment.   

 
This report summarizes the results of that effort. We hope that these collaborative efforts 

of the IPCS will help to establish the foundation for internationally accepted guidance for 
integration of risk assessment.   

 
The draft Nonylphenol case study and related IPCS activities on integrated risk 

assessment were resented at the 10th International Congress of Toxicology held in Tampere, 
Finland, July 2004 (Munns et al., 2004; Suter et al., 2004; Sekizawa et al., 2004).  

 
1.2  Strategic Approach For Development Of Case Study 

 
The major objectives of this project was to compare a “demonstration” integrated risk 

assessment of Nonylphenol (NP) using the IPCS generic framework with data from 
independently conducted assessment on the environmental and human health effects of NP.  This 
demonstration case study should build from the data used to conduct independent (non-
integrated) assessments of the human and environmental risks of exposure to Nonylphenol.  The 
following existing risk assessment reports on Nonylphenol were identified following an 
extensive literature search. 

 
Reports with an ecological risk assessment: 

• US EPA (1996) RM-1 document for para-nonylphenol. 
• US EPA (2003) Ambient Aquatic Life Water Quality Criteria for Nonylphenol – 

Draft. 
 
Reports with a human health risk assessment:   

• None 
 
Reports with both ecological and human health risk assessment: 

• Environment Canada (2000), Priority Substances List Assessment Report, 
Nonylphenol and its ethoxylates. 

• EC (2001), EU-RAR on 4-nonylphenol (branched) and Nonylphenol. 
 
Given the few available risk assessments on NP and its parent compounds it was not 

possible to compare the integrated assessment with one ecological risk assessment report with 
one human health risk assessment report.  Since the EU assessment was already partly integrated 
and also the most recent report, it was used for this project as the major source of information 
(supplemented with data from the other available assessment reports).  Given the limited time-
frame of this project, it was not feasible to re-evaluate the primary literature.  The EU approach 
is based on the standard approach of problem formulation, dose-response assessment, exposure 
assessment and risk characterization.  Due to the lack of independent human health and 
ecological risk assessment documentation, an evaluation of the benefits and drawbacks of IRA 
relative to the independent human health risk assessments and ecological risk assessments was 
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strictly speaking not possible. Instead, the used information was classified as ecological or 
human data. Conclusions resulting from these data were then integrated to form evaluations of 
the benefits of integration. If these integrated conclusions enhanced or improved the risk 
assessment, the process leading to these integrated conclusions as well as the conclusions 
themselves were listed as benefits of integration.  Potential benefits per area of integration were 
searched in the following benefit categories: (1) coherent expression of assessment results, (2) 
interdependence of the results, (3) identification of sentinel organisms, (4) enhanced scientific 
quality of the assessment result and (5) efficiency in using and generating data. These categories 
were derived from the IPCS generic framework for integrated risk assessment which is 
illustrated in Figure 1 (HERA, 2003).  
 

At the start of this project a selection was made of the most promising areas for 
integration.  “Potential areas of integration” are processes or steps within a risk assessment that 
use either ecological data or human health data to generate a result, but could potentially benefit 
from using both (i.e., areas where ecological and human data could supplement each other and 
generate improved or new results).  Several parts of the risk assessments of Nonylphenol did not 
qualify for this, either because data were too limited or because integration was not relevant.  
The following potential areas of integration were selected (1) problem formulation, (2) sources 
of emission, environmental concentrations and exposure estimates, (3) toxic kinetics, (4) 
estrogenic effects and (5) risk assessment for wildlife.  

 
In Section 3, the relevance of each area of integration is briefly explained.  The generic 

benefits of integration in that area are described along with the conclusions on the specific 
benefits of integration in each for the chemical Nonylphenol. The data used to derive these 
conclusions are also summarized.  For each potential area of integration, summaries are provided 
for:  a) the benefits already apparent in the EU-RAR; b) additional benefits gained by further 
integration and, in some cases; c) conclusions missed by not integrating.    
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Figure 1.  A framework for integrated human health and ecological risk assessment (modified 

from US EPA 1998).  Risk assessors, risk managers, and stakeholders perform 
parallel activities which may interact at various stages. 
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2. INTRODUCTION TO NONYLPHENOL 

 
This summary is based on the information in the EU risk assessment of nonylphenol. 

 
Nonylphenol is used primarily as a building block for the monomers used in the 

production of resins and polymers.  The data indicates that Nonylphenol is not used as a free 
additive in resins, plastics or stabilizers.   

 
Of the 77,505 tons of nonylphenol (NP) produced in 

1997 in Europe, 81 percent was produced continuously and 
19 percent in batch production (four companies produce most 
of the Nonylphenol). Import exceeded export for an 
additional 5,000 tons in 1997. Nonylphenol is produced in 
Europe in three ways: 

 
1. Phenol and mixed nonenes are reacted in the presence 

of a catalyst in a batch process. The catalyst used is 
montmorillonite clay/fulcat and phosphoric acid. 

2. Phenol and mixed nonenes are reacted in the presence 
of a sulfonated ion exchange resin in a batch process. 

3. Phenol and mixed nonenes are reacted in the presence 
of a fixed bed ion exchange resin in a continuous 
process.  

 
Sixty percent of the NP is used for the production of 

nonylphenol ethoxylates, 37 percent for the production of 
resins, plastics, stabilizers, etc. and the remaining 3 percent 
for the production of phenolic oximes.  All nonylphenol 
ethoxylates are produced from NP and ethylene oxide in 
batch processes. The length of the ethoxylate chain is varied 
by controlling the ratio of nonylphenol to ethylene oxide or 
by the reaction time.  One company in the EU produces 
phenolic oximes from NP and exports all phenolic oximes 
out of Europe. Phenolic oximes are used as a reagent for the 
extraction and purification of copper from ore.  The 
nonylphenol ethoxylates are functionally used as cleaning 
and washing agents, surface-active agents and foaming 
agents.  The industry uses NP for industrial and institutional 
cleaning, textile auxiliaries, leather auxiliaries, emulsion 
polymerization, agricultural pesticides and paint production. 

 
Figure 2: The molecular 
structure of nonylphenol.  
 
The C9H19 group can be a 
straight chain or be shorter and 
branched. 
NP melts at 265 Kelvin, boils 
around 563 to 575 Kelvin. NP 
has a relative density of around 
0.95 at 293 Kelvin and vapor 
pressure of 0.3 Pa at 298 
Kelvin. Due to a low Henry’s 
Law Constant and a low vapor 
pressure partitioning to air is 
low. NP is poorly soluble; 
solubility is around 6 mg/L at 
293 Kelvin. NP has a pKa of 10 
and will be in undissociated 
form in environmental water. 
NP has an n-octanol-partioning 
coefficient (Log Kow) of around 
4.48 (From EU-RAR). 
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Nonylphenol ethoxylate containing products used in the public domain include: non-agricultural 
pesticides, cosmetics, cleaning products and office products such as correction fluids and inks.  
EU member states and industry have agreed to phase out nonylphenol ethoxylates in all detergent 
applications by the year 2000. As a result, the usage of NP is expected to drop in the future.  
 

Small emissions of NP may occur during production, and escape to air or surface water. 
However, most wastes are first passed through a wastewater treatment plant. Most of the NP 
containing compounds, such as nonylphenol (poly)ethoxylates, is then aerobically degraded by 
bacteria into shorter nonylphenol ethoxylates or nonylphenol. In the wastewater treatment plant, 
it is estimated that half of the NP absorbs on particles. These particles then stay in the wastewater 
treatment plant as sludge or are emitted into the aquatic phase and settle on the sediment.  For 
risk assessment calculations it was assumed in the EU RAR that all NP containing compounds in 
sludge are degraded into the more estrogenic NP.  As the majority of the emissions of NP end up 
in the water compartment, the physico-chemical properties become relevant (Figure 2). NP is 
poorly soluble and unlikely to evaporate from the water. It remains in the aquatic phase and 
partitions to the sediment and biota such as fish. In the anaerobic sediment NP and its parent 
compounds (e.g. NP (poly)ethoxylates) are more resistant to degradation. Eventually, bacteria 
can mineralize NP.  In the River Aire in England in 1995, downstream of the emission sites of 
textile processing industry, locally high concentrations of NP were found; up to 53 µg/L freely 
dissolved nonylphenol and up to 180 µg/L when including particles.  Background concentrations 
on average in rivers in Germany in 1989 measured 0.038 µg/L, with peaks up to 1.3 µg/L. The 
Tees estuary in England receives water from heavily industrialized areas. In 1995 this estuary 
contained up to 3.1 µg/L freely dissolved nonylphenol and up to 5.2 µg/L of NP when including 
particles. NP has also been detected in rivers and lakes in Japan, the USA, and other countries.  
 

Concern over the widespread usage of Nonylphenol has been increasing because of its 
toxicity to both marine and freshwater species, and its ability to induce estrogenic responses.  
The estrogenic effect of nonylphenol on fish and daphnids has been studied by a number of 
authors. Generally the work shows that nonylphenol and nonylphenol ethoxylates do exhibit 
estrogenic activity. For nonylphenol ethoxylates the activity was found to increase with 
decreasing chain length, with nonylphenol showing the greatest activity. Most of the tests 
indicate that estrogenic effects may start to occur at around 10-20 µg/L.  Nonylphenol and some 
of its degradation products have been shown to have estrogenic activity in a number of in vitro 
(yeast, MCF-7 cells, ZR-75 cells) and in vivo assays (with rats and mice). The potency of this 
estrogenic activity in these assays ranged from 3 to 6 orders of magnitude less than that of 
estradiol. The effects of nonylphenol on fertility and reproductive performance have been 
investigated in a number of studies, but results are equivocal.   
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General Conclusions on the effects of NP in the EU-RAR (2001) 
 

In the EU risk assessment report on nonylphenol of 2001 a No Observable Effects 
Concentration (NOEC) of 0.33 µg/L was derived, based on the endocrine disruptive potential of 
NP on fresh water fish. The PNEC for sediment of 0.039 mg/kg was derived using an 
equilibrium partitioning method. The conclusion of the EU RAR was that calculated background 
concentrations of NP are of concern and further measuring and testing is needed. In addition, 
there are many types of industries that cause locally high concentrations of NP and risk-limiting 
measures would be appropriate. Secondary poisoning on locally polluted sites is possible. The 
terrestrial and atmospheric compartments are not likely to be the source of meaningful amounts 
of exposure of organisms in the environment. 

 
The calculated oral No Observable Adverse Effects Level (NOAEL) for repeated dose for 

humans was 15 mg/kg/day based on the endocrine disruptive effects in rats. Data from modeling 
suggest that there are concerns for human health with respect to local exposure, based on low 
margins between modeled exposures and the N(L)OAELs for repeated dose and reproductive 
toxicity. Living in the locality of a textile factory increases exposure by 4.42 mg/kg/day. 
Exposure via occupational paint usage (approximately 2 mg/kg/day) and industry sectors of 
manufacturing or using NP as intermediate should be reduced. In the worst-case scenario the 
total exposure would be approximately 6.4 mg/kg/day.  The main routes of calculated exposure 
of humans to background pollution from the environment are from plant roots (70 to 80%) and 
fish (1 to 29%). Concern for mutagenicity and carcinogenicity is low. Exposure via consumer 
products is negligible. The calculated dose received from background pollution from the 
environment on a daily basis is 5.13*10-3 mg/kg/day, which is below levels of concern.  

 
Nonylphenol is mostly an environmental health issue for aquatic organisms. Plants are 

exposed to NP from sludge. Terrestrial organisms are exposed via eating plant roots or exposed 
via secondary poisoning. There is a measure of concern for the terrestrial environment near 
industrial sites, which is below levels of concern.  The exposure of humans to nonylphenol from 
background concentrations is of limited concern. Only a local high exposure could affect human 
health.  
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3.  INTEGRATED RISK ASSESSMENT OF NONYLPHENOL 
 

3.1 Problem Formulation Phase 

3.1.1 Introduction 
 
 As indicated in Figure 1, the first step in the integrated risk assessment process is 
problem formulation, which delineates the overall goals, objectives, scope, and activities of the 
integrated assessment as well as the resources available to conduct the assessment. This analysis 
considers whether a risk assessment is needed, and who should be involved in the 
assessment/risk management process. It also helps to ensure that the assessment will provide the 
information necessary to support the environmental decision making process (i.e. risk 
management). Risk managers, risk assessors and other stakeholders all bring valuable 
perspectives to this assessment planning.  

3.1.2 Potential benefits of integration Environmental Risk Assessment (ERA) and Human 
Health Risk Assessment (HHRA) knowledge 

3.1.2.1 Assessment questions 
 

Assessment questions are those that define the goals, breadth, and focus of the 
assessment. 
 
Potential Integration benefits 
 
1. Issues that are critical for both humans and the environment are more easily identified. 

Integration would greatly increase the chance of serendipitous recognition of problems for 
which evidence in any one sector is limited, but when all data are considered together, cause 
for concern may become evident. 

2. Assessment of risks to humans is strengthened through evaluation of risks to other organisms 
that influence human health and welfare. 

3. There will be greater consistency in the spatial and temporal scope (e.g., with regard to the 
information and processes used).  

4. Data and knowledge gaps are identified at an early stage. 
 

3.1.2.2 Impetus for the assessment 
 

The impetus for the EU assessment was the requirement that all industrial chemicals be 
assessed for their risks to human health and the environment. The impetus for this integrated 
assessment was the desire of the WHO/IPCS to explore the benefits of integrated risk assessment 
by performing a demonstration case study. 
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3.1.2.3 Assessment Endpoints 
 

Changes in the health of humans, ecosystems, or selected species (chosen to represent an 
ecosystem) must be quantified. Health is a qualitative endpoint but must be expressed in a 
measurable way. For example, endpoints such as the production of vitellogenin in male fish; 
mutagenicity skin irritation in rats can be used to quantify the effect of the stressor on these 
organisms or systems.  More potential endpoints are listed in Table 2. 
 
Potential Integration benefits 
 
1. Susceptible endpoints in animals or ecosystems could indicate unidentified endpoints in 

humans (the reverse is also possible, but is more unlikely). 
2. Knowledge on the fate of the compound and the target organisms can be used to predict 

potential adverse effects on the health of species within an ecosystem. Respectively, 
knowledge on the fate of the compound and the target organs can be used to predict potential 
adverse health effects on the health of a species due to organ toxicity.  

3. Ecologists and human health assessors can discuss the relevance of all chosen endpoints. 
 

3.1.2.4 Conceptual Model 
 

The core of an integrated risk assessment is the conceptual model. The conceptual model 
is the condensation and formulation of how the assessors (and interested parties) think the 
stressor reaches and distributes over the environment and affects organisms in the environment 
(see Figure 3 for the EU conceptual model).  Ecologists and human risk assessors should work 
together to evaluate the common routes of exposure of the stressor in order to enhance each 
other’s view and understanding of the stressor’s behavior. The relation between emission of the 
stressor and endpoints measured must be well characterized.  
 
Potential Integration benefits 
 
1. Both human and ecological risk assessors scrutinize the quality of information on the 

common pathways of emission, distribution, and exposure. 
2. There will be better consensus between ecologists and human health assessors on the fate of 

the stressor. 
3. Indirect exposure pathways via the environment to the humans are more likely to be 

identified since humans are modeled as just one more receiving species in the web of 
exposure pathways.  

4. When relevant and possible, multiple sources of exposure such as consumer products, 
emissions, and natural emissions are incorporated into the model. 

5. Only one conceptual model is produced; the ecological conceptual model and the human 
health conceptual model are one and are based on the same assumptions and data. 
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Figure 3: This figure is the summary of a non-compound specific conceptual model as used in the EU 
approach. The routes of exposure to the target organisms are visualized (see Table 1). Endpoints within 
these target organisms are defined as summarized in Table 2. 
 

3.1.2.5 Integration of the Analysis Plan 
 

In this step, the methods used to ensure the quality of the risk assessment are produced 
and discussed. This includes guidelines on how to select data, how to assess the quality of data, 
how to generate and analyze data, and how to cope with data incompleteness.  The selection of 
acceptable computer models (if they are needed) is discussed along with a description of how 
results will be presented. 
 
Potential Integration benefits 
 
1. Enhanced efficiency and reduced cost since data for only one transport and fate model is 

needed. Emission data, physicochemical properties, fate and degradation data are only 
needed once. Ecological and human exposure models use the same data input. By integrating, 
decisions are based on more data and the available data is used more extensively. 

2. Better identification of key research needs: (e.g., where do ecological and human health risk 
assessors lack information)? By using the same data on physicochemical properties, human 
and ecological health assessors can target shared research needs and transport of the stressor. 

3. Ecological results and human health results adhere to the same data quality restrictions. 
4. Ecological results and human health results are presented in the same terminology and if 

possible use the same method to express the risk and the uncertainty. This facilitates 
comparison between the ecological results and the human health results. 

5. If the assessment will be iterated, an integrated approach might foster the development of 
parallel tiers, which use common data and models. 
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3.1.3 Integrated Risk Assessment 
 

In the EU Risk Assessment framework for new and existing chemicals and biocides the 
stage of problem formulation is addressed, harmonized and laid down in advance of the 
preparation of Technical Guidance Documents (TGD) (EC, 2003). The level of integration 
therefore is determined largely by this general guidance and individual risk assessments for 
specific chemicals (such as the one for Nonylphenol) do not have an additional problem 
formulation stage. In some cases, the problem formulation stage results in a proposal for a more 
targeted risk assessment, but this has not been done for nonylphenol.  
 
 Risk assessment according to the EU-TGD is carried out in a stepwise procedure 
encompassing the following stages: 
1. Exposure assessment: estimation of the concentrations/doses to which human populations 

or environmental compartments are or may be exposed. 
2. Effects assessment, comprised of  
 a. hazard identification: identification of the adverse effects which may be caused by 

the substance 
 b. dose-response assessment: estimation of the relationship between the level of 

exposure to a substance (dose, concentration) and the incidence and severity of an 
effect. 

3. Risk characterization: estimation of the incidence and severity of the adverse effects 
likely to occur in a human population or environmental compartment due to actual or 
predicted exposure to a substance. 

 
 At the risk characterization stage, this procedure will result in a quantitative comparison 
of the outcome of the exposure assessment and that of the effects assessment. For new and 
existing substances this will be a PEC/PNEC (i.e., Predicted Environmental Concentration versus 
a Predicted No-Effect Concentration) for environmental compartments, and a MOS (i.e., Margin 
of Safety), or the ratio of the estimated no-effect or effect level parameter to the estimated 
exposure level for human sub-populations. The risk characterization for biocides is performed by 
comparing the exposure to the AOEL (Acceptable Operator Exposure Level), a health based 
limit value. These PEC/PNEC and MOS ratios should be seen as surrogate parameters for risk 
characterization as they do not quantify the "incidence and severity" of adverse effects. The 
ratios are used as indicators for the likelihood of the occurrence of adverse effects, since a better 
method for a more quantitative risk characterization with general applicability is not available at 
the moment.  
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The human sub-populations and 
ecological systems and populations that are 
considered to be protection goals in the 
European Union System for the Evaluation of 
Substances (EUSES) are shown in Table 1. 
Examples of effects of the stressor on the health 
of the organisms are mentioned in Table 2.  
 

The risk assessment for man aims at a 
level of protection, expressed in the MOS for 
new and existing substances or MOE and 
AOEL/exposure-ratio (biocides). These values 
indicate that the likelihood for adverse effects 
occurring is “of low concern”, taking into 
account the nature of the potentially exposed 
population (including sensitive groups); the 
nature and severity of the effect(s); and the 
uncertainties involved. In the environmental risk 
assessment it is assumed that ecosystem 
sensitivity depends on the most sensitive species 
and that protection of the ecosystem structure also 
protects community function. The PNEC derived 
for each ecosystem is regarded as a concentration 
below which an unacceptable effect will most 
likely not occur. 
 
 Risk assessment using the EUSES departs 
from a screening level approach in which so-
called generic exposure scenarios are applied (see 
Figure 3). In the environmental risk assessment, it 
is assumed that substances are emitted in a 
standard environment with predefined 
environmental characteristics. No measured data 
are used at this level. The risk assessment covers 
the whole life cycle of substances as well as their 
fate in all environmental compartments. Four 
spatial scales (local, regional, continental, and 
global) and two time scales (acute, chronic) are 
distinguished. In the risk assessment for workers 
and consumers, again generic exposure models 
are applied initially, covering a wide range of 
applications. The resulting screening-level risk 
assessment is in principle valid for all EU 
countries, as required by the relevant EU 
regulations. 
 

Table 1 Human target populations and 
ecological target systems and 
populations in EU-RA. 

Human populations: 
• workers 
• consumers 
• non-professional users of biocides 
• man exposed via the environment  
 
Ecological systems and populations: 
• micro-organisms in sewage 

treatment systems 
• aquatic ecosystem* 
• terrestrial ecosystem 
• sediment ecosystem* 
• (top) predators* 
* Fresh and marine ecosystems 

Table 2 Human endpoints and ecological 
endpoints in EU-RA. 

Human Endpoints: 
• workers 
• consumers 
• non-professional users of biocides 
• man exposed via the environment  
• acute toxicity 
• irritation 
• corrosivity 
• sensitization 
• repeated dose toxicity 
• mutagenicity 
• carcinogenicity 
• toxicity for reproduction 
 
Ecological endpoints: 
• survival 
• toxicity for reproduction 
• (cell) growth 
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 The EU exposure assessment aims at a “reasonable worst-case” scenario by applying 
unfavorable, but not unrealistic, standard exposure scenarios and, as much as possible, mean, 
median or typical parameter values. If the outcome of the reasonable worst-case risk 
characterization indicates that the substance is “not of concern”, the risk assessment for that 
substance can be stopped with regard to the life cycle stage/effect/population considered. If, in 
contrast, the outcome is that the substance is “of concern”, the assessment must, if possible, be 
refined by adapting any default parameter value for which this is considered necessary. These 
may include the replacement of intermediate results by: a) the results of other models judged to 
be more suitable for the substance under investigation; and b) the use of more reliable and 
representative measured data. 
 

In the case of the EU risk assessment for Nonylphenol, further integration in the problem 
formulation stage could have taken place with regard to recognition of the mode of action of the 
chemical as an estrogen. 
 

Conclusions based on integration in the problem formulation phase 
As pointed out above, integration in the problem formulation for nonylphenol in the EU 

risk assessment has already taken place to a certain extent with regard to: 
1. assessment questions, 
2. assessment endpoints, 
3. conceptual models, 
4. analysis plan. 

 
The benefits of this integration have been pointed out in subsection 3.1.2. They mostly 

also apply to the risk characterization of nonylphenol. Further integration in the problem 
formulation for nonylphenol could have taken place with regard to the more explicit recognition 
of the mode of action of the chemical as an estrogen receptor agonist.  
 

Without this integration the ecological and human health risk assessments may differ 
with regard to: 

1. spatial and temporal scales considered, 
2. the degree of conservatism, 
3. the terminology used, 
4. the scenarios for environmental exposure, 
5. highlighting important effect endpoints, 
6. the default values used, 
7. the evaluation of the quality of the database. 
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3.2  Emission Sources, Environmental Concentrations and Exposure Estimates 

3.2.2 Introduction 
 

The scope of this section is the integration of exposure estimation, using external 
emission, fate and exposure models and measured concentrations in compartments and biota. 
External exposure can be converted to internal exposure if enough bio-kinetic information is 
present. 
 

3.2.3 Potential benefits from integration of ERA and HHRA knowledge  
1. Routes of emission, distribution and exposure (that were defined in the Conceptual 

Model Stage) are translated into model equations describing how the stressor reaches 
the organisms via diverse routes of exposure. Here human and ecological risk 
assessors can discuss which models and which input values are appropriate and 
choose a common approach.  

2. The type of model (e.g., the fugacity transport and fate model) chosen in the 
conceptual model stage (which includes aspects such as advection and diffusion, 
partitioning, bioaccumulation and abiotic and biotic degradation) can be of the 
appropriate space- and time scales with regard to both the human and the 
environmental risk assessment.  

3. Monitoring data for emissions, environmental compartments (such as air, soil surface 
water, groundwater and marine), biota, food, and drinking water can be shared. 

4. The whole life cycle of the stressor and all possible sources of emission will be 
considered (such as production, processing, industrial/consumer use) to ascertain 
potential exposure of man and the environment. 

5. Local sites with high concentrations of a chemical can cause potential adverse 
ecological effects with indirect effects on humans. These effects are not exemplified 
in an ERA. For example, this means that the effects of a massive fish extinction on 
human health or resources would not be estimated. Integration can solve this problem.  

6. Coherent conclusions can be drawn with regard to additional analytical activities 
necessary for higher tier human and ecological risk assessment.  

7. A common approach towards uncertainty analysis can be developed. 
8. A common approach to the evaluation of data quality (completeness and relevance) 

will be developed. 
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3.2.4 Risk Assessment Data 

3.2.4.1 EU-RAR: General Data 
 
Source: EU-RAR 

Nonylphenol is produced on four locations in the EU. The total production of these four 
locations in 1994 was 77,505 tons. This includes the NP in NP ethoxylates. The production was 
for 81% continuous production and 19% batch production. About 60% of the NP is processed 
into NP ethoxylates. NP ethoxylates are mostly used in industrial and institutional cleaning, 
emulsion polymerization and textile auxiliaries. Three percent of the NP is used in the metal 
extraction industry as phenolic oximes for the extraction of copper. The remaining 40% of the 
NP is mostly used for the production of resins, plastics, stabilizers etc.  

 

3.2.4.2 EU-RAR: Environmental Concentration/ Data (Source EU-Risk Assessment Report, 
2001) 

 
In the EU, NP production and the production of its parent compounds take place at only 

four different sites. The air compartment does not receive meaningful amounts of NP. All 
remaining emission is either to the wastewater treatment plant or to the incinerator. From the 
wastewater treatment plant NPEO or NP goes to the surface water or as sludge to agricultural 
soil or authorized disposal sites. Effluent is always treated at the factories. In the waste water 
treatment plant model, it is assumed that 2.5% of the nonylphenol ethoxylate released to the 
waste water treatment plant would eventually be converted and released to surface waters as 
nonylphenol. Based on estimated emissions in the amount of nonylphenol released to surface 
water as a result of the use of nonylphenol ethoxylates is estimated as 2,690 kg/day in the 
continental model and 299 kg/day in the regional model. 

 
Only a few studies have been done on the measurements of environmental concentrations 

in the compartments of air, soil and landfills. There are no reported measurements of 
nonylphenol in the atmosphere. Sludge was applied to the top 5 cm of grassland: the initial 
concentration of nonylphenol in the soil was 4.7 mg/kg, but this had dropped to 0.46 mg/kg dry 
weight after 322 days. The concentration of nonylphenol in grassland soil that had not been 
treated with sewage sludge was <0.02 mg/kg (dry weight). The study also looked at sludge-only 
landfill sites. The concentration of nonylphenol in the sludge samples ranged from 4-37 mg/kg 
(dry weight) for raw sewage sludge and 7-375 mg/kg (dry weight) for digested sludge.  
Measurements of NP in surface water are more readily available. The nonylphenol concentration 
in the river Main in Germany was monitored throughout the years 1989-1991. The nonylphenol 
concentration in the water of the Main (June 1991) was mostly 0.18 µg/L or less. More 
concentration data are available but concentrations in rivers in general do not exceed the 5 µg/l. 
In the English river Lea the total extracted amount of NP is 0.5 to 12 µg/l and the dissolved 
fraction of NP is 0.2 to 9.0 µg/l.  Concentrations of NP in groundwater due to infiltration of river 
water are low. In seawater the concentration of NP only increased in estuaries that received water 
that carried effluent from industries. The highest concentrations were observed in the Tees 
estuary at 0.08 to 3.1 µg/l dissolved NP and 0.09 to 5.2 µg/l total extracted NP. 
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Conclusions about predicted environmental concentrations 
 
Soil: 

PECcontinentalagri, soil   = 0.0271 mg/kg wet weight 
PECcontinentalnat, soil   = 2.39×10-6 mg/kg wet weight 
PECcontinetalpore water   = 2.86×10-4 mg/kg wet weight 
PECregionalagri, soil   = 0.265 mg/kg wet weight 
PECregionalnat, soil   = 1.44×10-5 mg/kg wet weight 
PECregionalpore water   = 2.8×10-3 mg/kg wet weight 
 

Air: 
PECcontinentalair   = 5.21×10-7 mg/m3 

PECregionalair    = 3.14×10-6 mg/m3 

 
Surface water: 

PECregionalsurface water   = 0.60 µg/l 
PECcontinentalsurface water  = 0.066 µg/l 
Sediment of freshwater: 
PECregionalsediment   = 103 µg/kg wet weight 
PECcontinentalsediment   = 13.1 µg/kg wet weight 
 

Water concentrations: 
In top water the concentration of nonylphenol was between 1.7 to 3.02 µg/l, in middle 

waters the concentration was between 1.3 to 1.6 µg/l and in bottom waters between 0.54 to 1.2 
µg/l. These measured levels will be used in the risk characterization section. 

 
Surface water concentrations: 

Based upon background data, concentrations of nonylphenol in surface waters would 
appear to be relatively low when compared to calculated levels (0.12 µg/L USA; 0.18 µg/L Glatt 
river; 0.01 µg/L Finnish lake water; 0.01 to 0.08 µg/L Bavarian rivers; <0.5 µg/L Hessian 
rivers). A background concentration of nonylphenol of 0.2 µg/L therefore appears to be a 
realistic level. The calculated predicted environmental regional (PECregional) based upon 
default releases is 0.6 µg/L which, although higher, is of the same magnitude. The recently 
measured data are typical of areas where the use of ethoxylates has been controlled to some 
extent, but may not be representative of areas where widespread use still occurs. Therefore the 
calculated PECregional will be used in the risk assessment, as this is taken as representing an 
area with widespread use of nonylphenol or nonylphenol ethoxylates. The estimated regional 
predicted environmental concentration (PEC) for surface water (0.6 µg/l) exceeds the aquatic 
(PNEC) of 0.33 µg/l. 
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Ground water 
The groundwater levels reported should be used with care as they relate to river water 

infiltration into groundwater. 
   

Sediment 
A wide range of sediment concentrations is reported. As with the other data, the 

concentrations appear to vary widely depending upon the inputs to the receiving waters. The 
calculated levels were again similar to the measured levels. 

 
Wastewater effluent 

The measured levels downstream of wastewater treatment plants receiving industrial 
effluents are generally lower than the PEC local calculated for specific industries. This suggests 
that the PEC calculations are overestimating the concentrations in receiving waters. The 
measured data however are not comprehensive enough to have covered receiving waters from all 
the different industry types which use nonylphenol or nonylphenol ethoxylates. Therefore the 
calculated PECs will be used in the risk characterization section despite the concerns over the 
assumptions made in generating the data. 

 
Soil with sludge 

The Danish EPA reports that levels of nonylphenol in soil after sludge application are 
typically 0.3-1.0 mg/kg but that they can go up to 4.7 mg/kg. These measured levels are of the 
same order as a number of those calculated, but the PECs for some industries are much higher. 

 

3.2.4.3 EU-RAR: Ecological Data (Source: EU-RAR, 2001) 
 

Nonylphenol shows a high bioconcentration potential in aquatic organisms. A  PNE 
Coral of 10 mg/kg food was derived for a secondary poisoning scenario. The concentration of 
nonylphenol in fish and earthworms for predators (mammals and birds) has been estimated. 
There are 12 lifecycle stages of NP containing products that can cause potentially harm to fish-
eating or earthworm-eating organisms. 

 

3.2.4.4 EU-RAR: Human Health Data (Source: EU-RAR, 2001) 
 

The highest estimate for exposure of man via the environment (not in the vicinity of a 
nonylphenol plant) is provided by the regional model at 5.31 x 10-3 mg/kg/day. The maximum 
combined local intake, taking account of exposure via air, drinking water and food is 4.42 
mg/kg/day (from the textile industry). The highest exposure an individual is likely to experience 
would occur if they apply specialty paints (2 mg/kg/day), use a pesticide product (0.35 
µg/kg/day), use cosmetics (0.1 µg/kg/day) and are exposed via food packaging materials (0.2 
µg/kg/day) while living in the locality of a textile factory (4.42 mg/kg/day). The maximum 
combined daily total exposure for an individual is approximately 6.4 mg/kg/day from the 
estimates provided in the EU report.  However, there is considerable uncertainty in the estimated 
human daily intake figures; consequently the accuracy of the predictions is difficult to determine. 
The first cause of uncertainty results from the lack of reliable data on the quantities of 
nonylphenol released into the environment from actual production and various uses. Releases 
and hence concentrations from actual production and use sites are likely to be much lower than 
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the figures used here. The second cause of uncertainty concerns the assumption made in the local 
calculations that all of the water, air and food comes from close to a point source of release.  The 
largest contributor to the human exposure is the intake of fish. This accounts for around 70-80% 
of the daily dose. The other significant contributor is the intake of plant roots (1-29%). The 
figures are based on predicted environmental concentrations in a local scale scenario. The 
calculations may be overestimates but the degree of overestimation is uncertain.  A number of 
emission scenarios in the model are based upon default estimations. This may result in 
significant variations between predicted concentrations and actual environmental concentrations. 

 

3.2.4.5 Other Data (Source: Environment Canada, 2000) 
 

A steady-state, non-equilibrium model (EQC Level III fugacity model) was run using the 
methods developed by Mackay (1991) and Mackay and Paterson (1991). The results of this 
modeling predicts that when NP is released in water, most of it is present in water (49–59%) and, 
to a lesser extent, sediment (41–50%), with a negligible proportion (<1%) in air and soil. When 
emissions are released to the soil, most of the NP would remain in the soil. When emissions are 
released to the air then most of the NP would be in the air. Emission to surface water is also a 
very realistic emission scenario.  Sludge application to land is considered in the human health 
assessment. Soil (e.g. attached. to vegetables) eaten by humans is considered non-degraded 
sludge mixed with soil.  

 
Data on human exposure in the Canadian assessment are summarized below: 

 
Route Of Exposure Dose Per Route (mg/kg-bw/day) 
air 0.000016 
surface water 0.00039 
food packaging 0.017 
meat 0.017 
sludge-amended soil 0.0000025 
LOEL of 12 mg/kg-bw/day for rats,  
(based on an oral dose for 3 generations long) 

12 
 

 
 
Human exposure was calculated based on limited data on measured human 

concentrations in combination with consumption information.  Due to worst-case scenarios and 
lack of actual exposure data the calculated human exposure dose is quite uncertain. By combing 
data for each route of exposure, the total human exposure dose adds up to 27 mg/kg-bw/day.  
This is a worst case scenario using limited environmental sampling measurements.  Although, 
the EU assessment used a model and the Canadian assessment used scenarios to calculated 
human exposure, the calculated worst-case exposures were in the same order of magnitude.  
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3.2.5 Conclusions on benefits of integration  
 
Integration benefits already present in EU-RAR 
 
In the EU-RAR, the exposure estimates are already performed in an integrated manner and the 
following benefits of integration can be identified: 
 
1. A common modeling approach is applied to the exposure estimation of nonylphenol for 

ecological receptors and humans leading to a coherent assessment and avoiding duplication 
of work. For example, the same estimated emission and background levels are used in the 
exposure estimation for environmental organisms and for human beings. The estimation of 
exposure of man via fish intake is estimated from the surface water concentration. The same 
concentrations also determine the risks for aquatic organisms. 

2. This approach uses common space and time scales. The risk assessment for ecosystems and 
humans exposed via the environment is done at a local scale (around a point source) as well 
as at a regional level (considering all point sources together). Short-term exposure levels 
during emission periods are estimated as well as annual averages for long-term exposures.  

3. The available monitoring data for (concentrations in environmental compartments, biota, 
food and feed and drinking water) are shared. This avoids the use of different data of 
different quality in independent assessments. It results in a common approach towards the 
analysis of the accuracy, specificity and relevance of these data.  

4. The whole life cycle of nonylphenol and all possible sources of emission are considered in 
both the environmental and the human health risk assessment, stimulating a holistic view and 
a coherent development of risk reduction options.  

5. The nonylphenol assessment shows a common approach to the evaluation of data quality, 
completeness, and relevance as outlined in the TGD (EC, 2003). 
Coherent conclusions can be drawn with regard to additional analytical activities necessary 
for higher tier human and ecological risk assessment. This will promote the best use of the 
available resources and an integrated sampling strategy. For example, when a lack of data is 
identified then default worst-case or reasonable worst-case scenarios are used to make an 
estimate. When the PEC/PNEC ratio is close to or higher than one, the risk assessment is 
refined via an iteration of collection of new and/or more precise data until either the ratio is 
reasonably smaller or it becomes apparent that the new data confirm a higher risk estimate 
and risk reductive measurements are needed. Guidelines on which type of data to refine first 
are available in the TGD. Parameters that need refinement are selected based on sensitivity 
analysis. The execution of an actual monitoring program is one of the last options to gain 
more reliable environmental concentrations.  

 
Additional benefits of integration 

No additional benefits are identified above those already present in EU-RAR. 
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3.3 Toxicokinetics 

3.3.1 Introduction 
 
Toxicokinetics represent the fate of a chemical within the organism. This includes (1) the 

uptake of NP after exposure; (2) the biotransformation of NP; (3) the tissue distribution of NP 
and its metabolites, and (4) the elimination of NP and its metabolites. Accumulation is a result of 
the complex toxicokinetics behavior in the food chain. Accumulation can lead to increased 
exposure at higher trophic levels.  
 
3.3.2. Potential benefits by integration ERA and HHRA knowledge  
 

Potential benefits of linking ERA in relation to toxicokinetics are: 
 

1. ADME (Absorption, Distribution, Metabolism and Excretion) data and toxicokinetic 
models for laboratory animals and man may be extrapolated to wildlife. 

2. Development and improvement of Physiologically Based Pharmacokinetic (PBPK) 
modeling by combining data sets of different species could improve interspecies 
extrapolation. 

3. Identification of metabolic pathways observed in environmental biota, in laboratory 
mammals or humans may strengthen each other. 

4. Information about elimination rates in environmental biota, mammalian test organisms or 
in humans lead to better predictions on the bioaccumulative potential. 

5. Information about accumulation in specific biota may point to relevant uptake routes for 
humans (for example: if a particular chemical has limited accumulation in a certain food 
product there will be no need to take this route of exposure into account in the human 
health risk assessment. In the opposite case: chemical accumulation might occur in an 
unexpected manner).  

6. Biomarkers developed for one species may be useful for exposure/effect assessment in 
other species. Biomarkers (e.g., DNA-adduct formation or the occurrence of certain 
metabolites in urine) could be used to demonstrate the presence of the stressor and help 
quantify exposure. 

3.3.3 Risk Assessment Data (Source: EU-RAR, 2001) 

3.3.3.1 Environmental Data 
 

It is clear from the available data that nonylphenol bioconcentrates to a significant extent 
in aquatic species, with bioconcentration factors (BCFs) (on a fresh weight basis) of up to 1,300 
in fish. However, this value may overestimate the BCF; more reliable values with a mean of 741 
have been measured, which are of a similar order of magnitude. Bioconcentration factors of 
around 2000-3000 have been measured in mussels. The BCF calculated from the log Kow of 
4.48, using the TGD equation, is 1,280, which agrees well with the measured values. The 
calculated value of 1,280 will be used in the risk assessment. Nonylphenol was detected in the 
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following tissues of experimental fish in descending order of concentration: bile, liver, kidney, 
fat, gill, heart, muscle. 

 

3.3.3.2 EU-RAR: Human Health Data 
 

Most of the information on the toxicokinetics of nonylphenol concerns oral exposure and 
is based on a small number of limited rat and human studies. This is supported by data on 
octylphenol (an alkylphenol with a close structural relationship to NP). The available data, 
though sparse, does provide the basis for a general understanding of the main features of the 
toxicokinetic profile. Absorption from the gastrointestinal tract is initially rapid, and probably 
extensive. The major metabolic pathways are likely to involve glucuronide and sulphate 
conjugation, and there is evidence of extensive first pass metabolism of nonylphenol absorbed 
through the gastrointestinal tract. Because of first pass metabolism, the bioavailability of 
unconjugated nonylphenol is probably limited following oral exposure (at no more that 10-20% 
of the administered dose). Nonylphenol is distributed widely throughout the body, with the 
highest concentration in fat. Available data on bioaccumulation potential from both animal and 
human studies are inconsistent and do not allow for conclusions on the bioaccumulation potential 
of NP. The major routes of excretion of NP are via the faeces and urine.  There are no data on the 
toxicokinetics of nonylphenol following inhalation exposure, but on the basis of the oral 
absorption data and high partition coefficient, it would be prudent to assume that significant 
absorption via the inhalation route can occur. Because first pass metabolism will not take place 
following exposure by this route, the systemic bioavailability is likely to be substantially greater 
than is associated with the oral route.  Concerning the dermal route, in vitro data indicate that 
nonylphenol is poorly absorbed across skin, although there is some limited skin penetration. 

 

3.3.3.3 Other Data 
 

 (Source: CAN-EPA, 2001)  
Nonylphenol accumulates in several species of plants and is metabolized to hydroxylated 
and conjugated derivatives. 
 

(Source: US-EPA, 2003)  
Nonylphenol is metabolized by cytochrome P450 enzymes in the rainbow trout. Bile was 
found to be the major route of excretion for both waterborne and dietary exposure of the 
fish. 
 

(Source: US-EPA, 2003) 
Nonylphenol bioaccumulates in aquatic organisms to low levels. In freshwater fish, lipid 
normalized bioconcentration factors ranged from 39 to 209. Bioaccumulation was 
apparently greater in saltwater organisms, where bioconcentration factors ranging from 
78.75 to 2,168 were measured. 
 

Conclusions on benefits of integration  
 

Integration benefits already present in EU-RAR: None. 
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Additional benefits of integration 
 

Table 3 summarizes the available information on the toxicokinetics of nonylphenol. The 
only additional insight gained here is that the metabolism of nonylphenol proceeds through 
similar pathways across species, including humans. Overall the data are rather limited for 
integration. 

3.4 Estrogenic Effects 

3.4.1 Introduction 
 

One of the reasons for a risk assessment on nonylphenol (NP) for both the EU and 
Canada was the demonstrated estrogenic effects of NP and its parent compounds on fish and 
mammals. Since direct human health data are not available, the available data on estrogenic 
effects in experimental animals are used to extrapolate to humans.  Various endpoints have been 
used to measure the estrogenic effects of NP and other estrogenic chemicals (Damstra et al., 
2002).  For example, increased vitellogenin  production can be used as an endpoint in fish to 
measure exposure to a high nonylphenol concentration (or another estrogenic compound). 
Endpoints can indicate the effect of the stressor on an ecosystem, a population or a single 
organism. 

3.4.2 Potential benefits by integration ERA and HHRA knowledge 
 
Benefits on the understanding of mechanism of action and endpoints: 

1. Mechanisms of action can be confirmed by looking across the species barriers. 
Estrogen/steroid modes of action in fish and mammals can be the same, as estrogen 
receptors are often highly conserved in structure. 

2. Opportunity to detect (common) critical pathways from target site to endpoint across 
species may be identified. 

3. Knowledge on links between molecular events and endpoints will be improved. 
4. Effect found in wildlife populations might identify new endpoints, and could assist in 

identifying emerging new risks for humans. This also reduces the chances of 
overlooking critical effects. 
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Table 3: Toxicokinetics 
 

Knowledge in this area of integration Additional conclusions 
(based on integration) 

Accumulation in plants seems negligible. 
Accumulation in fish is of a low to moderate 
level. 

The uptake of NP into plants seems negligible, 
thus concentrations in plants will be negligible. 
So exposure via plants is not expected to be an 
important route of exposure for humans. 
However, the data sets that support the low 
uptake of plants are rather limited. 

Metabolism by cytochrome P450 enzymes and 
subsequent glucuronidation is the major 
pathway of NP in fish, laboratory animals and 
humans. 

The metabolization of NP is based on the same 
mechanism in diverse taxa. 

A major route of excretion of NP in fish was 
via bile. This route was not investigated in 
laboratory animals and humans. In laboratory 
animals, though, excretion of radiolabel 
occurred mainly via faeces, while in humans 
most excretion occurred via urine.  

As faeces contain bile, the routes of excretion 
of NP in fish and laboratory animals are 
similar. The route of excretion via urine in 
humans is different.  

Although several studies on toxicokinetics and 
metabolism are performed with mammals and 
major metabolites are identified, no PBPK 
models are applied to these toxicokinetic 
studies. 

A comparison of kinetics in mammals and 
environmental biota is impossible. 

 
 
Benefits for dose-effect relations: 

5. Integration strengthens association of exposure-effects in one species if the same 
exposure-effect relation is also observed in other species. 

 
Benefits for extrapolation from human health data to wildlife data: 

6. Improved cross-species extrapolation might reduce or validate extrapolation factor 
values. 

7. In the absence of toxicity data for predators (for example fish-eating birds, fish-eating 
mammals and organisms feeding on earthworms in the ecological risk assessment), 
toxicity data for rats or mice (generated in the framework of the human health risk 
assessment) can be used to evaluate the hazard to predators.  

8. Effects found in wildlife populations might serve as a warning for low dose-effect in 
human populations.  In the same reasoning: one sensitive species may serve as “early 
warning” for other organisms, including humans.
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3.4.3 Risk Assessment Data 

3.4.3.1 EU-RAR: (Source: EU-RAR, 2002) 
 
In vitro data on ecological endocrine effects 
 

Vitellogenin production by isolated hepatocytes from rainbow trout has been used as an 
in vitro test system for estrogenic activity of nonylphenol and several nonylphenol ethoxylates. 
Vitellogenin  is a yolk protein normally produced in response to estrogen in female trout. The 
relative potency of nonylphenol to estradiol -17β was 0.0000090. The mean EC50 for the test was 
measured at 16.15 µM nonylphenol (3.56 mg/l).   Studies have reported that nonylphenol can 
stimulate vitellogenin  secretion, in vitro, at concentrations of 10-6 M (0.2 mg/l) and above in 
hepatocytes from rainbow trout. Nonylphenol showed competitive displacement of estrogen 
from its receptor site in rainbow trout. 

 
In vivo data on ecological endocrine effects 
  

A summary of in vivo data is provided in Appendix 1. 
 

Summary of ecological endocrine effects 
 

The estrogenic effect of nonylphenol on fish and Daphnids has been studied by a number of 
authors. Generally the work shows that nonylphenol and nonylphenol ethoxylates do exhibit 
estrogenic activity. For nonylphenol ethoxylates the activity was found to increase with 
decreasing chain length, with nonylphenol showing the greatest activity. Most of the tests 
indicate that estrogenic effects may start to occur at around 10-20 µg/L. 

3.4.3.2 EU-RAR: Human Health Data (Source: EU-RAR, 2002)∗ 
 
In vitro data on human endocrine effects 
 

4-Nonylphenol was one of a number of alkyl phenols tested in a yeast assay in a study 
which looked at the structural features important for estrogenic activity in this chemical group 
(Routledge and Sumpter, 1997). The assay uses a recombinant strain of yeast (Saccharomyces 
cerevisiae) which contains an estrogen-inducible expression system. In the presence of estrogens 
a reporter gene (Lac-Z) encoding for the enzyme ß-galactosidase is expressed, which can be 
monitored by measuring a colour change reaction in the culture medium. The estrogenic activity 
of the test substances was expressed as a potency relative to 17ß-estradiol by comparing the 
molar concentrations required to produce the same response. 17ß-estradiol was found to be about 
30,000 times more potent than nonylphenol. Tamoxifen, an estrogen antagonist known to act via 
the estrogen receptor, was shown to inhibit the activity of the alkyl phenols, demonstrating that 
the assay response was due to interaction with the estrogen receptor. The estrogenic activity of 
nonylphenol has also been assessed in an in vitro assay involving estrogen sensitive human 

                                                 
∗ Individual references are listed in the EU-RAR. 

Distributed for comment only -- do not cite or quote 
 



29 

breast tumor MCF-7 cells containing human ERα (Soto et al., 1991). The cells are cultured in the 
presence of charcoal-stripped (to remove endogenous estrogens) human serum so cell 
proliferation is inhibited. Substances with estrogenic activity can then overcome this inhibition. 
The MCF-7 cells were cultured in the presence of 17ß-estradiol or nonylphenol at several 
concentrations in triplicate in multi well plates. Cell proliferation was assessed after a six-day 
exposure period by counting nuclei from lysed cells. Nonylphenol at a concentration of 10 µM 
elicited a similar proliferative response to estradiol at a concentration of 30 pM; thus, on a molar 
basis the estrogenic potency of estradiol, as measured in this assay, is 3.0E6 times greater than 
that of nonylphenol. At concentrations of 1 and 0.1 µM the proliferative response produced by 
nonylphenol was similar to that observed in vehicle treated control cultures. 

 
In another similar in vitro assay, MCF-7 and ZR-75 human breast cancer cell lines were 

used (White et al., 1994). Cells were cultured in quadruplicate in the presence of nonylphenol at 
concentrations ranging from 0.1 nM to 10 µM or 17ß-estradiol at 10 nM. No estrogenic activity 
was detected at nonylphenol concentration of 100 nM and less. At 1 and 10 µM nonylphenol 
elicited a proliferative response which at the higher concentration was similar to that produced 
by estradiol. Thus, 17ß-estradiol was 1000 times more potent than nonylphenol in this assay. In a 
further investigation, the ability of nonylphenol to stimulate transcriptional activity was 
determined in MCF-7 and chicken cell fibroblasts (CEFs) transfected with reporter gene 
pEREBLCAT and a mouse estrogen receptor. Nonylphenol stimulated transcription at culture 
concentrations of 1 and 10 µM.  

 
To summarise the in vitro estrogenic data, there is evidence that nonylphenol has 

estrogenic activity, of 3-6 orders of magnitude less potent than estradiol. 
 

In vivo data on human endocrine effects – EU-RAR 
 

A summary of data on in vivo effects is provided in Appendix 2. 
 

Summary of human endocrine effects – EU-RAR 
 

No human data are available. Nonylphenol has been shown to have estrogenic activity in 
a number of in vitro (yeast, MCF-7 cells, ZR-75 cells) and in vivo assays (with rats and mice). 
The potency of this estrogenic activity in these assays ranged from 3 to 6 orders of magnitude 
less than that of estradiol. The effects of nonylphenol on fertility and reproductive performance 
have been investigated in a dietary administration in a multigeneration study in the rat. This 
study provided evidence that nonylphenol exposure over several generations can cause minor 
perturbations in the reproductive system of offspring, namely slight changes in the oestrous cycle 
length, the timing of vaginal opening and possibly also in ovarian weight and sperm/spermatid 
count.  Functional changes in reproduction were not induced at the dose levels tested. The 
NOAEL for these changes was 15 mg/kg/day. The observed perturbations in offspring are 
compatible with the predictable or hypothesized effects of exogenous estrogenic activity. 
Evidence of testicular toxicity, seen as seminiferous tubule vacuolation, cell necrosis and a 
reduction in tubule diameter, was reported at exposure levels which also cause mortality in a 
repeated dose gavage study in rats. The LOAEL for testicular toxicity was 100 mg/kg/day. The 
toxicity of nonylphenol appears to be enhanced by gavage administration in comparison to 
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dietary administration, presumably because higher peak blood concentrations of nonylphenol are 
achieved by gavage. 

 
A standard oral developmental toxicity study in the rat showed no developmental toxicity 

of NP. Maternal and foetal NOAELs were 75 and 300 mg/kg/day, respectively. In contrast, in a 
gavage study involving in utero, lactational and direct post-weaning exposure, there was a 
reduction in sperm count at 250 mg/kg/day (although it is not possible to state whether this is a 
developmental effect or a result of direct exposure after weaning). In an intraperitoneal study 
designed to investigate the effects of nonylphenol on male reproductive tract development of 
neonatal rats, evidence of impaired development was observed. However, this study was difficult 
to interpret, so that these results carry minimal weight in the overall assessment of the available 
data. 
 

Overall, the results of estrogenic activity in the in vitro and in vivo assays showed minor 
perturbations in the reproductive system of offspring in the multigeneration study, and testicular 
changes in gavage studies collectively raise concerns for reproductive toxicity, possibly mediated 
through action on the estrogen receptor. These concerns for reproductive toxicity are addressed 
in the risk characterization, although there are uncertainties. The estrogenic activity assays are 
merely screening tests. The effects on reproduction-related parameters in the multigeneration 
study were marginal and there was no evidence of functional changes in reproduction; 
furthermore any changes that were seen occurred at exposure levels in excess of the LOAEL for 
repeated dose toxicity (LOAEL for renal toxicity is 15 mg/kg/day, NOAEL for reproductive 
changes is 15 mg/kg/day). Evidence of testicular toxicity was reported in two repeated exposure 
studies designed specifically to investigate the effects on this organ, but only at doses which also 
caused mortality. No evidence of testicular toxicity was seen in standard repeated dose studies 
involving dietary administration. Development was not affected in a standard rat oral 
developmental toxicity study. With respect to the effects on the reproductive system, a NOAEL 
of 15 mg/kg/day has been established in a multigeneration study and this value is used in the risk 
characterization. 

 

3.4.3.3 Other Data (Source: Environment Canada, 2000)∗∗ 
 

In vitro data on ecological endocrine effects 
 

Limited data on in vitro test results were available and are provided in the summary. 
 

The relative potency of NP was 8.9E-5 to 2.0E-4 compared to estradiol; the relative 
binding affinity to E2 receptor was (Kd) 5.0E-5 M, binding to estrogen receptor in trout was 
2.54E-4. 

                                                 
∗∗ Individual references are listed in the Environment Canada report (2000).  
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Summary of ecological endocrine effects 
 

Alkyl phenols (APs) and alkyl phenol ethoxylates (APEs) have been reported to cause a 
number of estrogenic responses in a variety of aquatic organisms. These responses occur at 
concentrations similar to those at which chronic effects are reported in aquatic biota. 
Experiments in several different in vitro systems have indicated similar relative potencies among 
NPEs. NP was found to be ~1.0E5 times less potent than estradiol (E2). NP2EO and NP1EC were 
only slightly less potent than NP in inducing vitellogenin in trout hepatocytes. Addition of EO 
units to NPEs reduced the potency, such that NP9EO was an order of magnitude less potent in 
vitro. APEs bind to the estrogen receptor, resulting in the expression of several responses, 
including the induction of vitellogenin in both in vitro and in vivo systems. One of the functions 
of endogenous estrogens in fish is to stimulate the liver to produce vitellogenin , a large 
phospholipoprotein. It is released into the bloodstream and sequestered by developing oocytes 
for production of egg yolk. In maturing female fish, vitellogenin  is a major constituent of blood 
proteins; in male fish, it is not normally present in appreciable amounts. If male fish are exposed 
to estrogens, however, vitellogenin  can be produced at similar levels to those found in maturing 
females. Although the implications of the induction of vitellogenin  for the reproductive function 
of fish are not fully understood, it has been used as a very sensitive indicator of exposure of fish 
to exogenous estrogens. Jobling et al. (1996) determined the potency of NP2EO and NP1EC to 
be only slightly less than that of NP in rainbow trout. Jobling et al. (1996) also demonstrated that 
NP2EO and NP1EC had similar potency for in vivo induction of vitellogenin  in rainbow trout. 
The threshold for vitellogenin  induction in fish is 10 µg/L for NP in the water (Jobling et al., 
1996). The induction of mRNA coding for vitellogenin  in rainbow trout was recently reported at 
1 µg NP/L (Fent et al., 1999). The estrogenic responses of NP and NPEs appear to be at least 
additive (Soto et al., 1994; Sumpter and Jobling, 1995) and should, therefore, be considered as a 
group. The threshold for expression of intersex (ova-testes) in killifish was <50 µg NP/L (Gray 
and Metcalfe, 1997). APEs also affect the growth of testes in fish, alter normal steroid 
metabolism and disrupt smoltification (Fairchild et al., 1999). There is currently considerable 
debate resulting from the inconsistency in relative potency reported for estradiol receptor 
binding, yeast estrogen screen (YES) assay and vitellogenin  induction in trout hepatocytes. 
Additional research is required to fully understand the potential estrogenic effects of APs and 
APEs on the environment. The significance of estrogenic responses to the individual or 
population is also not known.  
In vitro data on human endocrine effects 
  

In in vitro studies, NP activated the estrogen receptor with a potency 5000–7000 times 
less than that of 17ß-estradiol (Routledge and Sumpter, 1996; Gaido et al., 1997; Odum et al., 
1997). In MCF-7 human breast cancer cells, cell proliferation was stimulated by NP at 
concentrations between 0.1 and 10 µM (22 and 2203 mg/L) (White et al., 1994; Villalobos et al., 
1995; Blom et al., 1998). 

 
Summary of human endocrine effects 
  

In a multigeneration study in which rats were exposed to NP in the diet, the LOEL was 
200 ppm in diet (equivalent to a mean dose of approximately 12-18 mg/kg-bw per day in males, 
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16–21 mg/kg-bw per day in non-lactating females or 27-30 mg/kg-bw per day in lactating 
females), based on an increase in renal medullar tubular dilation and cyst formation in males in 
all generations (F0–F3) and in F3 females. There were also increases in gestation length and in 
percent abnormal sperm morphology observed in the F2 generation at this dietary level, as well 
as at the 650 ppm and at 2000 ppm, but these were probably not treatment-related. In both cases, 
the increase was small, not clearly dose-related, and within the range of control values from 
other generations and from historical controls. As well, these effects were not observed in other 
generations and the F2 control values were unusually low. No developmental effects were 
reported at any dietary level; however, a range of effects on endocrine-regulated endpoints, 
including delayed vaginal opening, was observed at 650 and 2000 ppm.  In reproductive toxicity 
studies, histological changes in the seminiferous vesicles of the testes of rats were observed 
following oral exposure to 100 mg NP/kg body weight per day for 10 days. This was 
accompanied by compound-related mortality at doses that did not cause deaths in several other 
studies. Reductions in relative testis, epididymis, seminal vesicle and prostate weights were 
reported in rat pups exposed to 0.8 mg NP/kg-bw per day intraperitoneally in the first 15 days 
after birth. However, this information is not considered directly relevant to the margin of 
exposure, in view of the lesser relevance of this route of administration. 

 
In a number of in vivo and in vitro studies, NP has been weakly estrogenic. NP increased 

uterine weight in immature or ovariectomized rats and in mice following oral administration of 
50 mg/kg body weight per day and above following subcutaneous or intraperitoneal. Several 
other effects indicative of estrogenic activity have been observed in rats following the 
subcutaneous administration of NP in vivo, including endometrial proliferative response, and 
stimulation of uterine vascular permeability. An increase in cell proliferation in the mammary 
gland of rats exposed to 0.01 m g NP/day by subcutaneous minipump has also been reported; 
however, this effect was not reproducible in two subsequent studies. NP was 1000–100 000 
times less potent than estradiol in stimulating estrogenic activity.  In in vitro studies, NP 
activated the estrogen receptor with a potency 5000–7000 times less than that of 17ß-estradiol. In 
MCF-7 human breast cancer cells, cell proliferation was stimulated by NP at concentrations 
between 0.1 and 10 µM (22 and 2203 mg/L). 
 

The potential estrogenicity of NP and NPEs has been investigated in a number of studies. NP 
and NP2EO activated the estrogen receptor and had some estrogenic activity in vitro. NP was 
uterotrophic or induced other effects indicative of estrogenic activity in several studies in vivo. 
However, these compounds were between 3 and 5 orders of magnitude less active in this regard 
than estradiol. In addition, NP was estrogenic only at relatively high dose levels; for example, 
effects on renal histopathology were observed at 3 times lower doses of NP than those in 
estrogen responsive tissues in the multigeneration study in rats (i.e., 12 vs. 50 mg/kg-bw). In 
addition, NPEs of longer chain lengths (4, 9 and 12) were not uterotrophic in vivo, and NP12EO 
was not estrogenic in a recombinant yeast screen assay.  

 
Hence, while it is clear that NP and some short chain NPEs have estrogenic potential, the 

evidence that this is a critical effect of these substances is considered inadequate at this time. 
However, NP and NPEs are likely early candidates for additional investigation when more 
sensitive methods for testing and assessment of endocrine-disrupting substances are developed. 
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Upon completion of such testing, evaluation of the potential endocrine-mediated adverse health 
effects of NP and NPEs should be considered a priority. 

3.4.4 Conclusions on benefits of integration  
 
Conclusions on benefits already present in EU-RAR 

None. 
 
Additional benefits of integration 
 

1. Integration strengthens the association of exposure-effects relationships in one species if 
the same exposure-effect relation is also observed in other species. For example, 
mechanisms of action in one fish species were confirmed with other fish species. Trout, 
salmon and killifish all respond to NP by making vitellogenin. Mechanisms of action in 
one rodent species were also confirmed with other rodent species (e.g., mice and rats 
responded similarly when exposed to NP). 

2. Endpoints could be the same between species.  However, data concerning an endpoint in 
one species are often not comparable or extensive enough (or not relevant enough) to 
make a useful comparison possible with the same endpoint of another species.  

3. Mechanisms of action are confirmed by looking across the species barrier. It is even 
possible to integrate ecological data and human health data. Table 4 and Table 5 
summarize the available in vivo and in vitro data. These tables support the findings that a) 
NP displaces estradiol and binds to the ER in both fish and mammals; and b) that NP 
influences reproductive organs in fish and mammals. 

 

Conclusions missed by not integrating  
 

The aim of an integrated risk assessment is to detect and identify adverse effects on 
humans and the ecosystem. There are enough data to set maximal safe concentrations of NP in 
water for fish and daphnia. For amphibians no estrogenic data are presented in either the EU and 
Environment Canada risk assessment reports. There is also enough experimental data from rats 
to set a maximal safe dose of NP for humans. There is sufficient information on reported adverse 
effects on mammals to be concerned about the potential estrogenic effects of NP on humans. 
This means that the risk assessments on the subject of estrogenic effects are fulfilling their 
purpose of identifying risk to men and ecosystems. As it is, there is a lot of information on dose-
effect relations (on endocrine effects) for human health and for ecological assessments on NP. 
This reduces the need to look over species boundaries and between areas of expertise and 
specialization. It appears as if the separate risk assessments are quite complete on the subject of 
estrogenic effects for the purpose of establishing no-effect concentrations for fish and mammals. 
Limited data is available in the risk assessments on mechanisms of action of NP in various 
species. 
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Table 4 summarizes some of the in vitro and in vivo data on the ecological effects of NP.  An 
attempt is made to combine ecological data with human health data to confirm known 
information or to find new insights. Cited references are listed in the EU-RAR.  
 

 
 

  Table 4: Ecological Test Data (Source: EU-RAR, 2002) 

White et al. (1994) found that nonylphenol showed competitive displacement of 
estrogen from its receptor site in rainbow trout (Oncorhynchus mykiss). 
  
Concentration of 50 µg/L in water induces the expression of intersex-alterations 
in killifish. 
 
Jobling et al. (1996) found statistically significant reductions in testis size, 
expressed as gonadosomatic index (GSI). Histological examination of the testes 
showed that control fish had actively developed testes with a predominance of 
spermatocytes type A. The fish exposed to nonylphenol had a significantly 
higher proportion of spermatogonia type A than controls. A second experiment 
conducted, when the testes were more developed, examined a dose-response 
relationship for the two effects using nonylphenol. A significant stimulation of 
blood vitellogenin  levels was seen after exposure to 20.3 µg/l but not at 5.02 
µg/l, which was the NOEC for this effect. A significant reduction in GSI relative 
to controls was seen at 54.3 µg/l but not at 20.3 µg/l which was the NOEC for 
testicular growth. 
 
Concentration of 1 µg/L in water induces vitellogenin  mRNA production in 
rainbow trout (Fent et al., 1999). 
 
Elevated levels of blood vitellogenin  in rainbow trout in vivo exposed to NP for 
3 weeks, ranged 0.24-54.3 µg/L. The levels of blood vitellogenin  were found to 
be significantly elevated at concentrations of 20.3 µg/L (1 µg vitellogenin /ml; a 
tenfold increase over controls) and 54.3 µg/L (100 µg vitellogenin /ml; a 1000-
fold increase over controls) (Harries et al., 1995). 
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In Vivo 

Concentration of 10 µg/L in water induces vitellogenin  production in rainbow 
trout (Jobling et al., 1996). 
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  Table 4: Ecological Test Data (Source: EU-RAR, 2002) 

Arukwe et al. (1997) found that NP treatment caused an increase in the 6β-, 
16α- and 17α-hydroxylase activities in salmon liver microsomes. There was an 
apparent dose-related decrease in the hydroxylase activities of liver microsomes. 
Reductions of activities were seen in the 7-ethoxyresorufin-O-deethylase 
(EROD) activity and the UDP-glucuronosyl-transferase activities. 
 
Immunochemical analysis of CYP1A, CYP2K-like and CYP3A-like proteins 
showed reductions in enzyme-linked immunosorbent assay absorbance levels. 
Plasma levels of estradiol-17β were found to be lowered. 
 
No relationships have been demonstrated between water quality characteristics 
(such as hardness and pH) and toxicity of NP. 
 
It was concluded that nonylphenol is capable of significantly perturbing 
components of androgen metabolism in daphnids at concentrations of ≤ 25 µg/L 
(Baldwin et al., 1997). 
 
Gray and Metcalfe (1997) found that a LOEC for incidence of testis-ova in the 
Japanese Medaka was 50 µg/L. 
 
Nimrod and Benson (1996) investigated the induction of serum vitellogenin  in 
Channel Catfish. The mean serum vitellogenin  levels were only significantly 
different (p<0.05) from controls in the high dose (237 mg nonylphenol/kg) fish. 
NP exposure was by intraperitoneal injection. After seven days, the serum 
vitellogenin  level was determined. 
 
Christensen et al. (1995) dosed male flounders (Platichthys flesus) with 
nonylphenol by four intraperitoneal injections over a period of two weeks. 
Vitellogenin  was detected in plasma of fish dosed with 10 mg/kg wet weight. 
Effects were also seen on plasma lipids (increase), protein (increase) and 
ninhydrin positive substances (decrease). Toxic effects (cell damage), as 
indicated by increased activity of the plasma enzyme GPT were also found. 
 
Ashfield et al. (1998) found that the ovosomatic index of female juvenile 
rainbow trout was found to be significantly (ρ<0.05) elevated in the 30 µg/L NP 
group. 
 

In Vitro 

White et al. (1994) reported that nonylphenol can stimulate vitellogenin  
secretion, in vitro, at concentrations of 10-6 M (220 µg/L) and above in 
hepatocytes from rainbow trout. 
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Table 5 summarizes some of the in vitro and in vivo data on the human health effects of 
NP.  Cited references are listed in the EU-RAR. 
 

  Table 5: Human Health Tests Data (Source: EU-RAR, 2002) 
 
NP and NP2EO activated the estrogen receptor and had some estrogenic activity in 
vitro. NP was uterotrophic or induced other effects indicative of estrogenic activity 
in several studies in vivo. However, these compounds were between three and five 
orders of magnitude less active in this regard than estradiol. In addition, NP was 
estrogenic only at relatively high dose levels; for example, other effects (on renal 
histopathology) were observed at three times lower doses of NP than those in 
estrogen responsive tissues in the multigeneration study in rats (i.e., 12 vs. 50 
mg/kg-bw). 
The influence of nonylphenol on growth and cell proliferation and of the mammary 
gland has been investigated in rats in two studies using non-standard methods. In 
the group receiving the highest dose of nonylphenol there was a 1.5-fold increase in 
the number of mammary structures and a fourfold increase in the number of cells/16 
mm2 area, compared with the vehicle control group (Colerangle and Roy, 1996). 
No developmental effects were reported at any dietary level; however, a range of 
effects on endocrine-regulated endpoints, including delayed vaginal opening, were 
observed at 650 and 2000 ppm. LOEL: 12–18 mg/kg-bw per day in males, 16–21 
mg/kg-bw per day in non-lactating females or 27–30 mg/kg-bw per day in lactating 
females (NTP, 1997; Chapin et al., 1999). 
NP is weakly estrogenic. NP increased uterine weight in immature or 
ovariectomized rats and in mice following oral administration of 50 mg/kg-bw per 
day and above and following subcutaneous and intraperitoneal administration (Lee 
and Lee, 1996; Shelby et al., 1996; CMA, 1997; Coldham et al., 1997; Laws and 
Carey, 1997; Odum et al., 1997). 

In Vivo 

Absorption from the gastrointestinal tract is initially rapid, and probably extensive. 
The major metabolic pathways are likely to involve glucuronide and sulphate 
conjugation, and there is evidence of extensive first pass metabolism of nonylphenol 
absorbed through the gastrointestinal tract. Because of first pass metabolism, the 
bioavailability of unconjugated nonylphenol is probably limited following oral 
exposure, at no more that 10-20% of the administered dose. Nonylphenol is 
distributed widely throughout the body, with the highest concentration in fat. 

In MCF-7 human breast cancer cells, cell proliferation was stimulated by NP at 
concentrations between 0.1 and 10 µM (22 and 2203 µg/L) (White et al., 1994; 
Villalobos et al., 1995; Blom et al., 1998). 
In a proliferation test with MCF-7 and ZR-75 cells, from 10 µM/L in the medium 
the cells accelerated their growth. 
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In Vitro 

In in vitro studies, NP activated the estrogen receptor with a potency 5000–7000 
times less than that of 17ß-estradiol (Routledge and Sumpter, 1996; Gaido et al., 
1997; Odum et al., 1997). 
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3.5  Risk Assessment for wildlife 

3.5.1 Introduction 
 
There is a lack of measured exposure data and data on NOECs for wildlife. Both 

exposure and NOECs are needed to be able to quantify the risks for wildlife. 

3.5.1.1 Measuring NOECs for wildlife 
 

Direct measures of NOECs for most wildlife species are unavailable.  NOECs are 
difficult to derive indirectly via measurements of concentrations in cadavers or unhatched eggs 
of birds of prey. Establishing a relation between concentrations in prey and predator population 
size and health is unlikely to succeed because cause and effect are difficult to prove. 

3.5.1.2 Extrapolating rat NOAELs to NOAEL for humans 
 

A rat LOAEL of 15 mg/kg/day (repeated dose for 20 weeks) based on histo-pathological 
changes in the kidneys and a rat NOAEL of 15 mg/kg/day based on minor perturbations in the 
reproductive system of offspring have been reported. In the case of NP, it is assumed that man 
and rat are equally sensitive and direct extrapolation from rat to human is allowable, reaching a 
N(L)OAEL of 15 mg/kg/day for oral exposure. In the risk characterization the Margin Of Safety 
will be used, taking into account uncertainties due to inter- and intraspecies differences as well as 
differences in dosing schemes compared to real-life situations. 

3.5.1.3 Extrapolating rat NOAEL to NOECs for wildlife 
 

A lot of data are available from rodent lab testing.  Based on the NOAELoral of the rat 
using NOECs oral for predators, oral exposure can be calculated as shown in Figure 5.   

  
Figure 5: The NOAELoral of the rat is based on reproductive effects. A safety factor of 10 is applied in case birds are 
intrinsically more sensitive to nonylphenol than rats. It is assumed that the feed of laboratory animals is three times 
more caloric than the feed eaten by wild animals. The calculated concentration of 10 mg/kg in prey fish is the 
expected concentration that will cause no detrimental effects in the bird of prey on the long term. 

NOECfood =

NOEC in the 
fish for the bird

NOAEL

NOAEL
oral rat

* NOECcf

NOAEL to NOEC 
conversion factor

*1/CC

Caloric 
Content 
Factor

* 1/SF

Safety Factor
for possible 
sensitivity 
differences

15
mg/kgbw/day

20
kgbw*day/kg

3
-/-

10
-/-

10 mg/kg
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Due to the uncertainties in extrapolation factors, safety factors are necessary, and 

therefore, low avian and mammalian NOECs are derived. Additional safety Factors could also be 
applied for differences (e.g. hibernation, migration, or other periods of higher or lower metabolic 
activity) in caloric content of the food between species, and in route of exposure. 

3.5.2 Potential benefits by integration ERA and HHRA knowledge  
1. Derivation of NOECs for untested organisms from mammalian toxicity data. 
2. Estimates of exposure in wildlife species.   

3.5.3 Risk Assessment Data (Source: EU-RAR, 2002) 

3.5.3.1 Environmental Data 
 
Only toxicity studies reporting on dietary and oral exposure are relevant. Secondary 

poisoning effects on bird and mammal populations rarely become manifested in short-term 
studies. Therefore, results from long-term studies are strongly preferred (such as NOECs for 
mortality, reproduction or growth). But, if no adequate toxicity data for mammals or birds are 
available, an assessment of secondary poisoning cannot be made. Nonylphenol has been shown 
to bioconcentrate in aquatic species. No toxicity data are available on avian species; thus a PNEC 
is derived from laboratory mammal data. A NOAEL of 15 mg/kg body weight was found for 
reproductive effects. Using appropriate conversion factors to allow for the fact that the caloric 
content of a laboratory diet is higher than that of the diet of fish-eating mammals and birds, this 
NOAEL is equivalent to a daily dose of 100 mg/kg food. Using an additional safety factor for 
reproductive effects, PNECoral has been calculated as 10 mg/kg food. 

3.5.3.2  Human Health Data 
 

The calculations of human intake from air, water and food assume absorptions of 75% by 
inhalation and 100% from the oral route. Exposure via the air makes little contribution to the 
overall dose. The oral uptake may be an overestimate but the amount taken up is compared 
directly with the rat oral LOAEL for repeat dose-effects and NOAEL for reproductive toxicity 
affect (both of 15 mg/kg/day) which represents the dose given rather than the amount taken up. 
Based on these estimates, an human NOEL of 15 mg/kg/bw have been calculated.  

3.5.4 Conclusions on benefits of integration  
 
Conclusions on benefits already present in EU-RAR 

1. NOECs for predators (although uncertain) are derived using human-toxicological 
data. 

2. Uncertainty in the extrapolation from species to species is acknowledged. 
3. Approaches using safety assessment factors are possible.  
4. Exposure of fish-eating birds/mammals and earthworm-eating birds/mammals can be 

estimated or determined through monitoring based on the model as used in the EU-
RAR conceptual.  
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Additional benefits of integration 
None can be derived for the data available. 

 
Differences between conclusions of the EU and Canada 
  
• The Canadian-EPA does not consider secondary poisoning an issue, due to the low bio-

accumulative potential of NP. The EU-RAR, however, mentions the risk of secondary 
poisoning at local sites. 

Opportunities missed in the EU-RAR 
 
• Higher tropic levels of fish-eating fish are not considered. 
• The current guideline for extrapolation is focused on earthworm-eating birds and fish-eating 

birds. Extrapolation should also include small wild predators such as badgers, foxes, ferrets, 
owls and hawks and terrestrial prey such as mice, rabbits and squirrels. Larger relevant 
organisms such as deer and wild ranging animals should also be included. 
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4. CONCLUSIONS 
 
4.1 Advantages of Integration 
 

The advantages of integration for nonylphenol are summarized per area of integration in 
Table 6. The partly integrated EU nonylphenol risk assessment was taken as the basis for this 
integrated risk assessment. Some benefits of integration might have been stronger if one separate 
ecological and one separate human health risk assessment had been available and merged into 
one integrated risk assessment. The problem formulation and the execution of the risk 
assessment were already standardized in the EU approach. This made it difficult to specific 
benefits of integration in these phases. 
 
 
 
 

Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 

EXPECTED BENEFITS 
This column contains the expected benefits 
of risk assessment per phase of the 
assessment. 

IDENTIFIED BENEFITS 
This column contains the identified 
benefits of risk assessment. Empty cells 
mean that the expected benefits were not 
found. 

Problem formulation  
Assessment questions   
• Issues that are critical for both humans 

and the environment are more easily 
identified. A deeper, daily, working 
integration would greatly increase the 
chance of serendipitous recognition of 
problems for which evidence in any 
one sector is limited, but when all data 
are considered together, cause for 
concern may become evident. 

• Risks to humans are adequately 
considered through evaluation of risks 
to other organisms that influence 
human health and welfare. 

• Consistency in the spatial and temporal 
scope, e.g. with regard to the 
information and processes used, is 
established. 

• Data and knowledge gaps are identified 
at an early stage. 

Without integrating, the ecological and 
human health risk assessments may have 
differed with regard to spatial and temporal 
scales considered, the degree of 
conservatism, the terminology used, the 
exposure scenarios for environmental 
exposure and the default values used. In 
addition the evaluation of the quality of the 
database may have differed.  
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Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 

Impetus for the assessment Not relevant, since the stressor, 
nonylphenol, had been specified. 

Assessment endpoints  
• Susceptible endpoints in animals or 

ecosystems could indicate unidentified 
endpoints in humans 

 

• Knowledge on the fate of the 
compound and the target organisms or 
organs(s) can predict potential effects 
in ecosystems or organs, respectively. 

 

• Ecologists and human health assessors 
can discuss the relevance of all chosen 
endpoints. 

 

Conceptual model  
• Both human and ecological risk 

assessors scrutinize the quality of the 
common pathways to humans and 
ecology from the sources of the 
stressor. 

 

• Consensus between ecologists and 
human health assessors on the fate of 
the stressor is established. 

 

• Indirect exposure pathways via the 
environment to the humans are more 
likely to be identified, as humans are 
modeled as just one more receiving 
species in the web of exposure 
pathways. 

 

• When relevant and possible, multiple 
sources of exposure such as consumer 
products, emissions, and natural 
emissions are incorporated. 

 

• Only one conceptual model is 
produced; the ecological conceptual 
model and the human health conceptual 
model are one and based on the same 
assumptions and data. 

 

Analysis plan   
• Enhanced efficiency and reduced costs 

as only data for one transport and fate 
model are needed. Emission data, 
physico-chemical properties, fate and 
degradation data are only needed once. 

Emission data, physico-chemical 
properties, fate and degradation data are 
searched for, evaluated and used only one 
time. Measured data are also searched for 
and evaluated once. 
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Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 

Ecological and human exposure models 
use the same input, that is, the results of 
one transport and fate model. By 
integrating, decisions are based on 
more data and the available data are 
used more extensively. 

• It helps identify targeted research needs 
(e.g., where do ecological and human 
health risk assessors lack information). 

This benefit is not verified but very likely. 

• Ecological results and human health 
results adhere to the same quality 
restrictions. 

The quality of the IRA is ensured with one 
analysis plan. Conclusions for ecological or 
human health are equally strong and 
equally reliable: questioning the quality of 
the ecological conclusions means 
questioning the quality of the human health 
conclusions. One cannot selectively use 
data in the integrated assessment. 

• Ecological results and human health 
results are presented using the same 
terminology and if possible use the 
same method to express the risk and the 
uncertainty. This facilitates comparison 
between the ecological results and the 
human health results. 

Use of the same risk representations (e.g., 
MOS) facilitates comparison between the 
ecological results and the human health 
results. 

• If the assessment will be iterated, an 
integrated approach might foster the 
development of parallel ties, which use 
common data and models. 

 

 
Emission Sources, Environmental 
Concentrations, and Exposure Estimates 
 

 

• Routes of emission, distribution and 
exposure pathways are translated into 
model equations describing how the 
stressor reaches the organisms via 
diverse routes of exposure. Human and 
ecological risk assessors can discuss 
which models and which input values 
are appropriate and choose a common 
approach. 

A common modeling approach is applied 
to the exposure estimation of nonylphenol 
for ecological receptors and humans 
leading to a coherent assessment and 
avoiding duplication of work. For instance, 
the same estimated emission and 
background levels are used in the exposure 
estimation for environmental organisms 
and for human beings. The estimation of 
exposure of man via fish is estimated from 
the surface water concentration. The same 
concentrations also determine the risks for 
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Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 
aquatic organisms. 

• The type of model can be of the 
appropriate space- and time scales with 
regard to both the human and the 
environmental risk assessment. 

An integrated exposure model is used. 

• Monitoring data for emissions, 
environmental compartments, biota, 
food, feed and drinking water can be 
shared. 

The available monitoring data are shared. 
This avoids the use of other data of 
different quality in independent 
assessments. It results in a common 
approach towards the analysis of the 
accuracy, specificity and relevance of these 
data. 

• The whole life cycle of the stressor and 
all possible sources of emission will be 
considered. 

 

Emissions to the environment from all 
potential sources are considered. 

• Local sites with high concentrations of 
a chemical can cause potential adverse 
ecological effects with indirect effects 
on humans. These effects are not 
exemplified in an ERA. This means 
that such effects of (e.g., a massive fish 
extinction) are not estimated. 
Integration can solve this problem. 

The EU approach predicts concentrations 
on different spatial scales. This helps to 
identify potential local high concentrations 
in the environment of man and animals 
living near a source of NP. The EU 
approach helps to identify problems due to 
high background exposure on a continental 
scale. By integrating several spatial scales, 
more information is generated than by only 
using one scale of space. 

• Coherent conclusions can be drawn 
with regard to additional analytical 
activities necessary for higher tier 
human and ecological risk assessment. 

This promotes the best use of the available 
resources and an integrated sampling 
strategy. 

• A common approach towards 
uncertainty analysis can be developed. 

The exposures of humans or the 
environment are uncertain due to emission 
uncertainties. In this case, integration does 
not help against a lack of data. 

• A common approach to the evaluation 
of data quality, completeness, and 
relevance is developed. 

In the case of the EU approach, guidelines 
on when to accept and when to decline data 
have been formulated. 

Toxicokinetics   
• ADME (Absorption, Distribution, 

Metabolism, and Excretion) data and 
toxicokinetic models for laboratory 
animals and man may be extrapolated 
to wildlife and vice versa. 

Based on the available information for 
nonylphenol, the combination of data from 
the ERA and HHRA does not result in 
additional insights or remarkable benefits 
on the topic of toxicokinetics. 
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Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 

• Development and improvement of 
Physiologically Based Pharmacokinetic 
(PB/PK) modeling by combining data 
sets of different species could increase 
interspecies extrapolation. 

 

• Identification of metabolic pathways 
observed in environmental biota (ERA) 
and in laboratory mammals (HHRA) 
may strengthen each other. 

 

• Information about elimination rates in 
environmental biota or in mammalian 
test organisms may point to the 
expectation that a chemical may have a 
short or long half-life in organisms.  

 

• Information about accumulation in 
specific biota may point to relevant 
uptake routes for humans. For example: 
if a particular chemical hardly 
accumulates in a certain food product 
there will be no need to take this route 
of exposure into account in the human 
health risk assessment. In the opposite 
case, chemical accumulation might 
occur in an unexpected manner. Such 
information could be used both to find 
relevant routes of exposure for humans 
and to find biota that is likely to be 
more at risk. 

 

• Biomarkers developed for one species 
may be useful for exposure/effect 
assessment in other species. 
Biomarkers such as DNA-adduct 
formation or the occurrence of certain 
metabolites in urine could be used to 
demonstrate the presence of the stressor 
and quantify exposure. 
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Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 

Estrogenic Effects   
Understanding of mechanism of action and 
endpoints 

 

• Mechanisms of action can be confirmed 
by looking across the species barrier. 
Estrogen/steroid modes of action in 
fishes and mammals can be the same, 
as estrogen receptors are often highly 
conserved in structure. 

Mechanisms of action are confirmed by 
looking across the species barrier. It is even 
possible to integrate ecological data and 
human health data.  
• NP displaces estradiol and binds to the 

ER in both fish and mammals. 
• NP influences reproductive organs in 

fish and mammals. 
• Detection of critical pathways from 

target site to endpoint across species 
may be possible. 

 

• Knowledge on links between molecular 
events and endpoints is improved. 

Endpoints could be the same between 
species; but data concerning an endpoint in 
one species are often not comparable, 
relevant, or extensive enough to make a 
useful comparison with the same endpoint 
of another species. 

• Effect found in wildlife populations 
might identify new endpoints. This 
could assist in identifying emerging 
new risks for humans. This also reduces 
the changes of overlooking critical 
effects. 

 

Dose-effect relationships  
• Integration strengthens associations of 

exposure-effects in one species if the 
same exposure-effect relation is also 
observed in other species. 

 

Extrapolation from human health data to 
wildlife data 

 

• Improved cross-species extrapolation 
might reduce or validate extrapolation 
factor values. 

 

• In the absence of toxicity data for 
predators in the ecological risk 
assessment, the toxicity data for rodents 
(generated in the framework of the 
human health risk assessment) can be 
used to evaluate the hazard to 
predators. 

See Risk Assessment of Wildlife below. 
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Table 6: Benefits of Integration for Nonylphenol (Per Area of Integration) 
 

• Effects found in wildlife populations 
might warn for low dose-effect in 
human populations. One sensitive 
species may serve as “early warnings” 
for other organisms, including humans. 

Comparing human and ecological dose-
effect data has identified no new endpoints. 

Risk Assessment of Wildlife  
• NOECs for untested organisms, such as 

wildlife from mammalian toxicity data, 
are derived. 

• NOECs for predators, although 
uncertain, are derived using exposure 
data from human health assessments. 

• Extrapolation problems from species to 
species are acknowledged but not 
solved. 

• Secondary poisoning in fish-eating 
birds and earthworm-eating birds 
would be detected or predicted. 

• The exposure of wildlife can be 
calculated.  

 

 

4.2 Evaluation of the Scientific Benefits and Drawbacks of this Nonylphenol IRA 

The expected benefits of integration would involve enhanced coherent expression of 
assessment results, enhanced interdependence of the results, identification of sentinel organisms, 
enhanced scientific quality of the assessment results and an increased efficiency in using and 
generating data (HERA, 2003). 
 
Coherent expression of assessment results 
 

Human and ecological results are expressed in risk characterizations ratios: PEC/PNECs 
for environmental species and margins of safeties (MOS) for humans. Throughout the 
assessment the same type of risk characterization terms, such as PNEC, are used. The final 
conclusions of the risk assessment reports in the EU (concern and risk reduction measures 
needed, no concern, more data required) are based on decision rules with these risk 
characterization ratios as points of departures. Such a coherent expression is easier to 
communicate.  
 
Interdependence of the results 
 

The conceptual model in the EU risk assessment is already partly integrated. This 
approach means that where overlaps in exposure routes and the calculation and measurements of 
environmental concentrations occur, human and ecological exposures are calculated with the 
same tools and data. Results are harmonized with regard to concentrations, contact media and 
routes of exposures. With regard to the estrogenic effects of nonylphenol, the mechanism of 
action is confirmed by looking across species barriers and integrating the ecological data with 
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human data. Additionally, effects data on mammals are shared for the determination of no-effect 
levels on humans and in wildlife. 
 
Identification of sentinel organisms 
 

Although no new sentinel organisms were identified, the integrated risk assessment does 
lead to an enhanced understanding of the impact of nonylphenol as an endocrine disruptor on 
different species, including humans. When bioaccumulation takes place, NP concentrations 
become higher in the predatory fish (resulting in increased vitellogenin  production in male fish). 
Elevation of vitellogenin levels can thus possibly serve a sentinel process.  
 
Enhanced scientific quality of the assessment result 
 

• Concentrations in humans and organisms in the environment are harmonized by using the 
same measured or modeled concentrations in the environmental compartments. Human 
and environmental exposure pathways are combined in one conceptual model. Human 
and top predator exposures are integrated via calculation of the concentrations of NP 
products in the same species. The EU approach integrates direct and indirect exposure. 
Humans and ecosystem are both included in the model, with common sources and the 
same fate and transport model.  

• Integration does not increase the quality of the dose-effect characterization in the risk 
assessment for humans. The environmental risk assessment can gain from the human 
health risk assessment by extrapolations from rat data to other mammals.  

• Integrating in the area of toxicokinetics is unlikely to yield benefits given the minimal 
amount of available data. Integration via internal dose modeling, for example, is not 
feasible due to a lack of data. The only additional insight gained here is that the 
metabolism of nonylphenol proceeds through similar pathways across species, including 
humans. Overall the data are rather limited for integration. 

• Only the most general overlap in mechanism of action of nonylphenol has been found, 
using data from the available risk assessments. 

 
In summary, because no new data were used and the EU-RAR is already partly 

integrated, the conclusions of the EU-RAR have not changed in this report. The benefits of 
integration apparent in the EU-RAR have been highlighted. The ecological and human 
assessment results are made interdependent and use the same data as much as possible. 
 
Efficiency in using and generating data 
 

The integrated approach means that where overlaps in exposure routes, and in calculation 
and measurements of environmental concentrations occur, human and ecological exposure is 
calculated with the same tools and data. Available measured concentrations and emission data 
are used for both the human and ecological exposure assessments. Data searches and the 
evaluation of the quality of these data occur only once. Data requirements for the ecological and 
human risk assessments could be further harmonized (e.g., with regard to further elucidation of 
the mechanism of action, dose-effect relationships and inter- and intraspecies variation of the 
estrogenic effect). 
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Drawbacks 
 

No drawbacks were identified.  Integration does increase the need for ecologists and 
human health assessors to meet and spend time in discussion, to generate a common vision. 
Based on these decisions, risk assessments can be made more efficient and complete.  

4.3 Costs and Benefits in Economics Terms 

It was impossible to quantitatively estimate the differences in costs and benefits in 
economic terms between independent ERA and HHRA assessments of nonylphenol and the 
integrated risk assessment in this exercise. Therefore a more qualitative approach was followed. 
The IPCS framework for integrated risk assessment (see Table 7) can be used as a checklist of 
the steps to conduct a solid integrated risk assessment. Almost all the steps taken to make an 
ERA are also done when making a HHRA. The assumption is made that the more steps the ERA 
and HHRA have in common, the greater the reduction in costs will be in making an IRA. The 
benefits gained and costs saved are thus proportional to the measure of similarity per phase or 
step. This measure of similarity between ERA and HHRA is quantitatively expressed using 
ratings from 0 to 3 (taking the assessment of nonylphenol as example). Zero means no similarity; 
1 means some similarity in terminology and types of decisions to be taken; 2 means multiple 
commonalities in terminology, types of decisions to be taken, and  data requirements and type of 
experts and knowledge needed; and, 3 stands for a high degree of similarity. 
 

From Table 7 it can be concluded that a high gain in benefits and reduction of costs can be 
expected on approximately 50% of the steps taken. Nevertheless, some caution is needed 
because:  

 
1. This is a limited analysis.  
2. If animal testing and data collection on environmental concentrations consume the   

bulk of the budget then a relatively high reduction in the budget for the other steps is 
only a small reduction in absolute numbers on the total budget.  

3. Before any testing and measurements are done, data searches are done to find 
available data. If a HHRA is done before an ERA, then the available data from that 
risk assessment will be used in the ERA. This reduces the costs of the ERA and is a 
sensible practice. 
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Table 7†: Steps or Data Needed per Phase 

Based on the IPCS-Framework (HERA 2003) 

 
Problem formulation Ecological Human IRA Similarity 
planning dialog X X X 2 
management goals X X X 2 
purpose and scope X X X 2 
available resources X X X ? 
identification of the effects caused by the 
stressor 

X X X 3 

preliminary identification of endpoints X X X 3 
Characterization of exposure     
data completeness X X X 3 
stressor characteristics X X X 3 
sources and emissions X X X 3 
industrial use X X X 3 
consumer usages O X X 0 
distribution pathways X X X 3 
quantitative / computer model X X X 3 
environmental transport and fate, degradation X X X 3 
external exposure model X X X 2 
internal exposure model  ? ? ? ? 
phrasing of uncertainties X X X 3 
choice of hyper-conservative or realistic 
scenario 

X X X 3 

Characterization of effects     
identification of mode of action X X X 3 
exposure-response analysis:     

X X# X 3 
X X# X 3 
X X# X 3 

 plants 
fish 
mammals 
birds X X# X 3 

humans via rats O X X 0 
evaluation of data X X X 3 
evaluation of time scales of effect X X X 2 
extrapolation factors 
 
 
 
 

X X X 2 

                                                 
† This table is meant to be completed in a general manner. X means this step is needed in the RA. O means this step 
is not needed in the RA. ? means this step could be useful if enough data are present. # means food and resource 
insurance for humans. See text for explanation of numbers.  
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Table 7†: Steps or Data Needed per Phase 

Based on the IPCS-Framework (HERA 2003) 

 
Risk characterization     
combine exposure and dose-effect data X X X 3 
uncertainty estimation X X X 3 
‘translate’ results and conclusions for risk 
managers and stakeholders 

X X X 3 

Risk management     
selection of feasible management 
measurements 

X X X 1 

consideration of consequences of 
management measurements 

X X X 1 

Stakeholder participation     
Stakeholders discuss endpoints and review 
assessment results. 

X X X 2 

Risk communication     
explanation of legal, policy, time and 
resource constrains to stakeholders 

X X X 3 

expression of type of risks and explanation of 
uncertainties to stakeholders  

X X X 3 

4.4 Evaluation of the IPCS Framework 

Since the EU ecological and human risk assessments of nonylphenol are already partly 
integrated and fully reviewed by EU-experts, the IPCS Framework could not be tested to its full 
extent. An important element of the framework (i.e., the interaction between ecological and 
human risk assessors with risk managers and stakeholders) was not  investigated. 
 

The Framework provided guidance since it helped to generate a list of steps needed to 
perform an IRA and can be used as a starting point to derive areas of integration. For example, 
the problem formulation phase is well-explained and divided into smaller well ordered steps, 
such as assessment questions, impetus for the assessment and assessment endpoints. Each step of 
the Framework was checked in this report for the possibility to improve the EU assessment. 
Overall, the Framework appears to give a complete discussion of all essential elements.  The 
Framework is written as a general guidance. It would benefit from giving more detailed guidance 
on several issues (such as calculations, assumptions, decisions, and data selection per topic and 
per stressor).  A list of references and examples illustrating the various steps in an integrated risk 
assessment would be useful.  Overall, the Framework provides good guidance for the 
harmonization of risk assessments worldwide.  
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6. APPENDICES 

6.1 Appendix 1: In vivo data on ecological endocrine effects (Source: EU-RAR, 2002) 

Individual references are listed in the EU-RAR. 
 
Jobling et al. (1996) exposed two-year-old male rainbow trout (Oncorhynchus mykiss) to 

nonylphenol at 30 µg/l (nominal concentration) in a flow through system for three weeks. 
Measured concentrations of nonylphenol were 36.81± 2.4 µg/l throughout the experiment. 
Exposure was conducted in May, when growth of the testes was at an early stage. Blood samples 
were taken at the beginning and end of the exposure period. After three weeks, the fish were 
killed and testicular weight measured. Nonylphenol was found to stimulate production of 
vitellogenin , by a factor of 100 to 1000 times compared to controls. Statistically significant 
reductions in testis size, expressed as gonadosomatic index (GSI) were also noted. Histological 
examination of the testes showed that control fish had actively developed testes with a 
predominance of spermatocytes type A. The fish exposed to nonylphenol had a significantly 
higher proportion of spermatogonia type A than controls. A second experiment conducted when 
the testes were more developed, examined the dose-response for the two effects. A significant 
stimulation of blood vitellogenin  levels was seen after exposure to 20.3 µg/l but not at 5.02 µg/l, 
which was the NOEC for this effect. A significant reduction in GSI relative to controls was seen 
at 54.3 µg/l but not at 20.3 µg/l which was the NOEC for testicular growth. 

 
Baldwin et al. (1997) investigated the effects of exposure of Daphnia magna to 

nonylphenol in a three-week assay designed to look at the effects on the metabolism of the 
steroid hormone testosterone and any resulting effects on reproduction. Both acute and long-term 
exposures were used in the test. In acute tests, adult (ten-day-old) female daphnids were exposed 
to nonylphenol (25, 50 or 100 µg/L) for 48 hours. After the acute exposure, the daphnids were 
exposed to [14C] testosterone for a further sixteen hours and analysed for total radioactivity. The 
presence of radiolabelled metabolites in the water was also determined. Effects of exposure to 
nonylphenol on reproduction were investigated in a three-week static renewal toxicity test. 
Again, after the three-week exposure, the daphnids were exposed to [14C] testosterone for a 
further sixteen hours to investigate the effects on steroid hormone metabolism. After 48 hours of 
exposure to nonylphenol at 100 µg/L, a significant increase (p=0.01) over the controls was seen 
in the accumulation of [14C] testosterone and/or its metabolites in the daphnids. No significant 
effect was seen at nonylphenol concentrations of 25 or 50 µg/L. More detailed investigation of 
the metabolic elimination products indicated that the increased accumulation of androgens in the 
daphnids was a result of a decrease in the production of the major testosterone elimination 
product (testosterone-glucose) and an increase in the production of reduced/hydrogenated 
metabolites that are preferentially retained in the daphnids. These effects were seen at all 
exposure concentrations and were concentration-related (although the effects were not always 
statistically significant at nonylphenol concentrations of 25 µg/L). It was concluded that 
nonylphenol is capable of significantly perturbing components of androgen metabolism in 
daphnids at concentrations of ≤ 25 µg/L. In the three-week reproduction assay, nonylphenol 
concentrations of up to 100 µg/L had no effect on survival of parental daphnids. The number of 
off-spring produced was reduced on exposure to 50 or 100 µg/L, but this reduction was only 
statistically significant (p=0.05) at 100 µg/L. The reproductive chronic value derived from these 
data was 71 µg/L (geometric mean of the NOEC and LOEC for reproduction) and this 
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concentration was estimated to reduce the elimination of testosterone by approximately 50%. 
The results indicate that nonylphenol can cause effects on steroid hormone metabolism that may 
contribute to its reproductive toxicity (Baldwin et al., 1997). 

 
The effects of nonylphenol exposure on both the asexual and sexual reproduction of 

Daphnia galeata mandotae has been studied over 30 days of exposure (Shurin and Dodson, 
1997). Four parameters (averaged over a female’s lifetime) were examined: a) number of female 
offspring; b) number of male offspring; c) number of ephippia and d) number of developmentally 
abnormal male and female offspring. The laboratory conditions used induced the production of 
all three types of offspring (males, females and ephippia) and the exposure media were renewed 
every 48 hours. The nonylphenol concentrations used were 10, 50 and 100 µg/L. The results 
from the test were complicated due to the fact that different responses were seen in the solvent 
control (acetone at 80 µg/L) and the medium control. The daily production of female 
offspring/adult was found to increase over that seen in the medium control at the high 
concentrations (50 and 100 µg/L) of nonylphenol, but a similar increase was seen in the solvent 
control. No effects were seen on the daily production of male offspring/adult at any 
concentration and a slight decrease in the number of ephippia/adult was seen at high doses of 
nonylphenol. This latter effect was thought to be a result of increased adult mortality at the high 
nonylphenol concentrations. The daily production of deformed live offspring/adult was found to 
be related to nonylphenol exposure as a clear dose-response curve was seen and no such 
deformed offspring were seen in the two controls. The deformed offspring were of similar size to 
normal offspring but had forward curled tail spines and lacked, or had severely reduced, terminal 
setae on their second antennae, which reduced the swimming ability of the organism. This 
deformity was seen in 11% of live young at a nonylphenol concentration of 10 µg/L, and only 
animals that were prenatally exposed to nonylphenol exhibited this deformity. 

 
Gray and Metcalfe (1997) investigated the sexual development of male and female 

Japanese Medaka (Oryzias latipes) exposed to nonylphenol from hatching to three months of 
age. The test used was a static renewal system (renewal every 72 hours for first month and then 
every 48 hours), using 30 fish per exposure concentration. Exposure was initiated one or two 
days post hatch. The nominal concentrations used were 10, 50 and 100 µg/L, but analysis 
indicated that these concentrations fell over the 48-hour or 72-hour renewal period and the mean 
measured concentration over the renewal period was around 55% of the nominal for 72-hour 
renewal and 66% for 48-hour renewal. Between 18 and 20 of the original 30 fish in each 
treatment and control survived to the end of the three-month exposure period. A statistically 
significant increase in mean body weight and length was found for the fish in the 10 and 50 µg/L 
groups when compared with controls. This was not apparent in the 100 µg/L treatment group. 
Histological examination indicated that males in the 50 and 100 µg/L had developed testis-ova, 
characterized by the presence of both testicular and ovarian tissue in the gonad. The incidence of 
this was six out of twelve males (50%) in the 50 µg/L treatment and six out of seven males 
(86%) in the 100 µg/L treatment. No incidence of testis-ova was found in the control group 
(twelve males) or the 10 µg/L treatment (ten males). The LOEC for this effect was therefore 50 
µg/L. At 100 µg/L the authors suggested that sex reversal (male to female) may also be 
occurring as the ratio of males to females was different to that seen in controls or the 10 and 50 
µg/L treatments.  However this could also be due to different mortality patterns in the various 
treatments (i.e. greater mortality in male fish at 100 µg/L). It was also noted that the Japanese 
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Medaka have a relatively unique process of gonadal differentiation and development and it is not 
clear how these results relate to possible effects in other fish species. 

 
Nimrod and Benson (1996) investigated the induction of serum vitellogenin  in Channel 

catfish (ictalurus punctatus) by 17β-estradiol, several synthetic estrogens and several suspected 
xenestrogens including nonylphenol. Juvenile fish (65-95 g) were exposed to each substance by 
intraperitoneal injection. After seven days, the serum vitellogenin level was determined. Fish 
exposed to nonylphenol at doses of 79 mg/kg and 237 mg/kg showed elevated serum vitellogenin 
levels when compared to controls. The response of individual fish was found to be very variable 
and the mean serum vitellogenin levels found in control, low dose and high dose groups were 
0.3±0.4 mg/ml, 3.6±3.4 mg/ml and 9.5±5.7 mg/ml respectively, however, this was only 
significantly different (p<0.05) from controls in the high dose (237 mg nonylphenol/kg) fish. The 
response from nonylphenol was much lower than that found with 17β-estradiol by a factor of 
around 5000 (i.e. a 500 times higher dose of nonylphenol resulted in a ten times lower serum 
vitellogenin  level compared with that seen with 17β-estradiol). 

 
Christensen et al. (1995) dosed male flounders (Platichthys flesus) with nonylphenol by 

four intraperitoneal injections over a period of two weeks. Vitellogenin  was detected in plasma 
of fish dosed with 10 mg/kg wet weight. Effects were also seen on plasma lipids (increase), 
protein (increase) and ninhydrin positive substances (decrease). Toxic effects (cell damage), as 
indicated by increased activity of the plasma enzyme GPT, was also found. 

 
Elevated levels of blood vitellogenin  have been found in rainbow trout (oncorhynchus 

mykiss) exposed in vivo to nonylphenol for three weeks. The nonylphenol concentrations used 
were in the range 0.24-54.3 µg/L. The levels of blood vitellogenin  were found to be significantly 
elevated at concentrations of 20.3 µg/L (1 µg vitellogenin /ml; a tenfold increase over controls) 
and 54.3 µg/L (100 µg vitellogenin /ml; a 1000-fold increase over controls) (Harries et al., 
1995). 

 
The effects of nonylphenol on steroid metabolizing enzymes from the liver have been 

studied using Atlantic Salmon (Salmo salar) (Arukwe et al., 1997). Groups of six fish 
(approximately one year old and between 75 and 120 g in weight) were injected intraperitoneally 
with either 1, 5, 25 or 125 mg/kg bodyweight of nonylphenol (consisting of 85% para-isomers, 
and around 8-13% phenol, 1% tripropylene and 1% dinonylphenol) and then maintained at 10oC 
and 34‰ salinity for two weeks. Similar groups of fish were dosed with 5 mg/kg body weight of 
estradiol-17β as positive control and the carrier solvent (vehicle control group). After the two-
week period, various assays were carried out using liver microsomes collected from the exposed 
and control fish. The nonylphenol treatments caused an increase in the 6β-, 16α- and 17α-
hydroxylase activities in liver microsomes from the 1 mg/kg body weight groups (the increase 
was only statistically significant (ρ<0.05) compared with vehicle controls for the 6β-activity). 
With increasing dose of nonylphenol, there was an apparent dose-related decrease in the 
hydroxylase activities of liver microsomes compared to vehicle controls. This decrease was 
statistically significant for 6β-hydroxylase in the 25 mg nonylphenol/kg body weight group and 
for all activities in the 125 mg nonylphenol/kg body weight group. Reductions compared with 
vehicle controls were also seen in the 7-ethoxyresorufin-O-deethylase (EROD) activity (23-70% 
reductions were seen but they were only statistically significant in the 125 mg nonylphenol/kg 
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body weight groups) and the UDP-glucuronosyltransferase activities (decrease was not 
statistically significant). Immunochemical analysis of CYP1A, CYP2K-like and CYP3A-like 
proteins showed statistically significant 18%, 47% and 30% reductions in enzyme-linked 
immunosorbent assay absorbance levels respectively compared with vehicle controls in the 125 
mg nonylphenol/kg body weight group. Plasma levels of estradiol-17β were found to be lowered 
by 24-43% compared with vehicle controls, but this decrease was only statistically significant in 
the 1 and 5 mg nonylphenol/kg body weight treated groups. The report concluded that 
nonylphenol may increase the activity of steroid-metabolising enzymes at low concentrations but 
decrease the activity of these enzymes at high concentrations. 

 
Ashfield et al. (1998) investigated the effects of prolonged exposure to nonylphenol on 

growth and the gonado(ovo)somatic index of female juvenile rainbow trout (oncorhynchus 
mykiss). Groups of 200 fish were exposed to three concentrations of 4-nonylphenol using a flow-
through system from hatch to early sexual maturity (approximately one month after hatch). Two 
series of experiments were conducted. In the first series, exposure to nonylphenol (nominal 
concentrations 1, 10 and 50 µg/L) was for 22 days from hatch, and monitoring of the fish was 
continued for a further 86 days. In the second series, exposure to nonylphenol (nominal 
concentrations 1, 10 and 30 µg/L) was for 35 days from hatch, with monitoring of fish 
continuing for a further 431 days. In all tests, the water had a pH of 6.5, a hardness of 12.5 mg/l 
as CaCO3, a temperature of 7-13oC and was continuously aerated to maintain the dissolved 
oxygen level. The stock nonylphenol solutions were made up in methanol/water mixture and 
each exposure solution had around 0.0005% methanol present (the same amount of methanol 
was added to the control). In the tests no significant difference was seen in total mortality 
between controls and treated fish. At the end of the first series of tests, fish that had been 
exposed to 1 and 50 µg/L showed a statistically significant (ρ<0.001 and ρ<0.01 at the two 
concentrations respectively) lower body weight relative to controls (the 10 µg/L group was not 
significantly different from the control group). In the second series of experiments, by day 55 the 
mean weights and lengths of fish exposed to 30 µg/L were significantly lower (ρ<0.05 for 
weight, ρ<0.01 for length) than in the control group. The 10 µg/L group showed no significant 
effect on weight at this time, but the length was significantly reduced (ρ<0.05) compared with 
controls. These differences in weight and length became more pronounced at day 84, with 
significantly lower weights in the 10 µg/L (ρ<0.001) and 30 µg/L (ρ<0.01) groups. The 
significantly reduced body weight seen in the 30 µg/L group continued up until the experiment 
ended on day 466, but the fish exposed to 10 µg/L showed a significantly elevated bodyweight 
(ρ<0.05) compared with controls from day 300 onwards. The fish body weight in the 1 µg/L 
group was not significantly different from controls at any time during the experiment. At the end 
of the experiment, the ovosomatic index (OSI = (100×gonad weight/[bodyweight-gonad weight]) 
was determined, and this was found to be significantly elevated (ρ<0.05) in the 30 µg/L group. 
The paper concluded that significant effects on growth of the fish had occurred during the test, 
although the mechanism by which nonylphenol caused these effects was unclear. 
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6.2 Appendix 2: In vivo data on human endocrine effects (Source: EU-RAR, 2002) 

Individual references are listed in the EU-RAR. 
 

Only data from animals or in vitro test systems were available. 
  
Studies investigating estrogenic activity:  
 
The estrogenic activity of nonylphenol has been investigated in a number of studies using 

either recombinant yeast, estrogen sensitive MCF-7 cells or a rodent uterotrophic assay response. 
None of these assays have been validated as an internationally accepted toxicity test method, 
although the MCF-7 and uterotrophic assays have been established for a number of years as 
standard assays for estrogenic activity. It should be noted that the significance to human health of 
estrogenic activity detected in these assays has yet to be established.  

 
In vivo systems 
 
The estrogenic activity of nonylphenol has been assessed in several studies using an 

assay based upon the uterotrophic response in the rat.  In the first study, five groups of immature 
(aged 20-22 days) female rats (six in each group) of a Wistar-derived strain received single oral 
gavage doses of nonylphenol in corn oil on three consecutive days (ICI, 1996). The dose levels 
ranged from 9.5 to 285 mg/kg/day. Vehicle and positive (estradiol benzoate 8 µg/kg, by 
subcutaneous route) groups were included. One day after the final dose the females were killed 
and the uterus was removed from each animal and weighed. Absolute uterus weight and 
bodyweight-related uterus weight were statistically significantly increased, in a dose-dependent 
manner, at levels of 47.5 mg/kg/day and above. The NOAEL was 9.5 mg/kg/day. The uterine 
response seen in the positive control group was much greater than that of the nonylphenol 
groups, although a direct comparison of potency is not possible given the differing exposure 
routes. Similar data from the same laboratory have also been presented in peer-review literature 
(Odum et al., 1997). This latter report also included oral positive control groups (17ß-estradiol, 
10-400 µg/kg), which indicated that estradiol was about 1000 times more potent in this assay 
than nonylphenol. 
 

In a similar assay, groups of ten ovariectomised female Sprague-Dawley rats were dosed 
once daily for three consecutive days by the oral route with ethanol/oil suspensions of 
nonylphenol at levels of 0 (vehicle control), 30, 100 and 300 mg/kg/day (Chemical 
Manufacturers Association 1997b). Positive control groups received ethynylestradiol in ethanol 
at levels of 10, 30 and 80 µg/kg/day according to the same dosing regimen. One day after the 
final dose the females were killed and the uterus was removed from each animal and weighed. 
Uterus weights at 300 mg/kg/day were significantly increased (1.5-fold) in comparison with the 
vehicle control group. A slightly greater response (a twofold increase) was seen in the 30 and 80 
µg/kg/day positive control groups.  
 

In an other uterotrophic assay, groups of three immature (aged 20-21 days) Sprague-
Dawley rats each received a single intraperitoneal injection of nonylphenol at dose levels of 0, 1, 
2 or 4 mg/animal (approximately 25, 50 or 100 mg/kg) (Lee and Lee, 1996). Estradiol, 
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administered by the same route, served as a positive control. The animals were killed 24 hours 
later and each uterus was removed, weighed and analysed for protein and DNA content and 
peroxidase (thought to be a uterotrophic marker enzyme) activity. There was a dose-dependent 
and statistically significantly increase in uterine weight at all levels, with associated increases in 
uterine protein and DNA content and uterine peroxidase activity. In further experiments, the 
uterotrophic activity of nonylphenol was found to be blocked by the co-administration of  ICI 
182,780, an estrogen antagonist, providing evidence that the effect of nonylphenol is mediated 
through the estrogen receptor. Also, the potency was compared with estradiol; in this assay 
estradiol was found to be about 1000-2000 times more potent than nonylphenol. 
 

Overall, these in vitro and in vivo studies show that nonylphenol has estrogenic activity 
of a potency between three to six orders of magnitude less than that of estradiol.  
 

Effects on fertility 
 

The effects of nonylphenol on fertility and reproductive performance have been 
investigated in a multigeneration study.  The testicular toxicity of nonylphenol has been studied 
in a repeated exposure study. 
 

The multigeneration study was comprehensive and was conducted in compliance with 
GLP (NTP 1997). The overall study design was based on the OECD two-generation reproduction 
toxicity study guideline, with an extension to include the production of an F3 generation. Groups 
of thirty male and thirty female Sprague-Dawley rats were exposed to nonylphenol via 
incorporation in the diet at concentrations of 0 (control) 200, 650 or 2000 ppm over three 
generations. Calculated nonylphenol intakes were, respectively, about 0, 15, 50 and 160 
mg/kg/day during non-reproductive phases and rising to around 0, 30, 100 and 300 mg/kg/day 
during lactation.  Nonylphenol exposure commenced for the F0 generation at about seven weeks 
of age and continued until study termination when the F3 generations were about eight weeks 
old. F0 animals were mated (one male with one female) within each dose group to produce the F1 
generation. Selected F1 animals were similarly mated to produce the F2 generation and selected 
F2 animals were mated to produce the F3 generation. For the F0 generation and retained F1, F2 
and F3 animals, clinical signs of toxicity, bodyweight and food consumption were reported. 
Oestrous cycles were monitored prior to mating. At the necropsy of adult animals, sperm 
samples were taken (but not from the F3 generation) for analysis of density, motility (using a 
computer-assisted sperm motion analysis system) from control and high dose group males, 
morphology, organ weights, and selected organs were sampled for histopathology. Additionally, 
testicular spermatid counts were made. Parameters assessed in the young offspring included litter 
size, bodyweight, survival, gross appearance, ano-genital distance, sexual development and, for 
animals killed at weaning, gross appearance of organs at necropsy and reproductive organ 
weights. 

  
There was evidence of general toxicity in adults of all generations, seen as a reduction in 

bodyweight gain at 50 and 160 mg/kg/day and histopathological changes in the kidneys at all 
dose levels. These aspects are described in greater detail in section 4.1.2.6.1. 
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Considering the reproduction-related parameters, there were no adverse effects on 
fertility or mating performance. However, several other parameters were affected. Oestrous cycle 
length was increased by about 15% in the F1 and F2 females at 160 mg/kg/day, in comparison 
with controls. The timing of vaginal opening was accelerated by 1.5-seven days at 50 mg/kg/day 
and by three to six days at 160 mg/kg/day in females of the F1, F2 and F3 generations. Also, 
absolute ovarian weights were decreased at 50 mg/kg/day in the F2 generation and at 160 
mg/kg/day in the F1, F2 and F3 generations; however, no effect on ovarian weight was apparent in 
the F1 and F3 generations when analysed as an organ-to-bodyweight ratio. In males, changes in 
sperm endpoints were seen only in the F2 generation; epididymal sperm density was decreased 
by about 10% at 50 and 160 mg/kg/day and spermatid count was decreased by a similar amount 
at 160 mg/kg/day. However, there may have been methodological problems with the epididymal 
sperm density measurements, because the density in all F2 generation groups, including controls, 
was considerably greater (by about 25-40%) than reported for the F0 and F1 generation males; the 
age of each generation was similar at necropsy, so major differences in the sperm density would 
not be expected.  To summarise the reproductive aspects of this study, fertility and mating 
performance were not adversely affected by nonylphenol treatment. However, there were 
changes, albeit relatively slight, in the oestrous cycle length, timing of vaginal opening, ovarian 
weight and sperm/spermatid count. The effects on the oestrous cycle were seen in both the F1 
and F2 generations (not assessed in F3 females) and the timing of vaginal opening was influenced 
in all three generations. This consistency provides firm evidence of a relationship with the 
treatment. These effects were possibly related to the estrogenicity of nonylphenol. There is some 
uncertainty about the relationship to nonylphenol treatment with respect to the ovarian weight 
reduction, because this effect was apparent after adjusting for bodyweight in only one generation 
and did not correlate with any histopathological changes. Nevertheless, it is compatible with the 
anticipated direct effects of exogenous estrogenic activity. Also, there is uncertainty regarding 
the cause of the apparent reduced sperm/spermatid numbers in the F2 generation. It has been 
hypothesised that such changes could result from foetal or neonatal exposure to exogenous 
estrogenic activity (Sharpe and Skakkebaek, 1993), but if the hypothesised mechanism was 
operating, semen/testicular changes should also have occurred in the F1 generation. Furthermore, 
the possibility of methodological problems adds to the difficulty in interpreting the 
sperm/spermatid count data. However, the observation of impaired male reproductive tract 
development in an intraperitoneal study provides supporting evidence in favour of the 
sperm/spermatid count changes being causally related to nonylphenol treatment. Furthermore, 
the intraperitoneal study indicates that a critical window of exposure for this effect is likely to be 
the neonatal period. Overall, this study provided evidence that nonylphenol exposure over 
several generations can cause minor perturbations in the reproductive system of offspring, which 
are compatible with the predictable or hypothesised effects of exogenous estrogenic activity.  
These perturbations did not cause functional changes in reproductive capacity of the rat at the 
dose levels tested. A clear NOAEL for these changes of 15 mg/kg/day was identified.  
 

The testicular toxicity of nonylphenol was investigated in Sprague Dawley rats in a 
repeated dose study (de Jager et al., 1999a). Groups of 20 male rats were dosed once daily by the 
oral (gavage) route at doses levels of 0 (vehicle control, cotton seed oil), 100, 250 or 400 
mg/kg/day for a period of ten weeks, from the age of twelve weeks. The animals were killed at 
the end of the dosing period and a detailed evaluation of the reproductive organs was conducted. 
Testes and epididymal weight were recorded. The total l epididymal sperm numbers were 
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determined. The testes were stored in Bouin’s fixative and processed for histological 
examination, which included the identification of the stages of spermatogenesis present and the 
measurement of the seminiferous tubule diameter, lumen diameter and epithelial thickness. 
Three, fifteen and eighteen animals from the 100, 250 and 400 mg/kg/day groups, respectively, 
died during the dosing period; no further information on these deaths was presented. Clinical 
signs of toxicity were not reported. The bodyweight gain of surviving animals was not affected 
by treatment, although bodyweight gain was reduced among the decedents. In comparison with 
the control group, lower testicular and epididymal weight, tubule and lumen diameter and 
seminiferous epithelial diameter were seen in surviving animals at 250 and 400 mg/kg/day and 
the sperm count was reduced at 400 mg/kg/day.  However, because of the very small group sizes 
due to mortality, little toxicological significance can be accorded to these findings. At 100 
mg/kg/day, testes and epididymal weight were not affected, but tubule and lumen diameter and 
seminiferous epithelial diameter were statistically significantly lower than in the control group; 
the mean tubule diameter was reduced by 10%, but data for the other two parameters were not 
presented. Testicular abnormalities were identified by histopathology at both 250 and 400 
mg/kg/day. In one animal at 250 mg/kg/day vacuolization and cell necrosis with sloughing of the 
epithelium was seen in about 40% of tubules. Both surviving animals at 400 mg/kg/day had 
tubular vacuolization, cell necrosis and derangement, with very few secondary spermatocytes 
and sperm being present. 
 

This study provides evidence of nonylphenol-related testicular toxicity at exposure levels 
which also cause mortality. A LOAEL for testicular toxicity of 100 mg/kg/day can be 
designated. The observation of mortality at 100, 250 and 400 mg/kg/day in this gavage study 
contrasts with the findings of studies involving dietary administration summarised in the 
Repeated Dose Toxicity section (Hüls, 1989; Chemical Manufacturers Association, 1997a; NTP, 
1997). This difference can probably be accounted for by the method of administration; gavage 
dosing is likely to produce higher peak concentrations of nonylphenol in the blood than dietary 
administration. 
 

Developmental toxicity 
 
One oral rat developmental toxicity study was evaluated, as well as  two studies looking 

specifically at the potential effects of NP on the developing male reproductive tract, one using 
the intraperitoneal route and one using the oral route.  
The standard rat developmental toxicity study was conducted according to OECD guideline 414 
and in compliance with GLP standards. Groups of timed-mated females of the Wistar strain were 
administered by oral gavage corn oil solutions of nonylphenol from days 6 to 15 of pregnancy at 
dose levels of 0, 75, 150 and 300 mg/kg/day. A further group receiving 600 mg/kg/day was 
terminated prematurely because many females died during the first few days of treatment. 
Sufficient females were allocated to the study to produce at least 21 pregnant females in each 
group. Surviving females were killed on day 20 of pregnancy and the foetuses were subjected to 
routine external, visceral and skeletal examinations.  
There was clear evidence of maternal toxicity at 300 mg/kg/day, manifested as a reduction in 
bodyweight gain and food consumption, mortality of two females and macroscopic organ 
changes in the kidney (pale or irregular shape in seven mothers) or spleen (reduced size in two 
mothers). Similar macroscopic changes were seen occasionally at 150 mg/kg/day and at a high 
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incidence in females from the prematurely terminated 600 mg/kg/day group. No maternal 
toxicity was seen at 75 mg/kg/day. Post-implantation loss, litter size, foetal weights and 
incidence of both major and minor foetal abnormalities was not affected by treatment. This study 
provided no evidence of developmental toxicity in the rat at exposure levels which are toxic to 
the mother. The maternal NOAEL was 75 mg/kg/day and the foetal NOAEL was 300 mg/kg/day. 
 

In the intraperitoneal study, the effects of nonylphenol on male reproductive tract 
development were investigated in neonatal Sprague-Dawley rats (Lee, 1998; additional 
information was obtained by personal communication with the author). Age-matched male pups 
were randomly allocated to either the control or treated groups. Daily doses of nonylphenol were 
administered by the intraperitoneal route at a dose volume of 5-10 µg/injection, for varying 
schedules between the day of birth (day 0) and 30 days of age. Control animals received the 
vehicle (dimethylsulfoxide) only, by the same route. The pups were killed at 31 days of age; 
terminal observations included external appearance of genital area, ano-genital distance, the 
presence of undescended testes, and reproductive organ weights (which were reported as 
bodyweight-related values).  In the initial experiment, groups of at least three pups were dosed at 
0, 0.08, 0.8 and 8 mg/kg/day, from birth to fifteen days of age. At 0.8 and 8 mg/kg/day there was 
a statistically significant, dose-dependent reduction in testes, epididymis, seminal vesicle and 
prostate weight; typically weights were about 15 to 25% less than found in the control group. 
Additionally, ano-genital distance was reduced at 8 mg/kg/day, only. Reproductive organ 
weights were not affected at 0.08 mg/kg/day. Next, groups of three or four pups received 
nonylphenol at 0 or 8 mg/kg/day, either from days 1 to 18 of age, days 6 to 24 or days 13 to 30, 
to see if there is a vulnerable phase of development. Reproductive organ weights were 
significantly reduced in the groups for which dosing commenced on day 1 or 6, but not in the 
group dosed from day 13. In a third experiment, the influence of the estrogen receptor antagonist, 
ICI 182,780, on nonylphenol-impaired reproductive organ weight development was investigated 
in groups of six or seven pups dosed with nonylphenol at 8 mg/kg/day from days 1 to 5 of age. 
The antagonist was administered by the intraperitoneal route at a dose of 0.5 mg/kg and dose 
volume of 5-10 µg/injection, ten minutes after the nonylphenol dose. It was found that ICI 
182,780 blocked the effects of nonylphenol on organ weights. Administration of ICI 182,780 
alone had no effect on reproductive organ weight. The incidence of undescended testes was 
reported in groups of between six and 34 pups dosed with nonylphenol at 8 mg/kg/day, days 1 to 
5, days 1 to 10 or days 1 to 18; this was 33%, 55% and 62%, respectively. Undescended testes 
were not observed in vehicle control pups, in pups receiving a single dose of nonylphenol on day 
1, or when ICI 182,780 was administered concurrently with nonylphenol.  
 

In another study, eight male pups, selected from two litters, were dosed by the 
intraperitoneal route from days 1 to 15 of age with nonylphenol at 8 mg/kg/day and then reared 
to sexual maturity. Their fertility was assessed by serial pairing with either six or twenty 
untreated female rats and recording the number of females which became pregnant. Vehicle 
control male pups, selected from the same two litters, were used for comparison. Among the 
controls, pregnancies resulted from almost all pairings. In contrast, in the nonylphenol-treated 
group, two males were completely infertile, failing to impregnate any females; three were 
initially fertile, but failed to impregnate females in later pairings; two showed comparable 
fertility to the controls; the remaining male died near the start of the fertility trial. Necropsy 
findings were reported for five of the nonylphenol-treated males; all were observed with 
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undescended testes and/or either slight or marked testicular atrophy.  There are a number of 
design weaknesses to this study: the group sizes were generally very small; the pups were 
apparently not weight-matched at the start of treatment; and the intraperitoneal route of 
administration, which could result in unrealistically high exposure of the reproductive organs, is 
of questionable relevance to the human risk assessment. Nevertheless, the consistent observation 
throughout the series of experiments of reduced reproductive organ weight or undescended 
testes, supported by observations of reduced ano-genital distance and, in animals reared to sexual 
maturity, reduced fertility, provides evidence that nonylphenol-exposure during the neonatal 
period impairs male reproductive tract development in the rat. The period of maximum 
vulnerability to this effect appears to be prior to the age of thirteen days. The blocking influence 
of the estrogen receptor antagonist ICI 182,780 suggests that the effect of nonylphenol on the 
male reproductive tract may be mediated through action on the estrogen receptor. However, in 
view of corrosive properties of nonylphenol and use of the intraperitoneal route of 
administration, it is possible that non-specific irritation of the undescended testes may have 
contributed to the observed effects. The author has stated that about 50% of the nonylphenol-
treated pups had peritoneal cavity adhesions, while none were seen in control animals, which 
supports this hypothesis. Although adhesions were seen, there were no treatment-related clinical 
signs of toxicity or increased mortality. The blocking influence of ICI 182,780 may possibly 
have resulted from dilution of the injected nonylphenol (this alternative explanation was not 
tested as the study did not include a control group receiving nonylphenol followed by a vehicle-
only injection). It should be noted that precise information on clinical signs, mortality and 
general macroscopic necropsy findings were not available from the author. No effects were seen 
in pups dosed at 0.08 mg/kg/day but, because of the very small numbers of animals receiving 
doses other than 8 mg/kg/day, information on the NOAEL and dose-response relationship can be 
gained from this study. Overall, because of the design weaknesses and the possibility that non-
specific irritation may have contributed to the observed effects on the male reproductive tract, it 
is not possible to draw any firm conclusions from this study with respect to specific reproductive 
toxicity of relevance to humans.  
 

In another study, the effects of nonylphenol exposure from the in utero period to sexual 
maturity were investigated in an oral (gavage) study (de Jager et al., 1999b). Groups of ten 
mated females were dosed once daily with nonylphenol at levels of 0 (vehicle control, cotton 
seed oil), 100, 250 and 400 mg/kg/day from day 7 of pregnancy to weaning of their litters. 
Twenty F1 generation males were randomly selected from each group for dosing as for the 
mother until ten weeks of age. The selected F1 males were then killed. Testes and epididymal 
weight were recorded. The total l epididymal sperm numbers were determined. The testes were 
stored in Bouin’s fixative and processed for histological examination, which included the 
identification of the stages of spermatogenesis present and the measurement of the seminiferous 
tubule diameter, lumen diameter and epithelial thickness.  No information was presented on 
maternal bodyweight, but it was observed that no females showed any physical or behavioural 
abnormalities. No offspring were born from the mothers receiving 400 mg/kg/day; it is not clear 
from the report if this was because of maternal deaths or embryonic/foetal resorption.  `There 
were no malformations or still births among the F1 offspring. No physical or behavioural 
abnormalities were seen among the selected F1 males. This contrasts with the De Jager (1999a) 
study conducted in adult males in which fifteen out of twenty animals died at 250 mg/kg/day. F1 
bodyweight gain over the course of the study was significantly reduced at both 100 and 250 
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mg/kg/day (by 11 and 20%, respectively), relative to the control group. F1 absolute testicular and 
epididymal weights were less than the controls at both 100 and 250 mg/kg/day, but this effect 
was not evident when organ weights were expressed relative to bodyweight; the differences in 
absolute organ weight are thought likely to be related to the intergroup bodyweight differences. 
Total  epididymal sperm count was reduced at 250 mg/kg/day (by 36%, relative to controls), but 
at 100 mg/kg/day sperm counts were similar to those of the control group. Seminiferous tubule 
diameter was slightly lower in both nonylphenol-treated groups (by about 10%); surprisingly, 
these slight differences were declared to be highly statistically significantly different from the 
control group. The authors also stated that the tubule lumen diameter and seminiferous 
epithelium thickness were highly statistically significantly less than the control group in both 
nonylphenol groups, but the data were not presented. Although these quantitative tubular 
changes were consistent with those of the De Jager (1999a) study, in the present study these may 
be related to the fact that testicular weight was lower in these groups. Histopathology revealed 
pathological changes in the testes of one F1 male from the 100 mg/kg/day group; in the tubules, 
cell necrosis, vacuolation and sloughing of the germinal epithelium were described. However, no 
such histopathological abnormalities were seen at 250 mg/kg/day, so the changes outlined above 
cannot be attributed to nonylphenol treatment. 
 

This study provides evidence of a reduction in sperm count at 250 mg/kg/day, a dose 
level which may have caused mortality, although it is not possible to state whether this is a 
developmental effect or a result of direct exposure of the males after weaning. It is not clear if 
the changes in the tubular measurements represent specific reproductive toxicity or non-specific 
secondary consequences of the reduction in bodyweight gain. 
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