
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 

Office of Environmental Health Hazard Assessment 

(OEHHA) 


California Environmental Protection Agency 


Meeting of the 

Carcinogen Identification Committee (CIC) 


Safe Drinking Water and Toxic Enforcement Act of 1986 

(Proposition 65) 


October 17, 2003 

Acrylamide Briefing Binder 
(Outline and Availability of Contents) 

Background Materials for CIC Consultation on OEHHA 

Proposed Acrylamide Workplan
 



 

 

 
 

 
 

 

Office of Environmental Health Hazard Assessment 

(OEHHA) 


California Environmental Protection Agency 

Meeting of the 


Carcinogen Identification Committee (CIC) 

Safe Drinking Water and Toxic Enforcement Act of 1986 


(Proposition 65) 

October 17, 2003 

Acrylamide Briefing Binder 


Background Materials for CIC Consultation on
 
Proposed Acrylamide Workplan
 

Introduction: consultation of proposed acrylamide workplan with 
the CIC 
   OEHHA’s proposed acrylamide workplan 

Tab 1 

Chronology of OEHHA actions under Proposition 65 regarding the 
carcinogenicity of acrylamide  

Tab 2 

Basis of 1990 Proposition 65 acrylamide cancer listing via 
authoritative body mechanism: U.S. EPA and IARC  

Tab 3 

Reports on the carcinogenicity of acrylamide published by 
Proposition 65 authoritative bodies since the 1990 listing: 
U.S. EPA, IARC, NTP 

Tab 4 



 

 

 

 

Institutional reactions to acrylamide in food (i.e., findings of 
Tareke et al. (2002) Swedish study on acrylamide in food): 
   WHO (2002) health document, 
   WHO/FAO acrylamide in food network and Infonet website, 

FDA (2003) Draft Action Plan, 
FDA -- OEHHA correspondence on the OEHHA Workplan 

(July - August 2003) 

Tab 5 

Animal cancer studies of acrylamide Tab 6 

Recent human cancer studies of acrylamide Tab 7 

Recent studies of the genotoxicity of acrylamide Tab 8 

Recent studies on acrylamide pharmacokinetics and bioavailability Tab 9 

Acrylamide levels measured in foods and preliminary two- and 
four-day average intake estimates 

Tab 10 



 

   
 
 

 

 

 

Tab 1. Introduction: consultation of proposed acrylamide workplan 
with the CIC 

Recent research has shown that acrylamide can form during the cooking of certain 
foods at high temperatures.  Accordingly, OEHHA, as the lead agency for the 
implementation of Proposition 65, was requested by interested parties to interpret 
the applicability of Proposition 65 regulations to acrylamide in foods.  On May 12, 
2003, OEHHA held a public workshop to explore appropriate Proposition 65 
regulatory options regarding acrylamide created by cooking foods.  Subsequent to 
the workshop, OEHHA developed a draft workplan (under this tab, Tab 1), which 
reflects input received at the workshop, public health considerations, and the need 
for clear guidance to facilitate Proposition 65 compliance concerning acrylamide in 
foods. 

OEHHA has incorporated into this workplan a consultative role for the CIC.  This 
is consistent with the CIC's role as the State's Qualified Experts and its general 
powers and duties as set forth in Title 22, California Code of Regulations (CCR), 
Section 12305(a)(5), and noted in Title 22, CCR, Section 12302(e).  At the 
October 17, 2003, meeting OEHHA is seeking advice and counsel from the CIC on 
the workplan and on the scientific basis for the proposed workplan activities.  
Under the proposed workplan OEHHA would develop a series of regulations to 
provide guidance to facilitate Proposition 65 compliance concerning acrylamide in 
foods. 

One workplan item on which OEHHA is seeking advice from the CIC is whether 
the No Significant Risk Level (NSRL) for acrylamide should be updated.  A NSRL 
of 0.2 µg/d was proposed for acrylamide in February 1990, and subsequently 
adopted in regulation, based on a cancer potency estimate of 4.5 (mg/kg-d)-1 

developed by the U.S. EPA (1989) (documented in Tab 2).  Acrylamide has been 
listed on California’s Proposition 65 list of chemicals “known to the State to cause 
cancer” since January 1, 1990 (documentation in Tab 3).  Since then, three 
Proposition 65 authoritative bodies have issued or reissued documents consistent 
with this finding (Tab 4).  This briefing book also includes the following reports 
and studies of acrylamide:  the institutional reactions to the discovery in food 
(Tab 5), animal cancer bioassays (Tab 6), recent epidemiological reports (Tab 7), 
studies of genotoxicity (Tab 8), and pharmacokinetic and bioavailability 
investigations (Tab 9).  Acrylamide concentrations measured in foods are given 
under Tab 10, along with researchers estimates of two-day and four-day average 
consumption levels.   



 

   

 

 

 

 

 

Historically, toxicity concerns over acrylamide centered on worker health and 
safety, primarily neurological and cancer effects in workers.  However, in April 
2002 Swedish researchers announced findings that acrylamide is present in many 
human foods, and published these findings in Tareke et al. (2002) (provided in 
Tab 5). Since that time research has confirmed that acrylamide is a common 
byproduct of high-temperature cooking, which is present in many foods and some 
beverages. Thus, the focus of concern over acrylamide has shifted from 
occupational exposures of workers to dietary exposures of the general population.   

Worldwide efforts have been undertaken to understand the extent of dietary 
exposure and its public health ramifications as well as ways to minimize 
acrylamide formation during cooking and food processing.  For example, the 
World Health Organization (WHO), together with the United Nations Food and 
Agriculture Organization (FAO) convened an Expert Consultation on the Health 
Implications of Acrylamide in Food June 25-27, 2002.  Their report is provided in 
Tab 5. The Consultation recommended that an international network on 
acrylamide in food be established, to facilitate the sharing of data and information 
on ongoing investigations.  In response the FAO/WHO Acrylamide in Food 
Network and Infonet website was established (www.acrylamide­
food.org/index.htm) (see Tab 5). At the national level, the U.S. Food and Drug 
Administration (U.S. FDA) has initiated an action plan to address the issue of 
acrylamide in food (Tab 5).   

Following the discovery of acrylamide in foods, several lawsuits were filed in 
California against food manufacturers for failure to provide “clear and reasonable” 
warnings as required under Proposition 65.  Foods named in the suits include 
French fries, and other fried or baked foods.  The lawsuits contend that the food 
manufacturers have failed to warn the public of a significant cancer risk of 
acrylamide in their products.  

In a letter from U.S. FDA Deputy Commissioner Dr. Lester Crawford, received 
July 14, 2003, U.S. FDA expressed concerns over possible actions California may 
take. That letter, and OEHHA’s response to it, are included under Tab 5. 

Due to the public health importance of the issue, OEHHA is seeking advice 
and counsel from the CIC on the scientific basis for proposed workplan 
activities, including a recommendation whether OEHHA should update the 
NSRL for acrylamide, and if so, the factors OEHHA should consider in doing 
so. 

www.acrylamide


 

 

 
 
 

Links to contents for Tab 1 

• 	 OEHHA’s proposed workplan for acrylamide in foods, located at 
http://www.oehha.ca.gov/prop65/docs_state/pdf/Acrylwrkpln.pdf. 

http://www.oehha.ca.gov/prop65/docs_state/pdf/Acrylwrkpln.pdf


 

 
 
 

 

 

 

 

 

 

 

 

 

 

Tab 2. Chronology of OEHHA actions under Proposition 65 
regarding the carcinogenicity of acrylamide 

• 	 January 1, 1990 – Placed on the Proposition 65 list of carcinogens, via the 
authoritative body listing mechanism 

Acrylamide (CAS # 79-06-1) was added to the Proposition 65 list of 
carcinogens on January 1, 1990.  This listing was based on formal 
identification of acrylamide as causing cancer by two authoritative bodies:  
the International Agency for Research on Cancer (IARC, 1987) and the U.S. 
Environmental Protection Agency (U.S. EPA, 1989).   

The IARC (1987) and U.S. EPA (1989) documents are provided in Tab 3. 

• 	 1990 – adoption of a No Significant Risk Level (NSRL) for acrylamide, 
based on the 1989 U.S. EPA cancer assessment and cancer potency value  

The cancer potency estimate of 4.5 (mg/kg-d)-1 for acrylamide developed by 
the U.S. EPA (1989) was utilized in the calculation of a daily intake level 
associated with a 10-5 cancer risk (NSRL = 0.2 µg/d).  This value was 
adopted into regulation (Title 22, California Code of Regulations, Section 
12705(c)).  This action is documented in a February 27, 1990 memorandum 
from Dr. Steven Book, Science Advisor to the Secretary, Health and Welfare 
Agency, Department of Health Services (a predecessor agency to OEHHA). 

Provided in Tab 2. 

• 	 May 12, 2003 – OEHHA holds a workshop on acrylamide in foods  

After requesting public input on possible Proposition 65 regulatory options 
to address the issue of acrylamide in foods on March 14, 2003, OEHHA 
convened a public workshop May 12, 2003 in Sacramento. 

Related notices and the workshop agenda are provided at Tab 2. 
Presentations from the workshop are available on OEHHA’s website, 
http://www.oehha.ca.gov/prop65/CRNR_notices/acrylamidewrkshp2.html. 

http://www.oehha.ca.gov/prop65/CRNR_notices/acrylamidewrkshp2.html


 

 

 

 
 

 
 

 

Documents or links to contents of Tab 2. 

• 	 February 27, 1990 memorandum from Dr. Steven Book, Science Advisor to the Secretary, 
Health and Welfare Agency, Department of Health Service (Scanned copy of document 
attached). 

• 	 March 14, 2003 Notice to Interested Parties. Located at 
http://www.oehha.ca.gov/prop65/CRNR_notices/pdf_zip/Acrylamideworkshop.pdf 

• 	 April 25, 2003 Notice to Interested Parties.  Located at 
http://www.oehha.ca.gov/prop65/CRNR_notices/pdf_zip/Acrylamideworkshop2.pdf 

• 	 Workshop Agenda, May 12, 2003. Proposition 65 Regulatory Options Regarding 
Acrylamide in Foods.  Located at 
http://www.oehha.ca.gov/prop65/public_meetings/AcrylamidePres.html 

http://www.oehha.ca.gov/prop65/public_meetings/AcrylamidePres.html
http://www.oehha.ca.gov/prop65/CRNR_notices/pdf_zip/Acrylamideworkshop2.pdf
http://www.oehha.ca.gov/prop65/CRNR_notices/pdf_zip/Acrylamideworkshop.pdf


 

 



 

 



 

 



 

 
 

 

 

 

 

 

 
 

Tab 3. Basis of 1990 Proposition 65 acrylamide cancer listing via 
authoritative body mechanism: U.S. EPA and IARC 

In 1990, two authoritative bodies, namely the U.S. Environmental Protection 
Agency (U.S. EPA) and the International Agency for Research on Cancer (IARC), 
had formally identified acrylamide as causing cancer.  Following regulatory 
procedures given in Title 22, California Code of Regulations Section 12306, 
acrylamide was listed as a Proposition 65 carcinogen. 

The U.S. EPA and IARC reports that served as the bases for the 1990 listing are 
provided at Tab 3.   

o U.S. EPA IRIS file (carcinogenicity assessment, June 1, 1989): Group B2 – 
“probable human carcinogen” 

The U.S. EPA (1989) assessment cited the following as evidence of the 
carcinogenicity of acrylamide:  limited or inadequate human data, benign 
and/or malignant tumor formation at multiple sites in rats, cancer formation 
in one-year studies in mice by multiple routes of exposure, positive 
genotoxicity data, DNA adduct formation, and structure-activity 
relationships to other carcinogens.  An oral cancer slope factor was derived. 

o IARC (1987) Monograph Suppl. 7: Group 2B - “possibly carcinogenic to 
humans”  
• 	 IARC (1986) Monograph Vol. 39: “sufficient evidence” in animals 

(as cited by IARC (1987)) 

The summary of data in IARC (1986) cites the following evidence: 
increased tumor incidences in oral cancer studies in male and female rats 
(Johnson et al., 1986), tumor-initiating activity in mouse skin by multiple 
routes, induction of lung tumors in mice from oral or i.p. administration 
(Bull et al., 1984a), and findings of chromosomal damage from in vitro and 
in vivo studies. In its overall evaluation of the carcinogenicity of 
acrylamide, IARC (1987) concluded that acrylamide was possibly 
carcinogenic to humans (Group 2B), based on sufficient evidence in 
animals.  



 

 

 

 

  
 

Documents or links to contents of Tab 3. 

• 	 1989 U.S. EPA IRIS file for acrylamide (scanned copy attached (selected pages)) 

• 	 1987 IARC Monograph Supplement 7, page 56, information on obtaining copies of 
IARC Monographs is located on the IARC website at 
http://193.51.164.11/default.html. 

• 	 1986 IARC Monograph Volume 39, pages 41-66, information on obtaining copies of 
IARC Monographs is located on the IARC website at 
http://193.51.164.11/default.html. 

http://193.51.164.11/default.html
http://193.51.164.11/default.html


 

 

 



 

 
 



 

 



 

employment and another 109 had only 1-4 years o.f employment. 

<<< Acrylamide >>> 

_II .A. 3. ANIMAL CARCINOGENICITY DATA 

Sufficient. In an adequately designed 2-year carcinogenesis bioassay 
(Johnson et al., 1984, 1986), acrylamide (>98% purity) was administered in 

, drinking.water to F344 rats (60/sex/dose) at doses of 0, 0.01, 0.1, 0.5 and 
2.0 mgfkg bw/day. An MTD appeared to have been achieved based on decreased 
body weight gain, decreased survival and the observance of several toxic 
effects in the high·dose group. There were transient symptoms of a viral 
infection (sialodacryoadenitis virus) in some rats beginning on day 210 of the 
study; however, all animal groups were equally affected. This viral infection 
did not st"gnificantly affect the body weight, survival or tumor incidences of 
F344 rats (Rao et al., 1988). 

• 
Acrylamide induced significantly (p<O.OS) increased incidences of several 

tumor types in test rats of both sexes when compared to control animals. In 
males,. significantly increased incidences of tumors included the following: 

.. _scrotal mesotheliomas in the two highest doses (3/57 control; 11/53 and 10/54 
two highest doses), adrenal pheochromocytomas in the high dose (3/57; 10/54), 
and thyroid adenomas in the high dose (1/57; 7/54). In high dose·females, 
gliomas and astrocytomas of the CNS (1/60 control; 9/61 high dose), adenomas 
and adenocarcinomas of the mammary gland (10/60; 28/60), adenomas and 
adenocarcinomas of the thyroid gland (1/54; 5/50), adel).ocarcinomas of the 
uterus (1/56; 5/49), and papillomas and carcinomas of the oral cavity (0/60; 
8/60) were significantly increased. 

A series of mouse skin papilloma and lung adenoma assays showed that 
acrylamide initiated skin tumorigenesis in both SENCAR and Swiss-ICR mice, and 
induced lung tumors in mice of SENCAR, Swiss-ICR and A/J strains (Bullet al., 
1984a,b; Robinson et al., 1986). Administration of a total of 0, 75, 150 and 
300 mg acrylamide/kg during 6 applications over a 2-week period by gavage, 
i.p. or dermal route to groups of female SENCAR mice followed by triweekly 
applications of 1 ug TPA (12-0-tetradecanoyl-phorbal-13-acetate) for 20 weeks, 

.·.caused a dose-response increase of skin tumors in the mice (Bull et al, 
1984a). Significant increases of skin and lung tumors were noted in SENCAR 
mice administered 50 mg/kg of acrylamide by a single i.p. injection followed 
by treatment with TPA (Robinson et al., 1986). Acrylamide also initiated skin 
.tumorigenesis in Swiss-ICR mice (by gavage) and induced lung neoplasms in 

·· Swiss-ICR mice (by gavage) and A/J mice (by gavage and i.p.). Skin tumor 
· development was dependent on promotion by TPA whereas lung tumor induction was 

not (Bull et al., 1984 a, b). · 

<<< Acrylamide >>> 



 

_II.A.4. SUPPORTING DATA FOR CARCINOGENICITY 

Acrylamide has been shown to be a clastogenic agent, inducing chromosomal 
aberrations, dominant lethality, sister-chromatid exchanges and unscheduled 
DNA synthesis in various in vivo and in vitro systems. Acrylamide also 
produces cell transformation in vitro and causes amplification of SV40 DNA 
inserts of SV40-transformed Chinese hamster cells. Furthermore, there is 
evidence that [Cl4]-acrylamide binds covalently to DNA and protein.in rodents 

• (Dearfield et al. , 1988). 

Acrylamide is structurally analogous to the carcinogens vinyl carbamate and 
·acrylonitrile; they all contain &·Vinyl group which may interact with cellular 
~cromolecules via activation to an epoxide. 

------------------------~----------------------------------------------------

_II. B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE 
<<< Acrylamide >>> 

_. II.B.l. SUMMARY OF RISK ESTIMATES 

j Ora~ Slope Factor -- 4.5/mgjkg/day . 
·~~- . :---.:-· 

Drinking Water Unit Risk -- 1.3E-4/ug/L 

Extrapolation Method Linearized multistage procedure, extra risk 

Drinking Yater Concentrations at Specified Risk Levels: 

Risk Level 

E-4 (1 in 10, 000) 
E-5 (1 in 100,000) 
E-6 (1 in 1,000,000) 

<<< Acrylamide >>> 

Concentration 

8E-l ug/L 
8E-2 ug/L 
8E-3 ug/L 

_II. B. 2. DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE) 

Tumor Type -- CNS, Mammary and thyroid glands, uterus, oral cavity (combine~) 
Test Animals -- rat/Fischer 344, female 
Route -- Drinking water 
Reference-- Johnson et al., 1986 



 

 
 



 

 
 
 

 

 

 
 

 
 

 
 
 

Tab 4. Reports on the carcinogenicity of acrylamide published by 
Proposition 65 authoritative bodies since the 1990 listing: U.S. EPA, 
IARC, NTP 

U.S. EPA 
• 	 U.S. EPA IRIS file (carcinogenicity assessment, July 1, 1993): Group B2 – 

“probable human carcinogen”.  Provided here at Tab 4. 

The U.S. EPA (1993) assessment cited as carcinogenicity evidence: limited 
or inadequate human data, benign and/or malignant tumor formation at 
multiple sites in rats, cancer formation in one-year studies in mice by 
multiple routes of exposure, positive genotoxicity data, DNA adduct 
formation, and structure activity relationships to other carcinogens.  As in 
the U.S. EPA’s 1989 assessment, an oral cancer slope factor is provided in 
the 1993 assessment, the same value as in earlier U.S.EPA documentation 
and updated under Proposition 65.   

IARC 
• 	 IARC (1994) Monograph Vol. 60: Group 2A – “probably carcinogenic to 

humans”.  Provided at Tab 4. 

IARC (1994) upgraded the listing of acrylamide from 2B to 2A based in part 
on new data from humans and rodents on acrylamide uptake, metabolism, 
and hemoglobin adducts.  The evidence evaluated included drinking water 
cancer studies in male and female rats (Johnson et al., 1986); oral, i.p. and 
dermal cancer studies in male and female A/J and SENCAR mice (Bull et 
al., 1984a); an oral cancer study in female Swiss mice (Bull et al., 1984b), 
many new studies showing gene mutations and chromosomal damage in 
mammalian cells in vivo and in vitro; DNA adducts measured in vivo in rats 
and mice in all tissues examined, and extensive new data from humans and 
rodents on uptake, metabolism, and formation of hemoglobin adducts.  



 

 

 

 

 

 

The National Toxicology Program (NTP) 

o NTP 6th Annual Report on Carcinogens (1991): Acrylamide is “reasonably 
anticipated to be a human carcinogen.”  Provided at Tab 4. 

o NTP 10th Report on Carcinogens (2002): Acrylamide is “reasonably 

anticipated to be a human carcinogen.”  Provided at Tab 4. 


Acrylamide was first listed in 1991 as “reasonably anticipated to be a human 
carcinogen” in the NTP’s 6th Report on Carcinogens. The 10th, and most 
recent Report on Carcinogens, continues to classify acrylamide as 
“reasonably anticipated to be a human carcinogen.”  The evidence cited in 
the NTP Report on Carcinogens includes formation of tumors at multiple 
sites in rats following acrylamide administration via drinking water, lung 
tumors in mice following oral or i.p. administration, and skin tumor 
initiation by three routes of exposure in mice. 



 

 
 

 

 

 

 

 
 

Documents or links to contents of Tab 4. 

• 	 Current U.S. EPA IRIS file for acrylamide (carcinogenicity assessment, July 1, 1993), 
located at http://www.epa.gov/iris. 

• 	 1994 IARC Monograph Volume 60, pages 389-433.  Summary located online at 
http://www-cie.iarc.fr/htdocs/monographs/vol60/m60-11.htm. 

• 	 Information on obtaining full copies of IARC Monographs is located on the IARC 
website at http://193.51.164.11/default.html. 

• 	 NTP (1991). 6th Annual Report on Carcinogens. Acrylamide, pages 80-85.  Copies of 
scanned document are attached. 

• 	 NTP (2002). 10th Annual Report on Carcinogens. Acrylamide, pages III-4 to III-6. 
Located at http://ehp.niehs.nih.gov/roc/tenth/profiles/s003acry.pdf. 

http://ehp.niehs.nih.gov/roc/tenth/profiles/s003acry.pdf
http://193.51.164.11/default.html
http://www-cie.iarc.fr/htdocs/monographs/vol60/m60-11.htm
http://www.epa.gov/iris


 

 
 

 

NTP (1991) 6th Report on Carcinogens 



 

 

 



 

 
 

 

 

 

 

 

 

 

 

Tab 5. Institutional reactions to acrylamide in food (i.e., findings of 
Tareke et al. (2002) Swedish study on acrylamide in food) 

In April 2002 Swedish researchers announced findings that acrylamide is present 
in many human foods. These findings were later published as Tareke et al. (2002), 
which is provided here in Tab 5.   

Since that discovery, worldwide efforts have been undertaken to understand the 
extent of dietary exposure and it public health ramifications as well as ways to 
minimize acrylamide formation during cooking and food processing.  Reports of 
these processes are provided here in Tab 5 and include:  

• 	 World Health Organization (WHO)/United Nations Food and Agriculture 
Organization (FAO) Health Implications of Acrylamide in Food June 25-27, 
2002. 

• 	 FAO/WHO Acrylamide in Food Network and Infonet website information 

• 	 U.S. Food and Drug Administration (U.S. FDA) Draft Action Plan for 
Acrylamide in Food – February 24, 2003 Update.  

• 	 U.S. FDA letter received July 14, 2003 from Dr. Lester Crawford, Deputy 
Commissioner, U.S. FDA to Dr. Joan Denton, Director, OEHHA regarding 
OEHHA’s proposed workplan 

• 	 OEHHA’s response letter dated August 5, 2003 from Dr. Joan Denton, 
OEHHA to Dr. Lester Crawford, U.S. FDA.  



 

 
 

 

 

 

 

Citations or links to contents of Tab 5. 

• 	 Tareke E, Rydberg P, Karlsson P, Eriksson S, Tornqvist M (2002). Analysis of 
acrylamide, a carcinogen formed in heated foodstuffs. J Agric Food Chem. 
50(17):4998-5006. 

• 	 WHO/FAO (2002). Health Implications of Acrylamide in Food, located at 
http://www.who.int/fsf/Acrylamide/Acrylamide_report.pdf. 

• 	 FAO/WHO Acrylamide in Food Network and Infonet website information.  Located 
at http://www.acrylamide-food.org/index.htm. 

• 	 U.S. FDA (2003) Draft Action Plan for Acrylamide in Food.  Located at 
http://www.cfsan.fda.gov/~dms/acrypla2.html. 

• 	 U.S. FDA – OEHHA correspondence. (Scanned copies of U.S. FDA letter and 
OEHHA response are attached) 

http://www.cfsan.fda.gov/~dms/acrypla2.html
http://www.acrylamide-food.org/index.htm
http://www.who.int/fsf/Acrylamide/Acrylamide_report.pdf


 

 
 



 

 
 



 

 



 

 
 



 

 



 

 
 



 

 



 

 
 

 

 
 

 
 

 

 

 

 
 

 
 

  
 

Tab 6. Animal cancer studies of acrylamide 

• 	 Long-term drinking water studies in rats 

1. Johnson et al. (1986). Chronic toxicity and oncogenicity study on 
acrylamide incorporated in the drinking water of Fischer 344 rats. 
Toxicol Appl Pharmacol 85(2): 154-168. 

2. Friedman et al. (1995). A lifetime oncogenicity study in rats with 
acrylamide. Fundam Appl Toxicol 27(1): 95-105, and 

• 	 Damjanov and Friedman (1998) In Vivo 12:495-502 (a 
reanalysis of the pathology of acrylamide-induced testicular 
mesothelioma in male F344 rats). 

Provided in Tab 6. These studies reported increased incidences of benign 
and/or malignant tumors at multiple sites in male and female rats exposed to 
acrylamide in drinking water for two years. 

• 	 Limited-term cancer studies in mice 

1. Bull et al. (1984a). Carcinogenic effects of acrylamide in Sencar and 
A/J mice. Cancer Res 44(1):107-111. 

2. Bull et al. (1984b). Carcinogenic activity of acrylamide in the skin 
and lung of Swiss-ICR mice. Cancer Lett 24(2):209-212. 

3. Robinson et al. (1986). A combined carcinogen bioassay utilizing 
both the lung adenoma and skin papilloma protocols. Environ Health 
Perspect 68:141-145. 

Provided in Tab 6. These studies reported increased incidences of lung 
tumors in female Swiss mice following six doses given by oral gavage, 
strong dose-related induction of lung tumors in both male and female A/J 
mice by oral gavage or i.p. administration, and increased incidences of skin 
tumors in mice treated by oral gavage, i.p. or dermal administration 
(followed by TPA promotion). 



 

 
 

 

 

 
 

 
 

 

 

 

 

 

 

Tab 7. Recent human cancer studies of acrylamide 

Since the last major review by an authoritative body (IARC, 1994), several notable 
epidemiological studies have been published, and are included here in Tab 7.  They 
are: 

Retrospective occupational cohort study 
1. Marsh GM, Lucas LJ, Youk AO, Schall LC (1999). Mortality patterns 

among workers exposed to acrylamide: 1994 follow up. Occup Environ Med 
56(3):181-190. 

Comments on Marsh study 
• 	 Granath et al. (2001): Cancer risk from exposure to occupational 

acryalmide. Occup Environ Med 58(9): 608-9. 
• 	 Schulz et al. (2001). Dose-response relation between acrylamide 

and pancreatic cancer. Occup Environ Med 58(9): 609. 

Two case-control dietary studies 
1. Mucci LA, Dickman PW, Steineck G, Adami HO, Augustsson K (2003). 

Dietary acrylamide and cancer of the large bowel, kidney, and bladder: 
Absence of an association in a population-based study in Sweden. Br J 
Cancer 88(1):84-89. 

2. Pelucchi C, Franceschi S, Levi F, Trichopoulos D, Bosetti C, Negri E, La 
Vecchia C (2003). Fried potatoes and human cancer. Int J Cancer 
105(4):558-560. 

Marsh et al. (1999) is an update to the largest existing retrospective cohort 
study of acrylamide-exposed workers (Collins et al., 1989), and reports on the 
mortality experience of 8508 workers with potential exposure to acrylamide at 
three plants in the United States.  Comments on the study were also published 
by Granath et al. (2001) and Schulz et al. (2001).   

A significant association of occupational acrylamide exposure and cancer of 
the pancreas was observed; however, the authors indicate that this finding may 
be confounded by smoking. As noted by Marsh et al. (1999), the study had 
limited power to detect cancer associations for nearly all sites, except possibly 
the lung. 



 

 
 

 

 

Mucci et al. (2003) is a case-control study that compared consumption of 
acrylamide-containing foods and cancers at certain sites.  Food consumption 
was assessed through a dietary questionnaire.  Currently measured levels of 
acrylamide in various foods were applied to the food consumption data to 
estimate acrylamide intake. No associations with acrylamide intake and cancer 
were observed. Dybing and Sanner (2003, provided in Tab 10) concluded that 
the Mucci et al. (2003) study was too small to detect an association, assuming 
the risk estimates based on the animal tumor data represent true human risk to 
acrylamide. 

Pellucchi et al. (2003) is a hospital-based case-control study comparing 
consumption of fried or baked potatoes and cancer.  Potato consumption was 
ascertained with a food-frequency questionnaire.  No association of cancer and 
fried or baked potato consumption was observed.  



 

 
 

 
 

 
 

   
 

 

 

 

  
 

 
 

 

 

 

 
 

Tab 8. Recent studies of the genotoxicity of acrylamide 

Since the 1994 IARC review, the following papers on acrylamide genotoxicity 
have been published: 

1. Dearfield et al. (1995). Acrylamide: a review of its genotoxicity and an 
assessment of heritable genetic risk. Mutat Res 330(1-2):71-99. 
(major review) 

2. Segerback et al. (1995). Formation of N-7-(2-carbamoyl-2­
hydroxyethyl)guanine in DNA of the mouse and the rat following 
intraperitoneal administration of acrylamide. Carcinogenesis 16 (5):1161­
1165. 

3. Sickles et al. (1995) Acrylamide arrests mitosis and prevents chromosome 
migration in the absence of changes in spindle microtubules.  J Toxicol 
Environ Health 44:73-86. 

4. Martenson et al. (1995). The effect of acrylamide and other sulfhydryl 
alkylators on the ability of dynein and kinesin to translocate microtubules in 
vitro. Toxicol Appl Pharmacol 133:73-81. 

5. Generoso et al. (1996). Dominant lethal mutations, heritable translocations, 
and unscheduled DNA synthesis induced in male mouse germ cells by 
glycidamide, a metabolite of acrylamide. Mutat Res 371(3-4):175-183. 

6. Park et al. (2002). Acrylamide-induced cellular transformation. Toxicol Sci 
65(2):177-183. 

7. Paulsson et al. (2002). Hemoglobin adducts and micronucleus frequencies in 
mouse and rat after acrylamide or N-methylolacrylamide treatment. Mutat 
Res 516(1-2):101-111. 

8. Paulsson et al. (2003). Induction of micronuclei in mouse and rat by 
glycidamide, genotoxic metabolite of acrylamide. Mutat Res 535(1):15-24. 



 

 
 

  

 

  
 

 

9. Abramsson-Zetterberg L (2003). The dose-response relationship at very low 
doses of acrylamide is linear in the flow cytometer-based mouse 
micronucleus assay. Mutat Res 535(2):215-222. 

10.Granath F, Tornqvist M (2003). Who knows whether acrylamide in food is 
hazardous to humans? J Natl Cancer Inst 95(12): 842-843. (Commentary on 
Besaratinia and Pfeifer, 2003) 

11. Besaratinia A, Pfeifer GP (2003). Weak yet distinct mutagenicity of 
acrylamide in mammalian cells. J Natl Cancer Inst 95(12): 889-896. 

These recent studies reported that acrylamide induces both mutations and 
clastogenic effects in mammalian cells. Some study authors hypothesized that 
acrylamide may cause DNA damage through direct DNA adduction, whereas 
others hypothesized that acrylamide binding to proteins involved in mitosis may 
be a mechanism of DNA damage. DNA adducts of glycidamide, the reactive 
epoxide of acrylamide, were measured in every tissue examined following 
exposure of rats and mice to acrylamide.  Several studies (Segerback et al., 
1995; Generoso et al., 1996; Paulsson et al., 2002; 2003) concluded that 
glycidamide is likely responsible for the observed genotoxicity; one study (Park 
et al., 2002) suggested that acrylamide itself may play a role in cellular 
transformation.  With respect to dose-response, two sets of studies (Paulsson et 
al., 2002; 2003, and Abramsson-Zetterberg, 2003) reported a linear formation 
of micronuclei in blood lymphocytes over a wide range of in vivo dosing. 



 

 
 

 
 

  
 

 

 

 

 

 

 
 

 

Tab 9. Recent studies on acrylamide pharmacokinetics and 
bioavailability 

A. Metabolism and pharmacokinetics 

Since the 1994 IARC review, several studies on the metabolism and 
pharmacokinetics of acrylamide have been published, as well as a review of the 
topic by Calleman (1996) and a pharmacokinetic model for acrylamide in the rat 
(Kirman et al., 2003).  Recent studies on metabolism include Sumner et al. 
(1997; 1999) and Barber et al. (2001).  Many additional biomarker studies have 
also been published, but are not listed or provided here. 

1. Calleman CJ (1996). The metabolism and pharmacokinetics of acrylamide: 
implications for mechanisms of toxicity and human risk estimation. Drug 
Metab Rev 28(4):527-590. 

2. Sumner SC, Selvaraj L, Nauhaus SK, Fennell TR (1997). Urinary 
metabolites from F344 rats and B6C3F1 mice coadministered acrylamide 
and acrylonitrile for 1 or 5 days. Chem Res Toxicol 10(10):1152-1160. 

3. Sumner SC, Fennell TR, Moore TA, Chanas B, Gonzalez F, Ghanayem BI 
(1999). Role of cytochrome P450 2E1 in the metabolism of acrylamide and 
acrylonitrile in mice. Chem Res Toxicol 12(11):1110-1116. 

4. Barber DS, Hunt JR, Ehrich MF, Lehning EJ, LoPachin RM (2001). 
Metabolism, toxicokinetics and hemoglobin adduct formation in rats 
following subacute and subchronic acrylamide dosing. Neurotoxicology 
22(3):341-353. 

5. 	 Kirman C, Gargas M, Deskin R, Tonner-Navarro L, Andersen M (2003). A 
physiologically based pharmacokinetic model for acrylamide and its 
metabolite, glycidamide, in the rat. J Toxicol Environ Health A 66(3):253­
274. 

Acrylamide is almost completely absorbed following either oral administration 
or i.p. injection, and is distributed widely throughout the body (Calleman, 
1996). Sumner et al. (1999) reported that metabolism to the reactive metabolite 
glycidamide in mice is highly dependent on cytochrome P450 2E1. 



 

 

 

 

 

 

 

 

B. Bioavailability of acrylamide from food 

Two studies have directly examined the issue of bioavailability of acrylamide from 
food. They include an animal study by Tareke et al. (2000) and a human volunteer 
study by Sorgel et al. (2002). 

6. Tareke E, Rydberg P, Karlsson P, Eriksson S, Tornqvist M (2000). 

Acrylamide: a cooking carcinogen? Chem Res Toxicol 13(6):517-522. 


7. Sorgel F, Weissenbacher R, Kinzig-Schippers M, Hofmann A, Illauer M, 
Skott A et al. (2002). Acrylamide: increased concentrations in homemade 
food and first evidence of its variable absorption from food, variable 
metabolism and placental and breast milk transfer in humans. Chemotherapy 
48(6):267-274. 

Tareke et al. (2000) reported the formation of acrylamide in rat chow, upon 
frying. Tareke et al. (2000) reported a large increase in acrylamide-derived 
hemoglobin adducts in rats fed fried rat chow.  Sorgel et al. (2002) reported 
that consumption by human volunteers of home-cooked potato chips resulted 
in increased levels of acrylamide in urine and breast milk. 

Tareke et al. (2000) noted that human biomonitoring studies measure 
background levels of acrylamide-hemoglobin adducts in non-occupationally 
exposed individuals.  Tareke et al. (2000) concluded that acrylamide in food 
is most likely the major source of background adducts observed among non-
smoking, non-occupationally exposed individuals. 



 

 
 

 

 

 

 

 
 

 

 

Tab 10. Acrylamide levels measured in foods and preliminary two- 
and four-day average intake estimates 

1. Acrylamide levels measured in U.S. foods by the U.S. FDA 

The U.S. FDA published an initial compilation of acrylamide measurements in 
samples of certain foods on December 4, 2002.  On March 12, 2003 the 
U.S. FDA released a second set of measurements of acrylamide based on 

testing of a second set of food products.   


These datasets are located at  
• 	 http://www.cfsan.fda.gov/~dms/acrydata.html 
• 	 http://www.cfsan.fda.gov/~dms/acrydat2.html. 

2. The summary tables come from:  	Peterson, B. (2002). Exposure and 
biomarkers.  JIFSAN/NCFST Acrylamide in Food Workshop.  Located at 
http://www.jifsan/umd.edu/Acrylamide/acryalmide workshop.html, 
October 29-30, 2002, Rosemont, Illinois.   
• 	 Summary of acrylamide levels measured in foods of six different 

countries (as of October 2002) (Numerous foods have been analyzed for 
acrylamide content in Norway, The Netherlands, Sweden, Switzerland, 
the U.K., and the U.S.) (Table 1, page 12) 

• 	 Two-day consumption estimates (Table 2, page 13) 

3. Dybing E, Sanner T (2003) Risk assessment of acrylamide in foods. Toxicol Sci 
75: 7-15. 
• 	 Estimates of average daily intake based on four-day food consumption 

from the 1997 Norway national food survey and acrylamide residue data 
from the Norwegian Food Agency.   

http://www.jifsan/umd.edu/Acrylamide/acryalmide
http://www.cfsan.fda.gov/~dms/acrydat2.html
http://www.cfsan.fda.gov/~dms/acrydata.html

