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EXECUTIVE SUMMARY

The FAO/WHO Conaultation on Hedth Implications of Acrylamide in Food has underteken a
preliminary evauation of new and exiding data and reseerch on acrylamide.  The following
main conclusions were reached:

M ethods of analysisfor acrylamide

By current sandards of anaytica science, the recent findings of acrylamide in foodstuffs are
rdiable.  None of the methods used to measure acrylamide in foodstuffs has yet been fully
vdidaed by inter-laboratory collaboretive trids.  However, most methods fulfil the
requirements of sngle-laboratory (“in-house’) vdidation and accreditation.

Formation and fate of acrylamidein food

Acrylamide has been found in certain foods that have been cooked and processed a high
temperatures, and the levels of acrylamide increase with the time of heeting. However, the
mechanisms of formation of acrylamidein food are poorly understood.

Exposur e assessment

Based on the avalable data, food is edimated to meke a dgnificant contribution to totd
exposure of the generd public to acrylamide. Average intakes for the genera population were
edimated to be in the range of 0.3 to 0.8 microgram of acrylamide intake per kilogram of body
weight per day. Within a population, it is anticipated that children will generdly have intakes
that are two to three times those of adults when expressed on a body weight bass. Dietary
intakes of acrylamide by some consumers may be severd times higher than the average.

Non-cancer toxicology

Neurotoxicity is the key non-cancer, non-genotoxic effect of acrylamide in humans and
animas. No neurotoxic effects are to be expected from the levels of acrylamide encountered in
food.

Genotoxicity
Acrylamide may induce heritable damage.

Carcinogenicity
Acrylamide has a carcinogenic potency in rats that is smilar to that of other carcinogens in
food, but the inteke leves for acrylamide are likdy to be higher. For humans, the rdative

potencies of cancer-causing agents in food are not known.  Only limited human populaion deta
ae avalable for acrylamide and these provide no evidence of cancer risk from occupationd

exposure.  All such dudies have limited power to detect smdl increases in tumour incidence.
The Consultation recognized the presence of acrylamide in food as a mgor concern in humans
based on the ahility to induce cancer and heritable mutations in laboratory animals.



Need for further information and provision of interim advice

The Conaultation provided a range of recommendetions for further infaomation and new
dudies to better undersand the risk to humen hedth posed by acrylamide in food. The
Conaultation dso provided some advice to minimize whatever risk exiss induding avoiding
excessive cooking of food’, choosing hedthy edting, investigating possibiliies for reducing
levels of acrylamidein food, and establishing an internationd network on acrylamide in food.

? However, al food — particularly meat and meat products — should be cooked thoroughly to destroy foodborne
pathogens.



1. BACKGROUND

In April 2002 the Swedish Nationd Food Adminisration (NFA) and researchers from
Stockholm Universty announced their findings that acrylamide, a toxic and potentidly cancer-
causing chemicd, is formed in many types of food prepared/cooked a high temperatures. The
NFA informed regiond and internationd authorities and organizations about their findings in
order to initiste internationd collaboration as a priority. Moreover, intenationd initidives to
commence multidisciplinary research were viewed as urgently needed as the formation of
acrylamide during the cooking process was likely to be a generd phenomenon.

In light of concern expressed by member countries, a Consultation was convened jointly by the
Food and Agriculture Organization of the United Nations (FAO) and the World Hedth
Organization (WHO). The Conaultetion was hedd a WHO Headquarters in Geneva,
Switzerland on 2527 June 2002. A lig of participants and agenda as adopted are provided in
Annexes 1 and 2, respectively. Dr Dieter Arnold, Acting Director, Federd Indtitute for Hedlth
Protection of Consumers and Veterinary Medicine, Berlin, Germany served as Chairman.
Dr Mavin Friedman, an expet in the fidd of acrylamide toxicity, who had worked for the

acrylamide indudry, did not paticipate in those sessons where the concusons and
recommendations were agreed. This course of action was agreed on, with WHO, prior to the
Conaultation.

The Consultation was opened by Dr David Nabarro, Executive Director of the Cluster on
Sudainable Development and Hedthy Environments and Senior Policy Adviser to the WHO

Director-General. Dr Nabarro emphesized thet in addition to the evauation of gpedific
scientific agpects of acrylamide in food, governments, industry and consumers were looking
forward to any interim advice that could be offered, particularly in the light of the paucity of
adequate data and the limited understanding of many of the processes involved.

2. OBJECTIVESOF THE CONSULTATION

The objectives of the Consultation were:

1. Toreview and evduate new and existing data and research on acrylamide rlevant to:

toxicology, especidly carcinogenicity and neurctoxicity;
epidemiology;

exposure assessment;

andytica methodology; and

formation, fate and bioavailability of acrylamide in cooked food.

TN T TN T

2. Toidentify needs for further information and sudies, and

3. Todevedop and suggest possible interim advice for governments, industry and consumers.



The Conaultation reviewed the hedth dgnificance of the presence of acrylamide in foods on
the basis of known internationd assessment reports, specific background papers prepared in
advance by invited experts and on the available new data and publications.

A lig of the mgor documents available to the Conaultation is provided in Annex 3. Note that
individuad documents are not specificdly referred to in these texts nor are they exhaustivdy
summarized in thisreport. A list of abbreviations usad in this report is e Annex 4.

3. METHODSOFANALYSIS

31 Introduction

The Conaultation reviewed the methods of andyds avaldble to tet for acrylamide in
foodstuffs and food ingredients, and for acrylamide and its metabolites as haemoglobin adducts
inblood.

3.2. Foodstuffsand food ingredients

3.2.1. Sampling

Leves of acrylamide can vary condderably in foods seemingly due to the processng or
cooking conditions used and the temperature achieved.  Consequently, there can be
condderable variability from product to product and even concentration hot-gpots within an
individua food item. The whole food item or package should be homogenized before sub-
sampling and a representative portion teken for andyss.  For the foodduffs invedtigated to
date, there have been no problems reported of Sgnificant losses during sorage and
homogenization of the sample prior to andyss.

3.2.2. Extraction

Free acrylamide is extracted from the sample usng cold or hot water. It has been

demondrated, by adding known amounts of acrylamide sandard to the sample before
extraction, that these extraction procedures give complete recovery. Many sample extracts can
be andysed directly, however some sample types benefit from further cdeanup and
concentretion of the extract. It is desrable to add an internal standard to the food sample at the
outset, as an internal standard compensates for any recovery losses in these steps and helps to
ensure that results are rigble.

3.2.3. Gaschromatography/mass spectrometry (GC-M S)

Although acrylamide can be andlyzed as such, without derivatization, when usng GC-MS, the
molecule is normadly brominated to form a derivative tha has improved GC properties The
acrylamide derivative is identified by its retention time and by the ratio of characterisic MS
ions. Once the identity of acrylamide has been esablished in a particular type of food, it may
be possible to use gas chromatography with eectron capture detection (ECD) or other sdlective
detection techniques to routindy monitor levels dthough with this andyticd technique the
identification rests on the retention time adone. The lowest leve that can be measured when
usng GC-MSisintherange of 5to 10 pgkg.



3.2.4. Liquid chromatography/tandem mass spectrometry (LC-M S/MS)
Because there had been concerns about possble artefact formation during the bromination
procedure, LC-MSMS methods were developed for the direct andyss of acrylamide without
the need to derivatize. Identification of the substance is by its retention time and by the retive
ion intengties. The limit of measurement usng LC-MSMSisabout 20 to 50 pg/kg.

3.2.5 ldentification of acrylamide

When the same food sample is extracted and anadyzed by both methods described, there is
generdly excdlent agreement between the results and the putative acramide fulfils the
identification criteria in both techniques. This provides added confidence in the quditaive and
quantitative results to date. By modern standards of andytical evidence, the identification of
acrylamide in foodduffs is highly reliable.

3.2.6. Data quality

None of the methods used to messure acrylamide in foodstuffs has been fully vaidaed by
interlaboratory collaborative trids. However, some methods fulfil the requirements of single-
laboratory (“inhousg’) vdidation and accreditation.  Additiondly, some samples have been
andyzed by different laboratories usng the same method, or by one laboratory using different
methods, and there has generdly been good agreement. It is considered that the measurement
uncertainty is smdl in reation to the large variability that gppears to occur even between
different batches of the same product. Therefore, there seems to be no reason & this time to
redect ay of the limited data avalable on acrylamide concentrations in foods, or to exclude
these data from a preliminary assessment of exposure.

3.3  Determination of biomarkers of exposure

Acrylamide and its metabolite, glycidamide, react readily with a number of biomolecules
induding heemoglobin.  GC-MS methods for the determination of the adducts of acrylamide
and glycidamide with haemoglobin have been reported. The sendtivity of these GC-MS
methods is such that the adducts can be measured a concentrations in the blood that are
relevant to possble dietary exposure to acrylamide. Consequently, the adducts can be used as
biomarkers of exposure. In fact, it was the observation of unexplained levels of haemoglobin
adducts that gave the firg clue that there may be an unknown source of exposure, now
generdly agreed to be acrylamide in heated foods. The biomarker adducts can give a time-
averaged estimate of exposure and are complementary to exposure estimates derived from food
andyss and food consumption datigics Where this comparison has been mede the results
from both gpproaches have been comparable.  This adds further weight to the vdidity, both of
the biomarker approach. The widespread use of this biomarker approach is limited a present
because cdibraion standards are not generdly avalable  Other gpproaches, such as using
urinary biomarkers, may aso lend themsdlves to possible use.



4. FORMATIONAND FATE OF ACRYLAMIDE IN FOOD

4.1  Introduction

Of the limited range and number of foods andysed to date, acrylamide levels are highest in

potato and cerealbased products subjected to heat processing such as frying, grilling or baking.
Lower levels have dso been found in some other heat-processed foods. However, only a

limited range of food types have been tested to date and these belong to the Western diet.

42  Chemistry of formation

Acrylamide is a smdl and smple molecule. It could be formed in hested foods via severd
different mechanisms, which may involve reections of carbohydrates, proteins and amino
acids, lipids and possbly other minor food components Some of the most commonly-
proposed possihilitiesare:

?? Formétion via acrolein or acrylic acd which may be derived from the degradation of lipid,
carbohydrates or free amino acids;

?? Formation via the dehydraion/decarboxylation of certain common organic acids including
madic acid, lactic acid and citric acid; and

?? Direct formation from amino acids.

In the firg two cases the source of the nitrogen in the acrylamide molecule is possbly
ammoniareeased in deamination processes.

As no systematic studies have yet been eported, there is no evidence to identify any specific
routes of formation, nor to excude any posshiliies Acrylamide could dso originate from
non-food sources Mog probably a multitude of resction mechanisms is involved, depending
on the food compostion and processng conditions  This makes it difficult a present to draw
conclusons on the influence of various food processes or make recommendations on how to
minimise acrylamide levels.

The few observations that have been made strongly indicate hat temperature and duration of
heat processng are important factors. Acrylamide levels rise very srongly with time when
poteto chips are fried. Smilaly, a 10 to 20fold increese in acrylamide levels has been
reported between cooked and over-cooked fried potatoes. In contragt, acrylamide formation
has not been demondtrated a temperatures below 120°C.

The formation of acrylamide appears to be a surface phenomenon and water content may also
be an important factor. In these two respects, there are similarities with the browning reactions
that teke place when heating foods (the socdled Malllard reaction) and this possble link
should be investigated.

43  Fatein food

Acrylamide is known to be a highly reective molecule. It can react by ionic and by free-radicd
mechanisms and its presence, in free form, in food, was therefore unexpected. The observation
of rdatively high leves in certain foods rich in carbohydraies and lower leves in protein-rich
foods, may reflect the reletive ease of formation in the former, or it may be due to voldilization



or further reactions between acrylamide and food components in the latter. It is expected that
acrylamide could reect with any mgor or minor food component containing thiol, amino and,
to a much lesser extent, hydroxyl groups. This complication, with the formation of acrylamide
possbly being offsst by disgppearance pathways, means that it may be very difficult, if not
impossble, to undersand the mechaniam(s) of formation based only on condgderation o leves
in foodduffs. It will be necessary to conduct hypothess-driven modd gudies, coupled with a
gysematic examination of the relationship between acrylamide levels and processing/cooking
conditions

5. DIETARY EXPOSURE

51 Introduction

Although there are likdy to be multiple sources of acrylamide exposure, this assessment
focused on intakes due to the presence of acrylamide in foods. There has been intense activity
in the two months since the April 2002 report by the Swedish Naiona Food Adminigration
that acrylamide is present in a range of fried, baked and heat-processed starchy foods at levels
not previoudy determined. Other researchers have subsequently verified these findings
successfully, providing additiond information on the levels of acrylamide in different foods.

The amount of information does, however, remain both amdl in sze — only around 250 data
points — and limited in scope. Only a limited number of samples of sarchy foods, not in any
sense representative of the products available to consumers, have been andyzed. No data are
available for many countries.  The range of levels of acrylamide found in eech of the severad
types of food (poteto crisps breskfast cereds ec) is broad and there is not a good
understanding of the determinants of this variability. These foods only provide a pat of the
average energy intake in developed countries and the amount of information that has been
collected on acrylamide in other types of foods is very limited. These missng data mean that
the estimates of totd long-term dietary exposure that have been cdculated to date are likely to
be underestimates by an undetermined degree and that the extent of underestimation will vary
among countries.  Also, foods not yet analyzed may emerge as sgnificant contributors to total
dietary exposure to acrylamide. The Consultation therefore echoes the warnings of researchers
and naiond food authorities in different countries and cautions agang drawing hasy
conclusons from the very preiminary assessment below.

To date there has been sdective sampling for only a few types of food items and the data are
assgned to complete food groups that may not be adequate for accurate exposure estimation.
However, an attempt has been made to use the available data to its fullest extent.

Filling the data gaps in a sructured and prioritized way (particularly for stgple foods consumed
in developing countries, where there is a dearth of data), and understanding the determinants of
vaiability in acrylamie levelsin foodstuffs, are priorities for further research.



5.2  Description of submitted/available data

5.2.1 Acrylamidelevelsin food

Acrylamide concentration data for different food items or food groups were submitted to the
Secretariat in advance of the Conaultation. In some cases the food items anadysed are well
characterized, but in other cases the results were assgned to a product group and no further
detalls regarding the specific food item were provided. Countries varied in thelr categorization
of food items into food groups. Table 1 gives an overview of the range of acrylamide levels
found (food grouping was undertaken at the Consultation according to the expertise available).
Additiond information about the andyticd methods employed in generating these dda is
avalable in chapter 3.

Acrylamide was found in nearly dl food items andyzed so far (Table 1), which raises the
posshility thet it might be present in other food items not yet andyzed. The highest average
levels of acrylamide were found in crigos and chips, there was however a wide range, from not
detectable to 3.5 mg/kg product.

Other foodgtuffs that undergo smilar processng may dso contain acrylamide. However, no
data were available for many commodities, such as meat (except as part of compound foods),
milk, rice (other than a negative report for boiled rice), cassava, and soy products. No data
were avalable for processed fruits (other than a single negative report for dried fruit) and
vegetables (other than a smal number of restaurant-prepared medls).



Table 1. Acrylamide levels in different foods and food product groups from Norway,
Sweden, Switzerland, the United Kingdom and the United States of America

Food/Product Group Acrylamide levels (?gkg) *
Mean® Mediarf Minimum — Number of
Maximum samples
Crisps, potato/sweet potato’ 1312 1343 170 — 2287 338
Chips, potato’ 537 30 <50 — 3500 39
Batter based products 36 36 <30-42 2
Bakery products 112 <50 <50— 450 19
Biscuits, crackers, toadt, 423 142 <30 - 3200
bread crigps
Breakfast ceredls 298 150 <30 — 1346 29
Crigps, corn 218 167 A— 416 7
Breed, soft 50 30 <30- 162 41
Fish and seafood products, 35 35 - 4
crumbed, battered
Poultry or game, crumbed, 52 52 P-4 2
battered
Ingtant mat drinks 50 50 <50-70 3
Chocol ate powder 75 75 <50- 100 2
Coffee powder 200 200 170—-230 3
Beer <30 <30 <30 1

5.2.2 Food consumption data

Exposure assessments using different acrylamide concentration data (see Table 1) were
provided by severd nationd agencies and the Internationa Agency for Research on Cancer
(IARC). These included assessments usng food consumption data from Audrdia, The
Netherlands, Norway and USA. In addition the IARC EPIC® study used food consumption
data from 10 different European countries. The foods for which residue data were submitted
did not directly match the foods reported as consumed. Matching of residue daa to food

! The limits of detection and quantification varied among laboratories; values reported aslessthan avaue are

below the limit reported by the laboratory.

2 Mean and median were caculated where individud data were available; samples sizes were extremely smal

particularly for some food categories, where the mean and median are different it reflects the skewed digtribution

of the underlying data that were collected in different countries and may represent different food items within the
larger category.

% Products that are thinly diced and fried (Includes foods called potato chips in some regions including North
America)

4 Products that @ more thickly diced (Indudes foods cdled French fries in some regions induding North
America)

® The European Prospective Investigation into Cancer and Nutrition (EPIC), covers a large cohort of a hdf a
million men and women from 23 European centres in 10 Western European countries (Denmark, France,
Germany, Greece, Itay, Norway, Spain, Sweden, The Netherlands, United Kingdom). It is designed to study the
relationship between diet and the risk of chronic diseases, particularly cancer.



consumption data was conducted according to the expertise avalable. This could be a source
of uncertainty in the resulting exposure etimates. In the future, as additiond data become
avalable, dandardizetion according to a wel-recognized internationd food coding system
would be ussful in order to facilitete exposure assessments a the internationd levd.

Foods of both plant and anima origin are consumed daly throughout the world. In most
Wegtern and Asan countries, many foods are fully or semi-processed prior to consumption. In
other pats of the world, paticulaly Africa, treditiond methods of food preparation are
common and these methods can vary between communities and countries.  For example, in
mogst parts of Africa, cassava, yam, and maize are consumed directly or in semi-processed
forms. In some communities/countries, maize, cassava, and yam are stgple foods consumed on
a daly bass. Therefore, an urgent assessment of the Status of acrylamide (effects of
processng parameters, sorage conditions, and degradation) in steple foods across regions is
needed to provide more globa data on acrylamide in foods,

In 24-hour diet recdls, information on cooking methods is sysemdicaly collected for home-
prepared meds. Heat trestments occurring during industrid processng can only be indirectly
derived from the product category (eg. breskfast cereds, bread, etc.). Further investigations
usng different food groupings according to cooking methods could be considered, once more
specific information is available as to which cooking methods are actudly associated with the
presence/formation of acrylamide in foods.

5.3  Uncertainty regarding overall exposureto acrylamide

A subgtantid nonfood source of exposure to acrylamide in people not occupationdly exposed
is tobacco smoke.  Passve smoking is perhaps another source.  In non-smokers the known food
exposures did not appear to explan the levds of acrylamide-haemoglobin adduct observed.
While further food survey work may account for more of the measured adduct levels, on the
basis of the limited information avallable, it gppears that non-food acrylamide exposures may
be subgantid for a leest some populations. Exposure evauations that exist in reation to
polyacrylamide use in cosmetics, food packaging and water trestment, suggest that exposure
levels from these known potential sources gppear to be well below the intake levels implicated
for foods and the overal exposure implicated by biomarker sudies  Speculation regarding
other potentid sources of acrylamide exposure hes incuded the posshility of endogenous
acrylamide formation (i.e. in the body).

Biomarkers of exposure have been reported in only a handful of sudies and given that the
sources of exposure other than food and smoking are largdy unknown, the relative contribution
of food-borne acrylamide to overdl acrylamide exposure on aworldwide basis is unknown.

Evduation of background acrylamide exposure levels whether through food or other sources,
ghould be assessed usng biomarkers of exposure.  Given the uncertainty as to whether
acrylamide intake through food is sufficient to explain tota exposures to acrylamide, as well as
the suggestion that other known sources may not explain the full body-burden, population-
based sudies of broad scope would be most useful a this stage to identify other potentid non-
occupationd, non-food sources of exposure.
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54  Dietary intake of acrylamide

Prdiminary andyses from exising limited data indicate that potato and potaio products such
crigps, chips and other high-temperature cooked potatoes (e.g. roasted, baked) would ontribute
mogt to the totd mean acrylamide intakes, particularly when conddered together. This is
obsarved in data from gudies in Nordic, centrd Europeen and Mediterranean countries
(e.g. Spain and France (from EPIC data)) and other regions in the warld (e.g. Austrdia, USA).
However, other food groups with lower acrylamide concentration but consumed on a daily (or
more regular) bass (eg. bread, crispbread), and other foods in which levels of acrylamide are
currently unknown, may aso contribute subgtantialy to the total intakes, with the magnitude
varying across countries or study populations.

5.4.1 Estimation of short-termintake

Intake estimates usng Monte Carlo datistical techniques were conducted using the avallable
food consumption data for two populations (The Netherlands, USA) in order to provide an
edimate of likdy short-term intakes on the basis of the acrylamide resdue data provided by
Sweden.  Although the matching of the resdue data to foods consumed and the moddling
methods varied dightly, the estimated exposures were smilar.  The resulting intake estimates
ranged from 0.8 pg/kg bw per day for the average consumer, to 3 pg/kg bw per day for the 95"
percentile consumer, and 6.0 pg/kg bw per day for the 98" percentile consumer.

5.4.2 Estimation of long-term intake

The Conaultation consdered whether estimates of exposure over longer periods of time,
including chronic or lifetime exposures, could be assessed given the present sate of knowledge
for acrylamide. It was agreed hat the sparse, unrepresentative data available on acrylamide
occurrence in foods, limited the degree to which extrgpolations could be made for subsets of
populations basad on ether biologic (eg. gender, age, ethnic background) or food consumption
differences. Nonetheless, the data do dlow uncertainty estimates for the typica or median
exposures that occur through food for Western European, Audtrdian and North American diets.
The generd agreement of the severd methods used to estimate exposure using well described
food consumption data from Audrdia, Norway, The Netherlands, Sweden, USA and from the
IARC EPIC gtudy indicate a lower bound estimate of typical exposures in the range of 0.3 to
0.8 pgkg bw per day depending upon whether the average or nedian exposure is estimated
and which age groups were evauated.

Within a populdion, it is anticipated that children will generdly have exposures that are two to
three times those of adult consumers when expressed on a body weight basis.  Although there
is inadequate deta to rdiably edimate exposure for high consumers, their exposure could be
severa times the mean exposure.

There is essentidly no acrylamide occurrence data applicable to populations where the staple
food consumption, or food preparation methods differs subgantidly from the Western
European or North American diet. Furthermore, the generdly poor understanding of the
mechanisms of formation of acrylamide in foods does not dlow speculation as to the presence
of acrylamide in foods that have not been sampled.
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6. ABSORPTION, METABOLISM, DISTRIBUTION AND
EXCRETION

6.1  Absorption
Acrylamide is aisorbed from dl routes of exposure. While data on the bioavailability from
food matrices are limited, aosorption is congdered to be rgpid and complete by the ord route in

al gecies.

6.2 Metabolism and distribution

Anima dudies have shown that acrylamide and glycidamide are widdy digributed in dl
tissues of the body, induding milk. The mgor metabolite of acrylamide, glycidamide, is an
epoxide that may be more critical for carcinogenic and genotoxic properties in animals than the
parent compound. Acrylamide, rather than glycidamide, probably accounts for its neurotoxic
potentid.

The mgor metabolic pathway for acrylamide is quditativey smilar in humans and laboratory
animds, however, quatitative differences must be conddered in assessng risk for humans.
For the range of doses used in anima toxicology studies, the extent of converson of parent
compound to glyddamide is inversdy reaed to the amount of acrylamide in the body — the
lower the dose, the higher the proportion converted to glycidamide. Because metabolism and
dimination involve pahways where there is gendic variability (eg. conjugation and P450-
mediated metaboliam), there may be vaiation in the sengtivity of humans to the effects of
ingested acrylamide.

6.3  Excretion
The diminaion hdf-life of acrylamide and glycidamide is about two hours in ras.
Pharmacokinetic datain humans are sparse.

1. NON-CANCERTOXICITY

71 Introduction

Neurotoxicity is the only recognized adverse effect of ord acrylamide exposure in humans®.
Neurotoxicity is replicated in animd sudies. Less is known about the effects of acrylamide on
the developing nervous system, athough mgor persstent structurd or functiond perturbations

® Anima dudies and human experience demondrate that acrylamide is neurotoxic throughout posinatal life.
Dysfunction of the centra nervous system, especiadly the brain, dominates the acute toxic response to large single
exposures.  Brain dysfunction may present as sizures (overt poisoning only), or after prolonged exposure, in the
form of deepiness, changes in emotion and memory, hdlucination, and tremor. These manifedations of
acrylamide intoxication may precede and/or accompany signs of periphera neuropathy (stockingand-glove
digribution of sensory loss, sweating, and muscle weskness) with or without the ataxia that characteritically
results from repeated lowerdevel exposures to acrylamide.  Peripherd neuropathy is a delayed response to
acrylamide exposure and, depending on the dose received, may appear within weeks or months of daily exposures
to smdl amounts, and up to severa years in the event of chronic, low-evel exposures. Rodent studies indicate
that peripheral neuropathy develops more rapidly, aad has grester severity and dower recovery in older versus
young animals.



of the brain or behaviour resulting from in utero or post-nata exposure have not been found in
animd dudies. Animd dudies demondrate that acrylamide damages the testes and adversdly
affects fertility. Acrylamide is genotoxic in vivo in somatic cells and germ cells, and therefore
has the potentid to induce heritable damage a gene and chromosome leve.

7.2  Single dose toxicity

Toxic effects on the nervous system of humans and animals, and on the made reproductive
organs of ras, are known to occur after sngle ord doses of acrylamide that are equa to, or
greater than, four to five orders of meagnitude higher than the edimated daily intake of
acrylamide from food (1-10 pgkg bw per day from food, versus aove 100,000 pg/kg bw per
day).

7.3 Chronic toxic effects

7.3.1 Neurotoxicity

An earlier WHO risk assessment for chronic human exposure (Environmentd Hedth Criteria
Number 49, 1985) was based on experimentd studies of acrylamide neuropethy in a sengtive
gpecies (rat). The assessment was based on the effects seen in rets treated oraly with 1 mg/kg
bw per day for 93 days The report concluded that “gpplying a sdfety factor of 10 to the
edimated minima adverse neurologicd effed levd for human bengs would indicate a dally

intake not exceading 0.012 mg/kg body weight (from dl sources)”. The report emphasized thet
this assessment did not take into account toxic effects other than neurctoxicity.

The present Conaultation considered these findings, the continued absence of dose-response
data rdevat to the human peripherd nervous sysem and the avalability of additiond
published reports of experimentd acrylamide neuropathy in rodents (chronic drinking water
dudies) and primates. The Consultation concluded that two chronic rat drinking water sudies
were most suitable for the purposes of risk assessment. These studies indicate that the LOAEL
for peripherd neuropathy is 2 mgkg/d, with a NOAEL of 0.5 mgkg/d. The Consultaion
noted the primate NOAEL of 0.51.0 mg/kg bw per day for subcutaneous (6 days per week
only) and ord dosing, repectively.

Workers in the Peopleé's Republic of China, who were exposed to acrylamide and acrylonitrile
for 2 or more years, were assessed for neurological signs and haemoglobin acrylamide adducts.
A corrdaion was demondgrated between levels of haemoglobin adducts and degree of
peripherd neuropathy. These studies concluded that exposures greater than 1 mg/kg bw per
day were associated with peripherd neuropathy. This is congstent with the primate and rodent
data.

In sum, rodent sudies (sub-chronic and chronic ord dodng), primate dudies (ord and
subcutaneous) and a human occupationd study, support a NOAEL for acrylamide neuropathy
of 0.5 mglkg bw per day. Since the edimated average human daily intake for acrylamide in
food is of the order of 0.001 mg/kg bw per day, there is a 500-fold margin between exposure
and the NOAEL.

This analyss has been developed from an assessment of the sensory or sensory-motor deficits
induced by acrylamide. This does not incdlude an assessment of autonomic dysfunction, an
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ealy feature of acrylamide neuropathy. Humans and animds develop a low -grade peripherd
neuropathy with the advance of age, and aged animds are more susceptible to acrylamide
neuropathy.  Additiondly, the NOAEL has been developed from dudies of acrylamide
neuropathy and does not condder effects of the substance on the brain because quantitative
data are lacking. Clear involvement of this organ is found in humans and animas a higher
exposure levels but impact on the bran cannot be ruled out a low dose levds over a

prolonged period of acrylamide exposure.

The molecular mechanisms of acrylamide neuropathy, specificdly degeneration of nerve fibre
axons, is unknown. Evidence points to protein targets involved in axond trangport, including
microtubule-associated proteins and the motor proteins kinesin and dynein.

7.3.2 Effectson fertility

Impaired fertility has been demonstrated in male rats exposed to 15 mg/kg bw per day or more
for 5 days and in mice exposed to up to 12 mg/kg bw/day for 4 weeks. The impaired fertility
may have been associated with effects on sperm count and sperm motility. Degeneration of

spermatids and spermatocytes was observed in one repeated-exposure study in which animas
received gpproximatdy 36 mg/kg bw per day by the ord route for 8 weeks. In other studies,
effects on fertility were less dear, with impared copulatory ability possbly aisng as a
secondary result of hind limb weskness caused by acrylamide neuropathy. Overdl, there is
aufficient evidence to conclude that acrylamide impars mae fertility, and NOAELs may be
identified from some studies 2 mg/kg bw per day from a twogeneration ra study (10-11
weeks of treatment), and 9 mg/kg bw per day from a 27 week mouse study.

Based on the rat study, a NOAEL for reproductive toxicity of 2 mg/kg bw per day is 4fdd
higher than tha for chronic neurotoxic effects in the form of peripherd neuropethy.
Contralling for chronic neurotoxic effects of acrylamide is therefore expected to control for
effects on fertility. However, tedticular toxicity may aso develop rapidly after large doses of
acrylamide, and detalled dudies to asess the differentid vulnerability of nervous versus
testicular tissue gppear not to have been performed.

The molecular targets of acrylamide in relaion to testicular toxicity are not known. Interest
has focused on protein targets, notably microtubules.

8. CARCINOGENICITY (INCLUDING GENOTOXICITY AND
MECHANISMSOF CARCINOGENICITY)

8.1  Carcinogenicity

8.1.1 Animal data

Acrylamide is carcinogenic in laboratory rats in sandard 2 year bioassays, producing increased
incidences of a number of benign and mdignant tumours identified in a variety of organs (for
example thyroid, adrends tunica vagindis).  Two sepaate, independent dudies have
confirmed this phenomenon a a dose of 2 mgkg per day, adminigered in drinking water.

Thereisaso asuggestion of tumoursin brain and spind cord, and in other tissues.
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In a sries of nondandard carcinogenicity bioassays in mice, acrylamide induced lung and
skintumours.

8.1.2 Human data

Epidemiologica studies have been conducted on a cohort of more than 8 000 workers exposed
to acrylamide in monomer and polymer production plants during 1925 — 1976. An evadudion
performed in 1983 reveded no datigicdly significant excess risk of cancer in any organ, and
no trend in cancer mortality was seen with increasing cumulative exposure,

Data for this cohort were subsequently updated for the period 1984 — 1994, and agan no
detidicaly dgnificant excess cancer risks were obsarved, with the sngle exception of
pancregtic cancer for which a doubling of risk was found in workers most heavily exposed.
The datisticd power of this study was adequate to have detected a 75% excess incidence of
brain cancer, a 40% increase in pancregtic cancer, a 15% increase in lung cancer, or a 9%
increase in dl cancers combined.  All epidemiologica sudies have limited power to detect
amdl increases in tumour incidence. Therefore, the absence of postive results found in most

studies on acrylamide cannot be interpreted as proof tha the substance cannot induce cancer in
humans.

Levels of exposure in this study are expressad as concentrations in ar, multiplied by duration
of exposure (by inhadation). Dermd exposure, which was aso likely to have occurred, was not
quantified. It is difficult to compare the resulting daly intake with levels of acrylamide that
have been measured in food.

8.2  Genotoxicity

Acrylamide does not induce gene mutations in bacteria but the epoxide metabolite
glycidamide does in the aisence of meabolic activation.  Acrylamide showed equivocd,
negative, or weskly pogdtive results when tesed for the induction of gene mutaions in
mammadian cels. Acrylamide induces chromosomd aberrations, micronuclel, sster chromatid
exchanges (SCE), polyploidy, aneuploidy and other mitotic disturbances (eg. C-mitods) in
mammdian cdls in the absence of metabolic activation. Acrylamide was unable to induce
unscheduled DNA synthesis (UDS) in ra hepatocytes.  Glycidamide induced UDS in human
mammary cdls, with equivocd results in rat hepatocytes  For micronucle induction, a mixed
breakage (preva ent)-aneuploidy mechanism was shown.

Acrylamide was pogtive in the mouse spot te, in the bone marrow chromosome aberration
assay and in particular in the bone marrow micronucleus assay. |n a transgenic mouse modd
(MutaMouse) acrylamide induced asmdl increase in mutation frequency.

Acrylamide induced somatic mutations as well as sex-linked recessve lethd mutations in
Drosophila.

In germ cdlls acrylamide produced severad genetic effects such as chromosome aberrations,
micronuclel (derived both by breskege and, to a lesser extent, by aneuploidy), SCE, UDS,
dngle-drand bresks in DNA, dominant letha mutations, specific locus mutations and heritable
trandocations. Glycidamide aso induces dominant letha mutations.
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Acrylamide is a germ cdl mutagen in rodents, with the potentid to induce heritable genetic
damage a gene and chromosomd leve. Acrylamide impairs fertility in mae rats, mogt likely
through a direct toxic effect. Whether acrylamide has an adverse effect on fetility through
genetic damageisunclear.

8.3 Cdl transformation

Positive results were reported for acrylamide in four different cdl transformation assays with
mammdian cdlsin vitro.

84  Adduct formation

Acrylamide contains an dectrophilic ?,?-unsaturated system, that reacts via a Michad addition
with nuceophilic compounds.  Within proteins the sulfthydryl group of cydeine is the mgor
gte of reaction, athough reection aso occurs to a lesser extent with amino groups, such as
those at the N-termind position of the protein.

Haemoglobin adducts are used as a measure of human exposure to eectrophilic compounds
over the previous 4 months (i.e. the life span of human red blood cdls), but are not an indicator
of toxicity. Adduct formation & the N-termind vaine of haemoglobin has been used as a
marker of in vivo exposure to acrylamide, usng an andytical procedure employing a modified
Edman degradation. A dmilar andytica gpproach is used for measurement of haemoglobin
adducts of glycidamide. The detection of this latter adduct in ra and human haemoglobin after
exposure to acrylamide confirms the formaion of this metabolite in vivo. Binding of
acrylamide to other proteins in nervous and testicular tissue may be relevant to the toxic action
of acrylamide to these tissues.

Adduct formation of acrylamide with DNA aso occurs, however the reaction is dow.
Amongs the products formed in vitro are formamidoethyl or carboxyethyl adducts with
exocyclic amino groups or ring nitrogens in DNA bases.  The mutagenic significance and
repair cgpabilities of these adducts is unknown. The only adduct detected in mice and rats
exposed to acrylamide has been reported to be an adduct of the epoxide metabalite glycidamide
with guanine. At present there are no data on DNA adduct formation after acrylamide
exposure in humans. Glycidamide is expected, because of its dructure, to be of more
ggnificance than acrylamide to the genotoxic effects of acrylamidein vivo.

8.5 M ode of carcinogenic action
Acrylamide is genotoxic in vivo in somatic cdls and gem cdls and is known to be
metabolized to glycidamide, a chemicdly reactive epoxide that forms DNA adducts The

finding that acrylamide induces tumours a a number of different Stes in both rats and miceis
condgent with a genotoxic mode of action of the chemicd. The exisgence of adducts in
experimenta systems is supportive of a genotoxic mechanism of carcinogenesis of acrylamide.
While suggestions have been made that additiona modes of action might contribute to the
observed spectrum of tumours seen in acrylamide-treated rats, epeciadly tumours of hormone-
responsve tissues, these suggedions are speculetive only.  In concdluson, the Consultation
endorsed the IARC classfication for acrylamide for Group 2A (probably carcinogenic to
humans).
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9. CONCLUSIONSAND RECOMMENDATIONS

Methods of analysis

Sengtive and religble methods are avalable to identify and measure acrylamide in foodstuffs.
The measurement uncertainty of the methods is smdl in relaion to the betweensample and the
within-lot variability expected for acrylamide levels Methods are dso avalable to determine
biomarker adducts as an dternative means to assess exposure.  Interlaboratory vaidetion of
andyticd methods and the preparation of reference materids and standards for proficiency
teding, is desrable  There is a need to develop smple low -cost method(s) to be used for
routine monitoring.

& Interlaboratory vaidation of andyticd methods covering a range of different food types
should be conducted.

zeReference maeids and dandards for proficiency teting should be prepared and
distributed.

#el.ow-cos and smple method(s) for routine monitoring of acrylamide in food should be
developed.

M odes of formation, fate and levels of acrylamide in food

Acrylamide is formed when some foods are cooked or processed a high temperatures. It
seems to arise when different food components reect together. These may be carbohydrates,
proteins and amino acids, lipids, and possibly other minor food components aso. The reection
is promoted by heating and increases with the time of heeting. It is not yet cdear what
combinations of food components are involved and it may wel be tha the Stuation is complex
with many mechaniams operaiing. The Stuation is further complicated by the fact that
acrylamide is a voldile and reective subgtance that could itsdlf be patidly logt after formation.
With the limited data avalable so far, it is not possble to identify any specific routes of
formation nor exdude any posshilities. To understand completdly the formation and fate of
acrylamide in heated foods it will be necessary to conduct hypothesis-driven modd gudies
coupled with a sygemaic examindion of the relation between acrylamide levds and
processng/cooking conditions.  This underganding would dlow formulaion, processng and
cooking conditions to be optimised to minimize and possbly diminate acrylamide levels in
heated foods.

#&The rdaion between acrylamide levels and processng/cooking conditions should be
systematicaly examined.

& eHypothess-driven model dudies are needed to ducidate sources, mechanism(s) of
formation and fate of acrylamide in heated foodstuffs.

& eOptimization of formulation, processng and cooking conditions to minimize and possbly
diminae acrylamide levds in foods prepaed indudridly and & home should be
invetigated.

#&The range of foods investigated needs to be extended to include staple foods from different
regionsand diets.
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Dietary intake

The range of levels of acrylamide found in foods was broad and the determinants of variability
unknown. The foods that have been andyzed to date represent only a portion of the tota diet
and do not incdude foods representetive of those consumed in developing countries (see
Table 1). Nonethdess, based on the avalable data, food appears to contribute a significant
proportion of total exposure. Based on the estimates of biomarkers of exposure (haemoglobin
adducts), it seems likely that there are other important sources as well. Additiond foodstuffs
may be found to contain resdues. The available data dlowed the Consultation to make only an
order-d-magnitude estimate of average longterm dietary intakes of acrylamide in developed
countries, which would be 0.3 to 08 pgkg body weght/day. Within a population, it is
anticipated that children will generdly have exposures two to three times those of adult
consumers when expressed on a body weight bass.  Although there was inadequate data to

reliably estimate exposure for high consumers, their exposure could be severd times the mean
exposure.

=efurther data on the levels of acrylamide in food, paticulaly steple foods consumed in
developing countries, needs to be obtained in order to refine the esimates of deay
exposure.

#&An underganding of the mechaniams of formation and fate of acrylamide in foods would
help identify those foods (in addition to the starchy foods andyzed to dete) that are likdy to
make amgor contribution to dietary intakes of acrylamide,

#enformation on how food is cooked and processed (domestic and indudtrid) should be
collected to permit relidble estimation of acrylamide intake.

#e4n collecting data the emphasis should be on foodstuffs contributing most to exposure. In
addition to faod with the highest vaues foods with lower vdues but high leves of
consumption should be sampled. Attention should be pad to the sampling procedures to
ensure that representative data are obtained.

A condgent sysem for collecting and describing the avalable daa should be used.
The Globd Environmentd Monitoring Sysem/Food Contamination Monitoring  and
Assessment Programme (GEMS/Food) could provide a dructure for data collection and
reports and the GEMSFood Regiond Diets (http://who.int/fsf/GEM Sindex.htm) could
provide an indication of important Saple foods in each of the regions of the world.
Nationa governments may collect datawith additiond details.

=eDevdoping and other countries with insuffident information for determining population-
level digtary exposures to acrylamide should congder generaing interim information
relevant to their own circumstances.  This could include andlysing total diet sudy samples,
where they are avaldble, for acrylamide, as the bads for etimating per capita digtary
inteke edimate determining levels of acrylamide in a limited range of dgple foods
prepared in ways that reflect common domedtic practice; and, andysing blood or urinary
biomarkers of exposure.

#&Given the dae of knowledge on methods of formeation and levels of acrylamide in food,
biomarkers of exposure are likdy to provide the most direct means of evauating exposures
to acrylamide from food and other sources. These biomarkers need to evauated and
cdibrated, and their correlation with dietary intakes should be investigated.
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#=0Other sources of exposure to humans to acrylamide should be investigated to better define
the reative contribution of food, smoking and other sources including the potentid for
endogenous formation of acrylamide.

T oxicity of acrylamide
Conddered collectively, data on the absorption, metabolism, digribution and excretion of
acrylamide suggest that toxicologica findings in animals should be assumed to be relevant for
extrgpolation to humans,

The Conaultation recognized neurotoxicity as the key norrcancer, non-genotoxic effect of
acrylamide in humans.  Effects on fetility have dso been recognized in animds.  Single
exposures to large doses of acrylamide to humans and animds induce changes in the centrd
nervous sysem while prolonged exposure to low leves (of rdevance to the present risk
asessment) result in periphera neuropathy in the presence or absence of centra nervous

sysem involvement. Given the lack of doseresponse data for human neurotoxicity, the rsk
assessment was based on rodent dudies, and supported by primae dudies of acrylamide
neuropathy. Based on these data, the Consultation concluded that the NOAEL for acrylamide
neuropathy is 0.5 mg/kg body weight/day. The NOAEL for fertility changes is four times
higher than for peripherd neuropathy. On the basis of current knowledge, controlling for
peripheral neuropathy is expected to control for effects on fertility. The estimated average
chronic humen digary inteke is in the order of 1 pgkg body weght/day. This provides a
margin between exposure and the NOAEL of 500. The Consultation therefore concluded that
no neurotoxic effects are to be expected from the levels of acrylamide encountered in food.

Grester understanding of the hierarchy of target organ toxicity would permit a refinement of
the risk assessment for the non-cancer, non-genotoxic effects of acrylamide. In particular, the

relative impacts of acrylamide on the peripherd nervous system, and the centrd nervous
system and fertility would be helpful. Assessment of the impact of acrylamide on the
endocrine system aso warrants further investigation.

Acrylamide is genctoxic in vivo in somdic cels and germ cells, therefore acrylamide has the
potentia to induce heritéble damage & gene and chromosome levd. It is known to be
metabolised to glycidamide, a chemicaly reactive epoxide that forms DNA adducts.  The
findings tha acrylamide induces tumours both in rats and mice & a number of different Stes
are consgtent with a genotoxic mode of action of the chemicd. While suggestions have been
mede that additiond modes of action might contribute to the observed spectrum of tumours
sen in acrylamide tresied rats, especidly tumours of hormone-responsve tissues, these
uggestiors are eculaive only.  In concluson, the Consultetion endorsed the IARC
cdassification Group 2A that acrylamide is probably carcinogenic to humans.

Generdly, introduction of genotoxic and carcinogenic subdances into food during
manufacturing is prohibited by regulations. However, certain carcinogens are formed in food
as a result of cooking, such as benzo[ a]pyrene and heterocyclic aromatic amines, and because
of ther formaion in domestic settings such chemicas cannot dways be controlled. It has

recently been discovered that acrylamide is dso formed in food cooked in certain ways. These
are dl genotoxic and carcinogenic substances and are considered to be without a threshold for

their action on DNA. For such compounds it is generally recommended that exposures should
be as low as reasonably achievable (ALARA). Another approach is to estimate carcinogenic
risks. Idedly, such an assessment should be based on extensve epidemiologicd data thet
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contain both accurae determinations of exposure and the tumour incidence in the exposed
human population. Such data are rardy available.

All epidemiologicd dudies have limited power to detect samdl increases in tumour incidence.
Negaive epidemiologicd dudies may therefore provide an upper-bound to possble
carcinogenic effects, rather than proof that no such effects exis. Only limited epidemiological

data are avalable for acrylamide, and these provided no evidence of increased cancer risk from
occupationd exposures.  The influence of background acrylamide exposure from food was not
evaduaed in these sudies, since a this sage there was no knowledge of the importance of this
source of exposure,

If experimenta animd carcinogenicity data are to be used to edimae human cancer risk,
extrgpolation has usudly to be done over severd orders of magnitude down to the human
exposure level arising from food. To do so, different mathematicd models have been used.
The Consultation noted, however, that it is not known whether a given modd actudly reflects
the underlying biological processes.  The numerica edimate of risk obtained is criticaly
dependent on which modd is used. The Conaultation noted that severd efforts have been
made to use such modeds to quantify the risk posed by acrylamide in food. The Consultation
did not reech consensus on how quantitaive risk assessment based on animd data should be
used to estimate human cancer risk from acrylamidein food.

Acrylamide has a carcinogenic potency in ras that is Smilar to that of other carcinogens in
food as mentioned above, but the intake levels for acrylamide are likdy to be higher. For
humans, the reative potencies of cancer-causng agents in food are not known. The
Conaultation recognized the presence of acrylamide in food as amgor concern in humans,
given its ability to induce cancers and heritable mutationsin laboratory animas.

=eMore daa are required on the absorption, metabolism, didribution and excretion of
acrylamide in humans by the ord route to permit more informed estimates of risk to
humans

#&zThe formaion of glycidamide and binding to DNA a a maker of toxicty and
carcinogenicity risk needs to be better defined.

& &The bioavailability of acrylamide from food should be determined.

#eRik factors of susceptibility such as genetically-based differences in metabolism and the
impact of age, sex or other factors that contribute to risk should be characterized.

zeCancer epidemiology and testicular toxicity in populaions of known high exposure, such
as occupationdly exposed workers with neurotoxic 9gns and high levels of haemoglobin
adducts, should be studied.

& eQuantitative risk assessment models should be investigated on the basis of scientific merit
and uncertainty of esimates.

& &Thetoxidty and carcinogenicity of glycidamide need to be studied.

#=The dose-reponse characteriics of acrylamide and glycidamide rdaive to toxicity,
disposition, and binding to DNA and macromolecules need to be further assessed.

e eMechaniams of action and dose response characterigtics for the effects of acrylamide and
glycidamide on germ cdll damege should be studied.
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e eGenotoxic effects on somatic and germ cels usng genome-wide expresson profiling
should be gudied.

#=The rdaionship between adducts with haemoglobin and DNA in different organs shauld
be explored.

sesApplication of new methods in biologica research may be helpful in darifying whether it
is possible to establish athreshold for the genatoxicity of acrylamide.

Interim advice

The information on the levels of acrylamide in food is far from complete.  Although the
megnitude of the cancer risk posed by acrylamide in food was not quantified, the Consultation
noted that severd principles can be applied now to minimize whatever risk exids

#&F0od should not be cooked excessvey, i.e for too long or a too high a temperature.
However, dl food, paticulaly meat and meat products should be cooked thoroughly to

destroy foodborne pathogens.

& &The information avallable on acrylamide so far reinforces genera advice on hedthy edting.
People should eat a badanced and varied diet, which includes plenty of fruit and vegetables,
and should moderate their consumption of fried and fatty foods

#&The posshilities for reducing the leveds of acrylamide in food by changes in formulaion,
processing and other practices should be investigated.

&eAn internationd  network “Acrylamide in Food” should be edablished inviting dl
interested parties to share relevant data as well as ongoing investigations.

Risk communication

The Conaultation would encourage transparent and open risk assessment and risk management
processes and recognises the importance of involving interesed parties (consumer, indudtry,
retall etc) in this process & some sages Risk communication policy could facilitete the
crucid communication process between risk assessor and risk manager and among al parties
involved.
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ANNEX 2
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25 - 27 June 2002, Geneva Switzerland
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Housekeeping announcements

Adoption of Agenda

Introduction of Background Papers
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?? Toxicology, in particular neurctoxicology
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?? Dietary exposure, induding levelsin food, aswell as other potentid exposures
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ANNEX 3

List of major documents used by the Consultation

To assg the FAOMWHO Conaultation, WHO caled on organizations and individuas that
hed information relevant to acrylamide in food to submit it to WHO for consderation by
the Consultation. Information sought included, but was not limited to, the following:

?? Toxicologicd daa, in paticda daa on the potetid cacinogenicty and
neurctoxicology of acrylamide;

?? Information relevant to ducidating the mode/s and mechanism/s of toxicity of
acrylamide;

?? Epidemiologicd data, including occupationd studies,

?? Informaion rdevat to digay exposure, induding levds in food, as wdl as
exposures through cosmetics and drinking water;

?? Methods of andyds, particularly in food,

?? Informaion on the formaion and fate of acrylamide in food during cooking (dl
types) and other types of processing;

?? Information on the binding of acrylamide and acrylamide precursors to food matrices,
and their bicavailability; and

?? Information relevant to risk management.

The atached tables include a lig of the documents received, dong with other mgor

documents used. These tables can dso be accessed via the Food Safety webpage of
WHO: www.who.int/fsf. In addition, a reference collection of papers on the toxicology

of acrylamide was available to the Consultation.
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Tablel WHO call for data on acrylamide: Submissionsreceived (up to 24.6.02)

No. | Dateof Sent by Title of paper/information item Comments
submission

1 1705 Joint Research Centre European Union risk assessment report (fina draft) Avalable to the Conaultation as a find
European Commission draft
(Sazan Pakdin)

2 2005 Tapan Chakrabarti Data on Acrylamide Unreferenced and unpublished review.
Nationa Environmental
Engineering Research
Inditute, India

3 2.05 Peter Ungeheuer 1 Crump, K. S, 1999. Condgderation of the Potency | All documents cleared by data provider for
Acrylamide Monomer Classfication of Acrylamide Based on the Incidence of | use by the Conaultation.
Producers Association, Tunica Vagindis Mesothdiomas (TVMs) in Mae Fischer
Germany 344 Ras. The K. S. Crump Group, 602 East Georgia,

Ruston, LA 71270.

2. Crump, K. S, 1999. Mechanism of Acrylamide]
Induction of Benign Mammary Fbroadenomas in the
Aging Femde Fischer 344 Rat: Redevance to Human
Hedth Risk Assessment. The K. S. Crump Group, 602
Eagt Georgia, Ruston, LA 71270

3. Crump, K. S, 2000. The Bioogicd Role of
Acrylamide-Induced Adrocytomas in the Aging Fischer
344 Rat to Human Hedth Outcomes. The K. S. Crump
Group, 602 Eagt Georgia, Ruston, LA 71270.

26




4. Crump, K. S, 2000. The Biologicd Rode of
Acrylamide-Induced Thyroid Fallicular Cdl Tumors in
the Aging F344 Rat to Human Hedth Outcomes. The
K.S. Crump Group, 602 East Georgia, Ruston, LA 71270.

5. Crump, K. S, 2001. Hazard Andysis and Dose
Response Identification for acrylamide. The K.S. Crump
Group, 602 East Georgia, Ruston, LA 71270.

6. Crump, K. S, 2001. Edimates of Acrylamide Intake
from the Use of Persond Care Products Containing
Polyacrylamidee A Monte Calo Andyss. The K.S
Crump Group, 602 East Georgia, Ruston, LA 71270.

7. Tyl, R W,, Mar, M. C,, Myers, C. B., Ross, W. P. and
Friedman, M. A., 2000. Rdationship between acrylamide
reproductive and neurotoxicity in mae ras  Reprod
Toxicol: 14(2), 147-157.

8. Tyl, R. W., Friedman, M. A., Losco, P. E., Fisher, L.
C., Johnson, K. A., Strother, D. E. and Waolf, C. H., 2000.
Rat two-generation reproduction and dominant  letha
Sudy of acrylamide in drinking water. Reprod Toxicol:
14(5), 385401

9. Friedman, M. A., Tyl, R. W., Marr, M. C., Myers, C.
B., Galing, F. S, and Ross W., 1999. Effects of
lactationd adminidration of acrylamide on rat dams and
offgoring: Reprod Toxicol 13(6), 511-520.
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10. Tyl, R. W., and Friedman, M. A., submitted. Review:
Effects of Acrylamide on Rodent Reproductive
Performance. Reprod Toxicol.

11. Sckles, D. W., Stone, J. D., and Friedman, M. A.,
2002. Fagt Axond Trangport: A Site of Acrylamide
Neurotoxicity? Neurotoxicology 122: 1-29.

12. Damjanov, |., Friedman, M. A., 1998. Mesothdiomas
of tunica vagindis testis of Fischer 344 (F344) rats trested
with acrylamide: a light and eectron microscopy study. In
vivo: 12(2), 495-502.

13. Sumner, S. C. J, Agghaian, B., Williams, C. C. and
Fenndl, T. R, 2001 Acrylamide  Metabolism,
Didribution, and Haemoglobin Adducts in Mde F344
Rats and B6C3F1 Mice Following Inhdation Exposure
and Didribution and Haemoglobin Adducts Following
Dermd Application to F344 Ras Research Triangle
Park, NC

14. Sumner, Susan C. J, Williams, Carla C., and Fenndll,
Timothy R, 1999. Characterizetion of  Urinary
Metabolites of [1,2,3-13C]Acrylamide in Mde F344 Rats
Following Dermd Application and IP Injection. Research
Triangle Park, NC CIIT-Center for Health Research

28




15. Diembeck, W., Dusing, H.-J, and Akhiani, M., 1998.
Derma Absorption and Penetration of Acrylamide ([C14]-
Acrylamide as Tracer) in different Cosmetic Formulations
and polyacrylamide-solution after Topicd Application to
Excised Pig Skin. Beiersdorf.

16. Marty, JP, 1998. In Vitro Percutaneous Absorption
of Acrylamide Across Human Skin. Faculty of Pharmacy,
University of Paris Sud, Paris, France.

17. Pak, J, Kamendulis, L. M., Friedman, M. A. and
Klaunig, JE., 2002 Acrylamide-induced  cdlular
trandformation. Toxicol Sai: 65(2), 177-183.

18. Fenndl, T. R, Snyder, R. W., Krol, W. K. and Susan
C. J Sumner S. C. J. (in preparation). Comparison of the
Haemoglobin Adducts Formed by Adminidration of N-
Methylolacrylamide and Acrylamide to Rets. Tox. Sci.

3005 Tore Sanner Opinion of the scientific Committee on Coametic Products | Full opinion, cleared by data provider for
The Norwegian Radium | and non-food products intended for consumers concerning | use by the Consultation.
Hogpital, Odo, Norway | acrylamide resduesin cosmetics
3L05 Anders Tromborg, Suggested plan for further work connected to acrylamide
Matforsk in Norway
Norway
3L05 European Commission Acrylamide (CAS No. 79-06-1) as afood contact material | Cleared by data provider for use by the
Secretariat Scientific in the relevant legidation of the European Union (31 May | Consultation.
Committee on Food 2002
(Taina Sateri)
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Determination of Acrylamide in food smulants

Opinion of the scentific committee on cosmetic products
and non-food products intended for consumers concerning
Acrylamide residuesin cosmetics (1999)

Opinion of the CSTEE on the EU Risk Assessment Report
on Acrylamide (2001)

http://europa.eu.int/comm/food/fs'sc/sccp/

out95 en.html

http://europa.eu.int/comm/food/fs'sc/sct/o

ut88 en.html

14 .05 Lars Hagmar Hagmer L, Térngvis M, Nordander C, Rosén |, Bruze M,
University Hospital Kautianen A, Magnusson A-L, Mamberg B, Aprea P.
Lund, Sweden and Axmon A. Hedth effects of occupationd exposure to
acrylamide usng Hb adducts as biomarkers of internd
dos=
Scand JWork Environ Hedlth 2001;27:219-226.
1605 Lars Hagmar Application for research grant: The impact of food habits
(continued) on haemoglobin adducts of acrylamide.
3L05 Erland Brathen Comment on formetion of acrylamide in food.
Marforsk, Norway
3.06 Margareta Tornqigt, Summay of dudies on acrylamide a Dept.  of
Department of Environmental Chemistry at Stockholm University
Environmentd
Chemigry
Walenberg Laboratory
Stockholm Universty
Stockholm
Sweden




10 5.06 Wahom et d. Improved risk assessment of acrylamide and samilar
Sweden compounds by sudies on genetic susceptibility, Report to
the Swedish Council for Working Life and Socid
Research, Stockholm, April 25 2002.
n 7.06 Wendy Matthews Acrylamidein Food — June 2002 UK data on acrylamide levelsin food.
UK Food Standards
Agency
12 7.06 Rob M.C. Thedlen Firs results of a dudy of the formation of acrylamide in| Submitted in Dutch.
Ministry of Agriculture, foods by the RIKILT Inditute, Wageningen, The
Nature Management Netherlands
and Fisheries
The Netherlands
13 1006 Peter Spencer, Oregon Miller M. S. and Spencer P. S. The Mechanisms of
Hedlth & Science acrylamide axonopathy. Ann. Rev. Pharmacol. Toxicol.
Univergity’s Centre for 1985. 25.643-66
Researchon
Occupationd and Schaumburg H. H, Arezzo J C. and Spencer P. S.
Environmental Delayed onst of disgad axond neuropathy in primetes
Toxicology after prolonged low-level adminidration of a neurotoxin.
Annds of Neurology, 1989; 26. 576-579.
Sri M. |. @ d. Effect of exogenous pyruvate on
acrylamide neuropathy in rais. Brain Research, 1989; 483
1-11.
14 | 1206 NICNAS, Austrdia Nationd  Indugtrid  Chemicds  Notificaion  and

Assessment Scheme Priority Exigting Chemica Report on
Acrylamide 2002 (Augtrdian Risk Assessment Report)
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15 7.06 Norwegian Food Results of acrylamidein thirty Norwegian food samples.
Contral Authority (M
Widme) Risk Assessment of acrylamide intake from foods with
gpeciad emphasis on cancer risk. Report from the Scientific
Committee of the Norwegian Food Control Authority, 6
June 2002,
16 14.06 Audtrdian and New Acrylamide Dietary Exposure Assessment Report Audrdian dietary exposure assessment
Zedand Food Authority based on Swedish and UK andytical
(Tracey Hambridge) data.
17 1806 Bingheng Chen Trandated abdracts of a number of aticles published in
the Chinese scientific literature.
Table2 Other Information Collected
Item | Title of paper/information item Comments
1 Materia from Swedish Nationad Food Adminigtration (NFA) website: Source: NFA website
?? Press Release by NFA
?? Acrylamide in foodgtuffs, consumption and intake http://mwww.dv.se/HeadM enu/livemede sverket.asp
?? Individuas results for dl tested samples
?? Andyticd methodology and survey results for acrylamide in foods
?? Acrylamide — Cancer studies and comparisons of risk
?? Recommendations regarding acrylamide in Food
?? Toxicologica agpects of acrylamide
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Press Release UK Food Standards Agency — Leves of acrylamide in food.

Source: internet

http://www.foodstandards.gov.uk/news/newsarchive/60
581

Press Release of Swiss data on levels of acrylamidein food.

Source internet, sdect item 13/6 from below dte.
http://www.bag.admin.ch/verbraw/aktud l/d/index.ntm

In German and French, (English trandation of table of
data provided). .

Taeke, E. @ d. (2000) Acrylamide A cooking carcinogen? Chem Res
Toxicol 13, 517-522

Tornquig M. and Ehrenberg L. (2001) Estimation of cancer risk caused by
environmenta chemicas based on in vivo dose measurement. J Env Pathol,
Toxicol, Oncol, 20(4), 263-271

US Report on Carcinogens Evauation of Acrylamide

Source: internet

http:/ntp-
sarver.niehs.nih.gov/htdocs8 RoC/RAC/Acrylamideht
ml

IPCSINCHEM Pesticide Information Monograph on Acrylamide, 1999

Source: internet
http://www.inchem.org/documents/pims/chemical/pim6
52.htm

IARC evduation of Acrylamide: Summary of data reported and evaluation

Source: internet
http://monographs.iarc fr
go to ‘search IARC agents and summary evauations

Data on acrylamide leves in food from two Swiss retalers (independently
submitted)

Comment on andyticd issues from Jgpan (Nationd Inditute of Hedth
Sciences)




Results on acrylamide contents in various foods (Officd Food Control
Authority of the Canton of Zurich, Switzerland)

Acrylamide in US Foods (Center for Science in the Public Interest, US)

2

13 Sdlected excerpts from Health risk assessment of acrylamide (IMM report | Trandaion provided.
February 1998), Indtitute of Environmental Medicine, Karolinska Ingtitut

14 WHO (1985) Acrylamide. Environmental Hedlth Criteria 49, WHO, Geneva.




ABBREVIATIONS

ALARA
bw
DNA
ECD

LC
LOAEL
MS
NOAEL
SCE
ubS

As Low As Reasonably Achievable
Body Weight

Deoxyribonudeic Acid

Electron Capture Detection

Gas Chromatography

Liquid Chromatography

Lowest Observed Adverse Effect Level
Mass Spectrometry

No Observed Adverse Effect Level
Sgter Chromatid Exchange
Unscheduled DNA Synthesis
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