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Vier stoffen beoordeeld op 


kankerverwekkendheid 
 


 


   
Vandaag zijn vier adviezen verschenen waarin de Gezondheidsraad beoordeelt of  


ß-oestradiol, polyvinylchloride, bisfenol A diglycidylether en ethyleen kanker kunnen 


veroorzaken bij mensen die er op hun werk aan worden blootgesteld. Voor de laatste 


drie genoemde stoffen blijken onvoldoende gegevens te zijn om de kankerverwekkende 


eigenschappen ervan te kunnen beoordelen. Voor ß-oestradiol heeft de raad geoordeeld 


dat het kankerverwekkend is voor de mens.  


 


β-Oestradiol is een geslachtshormoon dat gebruikt wordt in anticonceptiemiddelen en 


hormonale therapieën. Werknemers kunnen in aanraking komen met dit hormoon 


tijdens de productie van deze middelen. De Gezondheidsraad gaat ervan uit dat  


β-oestradiol kanker kan veroorzaken, door schade toe te brengen aan het genetisch 


materiaal. De raad adviseert de minister van Sociale Zaken en Werkgelegenheid om  


de stof te laten classificeren als ‘kankerverwekkend voor de mens’ (categorie 1A).  


 


Polyvinylchloride kent allerlei toepassingen in verschillende takken van de industrie en 


wordt gebruikt in consumentenproducten en verpakkingen. Bisfenol A diglycidylether 


en zijn oligomeren zijn hoofdbestanddelen van epoxyharsen. Ethyleen is een belangrijk 


chemisch intermediair in de productie van industriële chemicaliën zoals ethyleenoxide, 


ethyleendichloride en ethylbenzeen. Voor polyvinylchloride, bisfenol A diglycidylether 


en ethyleen zijn volgens de Gezondheidsraad onvoldoende gegevens beschikbaar om 


de kankerverwekkende eigenschappen ervan te kunnen evalueren.  


 


De adviezen zijn aangeboden aan de minister van Sociale Zaken en Werkgelegenheid.  


De publicaties over polyvinylchloride (2013/22), β-oestradiol (2013/23), ethyleen 


(2013/24) en bisfenol A diglycidylether (2013/25) zijn in het Engels geschreven met  


een Nederlandse samenvatting. De publicaties zijn te downloaden van www.gr.nl. 


Inlichtingen over deze adviezen worden verstrekt door dr. S.R. Vink, tel. (070) 340 55 08, 


e-mail sr.vink@gr.nl (ß-oestradiol en polyvinylchloride) en dr. G.B. van der Voet,  


tel. (070) 340 74 47, e-mail b.v.d.voet@gr.nl (bisfenol A diglycidylether en ethyleen).  
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De vier adviezen zijn opgesteld door de Subcommissie Classificatie van carcinogene 


stoffen van de Commissie Gezondheid en beroepsmatige blootstelling aan stoffen van 


de Gezondheidsraad: 


•  prof. dr. R.A. Woutersen, toxicologisch patholoog, TNO Innovation for Life, Zeist; hoogleraar 


translationele toxicologie, Wageningen Universiteit, voorzitter • dr. J. van Benthem, genetisch toxicoloog, 


Rijksinstituut voor Volksgezondheid en Milieu, Bilthoven • dr. P.J. Boogaard, toxicoloog, SHELL 


International BV, Den Haag • prof. dr. G.J. Mulder, emeritus hoogleraar toxicologie, Universiteit Leiden • 


dr. M.J.M. Nivard, moleculair bioloog en genetisch toxicoloog, Leids Universitair Medisch Centrum •  


dr. G.M.H. Swaen, epidemioloog, Dow Chemicals NV, Terneuzen (tot 1 april 2013); Exponent, Menlo 


Park, USA (vanaf 15 augustus 2013) • prof. dr. E.J.J. van Zoelen, hoogleraar celbiologie, Radboud 


Universiteit Nijmegen • dr. S.R. Vink, Gezondheidsraad, Den Haag, secretaris • dr. G.B. van der Voet, 


Gezondheidsraad, Den Haag, secretaris 








Gezond heidsraad
Health Council of the Netherlands


Dr Alan Goodson


do Epoxy Resiiis REACH Consortium (ERRC)


Environmental Health and Safety Epoxy Products


Dow MF Produktions GmbH & Co. OHG


Industriestr. 1


77836 Rheinmünster


Germany


Subject : Comment on the draft report Bisphenol A diglycidyl ether


Your reference : Letter July 26’, 2013


Our reference : Ii 502/BvdV/fs/246-E19


Enclosure(s) 1
Date October l8’, 2013


Dear Dr. Goodson,


Thank you for your letter on behalf of ERRC with comments on the draft report Bisphenol A


diglycidyl ether, which was made public for review in May 2013 by the Subcommittee on


Classification of Carcinogenic Substances of the Dutch Expert Committee on Occupational Safety


(DECOS) of the Health Couricil of the Netherlands. ERRC has taken the opportunity to comment


on the draft report. The issues raised by ERRC are discussed by the Subcommittee and its


responses are given below.


ERRC notes that the Subcommittee’s assessment did not consider all the available sources of


information.


The Committee agrees with ERRC on this issue. Both the Ed-lA dossier and the EFSA


evaluation were not available to the Committee atthe time of preparation of the draft. The


Committee regrets this and has evaluated these data in her September meeting and modified the


document accordingly. In chapter 3 (carcinogenicity studies) of the final advisory report the


Subcommittee included the description of both the two-year dermal exposure studies in rats and


mice and also the description of the two-year oral exposure study in rats. The Subcommittee


agrees that these studies are performed according to the recent guidelines and are methodological


of better quality than the older studies by Peristianis et al. end Holland et al. The chapter summary


(3.3) has been changed accordingly and gives a more complete view on the existing studies. In


addition, a selection of the in vivo (and also in vitro) studies as suggested by ERRC has been


incorporated in chapter 4 (genotoxicity) of the advisory report. The chapter summary (4.4) has


been modified to give a better overview.


Although most studies support the conclusion that bisphenol A diglycidyl ether does not raise


concern for carcinogenicity and genotoxicity in vivo (as EFSA concludes) the Subcommittee is


aware that — in spite methodological weaknesses - not all dermal animal studies completely
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exclude oncogenicity. Moreover, the Subcommittee observes a complete absence of any


epidemiological studies. Therefore, the Subcommittee maintains her classification of BADGE in


category (3) (‘the available data are insufficient to evaluate the carcinogenic properties of the


compound’) and not in category (4) (‘the compound is probably not carcinogenic to man’).


In addition, the Committee observes that technical grades of bisphenol A diglycidyl ether may


occasionally induce local and systernic tumours while no dear relationship with the actual


bisphenol A diglycidyl ether is suggested.The Committee is of the opinion that exposure to


technical grades of bisphenol A diglycidyl ether, e.g. via inhalation, may pose concern for


potential carcinogen ic effects.


The Subcornmittee thanks ERRC again for taking the opportunity to respond to the draft report


and highly appreciates their detailed data, comments and recommendations which enabled the


Subcommittee to modify and improve its report.


Ene losed you will find a copy of the final report.


Yours sincerely,
/


//


G.B. van der Voet, PhD, ERT
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October 18th1, 2013


Thank you for accepting the invitation to comment on the draft report BisphenolA diglycidyl


ether, which was made public for review in May 2013, by the Subcommittee on Classification of


Carcinogenic Substances of the Dutch Expert Committee on Occupational Safety (DECOS) of the


Health Council of the Netherlands.


The Subcommittee highly appreciates the cornrnents and recommendations by NIOSH which


enabled the committee to modify and improve its report.


On behalf of the President of the Health Council, 1 respond to the comrnents made by NIOSH in


the annex to this letter.


Enclosed you will find a copy of the final report.


Yours sincerely,


G.B. van der Voet, PhD, ERT


Scientific secretary


P0. Box 16052


NL-2500 BB The Hague


The Netherlancis


Telephone +31 (70) 340 74 47


E-mail: b.v.d.voet©gr.nI


Visiting Address


Rijnstraat 50


NL-251 5 XP The Hague


The Netherlands


www.gr.nI







1 


 


RESPONSES by The COMMITTEE 


 


NIOSH Review Comments on DECOS draft document  


– Bisphenol A diglycidyl ether 


 By: David Murray and Samy Rengasamy, NPPTL/NIOSH,  


626 Cochrans Mill Road, Pittsburgh, PA 15236 


 


 


 General comments 


The references given are dated (<2002), and don’t reflect the recent numerous 


studies in the literature suggesting a role for bisphenol A in the endocrine 


disruption and carcinogenesis. This should be updated.  


 


o Response by the Committee: 


The Committee performed an additional search on bisphenol A 


diglycidyl ether and retrieved only a few additional studies from 


later date (>2002). The Committee is of the opinion that the 


diglycidyl ether of bisphenol A is the specific focus of this report 


and not bisphenol A itself and decided not to elaborate further on 


the background of the latter substance.  


 


Limited studies have reported the carcinogenicity and genotoxicity of 


Bisphenol A diglycidyl in animal and cell models. 


 


o Response by the Committee: 


The Committee agrees with this view. Indeed, limited studies are 


available from public sources. However, a number of additional 


animal and cell line studies performed by industrial organizations 


have been recently retrieved from the ECHA website and 


incorporated in the document. 


 


 Specific comments 


Pages 6-9 


These pages are missing 


o Response by the Committee: 


The Committee regrets that these pages were missing and could 


not be reviewed by NIOSH. The Committee points out that 


complete draft documents are always available on the website 


(www.gezondheidsraad.nl).  
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 Page 11 


Many studies have used acetone as a vehicle for bisphenol A diglycidyl ether. 


Whether control animals received equivalent amount of acetone needs to be 


mentioned. 


o Response by the Committee: 


The study by Holland et al. (1979) used specific vehicle controls 


(acetone). A additional sentence has been added in this respect.  


 


 Page 12 


Many studies lack adequate information of the test material and the amount of 


material applied each time. 


o Response by the Committee: 


The Committee agrees with this observation. The studies by Weil 


et al. (1963) and Hine et al. (1958) were incomplete in this regard. 


This is mentioned specifically in the text.  


 


 Page 13 and 14 


Bisphenol A diglycidyl ether metabolic pathway has been described. The 


relevance of the pathways to human metabolism may provide a better 


understanding on toxicity.  


o Response by the Committee: 


The Committee has added an additional sentence in this respect. 
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Gezondheidsraad
H e a l t h  C o u n c i l  o f  t h e  N e t h e r l a n d s


Aan de minister van Sociale Zaken en Werkgelegenheid


 


 


Onderwerp : aanbieding advies Bisphenol A diglycidyl ether


Uw kenmerk : DGV/BMO-U-932542


Ons kenmerk : U-7910/BV/fs/246-Y18


Bijlagen : 1


Datum : 18 oktober 2013


Geachte minister,


Graag bied ik u hierbij het advies aan over de gevolgen van beroepsmatige blootstelling aan 


bisfenol A diglycidylether.


Dit advies maakt deel uit van een uitgebreide reeks waarin kankerverwekkende stoffen wor-


den geclassificeerd volgens richtlijnen van de Europese Unie. Het gaat om stoffen waaraan 


mensen tijdens de beroepsmatige uitoefening kunnen worden blootgesteld.


Dit advies is opgesteld door een vaste subcommissie van de Commissie Gezondheid en 


beroepsmatige blootstelling aan stoffen (GBBS), de Subcommissie Classificatie van carci-


nogene stoffen. Het advies is getoetst door de Beraadsgroep Gezondheid en omgeving van 


de Gezondheidsraad.


Ik heb dit advies vandaag ter kennisname toegezonden aan de staatssecretaris van Infra-


structuur en Milieu en aan de minister van Volksgezondheid, Welzijn en Sport.


Met vriendelijke groet,


prof. dr. W.A. van Gool,


voorzitter
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The Health Council of the Netherlands, established in 1902, is an independent 


scientific advisory body. Its remit is “to advise the government and Parliament on 


the current level of knowledge with respect to public health issues and health 


(services) research...” (Section 22, Health Act).


The Health Council receives most requests for advice from the Ministers of 


Health, Welfare & Sport, Infrastructure & the Environment, Social Affairs & 


Employment, Economic Affairs, and Education, Culture & Science. The Council 


can publish advisory reports on its own initiative. It usually does this in order to 


ask attention for developments or trends that are thought to be relevant to 


government policy.


Most Health Council reports are prepared by multidisciplinary committees of 


Dutch or, sometimes, foreign experts, appointed in a personal capacity. The 


reports are available to the public.


This report can be downloaded from www.healthcouncil.nl.


Preferred citation:
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Samenvatting


Op verzoek van de minister van Sociale Zaken en Werkgelegenheid evalueert en 


beoordeelt de Gezondheidsraad de kankerverwekkende eigenschappen van stof-


fen waaraan mensen tijdens het uitoefenen van hun beroep kunnen worden bloot-


gesteld. De evaluatie en beoordeling worden verricht door de Subcommissie 


Classificatie van carcinogene stoffen van de Commissie Gezondheid en beroeps-


matige blootstelling aan stoffen van de raad, hierna kortweg aangeduid als de 


commissie. In het voorliggende advies neemt de commissie bisfenol A diglyci-


dylether onder de loep. 


Bisfenol A diglycidylether en zijn oligomeren zijn de hoofdbestanddelen van 


epoxyharsen. De epoxyharsen op basis van bisfenol A diglycidylether worden 


wijd gebruikt als beschermingslagen, met inbegrip van verven, in versterkt plas-


tic laminaat en mengsels, in het bewerken, gieten en vormen van harsen, in kleef-


stoffen, en in bevloering.


Op basis van de beschikbare gegevens is de commissie van mening dat de 


gegevens over bisfenol A diglycidylether als zuivere stof niet voldoende zijn om 


de kankerverwekkende eigenschappen te evalueren (categorie 3).* Overigens 


maakt de commissie zich zorgen over de mogelijke carcinogeniteit van niet vol-


ledig gezuiverd (technische kwaliteit) bisfenol A diglycidylether. 


* Volgens het classificatiesysteem van de Gezondheidsraad (zie bijlage G).
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Executive summary


At request of the Minister of Social Affairs and Employment, the Health Council 


of the Netherlands evaluates and judges the carcinogenic properties of 


substances to which workers are occupationally exposed. The evaluation is 


performed by the Subcommittee on the Classification Carcinogenic Substances 


of the Dutch Expert Committee on Occupational Safety of the Health Council, 


hereafter called the Committee. In this report, the Committee evaluated 


bisphenol A diglycidyl ether. 


Bisphenol A diglycidyl ether and its oligomers are major components of epoxy 


resins. Epoxy resins based on bisphenol A diglycidyl ether are widely used in 


protective coatings, including paints, in reinforced plastic laminates and 


composites, in tooling, casting and moulding resins, in bonding materials and 


adhesives, and in flooring and aggregates.


The Committee is of the opinion that the available data on pure bisphenol A 


diglycidyl ether are insufficient to evaluate the carcinogenic properties 


(Category 3).* In addition the Committee is of the opinion that exposure to 


technical grades of bisphenol A diglycidyl ether may pose concern for potential 


carcinogenic effects. 


* According to the classification system of the Health Council (see Annex G).

Executive summary 11
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1Chapter


Scope


1.1 Background


In the Netherlands a special policy is in force with respect to occupational use 


and exposure to carcinogenic substances. Regarding this policy, the Minister of 


Social Affairs and Employment has asked the Health Council of the Netherlands 


to evaluate the carcinogenic properties of substances, and to propose a 


classification (see Annex A). In addition to classifying substances, the Health 


Council also assesses the genotoxic properties of the substance in question. The 


assessment and the proposal for a classification are expressed in the form of 


standard sentences (see Annex G). 


This report contains the evaluation of the carcinogenicity of bisphenol A 


diglycidyl ether.


1.2 Committee and procedures


The evaluation is performed by the Subcommittee on Classification of 


Carcinogenic Substances of the Dutch Expert Committee on Occupational Safety 


of the Health Council, hereafter called the Committee. The members of the 


Committee are listed in Annex B. The submission letter (in English) to the 


Minister can be found in Annex C.

Scope 13







In May 2013 the President of the Health Council released a draft of the report 


for public review. The individuals and organisations that commented on the draft 


are listed in Annex D. The Committee has taken these comments into account in 


deciding on the final version of the report.


1.3 Data


The evaluation and recommendation of the Committee is based on scientific 


data, which are publicly available. The starting points of the Committees’ reports 


are, if possible, the monographs of the International Agency for Research on 


Cancer (IARC). This means that the original sources of the studies, which are 


mentioned in the IARC-monograph, are reviewed only by the Committee when 


these are considered most relevant in assessing the carcinogenicity and 


genotoxicity of the substance in question. In the case of bisphenol A diglycidyl 


ether, such an IARC-monograph is available of which the summary and 


conclusion is inserted in Annex E.


A search was performed for more recently published data from the online 


databases Medline, Toxline, Chemical Abstracts, RTECS and ECHA. The last 


updated online search was in August 2013.

14 Bisphenol A diglycidyl ether







2Chapter


General information


2.1 Identity and physico-chemical properties


The data have been retrieved from the IARC evaluation of Bisphenol A 


diglycidyl ether,1,2 the European Substance Information System (ESIS, which 


can be accessed via http://esis.jrc.ec.europa.eu/) and the Hazardous Substances 


Data Bank (HSDB, which can be accessed via http://toxnet.nlm.nih.gov/cgi-bin/


sis/htmlgen?HSDB).


Chemical name : 2,2’-[(1-methylethylidene)bis(4,1-phenyleneoxymethylene)]bis-(orixane)


CAS registry number : 1675-54-3


EINECS number : 216-823-5


Synonyms : 4,4’-Bis(2,3-epoxypropoxy)diphenyldimethylmethane; 2,2-bis(para-(2,3-


epoxypropoxy)phenyl)propane; 2,2-bis(4-(2,3-epoxypropyloxy)phenyl)propane; bis(4-


glycidyloxyphenyl)dimethylmethane; 2,2-bis(para-glycidyloxyphenyl)propane; 2,2-bis(4-


glycidyloxyphenyl)propane; bis(4-hydroxyphenyl)dimethylmethane diglycidyl ether; 2,2-


bis(para-hydroxyphenyl)propane diglycidyl ether; 2,2-bis(4-hydroxyphenyl)propane diglycidyl 


ether; BPDGE; dian diglycidyl ether; diglycidyl bisphenol A; diglycidyl bisphenol A ether; 


bisphenol A diglycidyl ether; diglycidyl diphenylolpropane ether; diglycidyl ether of 2,2-bis(para-


hydroxyphenyl)propane; diglycidyl ether of 2,2-bis(4-hydroxyphenyl)propane; diglycidyl ether of 


bisphenol A; diglycidyl ether of 4,4'-isopropylidenediphenol; para,para'-


dihydroxydiphenyldimethylmethane diglycidyl ether; 4,4'-dihydroxydiphenyldimethylmethane 


diglycidyl ether; diomethane diglycidyl ether; 4,4'-isopropylidenebis[1-(2,3-


epoxypropoxy)benzene]; 4,4'-isopropylidenediphenol diglycidyl ether; oligomer 340.


Appearance : A medium viscosity, unmodified liquid epoxy resin

General information 15







2.2 IARC classification


There is limited evidence in experimental animals for the carcinogenicity of 


bisphenol A diglycidyl ether and bisphenol A diglycidyl ether is mutagenic to 


bacteria. Based on this information IARC has classified bisphenol A diglycidyl 


ether as not classifiable as to its carcinogenicity to humans (Group 3) (see 


Annex E).


Use : Bisphenol A diglycidyl ether and its oligomers are major components of epoxy resins. Epoxy 


resins based on bisphenol A diglycidyl ether are widely used in protective coatings, including 


paints, in reinforced plastic laminates and composites, in tooling, casting and moulding resins, in 


bonding materials and adhesives, and in flooring and aggregates.


Chemical formula : C21H24O4


Structural formula :


Molecular weight : 340.42


Boiling point : no data


Melting point : 8-12ºC


Vapour pressure : 1.1.10-7 mmHg


Vapour density (air = 1) : no data


Solubility : 0.7 mg/L at 25ºC (in water)


Conversion factor : mg/m3 =


ppm = 


0.072 ppm at 25ºC and 101.3 kPa


13.92 mg/m3 at 25ºC and 101.3 kPa


EU Classification


(100% solution)


: Eye Irrit. 2: H319 (Causes serious eye irritation)


Skin Irrit. 2: H315 (Causes skin irritation)


Skin Sens.1: H317 (May cause an allergic skin reaction)
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3Chapter


Carcinogenicity studies


3.1 Observations in humans


No information on human studies related to the carcinogenicity of bisphenol A 


diglycidyl ether has been retrieved from the IARC monographs.1,2 No additional 


human studies in the period after the IARC monograph were retrieved from the 


literature. 


3.2 Carcinogenicity studies in animals


The information on bisphenol A diglycidyl ether in animal studies is selected 


from the IARC monographs,1,2 the EFSA review (2004)3 and the ECHA 


website.4 No studies on inhalation exposure were available. The Committee is 


aware that only a limited number of animal studies exists using pure (analytical 


grade) bisphenol A diglycidyl ether while all other studies use technical grade 


material, containing various impurities. Moreover, in a number of studies the test 


material was inadequately described.


Oral exposure


In the study by Hine et al. (1958)5 (cited in IARC1), groups of 30 male Heston A 


strain mice were fed a diet containing 2% bisphenol A diglycidyl ether (no 


further details regarding the test material are available) or a normal diet. The 
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study was terminated after 11 months. The incidences of pulmonary tumours in 


survivors were 12/23 in the epoxy resin-treated group and 15/29 in the untreated 


control group. No lung tumour was observed in mice that died during the study. 


The other organs were not examined for tumours. [The IARC Working Group 


noted the inadequate description of the test material and that the study was not 


designed to investigate carcinogenicity in tissues other than lungs.]


Stebbins and Dryzga (2003)6 (cited in EFSA3 and ECHA4) administered pure 


bisphenol A diglycidyl ether (purity >99%) to groups of 65 male and 65 female 


Fischer 344 rats by oral gavage. Bisphenol A diglycidyl ether was suspended in 


Tween_ 80 and methylcellulose and given at dose levels of 0 (controls), 2, 15, or 


100 mg/kg/day for up to two years. Ten rats per sex and per dose level were 


necropsied after one year of treatment (chronic toxicity group), and 50 rats per 


sex per dose level were dosed for up to two years (oncogenicity group). Daily 


examinations and periodic body weight and feed consumption were monitored 


throughout the study. Clinical pathology examinations (haematology, clinical 


chemistry, electrolytes, and urinalysis) were conducted at regular intervals 


throughout the study. Ophthalmic examinations were conducted on all rats before 


the start of the study and on all surviving rats prior to the scheduled necropsies. 


Histopathological examination of an extensive set of organs was performed on 


all control and high-dose level rats and all rats removed from the study early. 


Histopathological examination of survivors from the low and intermediate dose 


levels was limited to the liver, kidneys, lungs, spleen, and relevant gross lesions. 


The study was performed in compliance with Good laboratory Practice, 


following the OECD guideline 453 on chronic toxicity/carcinogenicity studies.


After 24 months there were no statistically significant differences in 


mortality among study groups. 


Males given 15 or 100 mg/kg/day had treatment-related statistically 


significant decreases in body weights and body weight gains. After one year of 


dosing, body weight gains for males given 15 or 100 mg/kg/day were 4.0% and 


12.9% lower than controls. At study termination body weights of the males given 


15 or 100 mg/kg/day were 3.5% and 7.4% lower than controls, respectively. 


There were no treatment-related effects on body weights of males given 2 mg/kg/


day nor of females from any dose group. 


Males given 100 mg/kg/day and females given 15 or 100 mg/kg/day had 


treatment-related, statistically significant increases in serum cholesterol after 3 


and 12 months of bisphenol A diglycidyl ether administration. In addition, there 


was a treatment-related, non-statistically identified increase in serum cholesterol 
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of males given 100 mg/kg/day at 24 months. No treatment related alterations 


were observed in haematology, urinalysis and electrolytes. 


Males and females given 100 mg/kg/day had treatment-related, statistically 


significant increases in coecal size and weight. There were no histopathologic 


alterations in the enlarged caecums. The coecal enlargement was interpreted to 


be non-adverse, and reflective only of a physiologic adaptive change in the 


caecum. Males given 100 mg/kg/day also had a treatment related, statistically 


significant decreases in absolute and relative spleen weights. Very slight atrophy 


of the red pulp of the spleen was noted in these animals, and interpreted to be 


reflective of lower body weight gain rather than a primary toxic effect. 


No increase in neoplasms was observed in either male or female rats at any 


dose level. The authors conclude that bisphenol A diglycidyl ether did not show 


oncogenic potential under the conditions of this study.


Dermal exposure


In a study by Peristianis et al. (1988)7 (cited in IARC1) groups of 50 male and 50 


female CF1 mice, six weeks of age, received applications of 0.2 ml of a 1% or 


10% solution of pure (analytical grade) bisphenol A diglycidyl ether in acetone 


on shaved back skin twice a week for two years. In addition, a control group of 


100 male and 100 female mice was treated with acetone. A positive control 


group of 50 males and 50 females received an application of ß-propiolactone in 


acetone. 


Survival of both male and female mice was not affected by treatment with the 


pure epoxy resin when compared to the acetone controls and was considerably 


less than survival in the positive (ß-propiolactone) controls. 


Treatment with the pure epoxy resin did not lead to the development of any 


epidermal tumours in both male and female animals (Annex F, Table 1). No 


epidermal tumour was observed in the acetone controls (Annex F, Table 1). Two 


dermal tumours (haemanchiosarcomas) were seen in the high-dose males (Annex 


F, Table 1). One male mouse in the acetone control group developed a dermal 


tumour (fibrosarcoma) of the treated site (Annex F, Table 1). In the positive 


control groups (treated with ß-propiolactone) a large number of skin tumours 


was observed in both males (132 tumours in 30 of 50 animals) and and females 


(63 tumours in 13 of 50 animals). These tumours were generally malignant 


epithelial tumours and, with a lower incidence, mesenchymal tumours. 


The incidence of systemic tumours was generally comparable to those seen 


in control mice. However, in female mice a slight increase was observed for the 


incidence of thymic lymphosarcomas (2 of 50 animals after low-dose treatment 
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(1%) and 5 of 50 animals after high-dose (10%) treatment, compared with 6 of 


100 females in the acetone control group). [The Committee is aware that only a 


very small amount of bisphenol A diglycidyl ether is able to penetrate human, 


mouse and rat skin unchanged, and is metabolized to its corresponding -diol 


(Boogaard et al. (2000).8]


Stebbins and Baker (1998)9 (cited in EFSA3 and ECHA4) evaluated pure 


bisphenol A diglycidyl ether (purity 99.3%) for chronic toxicity and 


oncogenicity potential following two years of repeated dermal administration. 


Groups of 70 male B6C3F1 mice/dose level were dosed dermally with bisphenol 


A diglycidyl ether in acetone solutions at concentrations of 0, 0.005%, 0.5%, or 


5.0% (w/v). The dosing volume was 50 ml/application which corresponded to 


approximate dosages of 0, 0.1, 10 or 100 mg Bisphenol A diglycidyl ether/kg 


body weight per application. Each dose group followed a 3 applications/week 


(monday, wednesday, friday) dosing regimen. Twenty mice/dose level were 


necropsied after one year of exposure, while the remaining 50 mice/dose level 


were necropsied after two years of exposure or until removal from study due to 


death or moribund condition. Data were collected on the following: clinical 


appearance and behavior, dermal irritation at the test site, body weights, food 


consumption, clinical pathology, organ weights, gross pathology, and 


histopathology.


Bisphenol A diglycidyl ether applied to the skin of male B6C3F1 mice three 


times per week for two years at dosages of 0.1,10 or 100 mg/kg/application 


caused no apparent systemic toxicity. Slight to severe epidermal hyperplasia, 


slight to moderate chronic or chronic-active dermal inflammation, and epidermal 


crusts were observed histopathologically at dosages of 10 and 100 mg/kg/


application. In addition, epidermal ulcers accompanied the dermal inflammation 


in a few animals given 10 or 100 mg/kg/application. There were no treatment-


related dermal alterations in mice given 0.1 mg/kg/application.


One mouse given 10 mg/kg/application had a squamous cell carcinoma of the 


skin at the test material application site. The single occurrence of a squamous cell 


carcinoma at the test site of this mid-dose animal was not an indicator of 


oncogenic potential, because there were no tumors at the test material application 


sites of animals from the high-dose group. The occurrence of one squamous cell 


carcinoma was also within the historical control incidence range of epidermal 


squamous cell tumors occurring in B6C3F1 mouse oncogenicity studies 


performed by this laboratory.
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Dermal application of Bisphenol A diglycidyl ether at doses up to 100 mg/


kg/application for two years produced neither systemic toxicity nor oncogenicity 


in any tissue in the male B6C3F1 mouse. 


Crissmann and Jeffries (1998)10 (cited in EFSA3 and ECHA4) applied pure 


bisphenol A diglycidyl ether (purity 99.3%) to the unoccluded skin of female 


Fischer 344 rats five times per week for up to two years at dosages of 0, 1, 100, 


and 1,000 mg/kg/application. 


Animals receiving 1,000 mg/kg/application gained weight more slowly than 


control animals during the first few months of the study; but at the end of two 


years there were no differences in body weights, body weight gains, or food 


consumption.


The only in-life observations attributed to treatment were an increase in the 


number of 1,000 mg/kg/application dose group rats with periocular soiling and 


urine soiling in the perineal area.


Histopathologically, there was dose-related mild chronic dermatitis at the 


dermal test site of rats in the 100 and 1,000 mg/kg/application groups. In the liver 


there was centrilobular hepatocyte hypertrophy at the 1,000 mg/kg/application 


dose, and an increase in several types of foci of cellular alteration at 100 and 


1,000 mg/kg/application. Liver effects were also observed as mild elevations in 


several clinical chemistry enzymes in rats given 1,000 mg/kg/application.


The incidence of epithelial neoplasms in and around the mouth, although not 


statistically different from concurrent controls, was slightly higher than observed 


in historical controls. These neoplasms were attributed to embedded hair foreign 


bodies in oral tissues and peri-oral skin, and thus were considered an artifact of 


the study methodology. Thus, there were no neoplasms in any tissue that were 


statistically increased or directly attributable to the effects of the test material.


Under the conditions of this 2-year dermal ononcogenicity bioassay, 


bisphenol A diglycidyl ether at doses up to 1,000 mg/kg/application did not 


cause neoplasia in any tissue in female Fischer 344 rats.


In the abovementioned study by Peristianis et al. (1988)7 (cited in IARC1) two 


technical grade preparations of bisphenol A diglycidylether (EPON 828, 


containing 29 mg/kg epichlorohydrin and Epikote 828, containing 3 mg/kg 


epichlorohydrin) were also included. 


Treatment of both male and female mice with EPON or Epikote did not affect 


the survival of the animals when compared to the acetone-treated control. ln 


animals treated with EPON 828, one skin carcinoma occurred in high-dose males 


and one fibrosarcoma of the subcutis in a high-dose female (Annex F, Table 1). 
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ln Epikote 828-treated mice, one squamous cell papilloma of the skin was 


observed in a low-dose male and three basal-cell carcinomas, one in a low-dose 


and one in a high-dose male and one in a high-dose female (Annex F, Table 1). ln 


addition, one sebaceous-gland adenoma was observed in a high-dose male 


(Annex F, Table 1).


The incidence of systemic tumours in all treatment groups was generally 


comparable to those seen in control mice. However, in males treated with 1 and 


10 % EPON 828 a slight increase in the incidence of kidney tumours, mainly 


carcinomas, was observed (0 of 50 and 8 of 50 males respectively, with 6 of 99 


males in the acetone control group). Moreover, in female mice, treated with 


Epikote 828 a slight increase in the incidence of both lymphoreticular/


haematopoietic tumours and reticulum-cell sarcoma was observed. The treatment 


with 1 and 10% Epikote 828 resulted in the development of lymphoreticular/


haematopoietic tumours in 14 of 50 females and in 24 of 50 females respectively, 


with 27 out of 100 females in the acetone control group). In addition, in female 


mice, reticulum-cell sarcoma’s developed in 11 of 50 and 15 of 50 animals after 


treatment with 1 and 10% respectively (with 16 of 100 females in the control 


group). 


In a study by Holland et al.(1979)11 (cited in IARC1) groups of 40 female and 40 


male C3H and 20 female and 20 male C57BL/6 mice, ten to 12 weeks of age, 


received applications of 5, or 25 mg of technical grade bisphenol A diglycidyl 


ether (containing 10% (w/w) of an epoxidised polyglycol (mol wt >500) and 


small amounts of phenyl glycidyl ether) in acetone on their shaved back skin 


three times a week for 24 months. Vehicle controls were treated with acetone. 


After the 24-month exposure period, all surviving mice were weighed and the 


average weight of treated animals was compared with that of the controls. 


In C3H mice, no significant change in average terminal body weight was 


observed. Survival in control, mid, and high dose groups, respectively, was 23, 


21, and 21 in males and 21, 23, and 18 in females, and no skin tumours were 


observed. 


In C57BL/6 mice, significant weight loss was observed in high-dose males. 


Survival in control, mid, and high dose groups, respectively, was 20, 17, and 15 


in males and 15, 15, and 13 in females. Skin tumours ocurred in low-dose and 


high-dose males (1 papilloma and 6 carcinomas, respectively, with no tumours in 


the control) and in high-dose females (1 papilloma and 1 carcinoma, with no 


tumours in the low dose and control group). 


It was also examined in this study whether bisphenol A diglycidyl ether 


penetrated the skin and could lead to the development of tumours in other organs. 
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The incidence of histologically confirmed tumours observed at death is given in 


Annex F (Table 2) for both C3H and C57BL/6 mice. The tumour incidence 


fluctuated greatly and was either uncorrelated with dose or was comparable to 


that in the control. [The IARC Working Group noticed the increased incidence of 


lung tumours in female C3H mice, a finding that was not further discussed in the 


paper by Holland et al.11]


In the same study of Holland et al. (1979)11 (cited in IARC1) groups of 40 male 


and 40 female C3H mice and 20 male and 20 female C57BL/6 mice, ten to 12 


weeks of age, received 15, or 75 mg per week of a mixture of equal parts of 


technical grade bisphenol A diglycidyl ether and bis(2.3-epoxycyclopentyl)ether 


in acetone on their shaved back skin for 24 months. Vehicle controls were treated 


with acetone.


Survival of C3H mice at 24 months was 22, 20 and 23 for males and 23, 23 


and 19 for females in the control, low and high-dose groups, respectively. Skin 


tumours occurred in 14 low-dose males (four papillomas and ten carcinomas) 


and 32 high-dose males (13 papillomas and 19 carcinomas), in five low-dose 


females (three papillomas and two carcinomas) and in 19 high-dose females (12 


papillomas and seven carcinomas). One skin papilloma was observed in control 


females, and no skin tumour was seen in control males. 


In C57BL/6 mice, survival at 24 months was 20, 15 and four for males and 


15, 14 and four for females in the respective dose groups. The difference 


between control and high-dose groups was statistically significant (p < 0.05). 


Skin tumours (mostly carcinomas) were observed in one low-dose and 17 high-


dose males and in two low-dose (one papilloma and one carcinoma) and 15 high-


dose (two papillomas and 13 carcinomas) females, but not in controls of either 


sex. When tested alone at the same dose levels, each substance revealed a much 


lower tumour response, indicating a synergistic effect of the compounds when 


tested as a mixture. 


In another study, Zakova et al. (1985)12  (cited in IARC1), groups of 50 male and 


50 female CF1 mice, six weeks old, received applications of 0, 1, or 10% 


(equivalent to 2 and 20 mg) Araldite GY 250 (technical grade; main component, 


bisphenol A diglycidyl ether; containing 4.3 mg/kg epichlorohydrin as a 


contaminant) in 0.2 mL acetone on shaved back twice a week for two years. 


There was no effect on survival; no skin tumour was observed on the site of 


application, and there was no significant difference in the occurrence of other 


tumours. A positive control group that received skin applications of a 2% 


solution of β-propiolactone showed high incidences of malignant skin tumours.
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Hine et al. (1958)5 (cited in IARC1) studied the effect of bisphenol A diglycidyl 


ether (no further details regarding the test material are available) on skin of male 


C3H mice. Groups of 30 male C3H mice (with body weights of 16-18 g) 


received skin applications of 0.2 mL of a 0.3% solution weekly or a 5% solution 


of bisphenol A diglycidyl ether in acetone once or three times weekly for 24 


months. A control group of 30 male animals received 0.2 mL acetone alone, and 


a positive control group was treated weekly with a 0.3% solution of 20-


methylcholanthrene in acetone. No skin tumour occurred in any of the treated 


mice. The group treated with 20-methylcholanthrene showed a high incidence in 


malignant skin tumours (19/20) within six months. [The IARC Working Group 


noted the inadequate description of the test material.]


In a study by Weil et al. (1963)13 (cited in IARC1) a group of about 40 C3H mice 


(exact number and sex not specified), aged 13 weeks, received skin applications 


of undiluted bisphenol A diglycidyl ether (purity and dose not specified) on 


shaved back skin for life (maximum, 23 months). After 16 months of treatment, 


at which time 32 mice were still alive, a single skin papilloma occurred; no other 


skin tumour appeared during the experiment. The authors stated that in a second, 


similar experiment, no skin tumour was observed (details not given). [The IARC 


Working Group noted that the amount of test substance per application was not 


given and that untreated controls were not included in the experiment.]


In the abovementioned study of Hine et al. (1958)5 (cited in IARC1) each of 16 


male albino rabbits (strain and age not specified) received skin applications (site 


not specified) of 0.5 mL acetone thrice weekly, a 0.3% solution in acetone once 


per week, a 5% solution of bisphenol A diglycidyl ether (no further details 


regarding the test material are available) once or three times per week and a 0.3% 


solution of 20-methylcholanthrene in acetone. At 24 months, 13/16 rabbits were 


still alive. Skin tumours were seen only at 20-methylcholanthrene treated sites. 


[The IARC Working Group noted the inadequate description of the test material.]


Subcutaneous injection


In the study of Hine et al. (1958)5 (cited in IARC1) groups of 30 male Long-


Evans rats (with body weights of 80-100 g) were given three weekly 


subcutaneous injections of bisphenol A diglycidyl ether (no further details 


regarding the test material are available) dissolved in propylene glycol (50% 


solution; total dose, 2.58 g/kg bw). A negative control group was injected with 


propylene glycol alone, and a positive control group received three injections of 
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1,2,5,6,-dibenzanthracene. The experiment was terminated after 24 months, at 


which time survival was 17, 14 and four animals in the negative control, epoxy 


resin and positive control groups, respectively. The numbers of malignant 


tumours at the site of injection were 0, 4 (fibrosarcomas) and 17 (mainly 


fibrosarcomas or sarcomas), respectively. [The IARC Working Group noted the 


inadequate description of the test material.]


Carcinogenicity of metabolites


A dose of approximately 55 mg/kg bw [14C]bisphenol A diglycidyl ether to mice 


was well absorbed after administration by either the oral or dermal route. Most of 


the orally administered material was excreted within 24 h. After eight days, 79% 


was recovered from faeces and 10% from urine following oral dosing. Following 


dermal dosing, 67% and 11% of the radioactivity could be recovered from the 


application site after 24 h and 8 days, respectively. Bisphenol A diglycidyl ether 


is rapidly metabolized in mice, the major route involving hydration to the 


corresponding bis-diol, which occurs both enzymatically, through the epoxide 


hydrolase, and nonenzymatically. This hydration is followed by monooxy-


genase-mediated dealkylation to form a phenol and glyceraldehyde. It also 


appears that bisphenol A diglycidyl ether may be directly oxidized with the 


release of glycidaldehyde (Figure 1). Urinary and faecal metabolites include 


glucuronides and sulfates of the bis-diol and corresponding carboxylic acids 


(IARC 19891, 19992). As the epoxy hydrolase activity for polycyclic aromatic 


hydrocarbons in liver and skin of man is greater than in mouse and rat, metabolic 


deactivation of bisphenol A diglycidy ether can also be expected in man.3


Carcinogenicity of glycidaldehyde and glyceraldehyde


Glycidaldehyde is classified by IARC (see Annex E) as possibly carcinogenic to 


humans (Category 2B) on the basis of sufficient evidence in experimental 


animals (IARC 197614, 198715, 19992): glycidaldehyde is carcinogenic in mice 


by skin application and by subcutaneous injection and in rats. It produced 


malignant tumours at the site of application in both species. No epidemiological 


data relevant to the carcinogenicity of glycidaldehyde are available. 


For glyceraldehyde no experimental and human data regarding 


carcinogenicity are found in the literature and no IARC classification is 


available.
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Figure 1  Two possible routes of oxidative dealkylation of the glycidyl moiety of bisphenol A diglycidyl ether (IARC, 1999).2


Carcinogenicity of epichlorohydrin


Technical grade preparations of Bisphenol A diglycidyl ether may contain 


epichlorohydrin (Peristianis et al. (1988))7. The carcinogenicity of 


epichlorohydrin has been evaluated by IARC (197614, 198715, 19992). They 


concluded that there is inadequate evidence in humans for the carcinogenicity of 


epichlorohydrin but sufficient evidence for the carcinogenicity in experimental 


animals. As overall evaluation IARC considered epichlorohydrin probably 


carcinogenic to humans (Group 2A) by IARC. Previously, the Dutch Expert 
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Committee on Occupational Standards (DECOS) has concluded that 


epichlorohydrin is a genotoxic carcinogen (WGD86)16 and calculated additional 


lifetime cancer risks (No. 2000/10OSH).17


3.3 Summary of the carcinogenicity studies


No human data on the carcinogenicity of bisphenol A diglycidyl ether are 


available. 


The experimental study in CF1 mice by Peristianis et al. (1988)7, represents the 


oldest 2 year skin application study that tested pure (‘analytical grade’) bisphenol 


A diglycidyl ether. No increase in the incidence of skin tumours was observed 


under these conditions, only a slight increase in the incidence of thymic 


lymphosarcomas was observed in female CF1 mice, a strain known for its high 


background of this tumour type. A more recent two-year dermal study in 


B6C3F1 mice by Stebbins and Baker (1998)3,9 produced no clear evidence of any 


oncogenic activity of pure bisphenol A diglycidyl ether. The single squamous 


cell carcinoma detected at the test site in one mid-dose animal cannot be 


interpreted as evidence for an oncogenic potential because no tumours had 


occurred at the test site in any other dose group and this incidence falls within the 


historical control rate. In a two-year study in F344 rats by Crissman and Jeffries 


(1998)3,10 with pure bisphenol A diglycidyl ether no skin carcinogenic effects 


were observed but there was evidence of hepatotoxicity. The observed squamous 


cell carcinomas of the oropharyngeal region were all associated with the 


presence in the carcinoma cells of rat hair as intracellular foreign body inclusion.


The only reliable oral study in Fisher 344 rats receiving daily administration 


of pure bisphenol A diglycidy ether by gavage for two-years showed no 


oncogenic potential in the gastrointestinal tract or in other tissues (Stebbins and 


Dryzga, 2003).3,4,6 


In the 2 year skin application study with mice by Peristianis et al.7, additionally 


two technical grades of bisphenol A diglycidyl ether were tested. One of the two 


investigated technical grades induced a slight increase in the incidence of 


epidermal tumours and slight increases in the incidences of kidney tumours in 


male mice, whereas the other technical grade induced a slight increase in the 


incidence of lymphoreticular/ haematopoietic tumours and reticulum cell 


sarcoma’s in female mice. A role for epichlorohydrin, a contaminant of the 


technical-grade preparations, may not be excluded in these observations. 
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Apart from this study by Peristianis et al.7 quite a number of experimental 


studies also investigated the carcinogenicity of technical grades bisphenol A 


diglycidyl ether, most also being of limited design. Five of these studies 


concerned skin application in mice, and limitations in the design of these studies 


comprised the small number of animals used, the use of only a single dose level, 


or microscopical examination of only a single or a couple of organs or tissues for 


tumour formation. In the study by Holland et al.11, application of a high dose 


resulted in an increased incidence of epidermal tumours in only one of two 


strains tested. The incidence of systemic tumours in this study11 fluctuated 


greatly and was either uncorrelated with dose or comparable to the control with a 


possible exception for lung tumors in one of the strains tested. No increase in the 


incidence of skin tumours was observed in the other, limited, studies. Also, no 


skin tumours were observed following 2 year application of technical-grade 


bisphenol A diglycidyl ether to the skin of rabbits5.
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4Chapter


Genotoxicity


4.1 Gene mutation assays


4.1.1 In vitro


In one early study, bisphenol A diglycidyl ether was not mutagenic to 


S. typhimurium TA98 and TA100 (Wade et al. (1979)18 cited in IARC1), while in 


a later study, bisphenol A diglycidyl ether was mutagenic to S. typhimurium 


TA100 and TA1535 but not to TA98 and TA1537 (Canter et al. (1986)19 cited in 


IARC1). 


This finding by Canter (see Section 4.1.2) was more recently confirmed by 


Sueiro et al. (2001)1,20 who investigated the mutagenicity of bisphenol A 


diglycidyl ether, its first and second hydrolysis products (the diol epoxide and 


bis-diol of bisphenol A diglycidyl ether, respectively) and the bis-chlorohydrin of 


bisphenol A diglycidyl ether using the Ames Salmonella assay with strains 


TA98, TA100, TA1535 and TA1537. The assays were performed in the absence 


and presence of various concentrations of rat liver S9 fraction. The results 


obtained confirm the mutagenic activity of bisphenol A diglycidyl ether in strains 


TA100 and TA1535 and show a positive response to the diol epoxide of 


bisphenol A diglycidyl ether in these strains, although the latter compound was 


~10 times less potent than the former. A lack of mutagenic activity of the bis-diol 


of bisphenol A diglycidyl ether and the chlorohydrin under study is also shown. 


Similar results were obtained by the same authors (Sueiro et al. (200621)) using 
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the E. coli tryptophan reverse mutation test with strains WP2, WP2uvrA and 


IC3327.


An aqueous emulsion of EPIKOTE 828 was mutagenic to S. typhimurium 


TA100 and TA1535 in the absence of an exogenous metabolic system; in 


TA1535 its mutagenicity was increased when it was tested in the presence of an 


exogenous metabolic system (Andersen et al. (1978)22 cited in IARC1). In line 


with this an abstract reported that EPIKOTE 828 was mutagenic to S. 


typhimurium TA100 but not to TA98 (Nishioka & Ohtani, 1978;23 cited in 


IARC1). 


As reported in an abstract, EPIKOTE 828 (composed mainly of bisphenol A 


diglycidyl ether) induced DNA repair in E. coli (Nishioka & Ohtani, 197823; 


cited in IARC), and was mutagenic to E. coli WP2 uvrA in the absence of an 


exogenous metabolic system (Hemminki et al. (1980)24 cited in IARC1).


A forward mutation assay in mouse lymphoma cells without exogenous 


metabolic activation system using a single dose of 0.03 µg/ml was positive for 


TK 12386 (specification not available)25 (cited in EFSA3). 


Bisphenol A diglycidyl ether (>98% pure) was tested in a hprt gene mutation 


test with V79 cells. Bisphenol A diglycidyl ether but not its hydrolysis product, 


induced gene mutations at the hprt locus of these cells (see also Paragraph 4.2.1) 


(cited in ECHA4 (gen. tox. vitro 015)).


4.1.2 In vivo


No in vivo mutagenicity studies of bisphenol A diglycidyl ether were recovered 


from either the IARC monograph or a later date.


4.2 Cytogenetic assays


4.2.1 In vitro


The effect of bisphenol A diglycidyl ether on the formation of chromosomal 


aberrations in human peripheral lymphocytes was examined. Chromosomal 


preparations of leukocytes cultured from human peripheral blood were treated 


with 5-100 ug/mL bisphenol A diglycidyl ether in DMSO. Bisphenol A 


diglycidyl ether did not cause a significant increase in the number of cells with 


chromosome aberrations over control levels at dose levels as high as 50 µg/ml. 


At 100 ug/ml cytotoxicity was noted as only a few mitotic cells were scored 


(cited in ECHA4 (gen. tox. vitro 021)). 
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Bisphenol A diglycidyl ether (>98% pure) was tested in a micronucleus assay 


with and without S9 activation (aroclor-treated male rats) (cited in ECHA4 (gen. 


tox. vitro 015)). Chinese hamster lung fibroblasts (V79 cells) were treated with the 


test material in DMSO for 3-6 hours. The cytotoxicity was measured in the hprt 


test with V79 cells described in 4.1.1. Bisphenol A diglycidyl ether is very stable 


in the absence of metabolizing enzymes (S9-mix) but is rapidly hydrolyzed to a 


diglycol by S9-mix. Bisphenol A diglycidyl ether but not the diglycol, induced 


an increase in cells with micronuclei and an increase in the hprt mutant 


frequency. The induced micronuclei were characterized with CREST 


antikinetochore antibodies and consisted of acentric chromosomal fragments and 


did not contain whole chromosomes/chromatids. It was concluded that bisphenol 


A diglycidyl ether exhibits clastogenic and mutagenic potential, which is lost 


after hydrolysis of the epoxide rings and converted to aneuploidogenic potential 


after cleavage to bisphenol A. 


Rat liver (RL1 or RL4) cells in slide cultures were exposed for 24 h to culture 


medium containing EPIKOTE 828 or bisphenol A diglycidyl ether (cited in 


ECHA4 (gen. tox. vitro 014)). Upon treatment with EPIKOTE 828 in tested cultures of 


RL4 there was a concentration-related increase in cells with chromosome 


aberrations in cultures treated with 10 or 20 µg/mL. Consequently, EPIKOTE 


828 was considered genotoxic in this chromosome aberration test in vitro.


Upon treatment with bisphenol A diglycidyl ether in tested cultures of RL1 


cells, a substantial increase in cells with chromosomal aberrations (exchange 


figures) was seen at the highest dose (15 µg/mL) only. Bisphenol A diglycidyl 


ether is considered genotoxic in this chromosome aberration test in vitro.


Suarez et al. (2000)26 examined the epoxy resin bisphenol A diglycidyl ether, its 


hydrolysis products and a chlorohydrin of bisphenol A diglycidyl ether 


(BADGE.2HCl) for their genotoxicity in the micronucleus test with human 


peripheral blood lymphocytes in vitro, in the presence and absence of an 


exogenous metabolizing system. The concentrations tested ranged from 12.5 to 


62.5 µg/ml of bisphenol A diglycidyl ether, 12.5 to 2.5 µg/ml of first hydrolysis 


product (BADGE.H(2)O), 25.0 to 100.0 µg/ml of second hydrolysis product 


(BADGE.2H(2)O) and 6.25 to 50.0 µg/ml of BADGE.2HCl. These compounds 


are able to induce both cytotoxic and genotoxic effects in cultured human 


lymphocytes, as revealed by the increases observed in the cytokinesis block 


proliferation index and an increase in cells with micronuclei, respectively.
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4.2.2 In vivo


The results of a test for nuclear abnormalities including micronuclei and 


polyploidy in Chinese hamster bone marrow was carried out with bisphenol A 


diglycidyl ether (TK 12386: purified Araldite GY250, 80%-85% monomer, 


15%-20% oligomers, epichlorhydrin<1ppm, BPA<5ppm). The substance, 


dissolved in polyethylene glycol, was given by gavage on 2 consecutive days to 


groups of 3 male and 3 female hamsters at 825, 1,650 and 3,300 mg/kg bw/day. 


Animals were sacrificed 24 hours after the last treatment. No nuclear 


abnormalities were detected27 (cited in EFSA3 and ECHA4).


A test for chromosome aberrations in Chinese hamster bone marrow cells with 2 


consecutive oral daily administrations of 825, 1,650 and 3,300 mg/kg bw/day of 


bisphenol A diglycidyl ether (TK 12386: purified Araldite GY250, 80%-85% 


monomer, 15%-20% oligomers, epichlorhydrin<1 ppm, BPA<5ppm) dissolved 


in polyethylene glycol was performed. Two males and 2 females per dose group 


were sacrificed 6 hours after the second administration. The result was negative. 


However, the small size of the experimental groups is noted28 (cited in EFSA3). 


In a test for structural chromosome aberrations in mouse spermatogonia, 


bisphenol A diglycidyl ether (TK 10490: Araldite GY250, 80%-85% monomer, 


15%-20% oligomers, epichlorhydrin<10 ppm, BPA<5 ppm) dissolved in 


polyethylene glycol was administered at daily doses of 375, 750, 1,500 and 3,000 


mg/kg bw/day to groups of 8 male mice/dose on five consecutive days by 


gavage. The result was considered negative, since only 1 exchange was detected 


at the low dose, 2 chromosome breaks at the middle dose, 1 chromosome 


fragment at the high dose and none in 800 scored control cells29 (cited in EFSA3 


and ECHA4).


In another chromosomal aberrations test in mouse spermatocytes, bisphenol A 


diglycidyl ether (TK 12386: purified Araldite GY250, 80%-85% monomer, 


15%-20% oligomers, epichlorhydrin<1 ppm, BPA<5 ppm) was administered 


daily for 5 days at doses of 1,000 mg/kg and 3,000 mg/kg bw/day dissolved in 


polyethylene glycol to groups of 8 male mice/dose. Animals were sacrificed 3 


days after the last treatment. From each animal 100 metaphases of primary and 


secondary spermatocytes were examined. Results were considered inconclusive 


because of the inadequate study protocol. The time interval between the last 


DNA synthesis and first meiotic division in mouse male germ cells is 11 days: 
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therefore, because most chemical clastogens are S-phase dependant, sampling 


for cytogenetic analysis of spermatocytes should have been done 11 or more days 


after treatment instead of 830 (cited in EFSA3 and ECHA4).


A dominant lethal test was carried out in mice using a single oral administration 


of bisphenol A diglycidyl ether (TK 12386: purified Araldite GY250, 80%-85% 


monomer, 15%-20% oligomers, epichlorhydrin<1 ppm, BPA<5 ppm) at doses of 


3,333 and 10,000 mg/kg bw. A biological relevant increase in dominant lethals 


was not observed. as the study lacked a positive control group, the historical data 


using TEM at 0.25 mg/kg-0.5 mg/kg bw ip were used31 (cited in EFSA3).


4.3 Miscellaneous


4.3.1 In vivo


The induction of liver DNA damage in vivo was evaluated in pairs of male and 


female rats by alkaline elution, 6 hours after a single oral treatment with 500 


mg/kg bw of bisphenol A diglycidyl ether (Ciba-Geigy product batch KA 2/LP, 


purity not stated) as a 20% DMSO solution by gavage. MMS (300 mg/kg bw) by 


gavage was the positive control. A biological relevant increase in DNA damage 


was not observed32 (cited in EFSA3 and ECHA4).


Liver DNA damage was examined in pairs of male and female rats by alkaline 


elution 6 hours after a single oral gavage treatment with 500 mg/kg bw 


EPIKOTE 828 (no specification supplied) as a 20% solution in DSMO. A 


biological relevant increase in DNA damage was not observed33 (cited in 


EFSA3).


A single, major type DNA adduct has been observed in the skin of C3H mice 


treated subcutaneously with [14C]bisphenol A diglycidyl ether. Initially it was 


proposed that this was a reaction product of glycidaldehyde and deoxyguanosine, 


based upon co-chromatography on an XAD-resin (Bentley et al. (1989)34 cited in 


IARC2). Later studies with higher resolution high-performance liquid 


chromatography on a C-18 column demonstrated that the adducts of bisphenol A 


diglycidyl ether and glycidaldehyde are indeed identical, but that the mouse skin 


adduct found in the mouse skin is probably 


hydroxymethylethenodeoxyadenosine-3’-monophosphate, by comparison with a 


synthetic reference standard. The alkylation frequency was 0.1-0.8 adducts/106 


nucleotides following dosing with 2 mg bisphenol A diglycidyl ether per mouse 
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and 166 adducts/106 nucleotides after a similar dose of glycidaldehyde (Steiner 


et al. (1992)35 cited in IARC2).


4.4 Summary of the genotoxicity studies


Under in vitro conditions, bisphenol A diglycidyl ether was repeatedly shown 


mutagenic bacteria and mammalian cell lines. Structural chromosome 


aberrations were also repeatedly shown in mammalian cell lines. The clastogenic 


effect was not confirmed in in vivo tests for chromosome aberrations both in 


somatic and germ cells. However, the positive results found in the in vitro gene 


mutation assays in bacteria and mammalian cells were not confirmed nor ruled 


out in an appropriate in vivo test on the same genotoxic endpoint. Consequently, 


a final conclusion on the genotoxic potential of bisphenol A diglycidyl ether 


cannot be drawn. Next to that, evidence of formation of DNA adducts that appear 


identical to those formed by its metabolite glycidaldehyde, a substance 


demonstrated to be carcinogenic to skin*, has been found after in vivo topical 


application of bisphenol A diglycidyl ether to skin. The level of DNA adducts 


after skin application of bisphenol A diglycidyl ether is, however, orders of 


magnitude lower than that observed after application of glycidaldehyde, which 


renders the biological relevance of this observation questionable, the more so 


since it was administered by subcutaneous injection. 


* Glycidaldehyde is classified by IARC as possibly carcinogenic to humans (Group 2B). This is based 


on evidence in experimental animals: the induction of local tumours upon skin application in mice, 


and upon subcutaneous injection in rats.
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5Chapter


Classification


5.1 Evaluation of data on carcinogenicity and genotoxicity


No human data on the carcinogenicity of bisphenol A diglycidy ether are 


available. 


Oral administration of pure epoxy resin for two years in rats showed no 


oncogenic potential in the gastrointestinal tract or in other tissues. 


In the carcinogenicity studies with the pure epoxy resin in mice and rats no 


epidermal tumours were found after topical application. No increased incidence 


of the only systemic tumours found in one of these studies, thymic lympho-


sarcomas, was observed in studies with technical grades of this substance. 


Available carcinogenicity studies with technical-grade bisphenol A diglycidyl 


ether do occasionally show increased incidences of various tumours, but the 


incidences are low and appear incidental in nature: i.e. no clear, reproducible 


target organ can be identified. This suggests that there is no clear relationship 


with the actual bisphenol A diglycidyl ether when administered via this route. 


In contrast to the clastogenicity of bisphenol A diglycidyl ether both in somatic 


and germ cells, the positive results found in the in vitro gene mutation assays in 


bacteria and mammalian cells were not confirmed nor ruled out in an appropriate 


in vivo test on the same genotoxic endpoint. Consequently, a final conclusion on 


the genotoxic potential of bisphenol A diglycidyl ether cannot be drawn. 
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Evidence of DNA adduct forming capabilities in vivo have been found but the 


biological relevance is questionable. 


The Committee is aware that the pure (analytical grade) bisphenol A diglycidyl 


ether is negative for any tumours in a number of animal carcinogenicity studies 


after oral and dermal exposure. However, the Committee is also aware that not 


all dermal animal studies completely exclude oncogenicity. In addition, the 


Committee observes a complete absence of any epidemiological studies. 


Therefore, the Committee is of the opinion that the available data on the pure 


substance are insufficient to evaluate the carcinogenic properties (Category 3). 


In addition, the Committee observes that technical grades of bisphenol A 


diglycidyl ether may occasionally induce local and systemic tumours while no 


clear relationship with the actual bisphenol A diglycidyl ether is suggested. The 


Committee is of the opinion that exposure to technical grades of bisphenol A 


diglycidyl ether, e.g. via inhalation, may pose concern for potential carcinogenic 


effects. 


5.2 Recommendation for classification


The Committee concludes that the available data on pure bisphenol A diglycidyl 


ether are insufficient to evaluate the carcinogenic properties (Category 3).*


* According to the classification system of the Health Council (see Annex G).
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AAnnex


Request for advice


In a letter dated October 11, 1993, ref DGA/G/TOS/93/07732A, to, the State 


Secretary of Welfare, Health and Cultural Affairs, the Minister of Social Affairs 


and Employment wrote:


Some time ago a policy proposal has been formulated, as part of the simplification of the 


governmental advisory structure, to improve the integration of the development of recommendations 


for health based occupation standards and the development of comparable standards for the general 


population. A consequence of this policy proposal is the initiative to transfer the activities of the 


Dutch Expert Committee on Occupational Standards (DECOS) to the Health Council. DECOS has 


been established by ministerial decree of 2 June 1976. Its primary task is to recommend health based 


occupational exposure limits as the first step in the process of establishing Maximal Accepted 


Concentrations (MAC-values) for substances at the work place. 


In an addendum, the Minister detailed his request to the Health Council as 


follows:


The Health Council should advice the Minister of Social Affairs and Employment on the hygienic 


aspects of his policy to protect workers against exposure to chemicals. Primarily, the Council should 


report on health based recommended exposure limits as a basis for (regulatory) exposure limits for air 


quality at the work place. This implies:


• A scientific evaluation of all relevant data on the health effects of exposure to substances using a 


criteria-document that will be made available to the Health Council as part of a specific request 
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for advice. If possible this evaluation should lead to a health based recommended exposure limit, 


or, in the case of genotoxic carcinogens, a ‘exposure versus tumour incidence range’ and a 


calculated concentration in air corresponding with reference tumour incidences of 10-4 and 10-6 


per year.


• The evaluation of documents review the basis of occupational exposure limits that have been 


recently established in other countries.


• Recommending classifications for substances as part of the occupational hygiene policy of the 


government. In any case this regards the list of carcinogenic substances, for which the 


classification criteria of the Directive of the European Communities of 27 June 1967 (67/548/


EEG) are used.


• Reporting on other subjects that will be specified at a later date.


In his letter of 14 December 1993, ref U 6102/WP/MK/459, to the Minister of 


Social Affairs and Employment the President of the Health Council agreed to 


establish DECOS as a Committee of the Health Council. The membership of the 


Committee is given in Annex B.
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BAnnex


The Committee


• R.A. Woutersen, chairman


Toxicologic Pathologist, TNO Quality of Life, Zeist, and Professor of 


Translational Toxicology, Wageningen University and Research Centre, 


Wageningen


• J. van Benthem


Genetic Toxicologist, National Institute for Public Health and the 


Environment, Bilthoven


• P.J. Boogaard


Toxicologist, SHELL International BV, The Hague


• G.J. Mulder 


Emeritus Professor of Toxicology, Leiden University, Leiden


• Ms. M.J.M. Nivard


Molecular Biologist and Genetic Toxicologist, Leiden University Medical 


Center, Leiden


• G.M.H. Swaen


Epidemiologist, Dow Chemical NV, Terneuzen (until April 1, 2013); 


Exponent, Menlo Park, United States (from August 15, 2013)


• E.J.J. van Zoelen


Professor of Cell Biology, Radboud University Nijmegen, Nijmegen


• G.B. van der Voet, scientific secretary


Health Council of the Netherlands, The Hague
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The Health Council and interests


Members of Health Council Committees are appointed in a personal capacity 


because of their special expertise in the matters to be addressed. Nonetheless, it 


is precisely because of this expertise that they may also have interests. This in 


itself does not necessarily present an obstacle for membership of a Health 


Council Committee. Transparency regarding possible conflicts of interest is 


nonetheless important, both for the chairperson and members of a Committee 


and for the President of the Health Council. On being invited to join a 


Committee, members are asked to submit a form detailing the functions they 


hold and any other material and immaterial interests which could be relevant for 


the Committee’s work. It is the responsibility of the President of the Health 


Council to assess whether the interests indicated constitute grounds for non-


appointment. An advisorship will then sometimes make it possible to exploit the 


expertise of the specialist involved. During the inaugural meeting the 


declarations issued are discussed, so that all members of the Committee are 


aware of each other’s possible interests.
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CAnnex


The submission letter


Subject : Submission of the advisory report Bisphenol A diglycidyl ether


Your Reference : DGV/MBO/U-932342 


Our reference : U-7910/BV/fs/246-Y18


Enclosed : 1


Date : October 18, 2013


Dear Minister,


I hereby submit the advisory report on the effects of occupational exposure to 


Bisphenol A diglycidyl ether.


This advisory report is part of an extensive series in which carcinogenic 


substances are classified in accordance with European Union guidelines. This 


involves substances to which people can be exposed while pursuing their 


occupation.


The advisory report was prepared by the Subcommittee on the Classification of 


Carcinogenic Substances, a permanent subcommittee of the Health Council’s 


Dutch Expert Committee on Occupational Safety (DECOS). The advisory report
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has been assessed by the Health Council’s Standing Committee on Health and 


the Environment.


I have today sent copies of this advisory report to the State Secretary of 


Infrastructure and the Environment and to the Minister of Health, Welfare and 


Sport, for their consideration.


Yours sincerely,


(signed)


Professor W.A. van Gool,


President
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DAnnex


Comments on the public review draft


A draft of the present report was released in May 2013 for public review. The 


following organisations have commented on the draft document:


• National Institute for Occupational Safety and Health (NIOSH), Cincinnati, 


USA


• Epoxy Resins REACH Consortium (ERRC), c/o Dow MF Produktions 


GmbH & Co. OHG, Rheinmünster, Germany.
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EAnnex


IARC Monograph


Volume 47, 1989 (Excerpt from Some glycidyl ethers, pp. 237-261) 


Summary of Data Reported and Evaluation


1  Exposure data


Glycidyl ethers are basic components of epoxy resins which have been 


commercially available since the late 1940s. Bisphenol A diglycidyl ether and its 


oligomers are major components of epoxy resins. Epoxy resins based on 


bisphenol A diglycidyl ether are widely used in protective coatings, including 


paints, in reinforced plastic laminates and composites, in tooling, casting and 


moulding resins, in bonding materials and adhesives, and in floorings and 


aggregates. Occupational exposure to bisphenol A diglycidyl ether may occur 


during their production, during the production of epoxy products and during 


various uses of epoxy products, but data on exposure levels are sparse.


2  Experimental carcinogenicity data


Bisphenol A diglycidyl ether of various technical grades was tested by skin 


application in mice in five studies. In one of the studies, an increased incidence 


of epidermal tumours was found in one of two strains tested. In another study, a 


small increase in the incidence of epidermal tumours and small increases in the 
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incidences of kidney tumours in male mice and of lymphoreticular/


haematopoietic tumours in female mice were observed. No increase in the 


incidence of skin tumours was observed in two further studies, and the other 


study was inadequate for evaluation. Following subcutaneous injection of 


technical-grade bisphenol A diglycidyl ether to rats, a small number of local 


fibrosarcomas was observed. Following application of technical-grade bisphenol 


A diglycidyl ether to the skin of rabbits, no skin tumour was observed. 


Pure bisphenol A diglycidyl ether was tested in one experiment by skin 


application in mice; no epidermal but a few dermal tumours were observed in 


males, and there was a small increase in the incidence of lymphoreticular/


haematopoietic tumours in females. 


3  Human data 


No data were available to the Working Group. 


4  Other relevant data


Some glycidyl ethers have been shown to cause allergic contact dermatitis in 


humans. Glycidyl ethers generally cause skin sensitization in experimental 


animals. Necrosis of the mucous membranes of the nasal cavities was induced in 


mice exposed to allyl glycidyl ether. 


Prenatal toxicity was not induced in rats exposed dermally to bisphenol A 


diglycidyl ether. 


One study of workers exposed to bisphenol A diglycidyl ether showed no 


increase in the incidence of chromosomal aberrations in peripheral lymphocytes. 


The glycidyl ethers were generally mutagenic to bacteria.


5  Evaluation


There is limited evidence for the carcinogenicity of bisphenol A diglycidyl ether 


in experimental animals.


No data were available from studies in humans on the carcinogenicity of 


glycidyl ethers. 


Overall evaluation


Bisphenol A diglycidyl ether is not classifiable as to its carcinogenicity to 


humans (Group 3).
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For definition of the italicized terms, see Preamble Evaluation.


Subsequent evaluation: Volume 71 (1999) (Bisphenol A diglycidyl ether)


Synonyms for Bisphenol A diglycidyl ether


• Araldite 6005 


• AralditeR GY 250 


• AralditeR GY 6010 


• Bis(4-glycidyloxyphenyl)dimethylmethane 


• 2,2-Bis(4-glycidyloxyphenyl)propane 


• 2,2-Bis(4-hydroxyphenyl)propane diglycidyl ether 


• 2,2-Bis(para-glycidyloxyphenyl)propane 


• 2,2-Bis(para-hydroxyphenyl)propane diglycidyl ether 


• 2,2-Bis[4-(2,3-epoxypropoxy)phenyl]propane 


• 2,2-Bis[para-(2,3-epoxypropoxy)phenyl]propane 


• 4,4’-Bis(2,3-epoxypropoxy)diphenyldimethylmethane 


• 4,4’-Dihydroxydiphenyldimethylmethane diglycidyl ether 


• 4,4’-Isopropylidenebis[1-(2,3-epoxypropoxy)benzene] 


• 4,4’-Isopropylidenediphenol diglycidyl ether 


• Bis(4-hydroxyphenyl)dimethylmethane diglycidyl ether 


• BPDGE 


• D.E.R.R 331 


• Dian diglycidyl ether 


• Diglycidyl bisphenol A 


• Diglycidyl bisphenol A ether 


• Diglycidyl diphenylolpropane ether 


• Diglycidyl ether of 2,2-bis-(4-hydroxyphenyl)propane 


• Diglycidyl ether of 2,2-bis-(para-hydroxyphenyl)propane 


• Diglycidyl ether of 4,4’-isopropylidenediphenol 


• Diglycidyl ether of bisphenol A 


• para,para’-Dihydroxydiphenyldimethylmethane diglycidyl ether 


• Diomethane diglycidyl ether 


• EPI-REZR 510 


• EpikoteR 815 


• EpikoteR 828 


• EPONR 828 


• EPOTUFR 37-140 


• Epoxide A 


• Oligomer 340 
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Volume 71, 1999 (Excerpt from Bisphenol A diglycidyl ether, 


pp. 1285-1289)


2  Studies of Cancer in Humans


No data were available to the Working Group.


3  Studies of Cancer in Experimental Animals


Bisphenol A diglycidyl ether of various technical grades was tested for 


carcinogenicity by skin application in mice in five studies. In one of the studies, 


an increased incidence of epidermal tumours was found in C57BL/6 mice, but 


not in C3H mice. In a study with CF1 mice, a small increase in the incidence of 


epidermal tumours and small increases in the incidences of kidney tumours in 


male mice and of lymphoreticular/ haematopoietic tumours in female mice were 


observed. No increase in the incidence of skin tumours was observed in two 


further studies, one with CF1 mice, the other with C3H mice and the remaining 


study with C3H mice was inadequate for evaluation. Following subcutaneous 


injection of technical grade bisphenol A diglycidyl ether to male Long-Evans 


rats, a small number of local fibrosarcomas was observed. Following application 


of technical grade bisphenol A diglycidyl ether to the skin of albino rabbits, no 


skin tumour was observed. Pure (‘analytical grade’) bisphenol A diglycidyl ether 


was tested in one experiment by skin application in CF1 mice; no epidermal, but 


a few dermal tumours were observed in males and there was a small increase in 


the incidence of lymphoreticular/haematopoietic tumours in females (IARC, 


1989). No subsequent studies were available to the Working Group. It was noted 


that glycidaldehyde, a metabolite of bisphenol A diglycidyl ether, is carcinogenic 


to experimental animals and classified as possibly carcinogenic to humans 


(Group 2B) (see this volume).


4  Other Data Relevant to an Evaluation of Carcinogenicity and its 


Mechanisms


4.1  Absorption, distribution, metabolism and excretion


4.1.1  Humans


No data were available to the Working Group.
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4.1.2  Experimental systems


A dose of approximately 55 mg/kg bw [14C]bisphenol A diglycidyl ether to mice 


was well absorbed after administration by either the oral or dermal route. Most of 


the orally administered material was excreted within 24 h. After eight days, 79% 


was recovered from faeces and 10% from urine following oral dosing. Following 


dermal dosing, 67% and 11% of the radioactivity could be recovered from the 


application site after 24 h and 8 days, respectively. Bisphenol A diglycidyl ether 


is rapidly metabolized in mice, the major route involving hydration to the 


corresponding bis-diol, which occurs both enzymatically, through the epoxide 


hydrolase, and nonenzymatically. This hydration is followed by mono-


oxygenase-mediated dealkylation to form a phenol and glyceraldehyde. It also 


appears that bisphenol A diglycidyl ether may be directly oxidized with the 


release of glycidaldehyde (Figure 1). Urinary and faecal metabolites include 


glucuronides and sulfates of the bis-diol and corresponding carboxylic acids 


(IARC, 1989).


4.4  Genetic and related effects


4.4.1  Humans


One study of workers exposed to bisphenol A diglycidyl ether showed no 


increase in chromosomal aberrations in peripheral blood lymphocytes (IARC, 


1989).
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Figure 1  Two possible routes of oxidative dealkylation of the glycidyl moiety of bisphenol A diglycidyl ether.


4.4.2  Experimental systems


The compound is mutagenic to bacteria (IARC, 1989).


A single major DNA adduct has been observed in the skin of C3H mice 


treated cutaneously with [14C]bisphenol A diglycidyl ether. Initially it was 


proposed that this was a reaction product of glycidaldehyde and deoxyguanosine, 


based upon co-chromatography on an XAD-resin (Bentley et al., 1989). Later 


studies with higher resolution high-performance liquid chromatography on a C-


18 column demonstrated that the adducts of bisphenol Adiglycidyl ether and 
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glycidaldehyde with DNA are indeed identical, but that the mouse skin adduct is 


probably hydroxymethylethenodeoxy-adenosine-3’-monophosphate, by 


comparison with a synthetic reference standard. The alkylation frequency was 


0.1-0.8 adducts/106 nucleotides following dosing with 2 mg bisphenol 


Adiglycidyl ether per mouse and 166 adducts/106 nucleotides after a similar dose 


of glycidaldehyde (Steiner et al., 1992a,b).


5  Evaluation


No epidemiological data relevant to the carcinogenicity of bisphenol A 


diglycidyl ether were available.


There is limited evidence in experimental animals for the carcinogenicity of 


bisphenol A diglycidyl ether.


Overall evaluation


Bisphenol A diglycidyl ether is not classifiable as to its carcinogenicity to 


humans (Group 3).


For definition of the italicized terms, see Preamble Evaluation.


Previous evaluation: Volume 47 (1989) (Some Glycidyl ethers)


Synonym


2,2’-[(1-Methylethylidene)bis(4,1-phenyleneoxymethylene)]bis(oxirane).


Last updated: 13 April 1999.
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FAnnex


Carcinogenicity studies in animals


B=benign; M=malignant
The treatment groups consisted of 50 males and 50 females. In the control groups were 99 males and 100 females. 


Table 1  Incidence of tumours of skin and subcutis in CF1 mice treated with pure (analytical grade) bisphenol A diglycidyl ether and with 
technical grades EPON 828, and EPIKOTE 828 (Peristianis et al. 1988).7


Males Females


Con-
trol


Pure (%) EPON 
828 (%)


Epikote 
828 (%)


Con-
trol


Pure (%) EPON 
828 (%)


Epikote 
828 (%)


0 1 10 1 10 1 10 0 1 10 1 10 1 10


Skin (treated site)


Epidermal tumours


Squamous-cell 
carcinoma (M)


0 0 0 0 1 0 0 0 0 0 0 0 0 0


Squamous-cell 
papilloma (B)


0 0 0 0 0 1 0 0 0 0 0 0 0 0


Basal-cell 
carcinoma (M)


0 0 0 0 0 1 1 0 0 0 0 0 0 1


Sebaceous-gland 
adenoma (B)


0 0 0 0 0 0 1 0 0 0 0 0 0 0


Dermal tumours


Fibrosarcoma (M) 1 0 0 0 0 0 0 0 0 0 0 0 0 0


Haemanchio-
sarcoma (M)


0 0 2 0 0 0 0 0 0 0 0 0 0 0


Haemanchio-  
endothelioma (B)


0 0 0 0 0 0 0 0 0 0 0 0 1 0


Fibroma (B) 0 0 0 0 0 1 0 0 0 0 0 0 0 0


Subcutis (treated site)


Fibrosarcoma (M) 0 0 1 0 0 0 0 0 0 0 0 1 0 0


Anaplastic sarcoma (M) 0 0 0 0 0 0 0 0 1 0 0 0 0 0
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Table 2  Incidence of neoplasms in tissues other than skin in C3H and C57BL/6 mice treated with technical grade bisphenol A 


diglycidyl ether (Holland et al. 1979).11


C3H mice Dose (mg) C57BL/6 mice Dose (mg)


40 animals per sex and dose 20 animals per sex and dose


0 5 25 0 5 25


M F M F M F M F M F M F


Site


Lung   2   1   1   1   3   6   1   0   1   0   1   0


Liver 20   6 21   5 22   3   1   3   5   1   0   2


Reticulum cell sarcoma


and lymphoma


  4   6 11   5   3   3   3   6   7   7   8 10


Ovary 17 18 15   2   0   1


Breast 11 10   4   0   0   1


Connective tissue   1   1   0   9   1    9   0   0   0   0   0   0


Other mesenchymal   1   1   2   5   0   1   0   1   0   1   0   0
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GAnnex


Carcinogenic classification of 


substances by the Committee


The Committee expresses its conclusions in the form of standard phrases:


Source: Health Council of the Netherlands. Guidelines to the classification of carcinogenic compounds. The Hague: Health 


Council of the Netherlands, 2010; publication no. A10/07E.36


Category Judgement of the committee (GRGHS) Comparable with EU Category


67/548/EEC 


(before 


12/16/2008


EC No 1272/2008 


(as from 


12/16/2008 


1A The compound is known to be carcinogenic to humans.


• It acts by a stochastic genotoxic mechanism.


• It acts by a non-stochastic genotoxic mechanism.


• It acts by a non-genotoxic mechanism.


• Its potential genotoxicity has been insufficiently investigated. 


Therefore, it is unclear whether the compound is genotoxic.


1 1A


1B The compound is presumed to be as carcinogenic to humans.


• It acts by a stochastic genotoxic mechanism.


• It acts by a non-stochastic genotoxic mechanism.


• It acts by a non-genotoxic mechanism.


• Its potential genotoxicity has been insufficiently investigated. 


Therefore, it is unclear whether the compound is genotoxic.


2 1B


2 The compound is suspected to be carcinogenic to man. 3 2


(3) The available data are insufficient to evaluate the carcinogenic 


properties of the compound.


Not applicable Not applicable


(4) The compound is probably not carcinogenic to man. Not applicable Not applicable
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Advisory Reports


Areas of activity


The Health Council’s task is to 
advise ministers and parliament on 
issues in the field of public health. 
Most of the advisory opinions that 
the Council produces every year 
are prepared at the request of one 
of the ministers. 


In addition, the Health Council 
issues unsolicited advice that 
has an ‘alerting’ function. In some 
cases, such an alerting report 
leads to a minister requesting 
further advice on the subject.


Health Council of the Netherlands


www.healthcouncil.nl


Optimum healthcare
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result of cure and care
in view of the risks and 
opportunities?


Environmental health
Which environmental 
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effect on health?


Prevention
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realise significant 
health benefits?


Healthy working 
conditions
How can employees 
be protected against
working conditions
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health?


Healthy nutrition
Which foods promote 
good health and 
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health risks?
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the knowledge 
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field of healthcare,
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ensure that the right
seeds are sown.
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                                         The EFSA Journal (2004) 86, 1-40 


 
Opinion of the Scientific Panel on Food Additives, 


 Flavourings, Processing Aids and Materials in Contact with Food (AFC) 
on a request from the Commission related to 


 
2,2-bis(4-hydroxyphenyl)propane bis(2,3-epoxypropyl)ether 


(Bisphenol A diglycidyl ether, 
BADGE)  


 
REF. No 13510 and 39700 


 
(EFSA-Q-2003-178) 


 
adopted on 13 July 2004  


 
Corrigendum (21 April 2005): On page 5, the figure referring to the highest consumer exposure 
has been changed to 2.3 �g/kg bw/day 


 
SUMMARY 
 
The Panel on Food Additives, Flavourings, Processing Aids and Materials in Contact with Food is 
asked to evaluate substances intended for use in materials in contact with food, according to 
Council Directive 89/109/EEC of 21 December 1988 relating to materials and articles intended to 
come into contact with foodstuffs. In particular, the Panel is asked to advise the Commission on the 
implications for human health of the use of Bisphenol A diglycidyl ether (BADGE) in epoxy resins 
and vinylic organosols used in internal can coatings. 


The Panel noted that the Scientific Committee on Food (SCF) had already expressed an opinion on 
Bisphenol A diglycidyl ether in June 1996, and re-evaluated the substance in the light of new 
toxicological and analytical information in March 1999 and in December 2002. In this opinion, the 
Panel also considered more recent toxicity studies not available to the SCF, in particular, the results 
of a chronic toxicity/carcinogenicity study with BADGE, and an in vivo genotoxicity assay with 
BADGE.2HCl.  


The new toxicological data on BADGE and BADGE.2HCl addressed the reservation of the SCF 
concerning the carcinogenic potential of BADGE and the genotoxicity of BADGE chlorohydrins. 
The Panel concluded that the new chronic toxicity/carcinogenicity study in the rat demonstrated that 
following oral administration BADGE had no oncogenic potential in the gastrointestinal tract or in 
other tissues. Moreover, based on the results of an in vivo mouse bone marrow micronucleus assay, 
and considering the results of previous in vitro mutagenicity tests, the Panel concluded that 
BADGE.2HCl is not genotoxic in vivo. As far as the hydrochlorination of BADGE is concerned, the 
Panel agreed that BADGE.2HCl can be regarded as a worst case compared to the 
monochlorohydrins BADGE.HCl and BADGE.H2O.HCl, and that BADGE chlorohydrins do not 
raise concern for genotoxicity. 


In summary, the Panel concluded that BADGE and its chlorohydrins (BADGE.2HCl, BADGE.HCl 
and BADGE.H2O.HCl) do not raise concern for carcinogenicity and genotoxicity in vivo, 
respectively.  
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On the basis of the available experimental data, a Tolerable Daily Intake (TDI) can be established 
for BADGE and its hydrolysis products. Considering the No-Observed-Adverse-Effect-Level 
(NOAEL) of 15 mg/kg b.w./day derived from the oral chronic toxicity/carcinogenicity study in the 
rat with  BADGE, and applying an uncertainty factor of 100, a TDI of 0.15 mg/kg b.w. can be 
established for BADGE. As BADGE is rapidly and extensively metabolised in vivo into the 
corresponding mono- and bis-diol derivatives BADGE.H2O and BADGE.2H2O, the Panel includes 
these in the TDI. 
 
For the BADGE chlorohydrins BADGE.2HCl, BADGE.HCl, BADGE.HCl.H2O, in view of the 
lack of genotoxicity in vivo, the Panel considers that the current restriction of 1 mg/kg of food 
remains appropriate.  
 
The Panel is aware that other BADGE reaction products other than chlorohydrins, with undefined 
toxicological properties and chemical identity, may be found at low levels in the migrate from 
epoxy coatings. For the assessment of these, and in general of minute amounts of unknown 
migrants from food contact materials, a general approach is currently under consideration by the 
Panel. 
 
KEY WORDS 
 
Bisphenol A diglycidyl ether, BADGE, 2,2-bis(4-hydroxyphenyl)propane bis(2,3-
epoxypropyl)ether CAS number 1675-54-3; REF.No 13510, 39700, chlorohydrins, can coatings, 
food contact materials, carcinogenicity, genotoxicity. 
 
BACKGROUND 
 
The European Food Safety Authority (EFSA) has received a request to evaluate the safety of the use 
of bisphenol A diglycidyl ether (BADGE) in epoxy resins and vinylic organosols used in can 
coatings, also considering the new toxicological data available on BADGE and its 
hydrochlorination product BADGE.2HCl. 
 
Previous evaluations 
 
BADGE was first evaluated by the SCF in November 1986 as a monomer used in the production of 
plastic food contact materials, and classified into List 4A as a suspect genotoxic agent (SCF, 1987).  
 
The compound was re-examined by the SCF in 1996 in the light of further information from 
industry which allayed some of the concern which had resulted in the original restrictive 
classification and migration limit. The result of the re-examination was published as a SCF opinion 
on BADGE in June 1996, when the Committee concluded that the substance was to be moved from 
List 4A to List 7 and that additional toxicological data should be supplied with a deadline of two 
years (SCF, 1996). The Committee also concluded that in the meantime an upper limit of 1 mg/kg 
food as a temporary restriction for the specific migration of BADGE and its hydrolysis products 
should be enforced. 
 
Following a subsequent request of the Commission to provide a more detailed explanation with 
respect to the change in classification and the inclusion of the hydrolysis products in the upper limit 
for the temporary restriction of the specific migration, the Committee published in June 1997 a 
further opinion (SCF, 1997). In this opinion the Committee also noted that chlorohydrins as 
reaction products of BADGE had been detected in some special can coatings and in foodstuffs 
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processed in epoxyresin-coated cans, and that these substances were of concern because of their 
structural analogy to the genotoxic chlorohydrins.  
 
Following the 1996 evaluation, more information became available concerning migration and 
toxicology  of BADGE and some of its reaction products. The new data were evaluated in the SCF 
opinion on BADGE issued in 1999 (SCF, 1999). Based on the results of analytical surveys 
conducted through Europe during 1997-1998, which revealed a dramatic reduction of migration 
values of BADGE in canned food, the SCF concluded that consumers exposure was expected to be 
low. Newly available in vivo genotoxicity studies demonstrated that BADGE was not genotoxic in 
bone marrow and in liver, but the data were evaluated by SCF as inadequate to rule out genotoxic 
effects at the site of contact (e.g. the gastrointestinal tract) in view of the weak DNA binding 
capacity of BADGE in mouse skin in vivo. Moreover, as the formation of BADGE chlorohydrins 
during curing of vinylic organosols had been demonstrated, the SCF reiterated its concern over their 
presence in canned foods.  
 
Therefore, in order to be able to consider the continuation of the upper limit of 1 mg/kg food as a 
temporary restriction for specific migration of BADGE, its hydrolysis and hydrochlorination 
products, the SCF required to be provided within 3 years with additional toxicological studies on 
BADGE and its hydrochlorinated derivatives. In particular, the results of DNA binding studies with 
BADGE on tissues of the gastrointestinal tract, or alternatively the results of mutational studies in 
transgenic rodents were required. The same data were also required on all three BADGE 
chlorohydrins (BADGE.HCl, BADGE.2HCl, BADGE.H2O.HCl), unless it could be demonstrated 
by appropriate in vitro studies that these compounds do not any possess genotoxic potential (SCF, 
1999). 
 
In July 2002 the EC Commission services and the SCF were informed that, for BADGE, industry 
intended to transmit early in 2004 the results of a two-year chronic toxicity/carcinogenicity study in 
the Fischer 344 rat. The EC Commission services also received from the industry association in 
July 2002 three mutagenicity studies on BADGE.2HCl, as requested previously by the Committee. 
The SCF examined the three mutagenicity studies on BADGE.2HCl supplied by the industry, along 
with two published reports, and concluded that BADGE.2HCl was unable to induce gene mutations 
and structural chromosomal aberrations. However, the SCF noted that BADGE.2HCl elicited a 
positive response in the in vitro micronucleus test which suggested an effect on chromosomal 
segregation, and recommended to further investigate this aspect by testing BADGE.2HCl in the in 
vivo micronucleus assay in the mouse (SCF, 2002). The Committee also carried out an assessment 
of exposure to BADGE and some of its derivatives (mono- and bis- diols and chlorohydrins). Based 
on the results of new surveys in EU countries, the Committee concluded that exposure of both 
average consumers and high consumers was low (SCF, 2002). Taking into account the available 
toxicological database and the low exposure of consumers, and awaiting the results of the new 
mutagenicity test on BADGE.2HCl and of the ongoing two-year chronic toxicity/carcinogenicity 
study on BADGE, the Committee accepted to extend until February 2004 the deadline of its request 
for the detailed studies on BADGE and its hydrochlorinated derivatives (SCF, 2002). 
 
The requested genotoxicity assay on BADGE.2HCl was submitted to Commission services in July 
2003. The full report of the two-year gavage chronic toxicity/oncogenicity study with BADGE was 
submitted to EFSA and Commission services in February 2004. The implications for human health 
of the use of BADGE in food contact materials are re-evaluated in this opinion in the light of the 
results of the new toxicity studies, also taking into account experimental data evaluated in previous 
SCF opinions.  
 







2,2-bis(4-hydroxyphenyl)propane bis(2,3-epoxypropyl)ether  (Bisphenol A diglycidyl ether, BADGE)   The EFSA Journal (2004) 86 
  
 


TERMS OF REFERENCE 
 
The European Food Safety Authority is asked to advise the Commission on substances intended for 
use in materials in contact with food. In particular, the Panel on Food Additives, Flavourings, 
Processing Aids and Materials in Contact with Food is asked to advise the Commission on the 
implications for human health of the use of Bisphenol A diglycidylether (BADGE) in epoxy resins 
and vinylic organosols used in internal can coatings. 
 
ASSESSMENT 
 
The Panel has given consideration to the database evaluated by the SCF, as well as to the new 
mutagenicity study with BADGE.2HCl and the long-term bioassay with BADGE. For 
completeness, the toxicity studies considered in previous SCF opinions are summarised in Annex 1. 
 
Chemistry 
BADGE (CAS No: 1675-5-43) is used as a starting substance for the manufacture of epoxy resins 
used in internal can coatings. BADGE is also used as an additive, functioning as a stabiliser and as a 
plasticiser, in vinylic organosols (blends of PVC and epoxy resins) and as a performance enhancer 
for polyester-based internal can coatings. In aqueous foodstuffs BADGE and its monoepoxy 
hydrolysis product are largely converted to the corresponding mono- and bis-diols BADGE.H2O 
and BADGE.2H2O. Two chlorohydrins (BADGE.HCl, BADGE.2HCl) have been shown to be 
formed from the reaction of BADGE with chloride ions during curing of vinylic organosol coatings, 
or when salty foods are processed in coated cans (SCF, 1999). The chemical structures of BADGE, 
its hydrolysis products BADGE.H2O and BADGE.2H2O, and the hydrochlorination products 
BADGE.HCl, BADGE.2HCl, and BADGE.HCl.H2O are shown below: 
 
Structural chemical formulae of BADGE and BADGE hydrolysis and hydrochlorination 
products  
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BADGE.HCl: 
 
 
 
 
 
 
 
BADGE.2HCl: 
 


 
 
BADGE.H2O.HCl: 
 


 
 
Uses in food contact materials 
BADGE is used as a starting substance of epoxy resins used in internal can coatings. BADGE is 
also used as an additive, functioning as stabiliser and plasticiser, in vinylic organosols (blends of 
PVC and epoxy resins) and as a performance enhancer of polyester-based internal can coatings. 
 
Exposure 
Based on the results of surveys carried out in EU Member States, maximum consumer exposure to 
BADGE and its regulated derivatives varies from 0.0028 mg to 0.14 mg/day equivalent  
approximately to 0.05 – 2.3 µg/kg bw/day), depending on the pattern of dietary habits (for details, 
see SCF, 2002).  
 
Absorption, distribution, metabolism and excretion 
BADGE is only slowly absorbed through the skin but rapidly absorbed after ingestion. It is excreted 
mainly in the faeces and to a small extent in the urine. Unchanged BADGE is only to a small extent 
systemically available after oral ingestion because of the efficient first pass metabolism in the liver. 
The major metabolic pathway followed by ingested BADGE is hydrolytic cleavage by epoxide 
hydrolase of the epoxide rings in the side-chains to form the corresponding bis-diol BADGE.2H2O 
and its conjugates, both metabolites appearing in the urine. Further metabolic steps are oxidation of 
one side-chain diol group to an α-hydroxycarboxylic acid, and partial subsequent decarboxylation, 
yielding the main faecal metabolites.  An alternative minor pathway involves oxidative dealkylation 
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with possible formation of glycidaldehyde, particularly if the epoxide hydrolase activities are 
saturated or inhibited. Following incubation of BADGE in simulated gastric juice, the formation of 
the hydrochlorination products BADGE.HCl and BADGE.2HCl has been reported. However there 
is contradictory information with respect to the rate of formation of the chlorohydrins and of their 
subsequent hydrolysis to BADGE.2H2O (SCF, 1999). 
 
 
Toxicity 
BADGE, either in pure or technical form, is of low acute toxicity. It is a slight dermal and eye 
irritant, and a skin sensitiser.  


Oral subchronic administration of pure BADGE produced alterations in haematology, clinical 
chemistry, urinalysis, and organ weights parameters, especially in males, at doses from 250 mg/kg 
b.w. upwards. Some clinical chemistry and urinalysis alterations were indicative of renal toxicity. 
No histopathological changes were observed in oral and dermal rat and mouse subchronic studies. 


Reproduction studies in rats with BADGE gave no indication of any deleterious effects on fertility, 
general reproductive parameters, litter data and post-natal development. Oral developmental 
toxicity studies in rats and rabbits showed no teratogenic effects or adverse effects on embryonal 
and foetal development. The NOELs for systemic effects on adults (organ and body weight 
reductions) derived from reproduction and teratogenicity studies were in the range of 20-60 mg/kg 
b.w. 


Genotoxicity studies show that BADGE is a direct-acting mutagen in vitro in test systems covering 
different genetic endpoints. Several in vivo studies show that BADGE does not induce chromosome 
damage in rodent bone marrow and germ cells nor DNA strand breaks in liver cells. It is concluded 
that BADGE is not genotoxic in vivo in these tissues.  


Low but detectable covalent binding to DNA was detected in mouse skin after topical application of 
BADGE. The biological significance of the low DNA binding activity of BADGE is unclear, but it 
raised concern for possible genotoxic effects of BADGE at the site of contact. 


Mutagenicity studies with BADGE.2HCl indicate that the bis-chlorohydrin is unable to induce gene 
mutations and structural chromosomal aberrations in vitro. A weak positive response was observed 
in the in vitro micronucleus assay, only in the absence of exogenous metabolic system.  


 


New toxicological studies (not considered in previous SCF evaluations) 
Oral subchronic toxicity study with BADGE (Stebbins and Dryzga, 2001) 


Groups of Fischer 344 rats were administered by gavage pure BADGE (>99%) as a suspension in 
Tween® 80 and methylcellulose at dose levels of 0, 50, 250, or 1000 mg/kg b.w./day. The study was 
terminated after 14 weeks. Standard toxicological parameters were evaluated on ten rats/sex/dose 
level. The main results of the study are summarised below. 
Progressive decreases in body weights and feed consumption occurred in males and females given 
250 or 1000 mg/kg b.w./day. By the end of the study, body weights of males and females given 
1000 mg/kg b.w./day were 19.2 and 10.9% lower than controls, respectively. Body weights of 
females given 50 mg/kg b.w./day were 3.2% lower than controls, while body weights of males 
given 50 mg/kg b.w./day were comparable to controls. Alterations in numerous haematology, 
clinical chemistry, urinalysis, and organ weights parameters occurred in rats given 250 or 1000 
mg/kg b.w./day. Some clinical chemistry and urinalysis alterations were indicative of renal toxicity. 
Clinical pathology alterations in rats given 50 mg/kg b.w./day consisted of slightly decreased red 
blood cell count and haemoglobin concentration (females), slightly increased serum urea nitrogen 
(males), and increased cholesterol (both sexes).  
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The only treatment-related gross pathologic observation was increased size of the caecum in males 
given 250 or 1000 mg/kg b.w./day, and in females given 1000 mg/kg b.w./day. Two males and one 
female given 1000 mg/kg b.w./day that died prior to study termination had moderate or severe acute 
necrosis of renal proximal tubules. Treatment-related histopathologic effects in surviving animals 
given 250 and/or 1000 mg/kg b.w./day were noted in the adrenal glands, caecum, ileum, kidneys, 
liver, testes, and uterus. Males and females given 50 mg/kg b.w./day had no treatment-related 
histopathologic effects. 
Remark: this study was planned as a two-year chronic toxicity/oncogenicity study, which was 
terminated earlier due to excessive toxicity noted in rats given 250 and 1000 mg/kg b.w.  
 
 
Two-year gavage chronic toxicity/oncogenicity study with BADGE (Stebbins and Dryzga, 2004) 


Groups of 65 male and 65 female Fischer 344 rats were dosed by oral gavage with pure BADGE 
(>99%) suspended in a Tween �80 and methylcellulose at dose levels of 0 (controls), 2, 15, or 100 
mg/kg b.w./day for up to two years. Ten rats/sex/dose level were necropsied after one year of 
treatment (chronic toxicity group), and 50 rats/sex/dose level were dosed for up to two years 
(oncogenicity group). Daily examinations and periodic body weight and feed consumption were 
monitored throughout the study. Clinical pathology examinations (haematology, clinical chemistry, 
electrolytes, and urinalysis) were conducted at regular intervals throughout the study. Ophthalmic 
examinations were conducted on all rats prestudy and all surviving rats prior to the scheduled 
necropsies. Histopathological examination of an extensive set of organs was performed on all 
control and high-dose level rats and all rats removed from the study early. Histopathological 
examination of survivors from the low and intermediate dose levels was limited to the liver, 
kidneys, lungs, spleen, and relevant gross lesions. The study was performed in compliance with 
Good Laboratory Practice, following the OECD guideline 453 on chronic toxicity/carcinogenicity 
studies. The main results of this study are summarised below. Tumor findings at 24 month are 
shown in Annex 1. 
 
Mortality: after 24 months, there were no statistically significant differences in mortality among 
study groups.  
Body weight: males given 15 or 100 mg/kg b.w./day had treatment-related statistically significant 
decreases in body weights and body weight gains. After one year of dosing, body weight gains for 
males given 15 or 100 mg/kg b.w./day were 4.0% and 12.9% lower than controls. At study 
termination  body weights of the males given 15 or 100 mg/kg b.w./day were 3.5% and 7.4% lower 
than controls, respectively. There were no treatment-related effects on body weights of males given 
2 mg/kg b.w./day nor of females from any dose group.  
Clinical chemistry: males given 100 mg/kg b.w./day and females given 15 or 100 mg/kg b.w./day 
had treatment-related, statistically significant increases in serum cholesterol after 3 and 12 months 
of BADGE administration. In addition, there was a treatment-related, non-statistically identified 
increase in serum cholesterol of males given 100 mg/kg b.w./day at 24 months.  
Haematology, urinalysis, electrolytes: no treatment related alteration. 
Anatomic pathology: males and females given 100 mg/kg b.w./day had treatment-related, 
statistically significant increases in caecal size and weight. There were no histopathologic 
alterations in the enlarged caecums. The caecal enlargement was interpreted to be non-adverse, and 
reflective only of a physiologic adaptive change in the caecum. Males given 100 mg/kg b.w./day 
also had a treatment-related, statistically significant decreases in absolute and relative spleen 
weights. Very slight atrophy of the red pulp of the spleen was noted in these animals, and 
interpreted to be reflective of lower body weight gain rather than a primary toxic effect. 
No increase in neoplasms was observed in either male or female rats at any dose level.  
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BADGE did not show oncogenic potential under the conditions of this study. The effects observed 
at 15 mg/kg b.w./day were not regarded as toxicologically significant. Based on the effect on spleen 
weight observed at 100 mg/kg b.w., the no-observed-adverse effect level (NOAEL) was set at 15 
mg/kg b.w./day..  
 


Micronucleus assay in mouse bone marrow with BADGE.2HCl (Spencer et al., 2003) 


BADGE.2HCl (Sigma-Aldrich-Fluka, 96%) was tested in the in vivo micronucleus test in mouse 
bone marrow. The test chemical was dissolved in methylcellulose (0.5% in water) and administered 
by gavage to CD-1 mice aged 8 weeks. In a range finding experiment, 4 mice/sex/dose were 
administered on two consecutive days with 2000, 1000 and 500 mg/kg. b.w. and kept under 
observation for 72 hours. Mild clinical signs (reduced activity) were observed in mice administered 
with 2000 mg/kg b.w., and a reduction in body weight in mice treated with 2000 mg/kg b.w. (12-15 
% in males and females, respectively) and with 1000 mg/kg b.w. (10-8 %). On this basis, 1000 
mg/kg b.w. was established as maximum tolerated dose. No difference in toxicity between sexes 
was observed. In the main experiment, 6 male mice/dose were treated by gavage on two 
consecutive days with 1000, 500 and 250 mg/kg b.w. and sacrificed after 24 hours. Micronuclei 
were scored in 2000 polychromatic erythrocytes/animal, and the ratio 
polychromatic/normochromatic erythrocytes determined in 200 cells. The study was performed in 
compliance with Good Laboratory Practice, following the OECD guideline 474 on micronucleus 
test in rodents. 
Results: there were no statistically significant increases in the frequencies of micronucleated 
polychromatic erythrocytes in treated groups compared to the negative controls. No statistically 
significant difference in PCE/NCE ratio was observed comparing mice treated with BADGE.2HCl 
and negative controls which received the vehicle alone. 
 
Even though the administration of BADGE.2HCl did not produce a detectable toxic effect on bone 
marrow cells, the mild signs of general toxicity observed following treatment may be taken as an 
evidence of systemic exposure. As entry into bone marrow is freely accessible through the systemic 
circulation, it is possible to conclude that the target cells were exposed to the test chemical, and to 
consider the results of this study as adequate to rule out significant genotoxicity of BADGE.2HCl in 
vivo.  
 
CONCLUSIONS  
 
The new toxicological data on BADGE and BADGE.2HCl address the reservation expressed by the 
SCF on the carcinogenic potential of BADGE and the genotoxicity of BADGE chlorohydrins (SCF, 
1999).  


The results of the recent chronic toxicity/carcinogenicity study in the rat demonstrated that, 
following oral administration, BADGE had no oncogenic potential in the gastrointestinal tract or in 
other tissues.  


Negative results were obtained in the mouse bone marrow micronucleus test following oral 
administration of BADGE.2HCl at the maximum tolerated dose. On this basis, and considering the 
results of previous in vitro mutagenicity tests, the Panel concluded that BADGE.2HCl does not 
raise concern for genotoxicity. The Panel agreed that BADGE.2HCl can be regarded as a worst case 
compared to monochlorohydrins, and that the toxicological assessment of BADGE and 
BADGE.2HCl also covers BADGE.HCl and BADGE.HCl.H2O.  


In summary, the Panel concluded that BADGE and its chlorohydrins do not raise concern for 
carcinogenicity and genotoxicity in vivo, respectively.  
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On the basis of the available experimental data, a TDI can be established for BADGE and its 
hydrolysis products. Considering the NOAEL of 15 mg/kg b.w./day observed in the oral chronic 
toxicity/carcinogenicity study in the rat with  BADGE, and applying an uncertainty factor of 100, a 
TDI of 0.15 mg/kg b.w. can be established for BADGE. As BADGE is rapidly and extensively 
metabolised in vivo into the corresponding mono- and bis-diol derivatives, the Panel includes these 
in the TDI. 


 
For the other regulated BADGE reaction products, i.e. the BADGE chlorohydrins BADGE.2HCl, 
BADGE.HCl, BADGE.HCl.H2O, in view of the lack of genotoxicity, the Panel considers that the 
current restriction of 1 mg/kg of food remains appropriate.  
 
The Panel is aware that other BADGE reaction products, with undefined toxicological properties 
and chemical identity, may be found at low levels in the migrate from epoxy coatings. For the 
assessment of these, and in general of minute amounts of unknown migrants from food contact 
materials, a general approach is currently under consideration by the Panel.  
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Annex 1 


 
EFSA/AFC/FCM/134 REV.I 
(CS/PM/3193 REV.5/13510) 


 
2,2-bis(4-hydroxyphenyl)propane bis(2,3-epoxypropyl)ether 


(Bisphenol A diglycidyl ether, BADGE) 
 


Evaluation of toxicology•••••••• 
 


 
The data summarised in this document relate either to pure BADGE or technical BADGE also 
called epoxide resin.  The commercial materials examined are known as Araldite GY250 
(sometimes called TK 10490 or TK 12386), Epikote 828, or Epon 828.  Low molecular weight 
epoxide resins may contain up to 95% of the monomer BADGE and up to 20% of higher molecular 
weight oligomers.  High molecular weight epoxide resins contain maximally 10% BADGE and 
variable amounts of higher molecular weight oligomers.  All technical grades of BADGE contain 
contaminants such as epichlorhydrin, bisphenol A, and possibly other glycidyl ethers. 
 
ACUTE TOXICITY 
 
The existing data derive from early studies with pure BADGE or technical BADGE with up to 20% 
oligomers.  As the data are supplied by producer sources it is not possible to validate them 
individually; summaries have, however, been published (1,2,3).  The acute oral toxicity of pure 
BADGE is low, the oral LD50 in rats ranging from >1000 to >4000 mg/kg b.w. and in mice it is of 
the order of >500 mg/kg b.w.  Dermal LD50 values are quoted as >800 mg/kg b.w. in mice, from 
>1200 - >1600 mg/kg b.w. in rats and 2000 mg/kg b.w. in rabbits.  Data on inhalational toxicity are 
not available.  Oral and dermal LD50 values for technical BADGE are of the same order of 
magnitude. 
 
IRRITATION 
 
a. Skin 
 
Pure and technical BADGE are slightly irritating following a single 24 hour occluded exposure and 
more irritating after repeated applications (1,3). 
 
b. Eye 
 
Data on the irritant effects in rabbit eyes of pure or technical BADGE are contradictory but point to 
at most very mild effects (1,2,3). 
 
SENSITISATION 
 
Pure and technical BADGE, particularly the monomer and dimer, gave positive results in 
Magnusson and Kligman maximisation tests in guineapigs.  Resins with molecular weight of 1850 


                                                 
•• Prepared in January 1999; updated in June 2004. The revised sections are highlighted in grey background 
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are non-sensitising.  No cross reactions of BADGE with higher oligomers were noticed.  The 
monomer is thus a moderate to strong skin sensitiser (3). 
 
Allergic contact dermatitis to epoxide resins in exposed humans has been frequently described 
(2,4,5,6).  The reports reveal great variation in the incidence because of non-uniformity in the 
selection of the test subjects.  Patch tests have revealed that most positive reactions are associated 
with the presence of BADGE monomer (molecular weight 340) as impurity in the tested epoxide 
resins.  As commercial products also contain other components, such as glycidyl ether, and 
hardeners, such as aliphatic polyamines and acid anhydrides, which themselves are known to 
possess allergenic potentials for skin and lung, it is difficult to establish precise causal relationships 
to a specific allergen in these cases of mixed exposures.  In a study on 118 male and 24 female 
subjects using 2 technical BADGE preparations 9 individuals showed a contact allergic reaction to 
each of the test resins.  The testing procedure involved 9 patch test applications, each extending 
over 24 hours, 3 times per week as induction procedure and a provocation test was carried out 2 
weeks later.  The observed incidence of allergic reactions was 0.8% (7). 
 
ABSORPTION, DISTRIBUTION, EXCRETION 
 
These studies were carried out with 99.7% pure BADGE labelled with 14C at the central C2-propane 
atom. 
 
Oral administration 
 
Groups of 6 male CF1 mice were administered by gavage labelled BADGE (purity 99.7%) 
dissolved in DMSO as a single dose of 55 mg/kg b.w.  Urine and faeces were collected separately 
for up to 8 days for measuring radioactivity excreted and the residual radioactivity in skin, blood, 
liver, kidney, intestine, fat and carcass was determined at 1, 3 and 8 days after administration.  
BADGE was rapidly eliminated mainly in the faeces.  Within 24 hours some 61% of the dose given 
appeared in the faeces and 8.8% in the urine.  After 3 days about 79.9% of the administered 
radioactivity had been excreted in the faeces and 11.2% in the urine.  After 8 days 80.6% had been 
excreted in the faeces and 9.7% in the urine.  The residual radioactivity (expressed as % of dose 
administered) in various tissues amounted to 0.11% in liver, 0.05% in kidneys, 0.03% in intestine, 
0.16% in skin, 0.10% in blood, 0.05% in fat and 0.01% in the carcass (8). 
 
Labelled BADGE was administered dissolved in cornoil by gavage as a single dose of 2.7 mg/kg 
b.w. to a single male F344 rat or i.v. as a single dose of 0.43 mg/kg b.w. to one intact male rat and 
also to another rat with a cannulated bile duct.  Residual radioactivity was determined in faeces, 
urine, bile, plasma, and in liver, kidneys, lung and intestine.  The oral dose was absorbed rapidly 
(t½=0.7 hr), the highest plasma concentration being reached after 4 hrs.  Labelled BADGE was 
administered i.v. as suspension in fresh heparinized rat plasma. Clearance of the radioactivity from 
plasma after oral administration gave a t½=4.8 hr and after i.v. administration a t½=7.7 hr following 
first order kinetics.  From the relative AUCs it was estimated that only 13% of the administered oral 
dose was absorbed.  Some 65% of the absorbed oral dose was excreted in the urine but only 8% of 
the i.v. dose.  Some 53% of the oral and 43% of the i.v. dose were excreted in the faeces as the 
primary route, in the urine only 9% of the oral and 8% of the i.v. dose were recovered.  In the bile-
cannulated rat some 86% of the i.v. dose was recovered in the bile, primarily excreted by the liver 
within 24 hrs,. some 42% appeared in the urine and 3% in the faeces.  Of the oral dose some 2% 
and of the i.v. dose some 0.5% were recovered in the intestinal contents.  In the liver, kidneys, lungs 
and intestine only 2% of the oral and 1% of the i.v. dose were recovered.  Comparison of the 
metabolite profiles suggested that the urinary metabolite pattern after oral dosing was qualitatively 
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similar to that in the bile.  However the metabolites found following oral and i.v. administration 
differed, no unchanged BADGE appearing either in urine or bile.  The major bile metabolite 
appeared also in the urine after i.v. but not after oral administration, while the urinary metabolites 
after oral dosing do not appear either in the bile or urine after i.v. dosing.  The individual 
metabolites were, however, not identified.  Chromatography of the plasma after oral dosing showed 
<10% BADGE being present, over 1/3 having been degraded in the gut. 
 
The stability of labelled BADGE was also investigated.  In 0.1N HCl BADGE disappears rapidly 
with a t½=10 min yielding 2 polar degradation products.  However in simulated human gastric juice 
the t½=70 min, and in simulated human intestinal fluid very little hydrolysis took place over 2 
hours.  The hydrolysis products were not identified in this study (9). 
 
Two groups each of 3 male New Zealand White rabbits were given orally either 5 mg/kg b.w. or 50 
mg/kg b.w. of pure BADGE (purity 99.7%) as a single dose in a gelatine capsule and the amounts 
of the free and sulphate-conjugated bis-diol excreted in the urine were determined over the next 3 
days..  Since mice eliminate only 4% of free bis-diol and 2% sulphate conjugated bis-diol in their 
urine, rabbits were chosen as being more similar to man in their excretion characteristics.  A total of 
about 10% bis-diol (2% free, 8% conjugated) was excreted in the urine over 3 days at the 5 mg/kg 
dose level, while at the 50 mg/kg b.w. dose level a total of 2% bis-diol (0.4% free, 1.6% 
conjugated) was excreted.  Excretion of free bis-diol was therefore not dose dependant, the majority 
of the bis-diol being excreted in the conjugated form again not dose-dependantly.  No other 
metabolic parameters were determined.  For biological monitoring treatment of urine with 
sulphatase to determine total bis-diol excretion would be necessary (10). 
 
Dermal administration 
 
The fate of dermally applied labelled BADGE was studied in CF1 mice.  A group of  6 male mice 
was treated with 50 µl of centrally labelled BADGE dissolved in acetone at a single occlusive 
topical dose of 56 mg/kg b.w.  Urine and faeces were collected for 8 days and residual radioactivity 
also determined in liver, kidneys, intestine, skin, blood, fat and carcass at days 1, 3 and 8 after 
dosing.  Absorption was slow, some 20% of radioactivity appearing in the faeces and 3% in the 
urine after 3 days, 35.9% appearing in the faeces and 5.4% in the urine after 8 days.  After 1 day 
some 67% radioactivity (97% unchanged BADGE), after 3 days some 40% and after 8 days some 
11% radioactivity (81% unchanged BADGE) could be extracted from the application site, some 
1.8% remaining bound to the skin, probably to thiol and aminogroups.  The residual radioactivity in 
the tissues amounted to <1%. A separate experiment produced evidence that acetone facilitated the 
initial absorption of BADGE,  undiluted BADGE being absorbed at a slower rate than the material 
dissolved in acetone.  The urinary and faecal metabolite profiles from the dermal and oral studies 
were found to be similar and independent of the route of administration (8). 
 
The fate of dermally applied BADGE labelled with 14C either in the central C2-propane part or in 
the glycidyl chain was examined in C57BL6 and C3H mice.  When 0.4 mg/mouse (20 mg/kg b.w.) 
of sidechain-labelled BADGE was applied topically to C57BL6 mice some 35% radioactivity 
appeared in the faeces, some 9% in the urine and some 0.5% as 14CO2 and 15% remaining at the 
application site. When 2 mg/mouse (100 mg/kg b.w.) glycidyl-labelled BADGE, however, were 
applied only 11% radioactivity appeared in the faeces, 3% in the urine, 0.2% as 14CO2, 28% 
remaining at the application site.  Using 0.4 mg/mouse centrally labelled BADGE showed 36% 
excreted in the faeces, 6% in the urine and none in the expired air with 10% remaining at the 
application site. Using 1.3 mg/mouse (65 mg/kg b.w.) centrally labelled BADGE, however, resulted 
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in 16% radioactivity in the faeces, 6% in the urine and again none in the expired air with some 18% 
remaining at the application site. 
 
When binding to skin macromolecules was considered, the sidechain labelled compound produced 
more detectable DNA, RNA and skin protein bound products than the centrally labelled compound, 
indicating that apart from direct adduct formation some additional radioactivity from the sidechain 
entered the carbon pool and was subsequently incorporated in DNA.  As the C3H strain yielded 
more labelled DNA it was used to identify the adduct as the 7-hydroxymethyletheno adduct of 
deoxyadenosine-3'-monophosphate (13).  No radioactivity was found in the unmodified nucleosides 
when centrally labelled BADGE was used.  No radioactive adduct was formed by sidechain labelled 
BADGE at the dose level of 0.4 mg/mouse but dose-related radioactivity appeared when 0.8-2 
mg/mouse were used..  However, when an epoxide hydrolase inhibitor was used concurrently, also 
0.4 mg/mouse caused some DNA labelling, indicating that at lower doses the epoxide hydrolase 
effectively inactivates BADGE before dealkylation occurs and therefore no glycidaldehyde is 
formed.  At higher doses the hydration becomes saturated and some dealkylation and 
glycidaldehyde formation can occur before hydration is complete (11). 
 
METABOLISM 
 
A summary of proposed metabolic pathways is given in Annex 1 
 
The nature of the urinary and faecal metabolites of labelled BADGE given orally as single dose (55 
mg/kg b.w.) to a group of 6 male CF1 mice and 715 mg/kg b.w. as single dose to 6 CD mice was 
investigated.  The major metabolic pathway was found to be hydrolytic cleavage by 
epoxidehydrolases of the epoxide rings in the sidechains to form the corresponding bis-diol, some 
8% of the dosis being excreted as free bis-diol or as conjugate.  The bis-diol was further 
metabolised by oxidation of one diol group to an α-hydroxy carboxylic acid (27% of the dose) and 
by decarboxylation to a carboxylic acid (15% of the dose). 
 
About 5% of the dose is converted by oxidative dealkylation to a phenoldiol with liberation of 
glyceraldehyde, which latter may then enter the carbon pool (12).  If the epoxide hydrolase has 
become saturated or is directly inhibited, oxidative dealkylation with formation of glycid- aldehyde 
can occur.  Liver microsomes of CF1 mice can produce about 1% phenoldiol in vitro in the 
presence of epoxide hydrolase inhibitors with simultaneous liberation of glycidaldehyde (11). Both 
the microsomal and cytosolic fractions of skin and liver of NMR1, C57BL6 and C3H mice contain 
epoxide hydrolase capable of hydrolysing BADGE (11). As the epoxide hydrolase activity for 
polycyclic aromatic hydrocarbons in liver and skin of man is greater than in mouse and rat 
metabolic deactivation of BADGE can also be expected in man (14,15). 
 
SUBACUTE/SUBCHRONIC TOXICITY WITH PURE BADGE 
 
Oral studies 
 
Groups of Fischer 344 rats were administered by gavage pure BADGE (>99%) as a suspension in 
Tween® 80 and methylcellulose at dose levels of 0, 50, 250, or 1000 mg/kg/day. The study was 
terminated after 14 weeks. Standard toxicologic parameters were evaluated on ten rats/sex/dose 
level. 
Progressive decreases in body weights and feed consumption occurred in males and females given 
250 or 1000 mg/kg/day. By the end of the study, body weights of males and females given 1000 
mg/kg/day were 19.2 and 10.9% lower than controls, respectively. Body weights of females given 
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50 mg/kg/day were 3.2% lower than controls, while body weights of males given 50 mg/kg/day 
were comparable to controls. Alterations in numerous haematology, clinical chemistry, urinalysis, 
and organ weights parameters occurred in rats given 250 or 1000 mg/kg/day. Some clinical 
chemistry and urinalysis alterations were indicative of renal toxicity. Clinical pathology alterations 
in rats given 50 mg/kg/day consisted of slightly decreased red blood cell count and haemoglobin 
concentration (females), slightly increased serum urea nitrogen (males), and increased cholesterol 
(both sexes), none of which were considered adverse effects.  
The only treatment-related gross pathologic observation was increased size of the caecum in males 
given 250 or 1000 mg/kg/day, and in females given 1000 mg/kg/day. Two males and one female 
given 1000 mg/kg/day that died prior to study termination had moderate or severe acute necrosis of 
renal proximal tubules. Treatment-related histopathologic effects in surviving animals given 250 
and/or 1000 mg/kg/day were noted in the adrenal glands, caecum, ileum, kidneys, liver, testes, and 
uterus. Males and females given 50 mg/kg/day had no treatment-related histopathologic effects 
(54). . 
 
Remark: This study was planned as a two-year chronic toxicity/oncogenicity study, which was 
terminated earlier due to excessive toxicity noted in rats given 250 and 1000 mg/kg b.w.  
 
Animals of the P0 generation of a 2-generation-reproduction study in Sprague-Dawley rats 
administered by gavage BADGE (specification 99.7%), suspended in 0.5% aqueous 
carboxymethylcellulose with 0.1% Tween 80, for 34 weeks at doses of 0, 50, 540 and 750 mg/kg 
b.w. were examined histopathologically together with 10 animals of the control group.  Some 41 
tissues were examined.  Local effects were observed more frequently in nasal tissue of high dose 
rats but were considered to be artefacts of the gavage administration method because they were 
neither uniform, symmetrical nor anatomically specific.  No other systemic effects attributable to 
the test material were noted particularly in the glandular and non-glandular stomach at all dose 
levels. 
 
Remark:  This supplementary study does not replace a full subchronic study but contributes 
information about oral exposure to pure BADGE over a period of 8.5 months (28). 
 
Dermal studies 
 
a) mouse 
 
In a 2-week study 5 groups of B3C5F1 male mice, 10 animals/group, received topically 50 µl of an 
acetone solution of DGEBPA (purity 99.65%) at concentrations of 0, 0.5%, 5%, 25%, 50% 
corresponding to about 0, 10, 100, 500, 1000 mg/kg b.w./application.  Half the animals in each 
group were treated either 3x/week or 5x/week.  Clinical behaviour and appearance were noted daily, 
body weight was measured weekly and the dermal site was scored daily.  General gross pathology 
and histopathology of the treated and untreated skin were performed.  No treatment-related systemic 
toxicity was observed. 
 
The incidence of epidermal hyperplasia was 0/10 in controls, moderate 3/10 at 500 mg/kg, moderate 
3/10 at 1000 mg/kg for 3x/week applications and 0/10 in controls, moderate 1/10 at 10 mg/kg, 
moderate 1/10 at 100 mg/kg, moderate 3/10 at 500 mg/kg, moderate 4/10 at 1000 mg/kg for 
5x/week applications.  Acute inflammation was seen for 3x/week applications 0/10 in controls, 
moderate 3/10 at 500 mg/kg and moderate 3/10 at 1000 mg/kg,  For 5x/week applications no acute 
inflammation was seen. No treatment-related effects on body weight and gross pathology were 
seen.  As active chronic dermatitis was seen at all dose levels whatever the dosing regime a NOEL 
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was not established. The study was carried out according to GLP but tables were not provided for 
independent evaluation of data (18). 
 
In a 13 week study in B6C3F1 mice groups of 10 males received topically 50 µl of an acetone 
solution of DGEBPA (99.65% pure) at concentrations of 0%, 0.05%, 0.5%, 5% corresponding to 
approximately 0, 1 mg/kg, 10 mg/kg 100 mg/kg b.w. 3x/week.  Animals were examined clinically 
and weighed weekly.  The treatment site was examined weekly.  Feed consumption and 
ophthalmology were performed.  Haematology and clinical chemistry were carried out on all dose 
groups.  Organ weights were determined for brain, liver, kidneys, heart and testes.  Histopathology 
of 47 tissues was carried out on the controls and the top dose animals, in the lower dose groups only 
liver, kidneys, lungs, treated and untreated skin were examined.  No treatment-related toxic 
systemic or eye effects were noted nor were there any changes in body weight and feed 
consumption.  Haematological and clinico-chemical parameters were comparable to controls.  Only 
liver weights of the 100 mg/kg dose group were increased without any accompanying histological 
changes. 
 
Epithelial hyperplasia and subacute inflammation at the test site were present in all treatment groups 
(0/10 controls, 9/10 in 1 mg/kg, 10/10 in 10 mg/kg and 10/10 in 100 mg/kg dose group).  Very 
slight parakeratosis (0/10 controls, 2/10 in 10 mg/kg, 3/10 in 100 mg/kg groups), spongiosis of 
follicles (0/10 controls, 4/10 in 1 mg/kg, 6/10 in 10 mg/kg, 10/10 in 100 mg/kg groups), subacute 
inflammation at test site (0/10 controls, 4/10 in 100 mg/kg groups) were seen.  The following 
alterations in untreated skin adjacent to the test site were noted: epithelial hyperplasia (0/10 
controls, 3/10 in 1 mg/kg, 6/10 in 10 mg/kg, 8/10 in 100 mg/kg groups), subacute inflammation 
(0/10 controls, 4/10 in 1 mg/kg, 7/10 in 10 mg/kg, 8/10 in 100 mg/kg groups), follicular spongiosis 
(0/10 in controls, 1/10 in 1 mg/kg, 3/10 in 10 mg/kg 7/10 in 100 mg/kg groups).  A NOEL for 
dermal effects could not be established (19). 
 
b) rat 
 
In a 2 week study in F344 rats 5 groups, each of 10 animals/sex, received topically 300 µl of an 
acetone solution of BADGE (purity 99.7%).  Male rats received solutions of 0%, 0.9%, 9%, 45% 
and 90% concentration  while female rats received solutions of 0%, 0.6%, 6%, 30% and 60% 
concentration equivalent to approximate dosages of 0, 10, 100, 500 and 1000 mg/kg b.w. per group.  
Each dose group was subdivided and received either 3 applications or 5 applications/week.  The 
study was carried out according to GLP.  Clinical appearance and behaviour were observed daily.  
Body weights were recorded prior to treatment and then weekly.  The unspecified dermal test site, 
assumed dorsal, was evaluated daily.  Irritation scores at the test site, gross and histopathology of 
treated and untreated skin were performed at the end of 2 weeks.  No signs of systemic treatment-
related toxicity were noted in any group. Female rats of the top dose , whether treated 3x or 
5x/week, had a statistically significant lower body weight after 2 weeks. 
 
Animals receiving 3 applications/week had a combined (f+m) incidence of epidermal hyperplasia as 
follows:  3/20 controls, 7/20 at 10 mg/kg, 5/20 at 100 mg/kg, 10/20 at 500 mg/kg, 9/20 at 1000 
mg/kg.  Hyperplasia degree scores were slight or very slight except for 2 moderate scores at 1000 
mg/kg.  Females had no hyperplasia at 10 mg/kg.  The combined incidence of chronic inflammation 
was as follows: 0/20 controls, 0/20 at 10 mg/kg, 2/20 at 100 mg/kg, 6/20 at 500 mg/kg, 9/20 at 1000 
mg/kg.  All inflammation scores were slight to very slight.  Animals receiving 5 applications/week 
had a combined (f+m) incidence of epidermal hyperplasia as follows: 5/20 controls, 6/20 at 10 
mg/kg, 8/20 at 100 mg/kg, 9/20 at 500 mg/kg, 9/20 at 1000 mg/kg.  All hyperplasia scores were 
slight to very slight except for 4 moderate scores at 1000 mg/kg.  The combined incidence of 
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chronic inflammation was as follows: 1/20 controls, 0/20 at 10 mg/kg, 2/20 at 100 mg/kg, 7/20 at 
500 mg/kg and 8/20 at 1000 mg/kg.  All  inflammation scores were slight or very slight.  No gross 
pathological effects were noted.  Histopathology showed chronic active dermatitis at all dose levels 
regardless of application regime.  A NOEL for epidermal hyperplasia could not be determined.  The 
NOEL for dermal irritation was 10 mg/kg for males and 100 mg/kg for females.  The study was 
carried out according to GLP  As no tables were included the data could not be evaluated 
independently (16). 
 
In a 13-week study in F344 rats 4 groups, each containing 10 animals/sex, received topically 300 µl 
of an acetone solutions of BADGE (purity 99.65%) at concentrations of 0%, 0.9%, 9%, 90% for 
males and 0%, 0.6%, 6%, 60% for females, equivalent to approximate doses of 0, 10, 100, 1000 
mg/kg b.w. per application.  Each dose group was treated 5x/week.  A satellite group of 10 female 
rats received 1000 mg/kg b.w. 3x/week.  The observations included weekly clinical examination, 
weekly body weight, frequent dermal test site evaluation, feed consumption, ophthalmology, 
haematology and clinical chemistry (week 0, 6, 13), urinalysis (week 0, 5, 12) except the satellite 
group, organ weights (brain, liver, kidneys, heart, adrenals, testes, ovaries), gross pathology of all 
animals, histopathology of 53 tissues of controls and 1000 mg/kg b.w. group and of adrenals and 
skin (treated and distant site) of the satellite group and of liver, kidneys, lung, treated and untreated 
skin, testes, epididymis of males in the lower dose groups.  Testes were examined for the presence 
of all stages of spermatogenesis.  No signs of treatment-related systemic toxicity or 
ophthalmological anomalies  were observed.  Body weight and body weight gain were decreased in 
males (7%) and females (6%) of the 1000 mg/kg b.w. dose. and a slightly decreased body weight in 
the satellite females.  Feed consumption was slightly decreased in top dose males and females.  
Haematocrit, RBC and Hb were decreased significantly in males only of the 10 and 1000 mg/kg 
b.w.doses, no treatment-related changes were noted in females. Increased urinary protein was seen 
in some males at all dose levels but none in females.  Serum cholesterol was significantly and dose-
relatedly increased in all male dose groups and in females of the 100 and 1000 mg/kg dose groups.  
There were isolated changes in other parameters but none dose-related or consistent.  The relative 
adrenal, heart and kidney weights were decreased and testes weight increased in males of the top 
dose.  Relative adrenal weight was decreased in females of the 100 and 1000 mg/kg dose, and brain 
and liver weight were increased in the female top dose and the satellite group.  No treatment-related 
gross or histopathological changes were noted in any test group. 
 
The dermal histopathology (males and females combined) showed very slight erythema in top dose 
males, epithelial hyperplasia 2/20 controls, 5/20 at 10 mg/kg, 15/20 at 100 mg/kg, 18/20 at 1000 
mg/kg with degree scores slight to very slight except for 2 moderate scores at 1000 mg/kg, chronic 
inflammation 0/20 controls, 0/20 at 10 mg/kg, 2/20 at 100 mg/kg, 18/20 at 1000 mg/kg, all degree 
scores were slight or very slight, epidermal spongiosis occurred only in 4/10 males at 1000 mg/kg, 
spongiosis of follicles only in 2/10 males at 100 mg/kg.  The study was carried out according to 
GLP.  No NOEL was observed for dermal effects (17). 
 
In a similar study designed to evaluate the neurotoxicity potential of dermally applied BADGE four 
groups, each of 12 F344 rats/sex/group, were treated for 13 weeks with 300 µl of an acetone 
solution of BADGE (specification 99.7% purity) 5x/week at doses of 0%, 0.9%, 9% and 90% for 
males and 0%, 0.6%, 6%, and 60% for females, corresponding to 0, 10 mg/kg., 100 mg/kg, 1000 
mg/kg b.w./application.  Animals were examined clinically, body weight determined weekly, 
ophthalmology before treatment.  A functional observational battery (hand-held observation, open 
field, rectal temperature, grip performance, landing foot splay) was conducted under red light 
conditions predosing and at 4 week intervals.  Motor activity was determined in special cages 
predosing and again at 4 week intervals.  Electrodiagnostic tests using implanted epidural electrodes 
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were carried out on 6 (1000 mg/kg), 5 (100 mg/kg), 4 (10 mg/kg) 9 (controls) males and on 7 
females in each dose group.  The parameters determined were low and medium intensity flash-
evoked potentials, auditory brainstem responses to clicks and tone pips, somatosensory evoked 
cerebral sensory cortical and cerebellar vermis potentials, caudal nerve action potentials.  Male 
control and high dose rats were reexamined for caudal nerve action potentials after 2 and 4 weeks 
recovery using 2 different recording sites.  After 13 weeks and electrodiagnostic testing 5 
rats/sex/group were examined for gross and histopathology (brain, trigeminal ganglia and nerve, 
pituitary, eyes and optic nerve, spinal cord, nasal olfactory epithelium, 2 different skeletal muscles).  
The remaining 7 rats/sex/group were kept for 1 month recovery.  No treatment-related clinical 
effects were noted.  No treatment-related dermal irritation was observed at any dose.  Body weight 
gain was reduced in males and females of the 1000 mg/kg b.w. dose throughout the study. 
 
The functional observational battery results were comparable in all groups in all parameters 
determined.  Females of the 1000 mg/kg dose group showed increased urination at week 13 
compared to controls.  Motor activity and rectal temperatures showed no treatment-related effects.  
The electrodiagnostic tests showed no treatment-related effects for optic, acoustic and 
somatosensory parameters.  Caudal nerve action potentials in response to single or pairs of stimuli 
showed a slower waveform in both sexes at the 1000 mg/kg dose, significant only in males.  Partial 
recovery of the decrease occurred but slight delay persisted in males up to the 4th week of recovery.  
As the second response from paired stimuli showed no slower recovery no true treatment-related 
neurotoxicity of peripheral nerves could be established.  No treatment-related gross or 
histopathological lesions were noted particularly in sural and tibial nerves nor in the ascending 
dorsal column fibres.  There was no reduced sensitivity to tail touch and pinching response.  There 
was no correlation between grip performance, landing foot splay and slow nerve conduction.  The 
reason for the slowing in conduction remains unclear but the latter on its own is not evidence for a 
peripheral neuropathy.  The study was carried out according to GLP.  The NOEL for neurotoxicity 
was 100 mg/kg b.w./application for males and females because of increased urination in females 
and delayed caudal nerve action potentials at 1000 mg/kg b.w. in both sexes and decreased body 
weight gain in both sexes at 1000 mg/kg b.w (36). 
 
SUBACUTE/SUBCHRONIC STUDIES WITH TECHNICAL BADGE 
 
Oral studies 
 
In a 28-day study in 4 groups each of 5 male and 5 female RAIf (SPF) rats were administered daily 
TK 10490 (Araldite GY250, containing 80%-85% monomer,<10 ppm epichlorhydrin,<5 ppm 
bisphenol A) suspended in freshly prepared 0.5% carboxymethylcellulose with 0.1% Tween 80, by 
gavage at doses of 0, 50, 200 and 1000 mg/kg b.w.  Body weight was similar to controls except for 
the males of the 1000 mg/kg dose.  Food consumption and water consumption were comparable to 
controls.  There were no death and no signs of clinical toxicity and no treatment related effects on 
ophthalmology or hearing.  Haematological findings were comparable to controls.  Clinical 
chemical findings were comparable to controls except that the A/G ratio was reduced for the 1000 
mg/kg group.  The organ weights of brain, liver, kidneys, adrenals and gonads were comparable to 
controls.  Histopathology of 37 organs showed slight nephrocalcinosis in all groups including 
controls.  The NOEL was 200 mg/kg b.w. (20). 
 
Rats were fed BADGE (specification unknown) in their diet for 90 days at concentrations up to 3% 
(1500 mg/kg b.w.).  At that dose rats refused the diet and failed to gain weight showing at terminal 
examination gross and histopathological signs of malnutrition.  There was no evidence of systemic 
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toxicity at any other diet level.  Details of this study were not supplied and it can therefore not be 
interpreted or evaluated (21). 
 
Groups of 10 male Long-Evans rats were fed BADGE (EPON 828, av. Mw 350 or EPON 1001, av. 
Mw 900, specification unknown) in their diet at 0.2%, 1% and 5% for 26 weeks.  Clinical signs, 
body weights, gross and histopathology of 12 organs, organ weight of liver and kidneys were 
recorded.  All rats given EPON 828 at 5% died at the end of week 2, weight gain was reduced at 1% 
and kidney weight was increased at 0.2% and 1%.  No changes were seen with EPON 1001.  All 
rats in the highest dose group (2500 mg/kg b.w.) had died by the end of week 20.  Gross and 
histopathology did not reveal any systemic toxicity at any dose (100 and 500 mg/kg b.w.).  Details 
of this study were not supplied and it can therefore not be interpreted or evaluated (22). 
 
REPRODUCTIVE TOXICITY INCLUDING TERATOGENICITY STUDIES WITH PURE 
BADGE 
 
Oral studies 
 
A two-generation reproduction was carried out in Sprague-Dawley rats using BADGE (purity 
99.7%).  Four groups, each of 30 animals/sex , were given by gavage doses of 0, 50; 540; 750 
mg/kg b.w./day of BADGE in freshly prepared 0.5% aqueous carboxymethylcellulose with 0.1% 
Tween 80.  P0 males and females were treated for 14 weeks prior to mating, during mating, 
gestation and to weaning.  The parent generation was bred  twice to produce an F1a and F1b 
generation.  Thirty males and 30 females were selected from the F1b generation as the P1 
generation and given by gavage the same dose levels for 12 weeks prior to mating and subsequently 
to weaning of the F2 generation.  Body weight, food consumption, clinical observations, mating 
performance, gross and histopathology of the adults and growth and survival of offsprings were 
recorded.  Body weights of adult males of P0 and P1 given 540 mg/kg and 750mg/kg were reduced 
by 8-11%.  Body weights of females of P0 and P1 were reduced at the 750 mg/kg b.w. dose only.  
In males relative liver and kidney weights were significantly higher at 750 mg/kg.  In females 
increases in relative kidney weights at 750 and relative liver weights from 540 mg/kg b.w. onwards 
(dose-related?) were observed. Histopathology showed an increased incidence of mineralization of 
the renal pelvic epithelium in P0 males and females at 540 and 750 mg/kg (dose-related?) but none 
in the P1 adults.  P0 males also showed an increased incidence of renal pelvic epithelial hyperplasia 
at 750 mg/kg only, not found in the P1 males.  All other systemic reproductive and litter parameters 
showed no treatment-related changes.  The study was carried out according to GLP.  The NOEL for 
systemic effects in males and females was 50 mg/kg b.w., for reproductive effects it was 750 mg/kg 
b.w. (27). 
 
Dermal studies 
 
Groups of 26 inseminated female New Zealand White rabbits received 0, 30 mg/kg, 100 mg/kg, 300 
mg/kg b.w. of a solution of  BADGE (99.1% purity) in PG400 topically under an occlusive patch 
daily from day 6-18 of gestation.  The control group received the solvent PG400 only.  As BADGE 
was not removed from the application site after 6 hour exposure minimal oral exposure cannot be 
excluded.  All animals were killed on day 28 of pregnancy and examined for corpora lutea, 
implantation sites, survival of foetuses, and the usual foetal parameters.  Half of each litter was 
examined for soft tissue abnormalities, the other half was examined for skeletal abnormalities.  One 
control rabbit died and 2 control rabbits aborted.  All animals showed dose-related increases in skin 
lesions such as erythema, exfoliation/fissuring, haemorrhage and oedema at the application site.  At 
the top dose 11/26 showed multifocal dermal haemorrhages, at the lowest dose only erythema was 
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noted in 3 rabbits and no fissuring, oedema or haemorrhages.  Body weight gain and liver weight 
were not affected by treatment.  The pregnancy rate of the 30 mg/kg dose group was reduced.  
There were no other changes in reproductive parameters, no significant treatment-related increase in 
foetal malformations, which were all known to occur in historical controls.  There was increased 
dose-related maternal dermal toxicity for which the NOEL was 30 mg/kg b.w. but no systemic 
toxicity.  The NOEL for foetal toxicity was 300 mg/kg b.w., the highest level tested.  The study was 
conducted according to GLP (23). 
 
REPRODUCTIVE TOXICITY INCLUDING TERATOGENICITY STUDIES WITH 
TECHNICAL BADGE 
 
Oral studies 
 
A one-generation-reproduction study in CD(SD)BRVAF/plus rats was carried out with groups of 24 
males and 24 females using doses of 0, 20 mg/kg, 60 mg/kg, 180 mg/kg, 540 mg/kg b.w./day by 
gavage of Araldite CY 250 also known as TK 10490 (specification 80-85% monomer, 
epichlorhydrin<10 ppm, Bisphenol A<5ppm) suspended in freshly prepared 0.5% aqueous 
carboxymethyl-cellulose with 0.1% Tween 80.  Male rats were treated for 10 weeks prior to mating 
and throughout the 20-day mating period up to the female sacrifice for about 130 days.  Females 
were treated for 2 weeks before and through the mating period till termination.  All females reared 
their offspring to the end of weaning.  Pups were weighed at day 4 post-partum and litters culled 
where possible to 4 pups/sex.  All pups were examined for surface righting reflex, startle reflex, air 
righting reflex and pupil reflex, reared to day 21 post-partum and then examined grossly..  The F0 
generation was examined for body weight changes, food and water consumption, pregnancy rate, 
mating performance, organ weights (heart, kidneys, liver, lungs, ovaries, prostate, testes, 
epididymis, spleen, thymus) and histopathology of the reproductive organs.  In the controls and top 
dose group the alimentary tract was also examined.  Two males of the 180 mg dose group died.  
Water consumption showed no treatment-related effects.  Food consumption of males was similar to 
controls, but there was a marginal reduction in females at 540 and 180 mg dose and from day 1-13 
post-partum in all treated dams.  Body weight of all 540 dose males was significantly reduced 
throughout but no adverse effects were seen in females.  Mating performance and pregnancy rate 
were unaffected by treatment.  The relative liver weight of males at 540, 180 and 60 mg was 
statistically significantly reduced but the reductions showed no dose-relationship.  Pup weight was 
slightly reduced at 540 mg and the air righting reflex delayed at 540 mg/kg and 180 mg/kg.  There 
were no treatment-related effects on fertility index, litter size and post-partum survival.  
Histopathology of reproductive organs and alimentary tract showed no treatment-related changes.  
The study was carried out according to GLP but the available report included no tables, therefore 
independent evaluation was not possible .  The NOEL could be established at 20 mg/kg b.w. 
Because the relative liver weight of males was only marginally reduced at 60 mg/kg b.w. a NOAEL 
could be established at 60 mg/kg b.w. (24). 
 
A teratology study was carried out with TK 10490 (specification as above) in groups of 25 pregnant 
CrL:COBS CD(SD) BR rats using doses of 0, 60 mg/kg, 180 mg/kg, 540 mg/kg b.w./day/group, 
suspended in freshly prepared 0.5% aqueous carboxymethylcellulose with 0.1% Tween 80, 
administered by gavage on days 6-15 of gestation.  All animals were killed on day 20 of gestation.  
The only treatment-related finding was some maternal toxicity at 540 mg/kg evidenced by 
significantly reduced body weight gain and salivation by all animals for 5 days.  At 180 mg/kg only 
an occasional animal salivated for 1-4 days and body weight was only marginally lowered.  No 
adverse maternal effects were seen at 60 mg/kg b.w.  There were no treatment-related effects on 
litter size, pre- and postimplantation losses, litter and foetal weights and no increase in 
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malformations, visceral or skeletal anomalies.  The study was carried out according to GLP but the 
available report did not include any tables, therefore independent evaluation was not possible.  The 
NOEL was 60 mg/kg b.w. (25). 
 
Another teratology study was carried out with TK 10490 (specification as above) in groups of 18 
New Zealand White rabbits dosed with 0, 20 mg/kg, 60 mg/kg, 180 mg/kg b.w./day of a freshly 
prepared 0.5% aqueous suspension in carboxymethylcellulose with 0.1% Tween 80 by gavage on 
days 7-19 of gestation.  All animals were killed on day 29 of gestation.  Body weight, food 
consumption, water consumption, corpora lutea, pup survival, early and late embryonal and foetal 
deaths, and foetal weights were determined.  Maternal toxicity was shown by significantly reduced 
body weight gain at 180 mg/kg.  Food consumption was significantly reduced at 180 mg/kg and 60 
mg/kg (dose-related?).  There were no treatment-related effects on pregnancy rate, litter data, foetal 
weight and incidence of malformations.  Pre-implantation losses were slightly higher at 180 mg/kg 
and post-implantation losses slightly higher in all treatment groups without any dose-relationship.  
The study was carried out according to GLP but no tables were provided, therefore independent 
evaluation was not possible.  The NOEL appeared to be 20 mg/kg b.w.(26). 
 
CHRONIC TOXICITY/CARCINOGENICITY STUDIES WITH PURE BADGE 
 
Oral administration 
 
Groups of 65 male and 65 female Fischer 344 rats were dosed by oral gavage with pure BADGE 
(>99%) suspended in a Tween� 80 and methylcellulose at dose levels of 0 (controls), 2, 15, or 100 
mg/kg/day for up to two years. Ten rats/sex/dose level were necropsied after one year of treatment 
(chronic toxicity group), and 50 rats/sex/dose level were dosed for up to two years (oncogenicity 
group). Daily examinations and periodic body weight and feed consumption were monitored 
throughout the study. Clinical pathology examinations (haematology, clinical chemistry, 
electrolytes, and urinalysis) were conducted at regular intervals throughout the study. Ophthalmic 
examinations were conducted on all rats prestudy and all surviving rats prior to the scheduled 
necropsies. Histopathological examination of an extensive set of organs was performed on all 
control and high-dose level rats and all rats removed from the study early. Histopathological 
examination of survivors from the low and intermediate dose levels was limited to the liver, 
kidneys, lungs, spleen, and relevant gross lesions. The study was performed in compliance with 
Good laboratory Practice, following the OECD guideline 453 on chronic toxicity/carcinogenicity 
studies. 
Results:  


Mortality: after 24 months, there were no statistically significant differences in mortality among 
study groups.  
Body weight: males given 15 or 100 mg/kg/day had treatment-related statistically significant 
decreases in body weights and body weight gains. After one year of dosing, body weight gains for 
males given 15 or 100 mg/kg/day were 4.0% and 12.9% lower than controls. At study termination  
body weights of the males given 15 or 100 mg/kg/day were 3.5% and 7.4% lower than controls, 
respectively. There were no treatment-related effects on body weights of males given 2 mg/kg/day 
nor of females from any dose group.  
Clinical chemistry: males given 100 mg/kg/day and females given 15 or 100 mg/kg/day had 
treatment-related, statistically significant increases in serum cholesterol after 3 and 12 months of 
BADGE administration. In addition, there was a treatment-related, non-statistically identified 
increase in serum cholesterol of males given 100 mg/kg/day at 24 months.  
Haematology, urinalysis, electrolytes: no treatment related alteration. 
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Anatomic pathology: males and females given 100 mg/kg/day had treatment-related, statistically 
significant increases in cecal size and weight. There were no histopathologic alterations in the 
enlarged caecums. The cecal enlargement was interpreted to be non-adverse, and reflective only of 
a physiologic adaptive change in the caecum. Males given 100 mg/kg/day also had a treatment-
related, statistically significant decreases in absolute and relative spleen weights. Very slight 
atrophy of the red pulp of the spleen was noted in these animals, and interpreted to be reflective of 
lower body weight gain rather than a primary toxic effect. 
No increase in neoplasms was observed in either male or female rats at any dose level. Tumor 
findings at 24 months are summarized in the Table below. 


Conclusions: BADGE did not show oncogenic potential under the conditions of this study Based on 
lower body weights of males given 15 mg/kg/day, and higher serum cholesterol concentrations in 
females given 15 mg/kg/day, the no-observed-effect level (NOEL) was 2 mg/kg/day. However 
since these alterations and the cecal enlargement are not considered detrimental effects, based on 
the effect on spleen weight and pulp atrophy, the no-observed-adverse effect level (NOAEL) for 
males was set at 15 mg/kg/day. The NOAEL for females was 100 mg/kg/day. (55) 
 
 
 
Two-year gavage chronic toxicity/oncogenicity study with pure BADGE in Fisher 344 rats – 
Summary of tumors – 24 months 
 males females 


dose 0 2 15 100 0 2 15 100 
Number of animals on study 55 55 55 55 55 55 55 55 


         
Neoplastic findings         


         
Adrenal glands         


Adenomas, pheochromocytomas, benign 10 1 1 3 0 1 2 3 
Pheochromocytomas, malign 0 0 0 1 0 0 0 1 
         
Brain         


Hemangioma, benign 0 0 0 0 0 0 0 1 
Astrocytoma, oligodendroglioma, malign 2 0 0 0 0 1 0 1 
         
Cervix         


Carcinomas and stromal cell sarcomas - - - - 2 0 0 1 
         
Colon         


Adenocarcinoma 0 0 0 1 0 0 0 0 
         
Hematopoietic/lymphoid system         
Leukemia 19 19 15 10 8 14 11 9 
Lymphosarcoma 0 0 0 0 1 0 0 0 
         
Jejunum         
Leiomyosarcoma 0 0 0 0 0 1 0 0 
         
Kidneys         
Adenoma 0 0 0  1  0 0 
Hemangiosarcoma 0 0 1 0 0 0 0 0 
Squamous cell carcinoma 0 1 0 0 0 0 0 0 
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Two-year gavage chronic toxicity/oncogenicity study with pure BADGE in Fisher 344 rats – 
Summary of tumors – 24 months 


 males females 
dose 0 2 15 100 0 2 15 100 


Number of animals on study 55 55 55 55 55 55 55 55 
         


Liver         
Adenoma,  1 2 0 3 0 5 4 1 
Carcinoma, malignant without metastasis 0 0 0 0 1 0 0 0 
Hemangiosarcoma, malignant without metastasis 0 0 0 0 1 0 0 0 
         
Lung         
Pheochromocytoma, malignant 0 0 0 0 0 0 0 1 
Adenoma, benign 1 2 3 0 0 0 0 2 
Fibrosarcoma, malign 1 0 0 0 0 1 0 0 
Squamous cell carcinoma 0 0 0 1 0 0 0 0 
         
Lymph node         
Stromal cell sarcoma, malignant 0 0 0 0 0 1 0 0 
Adenocarcinoma malignant 0 0 0 0 0 0 0 1 
         
Mammary gland         
Adenocarcinoma, malignant 0 0 1 0 - 1 - 1 
Fibroadenoma, benign 1 0 0 0 11 12 7 6 
         
Mesenteric tissue         
Osteosarcoma, malignant 0 1 0 0 0 0 0 0 
         
Pancreas         
Adenoma 6 5 1 11 1 0 0 1 
Carcinomas  0 0 1 1 0 0 0 0 
         
Preputial/clitoral gland         
Carcinoma, malignant 0 0 3 0 0 1 2 1 
         
Prostate         
Adenocarcinoma, malignant (primary and secondary) 2 1 0 1 - - - - 
         
Rectum         
Adenocarcinoma, malignant (primary) 0 0 0 1 0 0 0 0 
         
Seminal vesicles         
Adenocarcinoma, malignant 0 0 0 1 - - - - 
         
Skeletal muscle         
Histiocytic sarcoma 0 0 0 0 0 1 0 0 
         
Skin and subcutis         
Benign tumors (all) 6 6 4 5 0 1 1 2 
Malign tumors (all) 2 4 2 3 1 1 1 4 
         
Stomach         
Lipoma, benign 0 0  1 0 0 0 0 
         
Testes         
Interstizial cell adenoma 45 40 48 38 - - - - 
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Two-year gavage chronic toxicity/oncogenicity study with pure BADGE in Fisher 344 rats – 
Summary of tumors – 24 months 


dose 0 2 15 100 0 2 15 100 
Number of animals on study 55 55 55 55 55 55 55 55 


         
Thyroid gland         
Adenomas 7 6 1 11 9 0 2 7 
Carcinomas 0 1 4 0 0 1 0 0 
         
Tongue         
Squamous cell carcinoma 0 0 0 1 0 0 0 0 
         
Uterus         
Benign tumors - - - - 12 14 13 17 
Malign tumors (adenocarcinomas, carcinomas, sarcomas) - - - - 2 3 1 0 
 
Dermal administration 
 
a) mouse 
 
BADGE (purity >99%) was used as part of a complex dermal carcinogenicity study in CF1 mice.  
This strain was selected because of its known sensitivity to dermally applied direct alkylating 
agents.  Groups of 50 male and 50 female mice were treated twice weekly topically with 0.2 ml of 
either a 1% or 10% solution of pure BADGE in acetone for 103 weeks.  The study included a 
solvent group of 100 males and 100 females and a positive control group of 50 males and 50 
females treated with a 2% solution of ß-propiolactone in acetone.  Survival of treated mice was 
comparable to controls (Annex 2, Table 1).  The aetiology of deaths and terminal illnesses was not 
influenced by treatment.  There was mild irritation of the skin more in males than females.  The 
incidence of benign and malignant skin tumours was very low in the controls and both test groups 
but hígh in the positive control groups.  The test substance had no significant effect on this 
parameter (Annex 2, Table 2).  There was no treatment-related effect on the number of mice bearing 
systemic tumours (Annex 2, Table 3).  The predominant tumour sites were the lungs and 
lymphoreticular tissues in both males and females.  Their incidences in the test groups were 
comparable to that of the controls.  However for female mice the incidence of thymic 
lymphosarcomas among the lymphoreticular tumours showed a significant trend for an increase 
(Annex 2, Table 4) (29). 
 
Another two year study with BADGE (purity 99.3%) was carried out in male B6C3F1 mice. Doses 
of 0, 0.1 mg/kg b.w., 10 mg/kg b.w., 100 mg/kg b.w. dissolved in 50 µL acetone were used.  Three 
applications per week to unoccluded dorsal skin areas were used on groups of 70 male mice per 
dose.  Twenty mice in each dose group were sacrificed at the end of 12 months, the remaining 50 
mice were treated for another 12 months.  No systemic toxicity was noted, no differences in body 
weight from controls were seen at any dose level.  There was no effect of treatment on food 
consumption, haematology and clinical chemistry.  There was no adverse effect on organ weights 
except for a lower relative liver weight of the lowest dose group.  There were no treatment-related 
histopathological changes except for findings in the skin at the treatment sites.  The dermal changes 
noted in the animals killed at 12 months were present to a more severe degree in the survivors at 24 
months.  These were epidermal hyperplasia, chronic inflammation of the dermis, epidermal ulcers 
and epidermal crusts. 
 
                lesion  10mg/kg bw after 12 months 100mg/kg bw after 12 months 
    epidermal hyperplasia                  20%                  40% 
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    dermal inflammation                    5%                   25% 
  10mg/kg bw after 24 months 100mg/kg bw after 24 months 
    epidermal hyperplasia                   79%                   73% 
    dermal inflammation                   79%                   82% 
  10mg/kg bw after 24 months 100mg/kg bw after 24 months 
   focal epidermal ulcers                   6/47                    5/49 
   epidermal crusts                   17/47                    7/49 
 
One single squamous cell carcinoma occurred in the 10 mg/kg b.w. dose group.  There was no 
increase in any other neoplasms in any of the dose groups.  Thus the dermal NOEL was 0.1 mg/kg 
b.w. and the NOEL for systemic toxicity was 100 mg/kg b.w. (35,47). 
 
b) rat 
 
BADGE of purity 99.3% was applied to a dorsal area of female F344 rats as a solution in acetone at 
the dose levels of 0, 1 mg/kg b.w., 100 mg/kg b.w., 1000 mg/kg b.w., contained in 300 
µL/application, 5 applications/week for 2 years.  The test areas remained unoccluded.  Female rats 
were chosen because of the high background incidence of testicular tumours in F344 rats and the 
possibility, that the testis may be a target tissue.  Groups of 70 rats were used per dose, of which 20 
were sacrificed after 12 months and the remaining 50 after 24 months.  The only clinical 
observation was an increased incidence of periocular and perianal soiling in the top dose group.  
Mortality was as follows: controls 14/50, 1 mg/kg 12/50, 100 mg/kg 18/50, 1000 mg/kg 12/50.  
Body weight gain was lower (10%) only in the top dose group in the earlier weeks but was 
comparable to controls at the end of the study. Haematology and urinalysis showed no treatment-
related changes in any test group.  Biochemical parameters showed an increase in ALT, AST and 
especially AP throughout the study in the top dose group.  Serum bilirubin was raised slightly in the 
100 and 1000 mg/kg dose groups.  Other biochemical changes were inconsistent, not dose-related, 
within the range of historical values and were therefore regarded as of no biological significance.  
The observed organ weight changes were inconsistent, not associated with histopathological 
findings and therefore not considered treatment-related except for increased liver weight in the 1000 
mg/kg dose group.  Histopathology showed centrilobular hepatocyte hypertrophy at the top dose 
and an increased number of basophilic and eosinophilic foci of cellular alteration at the 100 mg/kg 
and 1000 mg/kg dose levels.  There were no treatment related skin effects at the application sites 
except for slight epithelial hyperplasia, spongiosis of the dermis and chronic inflammation at the 2 
highest dose levels.  The observed increased incidence of squamous cell carcinomas of lip, gingiva, 
hard palate and tongue all seemed to be associated with the presence of hair due to grooming.  Their 
incidence was as follows: controls 0/50, 1 mg/kg 1/50, 100 mg/kg 4/50, 1000 mg/kg 2/50.  The 
authors considered these lesions not to demonstrate a carcinogenic effect of BADGE but to be 
secondary to hairs as foreign bodies.  There were no primary tumours at the skin test sites.  The 
NOEL was 1 mg/kg b.w. (35,48). 
 
CHRONIC TOXICITY/CARCINOGENICITY STUDIES WITH TECHNICAL BADGE 
 
Oral administration 
 
Dietary feeding of Heston strain A mice for 16 weeks with EPON 828 (specification not known) at 
a concentration of 0.2% had no influence on the incidence of pulmonary adenomas  induced by 
previous injection of 20-methylcholanthrene.  Feeding EPON 828 at 0.2% in the diet to non-
induced mice for 11 months had no effect on the incidence of pulmonary adenomata.  No other 
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organs were examined for tumour occurrence.  This study does not appear to meet modern 
standards with respect to definition of the test substance, the test protocol and documentation.  The 
original report was not supplied  The study is therefore unusable for assessment of the carcinogenic 
potential of technical BADGE (30). 
 
Subcutaneous administration 
 
Groups of 30 Long-Evans rats received 3 weekly subcutaneous injections of EPON 828 
(specification not known) in propylene glycol to a total dose of 2.58 g/kg b.w., or propylene glycol 
alone or 1,2,5,6-dibenzanthracene as positive control.  After 2 years there were 4 fibrosarcomas at 
the injection site in the EPON-treated animals and 17 malignant sarcomas or fibrosarcomas at the 
site of the positive control injection.  None were reported in the solvent control site.  This study 
does not appear to meet modern standards with respect to definition of the test substance nor is the 
test protocol considered acceptable for assessing the carcinogenic potential of technical BADGE.  
The study is therefore unusable for that purpose (30) 
 
Intraperitoneal administration 
 
Groups of 30 Heston strain mice were given 3 intraperitoneal injections of technical BADGE 
(specification not known) on 3 alternate days to a total dose of 4g/kg.  No increase in the incidence 
of pulmonary adenomata was noted in treated animals.  This study does not appear to meet modern 
standards with respect to definition of the test substance nor is the protocol considered acceptable 
for assessing the carcinogenic potential of technical BADGE.  The study Pure BADGE (purity 
>99%) was used as part of a more complex dermal carcinogenicity study in CF1 mice.  A group of 
50 male and 50 female mice was treated twice weekly topically with 0.2 ml is therefore unusable 
for that purpose (30). 
 
Dermal administration 
 
Several older studies  using dermal application of technical BADGE do not correspond to modern 
requirements as regards precise specification of the test substance, test protocols and their conduct 
as well as availability of documentation of the results.  They were therefore not evaluated in this 
review, being unsuitable for the assessment of the carcinogenic potential of technical BADGE 
(22,31)  Some of the studies were also carried out with BADGE products which no longer 
correspond to present day material (31). 
 
Groups of 30-40 C3H mice were treated 3x/week with one brushful undiluted technical BADGE 
(specification not known) in one experiment for 23 months and in another experiment for 27 
months.  1 skin papilloma was found after 16 months.  This study cannot be used for assessing the 
carcinogenic potential of technical BADGE (32). 
 
Groups of 40 male and 40 female C3Hf/Bd mice and groups of 20 male and 20 female C57BL/6Bd 
mice were treated topically 3x/week with technical BADGE (90% monomer, 10% epoxidised 
polyglycol of Mw>500, small amounts of phenylglycidyl ether and 1476 ppm epichlorhydrin).  This 
material was applied as a 50% acetone solution 3x/week at a dose of 15 or 75 mg/animal/week for 2 
years.  Body weight, mortality,some haematology, some clinical chemistry and time to appearance 
of skin tumours was recorded.  There was an initial transient inflammatory dermal response but no 
treatment-related mortality. Male body weight of C57BL/6Bd mice was significantly reduced after 
24/12..  Haematology showed only an age related reduction in RBC, Hb and HCT.  Plasma total 
protein increased with age in males and females but no consistent trend appeared in the clinical 
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chemical data.  There was no difference in mortality and no non-epidermal tumours appeared in 
both strains.  No skin neoplasms were induced in C3Hf/Bd mice but the C57BL/6Bd strain mice  
showed a non-significantly increased incidence of skin tumours.  This study was not carried out 
according to GLP and is therefore difficult to interprete in view of the composition of the test 
substance (31). 
 
Groups of 40 male and 40 female C3Hf/Bd mice were treated 5x/week for 2 years with 75 mg/week 
with different solutions of 3 types of technical BADGE (Specification 78%-96% monomer, 2%-4% 
diol, 0-11% oligomers, 3-29 ppm epichlorhydrin, 0-220 ppm phenylglycidyl ether).  There was 
increased systemic mortality in females.  Body weight, haematology and clinico-chemical 
parameters were not affected.  No skin tumours were noted.  This study was not carried out 
according to GLP and only a draft report was available.  It is therefore difficult to interprete (33) 
 
A recent study in CF1 mice of complex design involved both pure and 2 types of technical BADGE.  
Groups of 50 males and 50 females were treated topically with 0.2 ml of an acetone solution 
containing either 1% or 10% of either one of 2 types of technical BADGE (EPON 828 containing 
29 ppm epichlorhydrin and EPIKOTE 828 containing 3 ppm epichlorhydrin) 2x/week for 2 years.  
An acetone control group of 100 males and 100 females as well as a positive control group of 50 
males and 50 females using 2% ß-propiolactone were also included.  All tumours found at the 
treated and distant skin sites were examined histologically.  A full histopathology of additional 19 
tissues was performed.  Survival of treated mice was comparable to that of the vehicle controls 
(Annex 3, Table 5).  Cutaneous irritation at the site of application was found in the test and vehicle 
control groups including some scabbing and mild ulceration.  The incidence of skin and 
subcuticular tumours was low at both the application and remote skin sites except for the positive 
control group which showed the expected response of increased tumour yield (Appendix 3, Table 
6).  The incidence of systemic tumours was generally comparable but slightly increased dose-
relatedly in males treated with EPON 828 and females with EPIKOTE 828 (Appendix 3, Table 7).  
Among the systemic tumours there was a significant trend for an increase in renal tumours in males 
treated with EPON 828 and in lymphoreticular tumours in females treated with EPIKOTE 828 
(Appendix 3, Table 8) (29) 
 
In another recent study in groups of 50 male and 50 female CF1 mice a different type of technical 
BADGE (ARALDITE GY250 containing 4.3 ppm epichlorhydrin and an unstated % monomer) at a 
dose of 0.2 ml was applied topically 2x/week as either a 1% or 10% acetone solution for 2 years.  A 
control group of 100 males and 100 females were treated with acetone alone and another group of 
50 male and 50 female mice received topically 2% ß-propiolactone as positive control.  The 
technical BADGE produced no clinical effects and no local or systemic toxicity.  Body weight gain, 
food consumption, and survival of treated males and females was comparable to the controls.  A 
very low incidence of skin tumours was noted at the application site.  Similarly only a few skin 
tumours occurred at distant sites.  The incidence in test groups did not differ from that in controls 
(Appendix 4,Table 10).  There was some acanthosis/fibrosis of epidermis in both test groups but 
these lesions also occurred in the acetone controls and no dose-relationship was noted (Appendix 4, 
Table 10).  All treated groups and the controls showed a high incidence of 
lymphoreticular/haematopoietic and lung tumours without any evidence for a treatment-related or 
dose-related effect on these incidences and any other systemic tumours (Appendix 4, Tables 9 and 
11).  Body weight of males was significantly reduced and survival of males and females was 
significantly shorter compared to controls.  The study was carried out according to GLP (34). 
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GENOTOXICITY STUDIES WITH PURE BADGE 
 
Within a screening programme of epoxides, both BADGE (specification not stated) and BADGE 
(distilled) were tested in the following in vitro and in vivo short-term tests (37): 
1) Reverse mutation assay in S.typhimurium with Ames strains TA 1535 and TA 98 with and 


without metabolic activation by rat liver S9 Mix, at 0.5, 1.0, 2.0 µmoles/plate.  Both 
materials were positive in TA 1535 with and without S9.  No GLP compliance. 


2) Analysis of urinary mutagenicity in mice administered the test articles orally at 1 g/kg 
b.w./day for 4 days.  Cytoxan (80 mg/kg b.w.) was used as positive control.  No 
mutagenicity was detected with strain TA 1535, with and without ß-glucuronidase.  No GLP 
compliance. 


3)  An intraperitoneal host-mediated assay in mice given 5 daily doses of 1 g/kg b.w. test 
material.  The result was inconclusive because of poor growth of the indicator 
microorganism.  No GLP compliance. 


4) A micronucleus test in the bone marrow of female mice (10 animals/group) treated by 
gavage with 500 mg/kg b.w. of each test material for 5 days and sacrificed 4 hours after the 
last treatment.  TEM (0.05 mg/kg b.w. i.p.) was used as positive control.  No treatment 
related increase of micronuclei in polychromatic erythocytes were detected.  No GLP 
compliance. 


5) A test for the induction of DNA repair synthesis in human mononucleated white cells by 
liquid scintillation counting after 5 hours exposure to 1, 10, 100, 500 ppm of test compounds 
dissolved in DSMO.  4-NQO 4 µM was the positive control.  The overall result was 
negative, with a borderline increase at 10 ppm not confirmed in a repeat experiment.  No 
GLP compliance 


6) A dominant lethal test in mice with topical applications of both test materials at 3 g/kg b.w. 
to groups of 10 male mice three times a week for 8 weeks.  Positive control was TEM 0.2 
mg/kg b.w. i.p.  The result was negative.  No GLP compliance. 


 
The induction of liver DNA damage in vivo was evaluated in pairs of male and female rats by 
alkaline elution, 6 hours after a single oral treatment with 500 mg/kg b.w. DGEBPA (Ciba-Geigy 
product batch KA 2/LP, purity not stated) as a 20% DMSO solution by gavage.  MMS (300 mg/kg 
b.w.) by gavage was the positive control.  The result was negative.  A quality assurance statement 
was provided (38). 
 
Studies on the epidermis of C3H mice treated topically by occlusive application of 99.7% pure 
BADGE 14C-labelled in the glycidyl sidechain showed detectable covalent DNA binding. 
Chromatography of the DNA hydrolysate from mouse skin treated with 0.8 mg and 2 mg/animal of 
an acetone solution showed the presence of 2.6 and 6.5 pmol/mg DNA.  No adducts were found 
after treatment with 0.4 mg/animal by a limit of detection of 0.4 pmol/mg DNA.  If however an 
inhibitor of microsomal epoxide hydrolase, e.g. 2,3-epoxycyclopentylether, was simultaneously 
applied, even 0.4 mg/animal produced 1.3-2.0 pmol/mg DNA of adducts. This points to a saturation 
mechanism for the epoxide hydrolase activity against BADGE. No adducts were found when 
centrally labelled BADGE was used (11). The main adduct was tentatively identified as the 
glycidaldehyde-DNA-adduct, pointing to the O-dealkylation of the glycidyl fragment of BADGE by 
monooxygenase with formation of reactive alkylating glycidaldehyde. Twenty-four hours after 
topical application of 2 mg of glycidaldehyde or pure BADGE,  166 hydroxymethyl-
ethenodeoxyadenosine-3'-monophosphate adducts/106 nucleotides and 0.14-0.80 adducts/106 
nucleotides were detected in the skin of C3H mice, suggesting that about 1.1% of the 
glycidaldehyde residue in the molecule of BADGE is available for DNA adduct formation (13). 
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GENOTOXICITY STUDIES WITH TECHNICAL BADGE 
 
The results of a test for nuclear abnormalities in Chinese hamster bone marrow was carried out with 
TK 12386 (purified Araldite GY250, 80%-85% monomer, 15%-20% oligomers, 
epichlorhydrin<1ppm, BPA<5ppm): Thre substance, dissolved in polyethylene glycol, given by 
gavage on 2 consecutive days to groups of 3 male and 3 female hamsters at 825 mg/kg, 1650 
mg/kg, 3300 mg/kg b.w.  Cyclophosphamide 128 mg/kg b.w. was the positive control.  Animals 
were sacrificed 24 hours after the last treatment.  1000 bone marrow cells per animal were scored 
for nuclear anomalies including micronuclei and polyploidy.  No nuclear abnormalities were 
detected.  However, the relevance of this study is uncertains, as the test scores a heterogenous cell 
population, including cells unable to express an induced genetic damage, and it lacks adequate 
external validation. No GLP compliance (39) 
 
A test for chromosome aberrations in Chinese hamster bone marrow cells after 2 consecutive oral 
daily administrations of 825 mg/kg, 1650 mg/kg, 3300 mg/kg b.w. of TK 12386 (purified Araldite 
GY250, 80%-85% monomer, 15%-20% oligomers, epichlorhydrin<1 ppm, BPA<5ppm) dissolved 
in polyethylene glycol.  2 males and 2 females per dose were sacrificed 6 hours after the second 
administration.  64 mg/kg b.w. cyclophosphamide was used as positive control.  100 metaphases 
were scored from each animal.  The result was negative.  However, the small size of the 
experimental groups is noted.  No GLP compliance (40) 
 
In a test for structural chromosome aberrations in mouse spermatogonia TK 10490 (Araldite 
GY250, 80%-85% monomer, 15%-20% oligomers, epichlorhydrin<10 ppm, BPA<5 ppm) dissolved 
in polyethylene glycol was administered at daily doses of 375 mg/kg, 750 mg/kg, 1500 mg/kg, 3000 
mg/kg to groups of 8 male mice/dose on five consecutive days by gavage and 100 cells were scored 
per mouse.  The result was equivocal, one exchange was detected at the low dose, 2 chromosome 
breaks at the middle dose, 1 chromosome fragment at the high dose and none in 800 scored control 
cells.  The study lacks a positive control.  No GLP compliance (41). 
 
In another study of chromosomal aberrations in mouse spermatocytes TK 12386 (purified Araldite 
GY250, 80%-85% monomer, 15%-20% oligomers, epichlorhydrin<1 ppm, BPA<5 ppm) was 
administered daily for 5 days at doses of 1000 mg/kg and 3000 mg/kg b.w. dissolved in 
polyethylene glycol to groups of 8 male mice/dose.   Animals were sacrificed 3 days after the last 
treatment.  From each animal 100 metaphases of primary and secondary spermatocytes were 
examined.  Results were inconclusive because of the inadequate study protocol. The time interval 
between the last DNA synthesis and first meiotic division in mouse male germ cells is 11 days: 
therefore, because most chemical clastogens are S-phase dependant, sampling for cytogenetic 
analysis of spermatocytes should have been done 11 or more days after treatment instead of 8.  The 
study lacks a positive control. No GLP compliance (42). 
 
A dominant lethal test was carried out in mice using a single oral administration of TK 12386 
(purified Araldite GY250, 80%-85% monomer, 15%-20% oligomers, epichlorhydrin<1 ppm, 
BPA<5 ppm) at doses of 3333 and 10000 mg/kg b.w.  The study was negative but lacked a positive 
control group.  Instead the historical data using TEM at 0.25 mg/kg-0.5 mg/kg b.w. i.p. were used. 
No GLP compliance (43). 
 
Liver DNA damage was examined in pairs of male and female rats by alkaline elution 6 hours after 
a single oral gavage treatment with 500 mg/kg b.w. EPIKOTE 828 (no specification supplied) as a 
20% solution in DSMO.  MMS 300 mg/kg b.w. by gavage was used as positive control.  The result 
was negative. No GLP compliance but a quality assurance statement was supplied (44). 
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A bacterial reversion assay in S. typhimurium strains in the presence and absence of exogenous 
metabolic activation by rat liver S9 gave a positive result in TA100 at 200 nl/plate(-S9) and 2000 
nl/plate (+S9) and a positive result in TA1535 only with S9 (45). 
 
A forward mutation assay in mouse lymphoma cells without exogenous metabolic activation system 
using a single dose of 0.03 µg/ml was positive for TK 12386 (specification not available) (46). 
 
A review of glycidyloxy compounds reports the results of unpublished studies with BADGE 
(specification unknown) showing positive results in bacteria mainly in the absence of metabolic 
activation and in base pair/substitution sensitive tester strains as well as studies on the induction of 
structural chromosomal aberrations in rat liver cells in vitro (1). 
 
GENOTOXICITY STUDIES WITH BADGE CHLOROHYDRINS 
 
A sample of commercial BADGE.2HCl (Sigma–Aldrich-Fluka, purity 91.2 %) was tested in a 
bacterial reversion assay with S.typhimurium TA1535, TA1537, TA98 and TA100, and with E.coli 
WP2 uvrA. The test substance was dissolved in DMSO, and tested in two independent experiments 
following the preincubation protocol, with and without exogenous metabolism (by rat liver S9) in 
the dose range 1 - 1000 �g/plate with S.typhimurium strains, and 10-5000 �g/plate with E.coli. No 
increase in revertant colonies was observed in any strain, either with or without metabolic 
activation. The study was in GLP compliance (49). 
 
A sample of commercial BADGE.2HCl (Sigma–Aldrich-Fluka, purity 96.0 %) was tested for its 
ability to induce gene mutation at the thymidine kinase (tk) locus in mouse lymphoma cells 
L5178Y, in the absence and in the presence of Aroclor pretreated rat liver S9. The following dose 
ranges were analysed in duplicate cultures for mutation induction: 1.25 – 80 ug/ml without S9 and 
1.25 – 100 ug/ml with S9. DMSO was used as solvent. No significant or dose-related increase in 
mutant colonies was observed in both experiments, either in the absence or in the presence of 
mammalian metabolism. The study was in GLP compliance (50). 
 
A sample of commercial BADGE.2HCl (Sigma–Aldrich-Fluka, purity 96.0 %) dissolved in 
DMSO, was tested in a chromosomal aberration assay in cultured rat lymphocytes, obtained by 
cardiac puncture from male Sprague-Dawley rats. Experiments were performed with and without 
exogenous metabolic activation, provided by rat liver S9 mix. The following doses were selected 
for mutagenicity assays: in the first experiment, 6.25, 12.5, and 25 ug/ml, with and without S9; in 
the confirmatory experiment, 10, 20, and 30 ug/ml (without S9), and 6.25, 12.5, and 27.5 ug/ml 
(with S9). Cells were treated with the test chemical for 4 hours and harvested 20 hours later. In the 
repeat experiment, a continuous (24 hours) treatment was applied without S9. For each dose, one 
hundred metaphases were scored in each of duplicate cultures. Treatments produced dose related 
decreases of mitotic index (greater than 50% at top dose), but no statistically significant or dose-
related increase in the number of cells with chromosomal aberrations, either in presence or in 
absence of S9 mix. The study was in GLP compliance (51). 
 
BADGE and its transformation products were tested in the in vitro micronucleus test with human 
lymphocytes, with and without rat liver S9. The following dose ranges were assayed: BADGE and 
BADGE.H2O, 12.5 – 62.5 ug/ml; BADGE.2H2O, 25 – 100 ug/ml; BADGE.2HCl, 6.25 – 50 ug/ml. 
The results of this study show that BADGE was an effective inducer of micronuclei in the absence 
of S9, and to a lower extent in the presence of S9. Weaker activity was observed – only without S9 
– for the diolepoxy derivative BADGE.H2O, and for the chlorohydrin BADGE.2HCl. In the same 
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experimental conditions, a weak but statistically significant positive response was also exerted by 
the bis-diol BADGE.2H2O (52).  
 


The mutagenicity of BADGE, its first and second hydrolysis products, and the bis-chlorohydrin 
BADGE.2HCl, was tested in the S.typhimurium reversion assay with strains TA98, TA100, 
TA1535, TA1537, with and without S9. This study confirmed the direct mutagenicity of BADGE in 
strains TA1535 and TA100. A 10-fold lower mutagenicity was also elicited by the mono-epoxy 
derivative BADGE.H2O. Both the bis-hydrolysis (BADGE.2H2O) and -chlorination products 
(BADGE.2HCl) were completely inactive in this assay (53).  
 
BADGE.2HCl (Sigma-Aldrich-Fluka, 96%) was tested in the in vivo micronucleus test in mouse 
bone marrow. The test chemical was dissolved in methylcellulose (0.5% in water) and administered 
by gavage to CD-1 mice aged 8 weeks. In a range finding experiment, 4 mice/sex/dose were 
administered on two consecutive days with 2000, 1000 and 500 mg/kg. b.w. and kept under 
observation for 72 hours. Mild clinical signs (reduced activity) were observed in mice administered 
with 2000 mg/kg b.w., an a reduction in body weight in mice treated with 2000 mg/kg b.w.(12-15 
% in males and females, respectively) and with 1000 mg/kg b.w. (10-8 %). On this basis, 1000 
mg/kg b.w. was established as maximum tolerated dose. No difference in toxicity between sexes 
was observed. In the main experiment, 6 male mice/dose were treated by gavage on two 
consecutive days with 1000, 500 and 250 mg/kg b.w. and sacrificed after 24 hours. Micronuclei 
were scored in 2000 polychromatic erythrocytes/animal, and the ratio poly-/normochromatic 
determined in 200 erythrocytes. The study was performed in compliance with Good Laboratory 
Practice, following the OECD guideline 474 on micronucleus test in rodents. 
Results: there were no statistically significant increases in the frequencies of micronucleated 
polychromatic erythrocytes in treated groups compared to the negative controls. No statistically 
significant difference in PCE/NCE ratio was observed comparing mice treated with BADGE.2HCl 
and negative controls which received the vehicle alone (56). 


 
EVALUATION 


 
The purpose of this toxicological review is to establish whether the molecular species BADGE 
possesses any carcinogenic potential after oral exposure.  Two dermal long-term studies in mice and 
one dermal long-term study in rats with pure BADGE are available for evaluation.  Many 
toxicological investigation have also been performed with technical BADGE because of the 
extensive commercial use of epoxide resins made from this material, to establish their safety from 
the point of view of occupational exposure.  The precise composition of these technical BADGE 
materials has never been established.  The results of toxicological tests carried out with these 
materials can therefore only be used as supporting information in the overall risk assessment of the 
toxicological potential of the BADGE molecule.  Hence separate assessments of the data related to 
pure BADGE and those related to technical BADGE have been provided. 
 
BADGE, either in pure or technical form, is of low acute toxicity.  It is a slight dermal irritant 
following single application and more irritant when applied repeatedly.  It is at most slightly irritant 
to the eye.  Pure BADGE is a skin sensitiser. 
 
BADGE is only slowly absorbed through the skin but rapidly absorbed after ingestion.  It is 
excreted mainly in the faeces and to a small extent in the urine.  Unchanged BADGE is only to a 
small extent systemically available after oral ingestion because first pass metabolism in the liver is 







2,2-bis(4-hydroxyphenyl)propane bis(2,3-epoxypropyl)ether  (Bisphenol A diglycidyl ether, BADGE)   The EFSA Journal (2004) 86 
  
 


very efficient with respect to BADGE.  Small amounts of ingested BADGE and its chlorinated 
derivatives may nevertheless remain in contact with the gastrointestinal mucosa for a brief period. 
 
The major metabolic pathway followed by ingested BADGE is hydrolytic cleavage by epoxide 
hydrolase of the epoxide rings in the sidechains to form the corresponding bis-diol and its 
conjugates, both metabolites appearing in the urine.  Further metabolic steps are oxidation of one 
side-chain diol group to an α-hydroxycarboxylic acid, and partial subsequent decarboxylation, 
yielding the main faecal metabolites.  An alternative minor pathway involves oxidative dealkylation 
with possible formation of glycidaldehyde, particularly if the epoxide hydrolase activities are 
saturated or inhibited.  This can lead to DNA-adduct formation. Absence of DNA-adducts at doses 
below 0.4 mg/mouse but their presence at doses above 0.4 mg/mouse support the existence of a 
saturation mechanism for mouse skin epoxide hydrolase. The low epoxide hydrolase activity of 
mouse skin makes this tissue particularly sensitive to the alkylating action of epoxides. 
 
Hydrolysis experiments using human or rat gastric fluid simulants have shown that BADGE and its 
monoepoxide derivative are converted to the corresponding diols and that mono- and 
dichlorohydrins are also formed.  The stability of the chlorohydrins appears to be variable. 
 
Oral subchronic administration of pure BADGE produced alterations in haematology, clinical 
chemistry, urinalysis, and organ weights parameters, especially in males, at doses from 250 mg/kg 
b.w. upwards. Some clinical chemistry and urinalysis alterations were indicative of renal toxicity. 
Several dermal subchronic studies in rats and mice  with pure BADGE were also provided and 
produced a toxicological profile qualitatively similar to that following oral exposure.  The main 
response to dermal administration was a slight reduction in body weight at doses >1000 mg/kg 
b.w.and local irritation at the site of application. No systemic histopathological changes were 
observed in these oral and dermal rat and mouse subchronic  studies, irrespective whether pure or 
technical BADGE was administered. 
 
Reproduction studies in rats with pure and technical BADGE gave no indication of any deleterious 
effects on fertility, general reproductive parameters, litter data and post-natal development of the 
pups except for reduced weight gain at doses from 540 mg/kg b.w. upwards.  Oral teratogenicity 
studies with technical BADGE in rats and rabbits and dermal teratogenicity studies with pure 
BADGE in rabbits (highest dose tested 300 mg/kg b.w.), showed no teratogenic effects or adverse 
effects on embryonal and foetal development.  The reproduction and teratogenicity studies yield the 
lowest NOELs for systemic effects on adults in terms of organ and body weight reductions.  These 
were in the range of 20-60 mg/kg b.w.  It should be noted that no dose-related histopathological 
changes were observed in any of the reproduction and teratogenicity studies. 
 
Genotoxicity studies with pure and technical BADGE show that BADGE is a direct acting mutagen 
in vitro in several test systems covering different genetic endpoints.  Several in vivo studies show 
that BADGE does not induce chromosome damage in rodent bone marrow and germ cells nor DNA 
strand breaks in liver cells.  It is concluded that BADGE is not genotoxic in vivo in these tissues.  
However, in vivo covalent binding studies indicate low but detectable binding of BADGE to mouse 
skin DNA after topical application of doses above 0.4 mg/mouse, suggesting a saturation 
mechanism. The biological significance of the low DNA binding activity of BADGE is unclear. 
Comparative data suggest that about 1 % of the glycidaldehyde residue in the BADGE molecule is 
available for covalent binding.  
 
Mutagenicity studies with BADGE.2HCl indicate that the bis-chlorohydrin is unable to induce gene 
mutations and structural chromosomal aberrations in vitro. A weak positive response was observed 
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in the in vitro micronucleus assay, only in the absence of the exogenous metabolic system. Negative 
results were obtained in an recent micronucleus assay in mouse bone marrow in vivo. The overall 
dataset indicates that BADGE.2HCl is not a DNA damaging agent. The weak effect observed in the 
in vitro micronucleus test might indicate an effect on chromosome segregation, which was not 
observed in an adequately conducted in vivo study. It is concluded that BADGE.2HCl does not raise 
concern for genotoxicity. 


No experimental data are available on the monochlorohydrins BADGE.HCl and BADGE.H2O.HCl. 
However, it is reasonable to consider BADGE.2HCl as a worst case with respect to 
BADGE.H2O.HCl, while intermediate reactivity (compared to BADGE and BADGE.2HCl) is 
expected for BADGE.HCl. The toxicological assessment of BADGE monochlorohydrins is thus 
covered by the experimentation on the parent molecules BADGE and BADGE.2HCl. 
 
Dermal chronic toxicity/carcinogenicity studies in mice have been performed with either pure 
BADGE or technical BADGE of different types.  As regards pure BADGE one 103-weeks study in 
CF1 mice showed no treatment-related increase in systemic tumours generally in males and 
females.  Females, however, showed a significant trend for more frequent thymic lymphosarcomas 
within the group of lymphoreticular tumours, although the overall incidence of lymphoreticular 
tumours was comparable in male and female mice.  There was no increase in the incidence of 
benign and malignant skin tumours in this study.  A two-year study in B6C3F1 mice produced no 
real evidence of any oncogenic activity of pure BADGE.  The single squamous cell carcinoma 
detected at the test site in one mid-dose animal cannot be interpreted as evidence for an oncogenic 
potential because no tumours had occurred at the test site in any other dose group and this incidence 
falls within the historical control rate. In a two-year study in F344 rats with pure BADGE no skin 
carcinogenic effect were observed but there was evidence of hepatotoxicity.  The observed 
squamous cell carcinomas of the oropharyngeal region were all associated with the presence in the 
carcinoma cells of rat hair as intracellular foreign body inclusion. 
 
Older chronic dermal studies with technical BADGE are difficult to interprete because the epoxide 
resins investigated frequently contained multiple impurities such as epichlorhydrin and other 
glycidyl compounds, which are known to possess carcinogenic potentials. 
 
Chronic studies using dermally applied technical BADGE of variable specification did not show 
any increased  incidence in local skin tumours in C3Hf/Bd mice.  However dermal lifespan studies 
with three types of technical BADGE of known specification in CF1 mice showed for one type a 
significant dose-related trend for an increased incidence of renal tumours in males.   The second 
type showed a significant dose-related trend for an increased incidence of lymphoreticular tumours 
in females.  The third type did not produce any such adverse findings.  No chronic dermal studies in 
rats with technical BADGE have been reported.  On the basis of these dermal carcinogenicity 
studies it cannot be unequivocally excluded that topically applied BADGE, whether pure or 
technical, has any carcinogenic potential.  The absence of any dermal carcinogenic activity in the 
rat and mouse suggests that this potential, if it existed at all, would be very weak.  
 
Finally, no oncogenic potential in the g.i. tract or in other tissues was observed in a recent two-year 
chronic toxicity/oncogenicity study in Fisher 344 rats receiving daily administrations by gavage of 
pure BADGE. This result confirm previous findings from subacute and reproduction studies 
showing no adverse effects on the histology of the stomach tissue after injestion of large doses of 
technical and pure BADGE.  
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APPENDIX 1 


 
Table 1: Survival of mice treated dermally with pure BADGE 


Acetone 1% BADGE 10%BADGE 
males: 26/99 males: 15/50 males: 13/50 
females: 22/100 females: 16/50 females: 14/50 


 Table 2: Number of mice with skin tumours 


treated sites acetone ß-propiolactone 1% BADGE 10% BADGE 
males 1 (malignant) 37 (malignant) 0 3 (malignant) 
females 0 31 (malignant) 1 (malignant) 0 
distant sites     
males 0 0 0 0 
females 0 1 (malignant) 3 0 


  Table 3: Number of mice with systemic tumours excluding skin 


sex acetone ß-propiolactone 1% BADGE 10% BADGE 
males 79/99 27/50 35/50 37/50 
females 84/100 42/50 42/50 39/50 


  Table 4: Predominant sites of systemic tumours in terms of frequency of tumours 


males acetone ß-propiolactone 1% BADGE 10% BADGE 
lung 55 22 24 27 
lymphoreticular 35 6 17 13 
(thymic lymphosarcoma) (7) (0) (1) (1) 
kidney 4 0 5 3 
liver 5 23 2 3 
bone 4 0 1 1 
females     
lung 42 19 23 19 
lymphoreticular 27 14 23 15 
(thymic lymphosarcoma) (3) (2) (2) (5) 
ovary 24 6 9 12 
bone 10 3 0 6 
uterus 10 4 2 3 
liver 4 1 6 2 
kidney 1 0 0 0 
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mammary 3 0 3 1 


APPENDIX 2 
 
 Table5: Survival of mice treated dermally with technical BADGE 
 
Acetone ß-propiolactone 1% EPON  10% EPON  1% EPIKOTE 10% EPIKOTE 
males 26/99 0/50 11/50 21/50 11/50 21/50 
females 22/100 1/50 13/50 12/50 20/50 14/50 
 
 
 Table 6: Number of mice with skin tumours 
 
treated  sites acetone ß-propiolactone 1% EPON 10% EPON 1% EPIKOTE 10% EPIKOTE 
males 1 (malignant) 37 (malignant) 0 1 2 (1 malignant) 2 (1 malignant) 
females 0 31 (malignant) 0 1 1 (malignant) 1 (malignant) 
distant sites       
males 0 0 0 0 0 1 
females 0 1 (malignant) 0 0 0 0 


 
 
 Table 7. Number of mice with systemic tumours excluding skin 
 
sex acetone ß-propiolactone 1% EPON 10% EPON 1% EPIKOTE 10% EPIKOTE 
males 79/99 27/50 35/50 42/50 39/50 39/50 
females 84/100 42/50 36/50 38/50 35/50 46/50 
 
 
 Table 8: Predominant sites of systemic tumours in terms of frequency of tumours 
 
males acetone ß-propiolactone 1% EPON 10% EPON 1% EPIKOTE 10% EPIKOTE 
lung 55 22 22 23 26 30 
lymphoreticular 35 6 17 14 17 14 
kidney 4 0 0 8 6 2 
liver 5 2 1 3 2 5 
bone 4 0 2 1 2 2 
mammary 0 0 0 0 1 0 
females       
lung 42 19 22 22 20 24 
lymphoreticular 27 14 12 18 14 24 
ovary 24 6 8 8 10 14 
bone 10 3 2 6 2 5 
uterus 10 4 3 1 2 3 
mammary 3 0 1 1 2 3 
liver 4 1 1 1 5 4 
kidney 1 0 0 0 0 0 
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APPENDIX 3 
 
 Table 9:   Incidence of lymphoreticular/haematopoietic malignancy in mice treated  
      with technical BADGE 
 
Acetone 1% technical BADGE 10% technical BADGE 
 males  
17/50 18/50 14/50 
 females  
13/50 22/50 19/50 
 
 
 Table 10: Incidence of cutaneous lesions in mice treated with technical BADGE 
 
cutaneous lesion acetone ß-propiolactone 1% technical BADGE 10% technical BADGE 
  males treated site   
acanthosis/fibrosis 13/150 3/50 3/50 10/50 
ulceration 0/150 1/50 4/50 0/50 
squamous papilloma 0/150 1/50 0/50 0/50 
carcinoma/sarcoma 1/150 48/50 0/50 0/50 
  females treated site   
acanthosis/fibrosis 1/150 1/50 4/50 5/49 
ulceration 2/150 0/50 2/50 1/49 
carcinoma/sarcoma 0/150 37/50 0/50 0/49 
  males untreated site   
carcinoma/sarcoma 1/150 3/50 0/50 1/50 
  females untreated site   
carcinoma/sarcoma 7/150 7/50 2/50 1/49 
 
 
 Table 11: Incidence of systemic tumours at predominant sites 
 
 
site acetone ß-propiolactone 1% technical BADGE 10% technical BADGE 


  males   
lymphoreti/haematopoiet 42/150 2/50 17/50 12/50 
lung 72/150 8/50 17/50 23/50 
liver 9/150 1/50 3/50 6/50 
kidney 15/150 1/50 6/50 4/50 
testes 0/150 0/50 1/50 1/50 
  females   
lymphoret/haematopoiet 39/150 10/50 19/50 17/49 
lung 58/150 7/50 14/50 16/49 
liver 4/150 0/50 2/50 0/49 
ovary 19/150 4/50 7/50 7/49 
uterus 5/150 2/50 2/50 1/49 
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Bisphenol A diglycidyl ether
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SECTION & PARAGRAPH COMMENT


General Comments The references given are dated (<2002), and
don’t reflect the recent numerous studies in the
literature suggesting a role for bisphenol A in
endocrine disruption and carcinogenesis. This
should be updated.


Limited studies have reported the
carcinogenicity and genotoxicity of Bisphenol A
diglycidyl in animal and cell models.


Specific Comments
Pages 6-9 These pages are missing.
Page 11 Many studies have used acetone as a vehicle for


bisphenol A diglycidyl ether. Whether control
animals received equivalent amount of acetone
needs to be mentioned.


Page 12 Many studies lack adequate information of the
test material and the amount of material


applied each time.
Pages 13 and 14 Bisphenol A diglycidyl ether metabolic pathway


has been described. The relevance of the
pathways to human metabolism may provide a
better understanding on the toxicity.


























