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Substance Name: Acrylamide
EC Number: 201-173-7
CAS number: 79-06-1

The substance isidentified as a carcinogenic and mutagenic substance according to Article 57 (a)
and (b) of Regulation (EC) No 1907/2006 (REACH).

Summary of how the substance meets the CMR (Cat 1 or 2), PBT or vPvB criteria, or is
considered to be a substance of an equivalent level of concern

Acrylamide is listed as carcinogen category 2, Rad8 mutagen category 2, R46 in Annex VI, part
3, Table 3.2 (the list of harmonised classificatéoml labelling of hazardous substances from Annex
| to Directive 67/548/EEC) of Regulation (EC) No7222008. This corresponds to a classification
as carcinogen (1B) and mutagen (1B) in Annex VIt (3a Table 3.1 of Regulation (EC) No
1272/2008 (list of harmonised classification angeling of hazardous substances) - see section 3
of this document for full details on classificatiand labelling.

Registration number (s) of the substance or of substances containing the substance:

1 Regulation (EC) No 1272/2008 of the European Paeiat and of the Council of 16 December 2008 orsifiaation,
labelling and packaging of substances and mixtamegnding and repealing Directives 67/548/EEC &89M5/EC, and
amending Regulation (EC) No 1907/2006.
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JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Acrylamide

EC Number: 201-173-7

CAS Number: 79-06-1

IUPAC Name: Prop-2-enamide

1.2 Composition of the substance

Chemical Name: Acrylamide

EC Number: 201-173-7

CAS Number: 79-06-1

IUPAC Name: Prop-2-enamide
Molecular Formula: ¢HsNO

Structural Formula: O

Molecular Weight: 71.09

Typical concentration (% w/w):l > 98 (in solid form)
Concentration range (% w/w):

The major impurities reported as present (% w/vibasis of acrylamide solid) are as follows:

3-hydroxypropionitrile < 0.5
3-hydroxypropionamide < 0.5

acrylic acid <0.3

tris-nitrilopropionamide < 0.3

acrylonitrile <0.1

water <1

Chemical Name: 3-hydroxypropionitrile
EC Number: 203-704-8

CAS Number: 109-78-4

IUPAC Name: 3-hydroxypropanenitrile
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Molecular Formula: C3H5NO
Structural Formula:
. 'Sl
T PR |
HO -

Molecular Weight: 71.08
Typical concentration (% w/w):
Concentration range (% w/w): <0.5

Chemical Name:

3-hydroxyproprionamide

EC Number:
CAS Number: 2651-43-6
IUPAC Name: 3-hydroxypropanamide

Molecular Formula;

C3H7NO2

Structural Formula:

O
HD/\)J\NHg
Molecular Weight: 89.09
Typical concentration (% w/w):
Concentration range (% w/w): <0.5
Chemical Name: Acrylic acid
EC Number: 201-177-9
CAS Number: 79-10-7
IUPAC Name: prop-2-enoic acid
Molecular Formula: C3H402
Structural Formula:
O
H-,C
=0
Molecular Weight: 72.06
Typical concentration (% w/w):
Concentration range (% w/w): <0.3
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Chemical Name:

Nitrilotrispropionamiéle

EC Number: 220-196-3

CAS Number: 2664-61-1

IUPAC Name: 3-[bis(3-amino-3-oxopropyl)amino]propanamide

Molecular Formula: C9H18N403

Structural Formula: i i
HZNMN/\)LNHZ

oL

Molecular Weight: 230.26

Typical concentration (% w/w):

Concentration range (% w/w): <0.3

Chemical Name: Acrylonitrile

EC Number: 203-466-5

CAS Number: 107-13-1

IUPAC Name: prop-2-enenitrile

Molecular Formula: 6eH3N

Structural Formula:

NET Ry

Molecular Weight: 53

Typical concentration (% w/w):
Concentration range (% w/w): <0.1
Chemical Name: Water
EC Number: 231-791-2
CAS Number: 7732-18-5
IUPAC Name: Oxidane
Molecular Formula: KO

Structural Formula:

2 This name has been indicated in the IPCS repo85)19n the EU RAR, the name of Tris-nitrilopropionide was used
without detailed information on its identity. Inighreport, nitrilotrispropionamide is used insteddhe name of Tris-

nitrilopropionamide.
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Molecular Weight: 18

Typical concentration (% w/w):

Concentration range (% w/w): <1

Acrylic acid and nitrilotrispropionamide are by-giewts of the production process or the
polymerisation reaction. Acrylonitrile is presens anconverted material from the production
process. Copper is added typically in amountstless 100 ppm as an inhibitor to polymerisation.
1.3 Physico-chemical properties

Table 1: Summary of physico- chemical properties

REACH ref | Property IUCLID Value Reference

Annex, § section

VII, 7.1 Physical state at 20°C and 4.1 White crystalline solid EU RAR, 2002
101.3 kPa

VIl, 7.2 Melting/freezing point 4.2 84.5°C EU RARQO2

Vi, 7.3 Boiling point 4.3 125°C at 25 mm Hg or | EU RAR, 2002

3.3 kPa

VIl, 7.4 Relative density 4.4 1.127 glémt 30°C EU RAR, 2002

VIl, 7.5 Vapour pressure 4.6 0.9 Pa at 25°C EU R2BQ2

VI, 7.7 Water solubility 4.8 2,155 gét 30°C EU RAR, 2002

VII, 7.8 Partition coefficient n- 4.7 -1.0 EU RAR, 2002
octanol/water (log value)

2 CLASSIFICATION AND LABELLING

21 Classification in Annex VI of Regulation (EC) No 1278/2008

Acrylamide has index number 616-003-00-0 in Anndxpart 3, Tables 3.1 and 3.2 of Regulation
(EC) No 1272/2008.

Its classification according to part 3 of Annex Vable 3.2 (the list of harmonised classification
and labelling of hazardous substances from AnntexDirective 67/548/EEC) of Regulation (EC)
No 1272/2008 is:

Carc.Cat. 2; R45 May cause cancer

Muta.Cat. 2; R46 May cause heritable genetic d@mag

Repr.Cat. 3; R62 Possible risk of impaired feytili

T; R25-48/23/24/25 Also toxic if swallowed and dan of serious damages to health by
prolonged exposure through inhalation, in contatt gkin and if swallowed

Xn; R20/21 Also harmful by inhalation and in cactt with skin
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Xi; R36/38 Irritating to eyes and skin
R43 May cause sensitisation by skin contact
Notes: B,

Specific concentration limits: none

Its harmonised classification according to Regafa{EC) No 1272/2008 (Annex VI, Table 3.1) is:

Carc. 1B, H350 May cause cancer
Muta. 1B, H340 May cause genetic defects
Repr. 2, H361f Suspected of damaging fertility

Acute Tox. 3, H301 Toxic if swallowed

STOT RE 1, H372  Causes damage to organs throudpngexd or repeated exposure
Acute Tox. 4, H332 Harmful if inhaled

Acute Tox. 4, H312 Harmful in contact with skin

Eye Irrit. 2, H319 Causes serious eye irritation

Skin Irrit. 2, H315  Causes skin irritation

Skin Sens. 1, H317 May cause an allergic skin i@act

Note: D’

Specific concentration limits: none

3 ENVIRONMENTAL FATE PROPERTIES

Not relevant for this dossier.

4 HUMAN HEALTH HAZARD ASSESSMENT

4.1 Toxicokinetics (absor ption, metabolism, distribution and elimination)

Not relevant for this dossier.

4.2 Acute toxicity

Not relevant for this dossier.

3 Certain substances which are susceptible to speotampolymerisation or decomposition are genepdélged on the market in a stabilised
form. It is in this form that they are listed inrP&. However, such substances are sometimes ptactte market in a non-stabilised form.
In this case, the supplier must state on the li@ehame of the substance followed by the worde-$tabilised’.

4 substances with specific effects on human headthh Ghapter 4 of Annex VI to Directive 67/548/EERjttare classified as carcinogenic,
mutagenic and/or toxic for reproduction in categerl or 2 are ascribed Note E if they are alscsified as very toxic (T+), toxic (T) or
harmful (Xn). For these substances, the risk plsr&s®, R21, R22, R23, R24, R25, R26, R27, R28, R88, (harmful), R48 and R65 and
all combinations of these risk phrases shall bequted by the word ‘Also’.



SVHC SUPPORT DOCUMENT

43 Irritation

Not relevant for this dossier.

4.4 Corrosivity

Not relevant for this dossier.

45 Sensitisation

Not relevant for this dossier.

4.6 Repeated dose toxicity

Not relevant for this dossier.

4.7 M utagenicity

Acrylamide is listed in Annex VI, part 3, Table 3(the list of harmonised classification and
labelling of hazardous substances from Annex | i@dive 67/548/EEC) of Regulation (EC) No
1272/2008 as mutagen category 2. This correspandsctassification as mutagen (1B) in Annex
VI, part 3, Table 3.1 of Regulation (EC) No 1272080(list of harmonised classification and
labelling of hazardous substances).

The following information on mutagenicity was taken from the Risk Assessment Report, published
by the ECB in 2002. The references from the 2002 EU RAR [cited betwa@ckets] are not given
in the SVHC Support Document but can be found eRAR.

47.1 Invitrodata

Studies in bacteria

A number of well-conducted published and unpublishguid preincubation and plate incorpora-
tion bacterial mutagenicity tests exist in whicld&D,000ug/plate acrylamide was assayed; results
were consistently negative usigglmonella typhimurium tester strains TA 98, TA 100, TA 102,
TA 1535, TA 1537, and TA 153&ndE.coli WP2 uvrA- in the presence and absence of metabolic
activation [Bull et al., 1984a; Godek et al., 198Bashimoto and Tanii, 1985; Jung et al., 1992;
Knaap et al., 1988; Lijinsky and Andrews, 1980; Mulket al., 1993; Tsuda et al., 1993; Zeiger et
al., 1987].

In a fluctuation test (to determine mutations inggconferring resistance to streptomycin) in
Klebsiella pneumoniae the mutation frequency was not significantly alteby 100-10,00Qg/ml
acrylamide [Knaap et al., 1988].

In a bacterial transfection assay usihgoli CR63 cells, a linear increase in percentage iribibibf
transfection (apparently indicative of mutagenitepdial in this assay system) was noted using up
to 10pug acrylamide [Vasavada and Padayatty, 1981]. Tdpeifsiance of this finding is uncertain,
particularly in view of the negative results inrefard bacterial assay systems.

Studies in mammalian cells

Cytogenetics assays
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A well-conductedin vitro cytogenetics assay was available using V79 Chiresaster cells
exposed to 0-3,000g/ml acrylamide (>98% purity) with and without mietdic activation [Knaap

et al., 1988]. The exposure period was for 3 havth fixation following a further 15 hours. A
dose-related significant increase in the numbemetaphases with chromosome aberrations was
observed with and without metabolic activation. fEheas no clear information available regarding
cytotoxicity.

Anotherin vitro cytogenetics assay used V79H3 Chinese hamsterecgiissed to 0-5 mM (0-355
ug/ml) acrylamide (>99% purity) without metabolicti@ation [Tsuda et al., 1993]. The exposure
period was 24 hours and fixation followed a furt@@ror 40 hours later. Again, there was a dose-
related, statistically significant increase in thenber of metaphases with chromosome aberrations.
There was also a dose-related, statistically siamt increase in polyploid cells at 20 and 40 kour
(29% and 24% respectively at 4mM, 284/ml). The incidence of chromosome aberrations and
polyploid cells was less than 2% in negative cdsfrand the frequencies amongst acrylamide-
exposed cells exceeded those of the positive dpnNemethyl-N'-nitro-N-nitrosoguanidine
(MNNG). There was no clear information availablgasling cytotoxicity.

Acrylamide is clearly a direct-acting clastogemmiammalian cell$n vitro.

Gene mutation assays

A number of published and unpublisheditro gene mutation assays using mouse lymphoma
L5178Y and Chinese hamster ovary cells (TK and HEBficiency) were available [Godek et
al., 1982b; 1984; Knaap et al., 1988; Moore etl&l87; Tsuda et al., 1993].

In an assay using Chinese hamster V79H3 cells (HRRUSs), cells were exposed without
metabolic activation to 0-7 mM (0-5Q@/ml) acrylamide for 24 hours [Tsuda et al., 1993}e
number of mutants per d@urvivors was 9, 8, 6, 5, 1, 2 at 0, 71, 213, 38H, 500ug/ml,
respectively. At 213g/ml survival was 59%, at 35&/ml or more, survival was 21% or less.
Acrylamide was not mutagenic in this assay.

The following two assays reported either an equaloc negative result but cell survival was noted
to be high (about 70%). The current practiceiforitro mammalian cell gene mutation assays is to
produce assay conditions in which survival is reduto 20-50% and hence there are some doubts
regarding the stringency of the test conditions leged.

Chinese hamster ovary cells (HPRT locus) were esghds 37.5-90Qug/ml acrylamide (unknown
purity) with and without S9 for 5 hours [Godek @t 4982b]. A slight dose-related increase in
mutant frequency (less than 50% above the sohvamtral value of about 10 mutantsfEirvivors)
with S9 was observed at 3Q9/ml and above and at all exposure levels with@ut S

In a follow-up study, a negative result was obtdinging up to 1,50Qg/ml acrylamide with and
without S9 [Godek et al., 1984]. The frequency aftamts amongst acrylamide-exposed cells was
not significantly greater than the negative costr&urvival was approximately 70%, cytotoxicity
was observed at 1,5q@/ml with S9, and mutant frequency was 285-330 misfaG survivors in

the positive controls EMS and DMN.

In a mouse lymphoma L5178Y TK +/- assay, cells wexgosed to 0-7,500g/ml Acrylamide with

and without metabolic activation for 2, 4, or 20ur®[Knaap et al., 1988]. At each of the time-
points, with and without metabolic activation (+-d89), there was a slight dose-related increase in
mutant frequency: 19-36 mutants/$Qrvivors in controls; with 2 hours exposure 38/402,500
ng/ml -S9 and 119/¥at 7,500ug/ml +S9, with 4 hours exposure 160730 2,000ug/ml -S9 and
189/10 at 2,500ug/ml +S9; with 20 hours exposure 891 300ug/ml - S9 and 57-95/£0at 300
ug/ml in the presence of metabolic activation (frprimary rat liver or Syrian hamster ovary cells).
These increases were associated with low survivalidlly less than 30% survival). A positive
result was obtained in this assay.

Similar increases associated with low survival wested by Moore et al. [1987] in an assay using
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0-850 ug/ml acrylamide (>99% pure) for 4 hours without atsilic activation studying large and
small colonies. An increased mutant frequency (@0-4nutants/1€ survivors, approximately
20/1@ in controls) was observed at 536/ml acrylamide and above, and percentage surweal
40% at 50Qug/ml, 10% at 85Qig/ml. There was a dose-related increase in theuémecy of small
colonies and at 750g/ml and above mutants were mainly small colonigee increase in small
colony formation is suggestive of clastogenicityd @ separate assay for chromosome aberrations
confirmed the increase (27% cells had chromosondecaromatid breaks or rearrangements). The
overall pattern from mammalian cell gene mutatiesags is that acrylamide is a directacting
mutagen, probably causing clastogenic effects rdkia gene mutations.

DNA synthesis and repair

In anin vitro assay to measure unscheduled DNA synthesis (UDI®)00mg/ml acrylamide was
incubated with freshly isolated rat hepatocytes ¥8f20 hours [Naismith and Matthews, 1982].
Viability of the harvested cells was 88%. The pusitcontrol was 2-acetamidofluorene (2-AAF).
Net nuclear grain counts were statistically siguaifitly increased above negative controls (26-45 at
1-33 mg/ml, compared to about 1 in the negativearots) and in the first assay were close to the
count achieved by 2-AAF. There was no clear dospeese for UDS.

These results were confirmed by a repeat experiment

An invitro UDS assay was available in which 0-50 mM (0-3.53migacrylamide was incubated
with rat hepatocytes for 18 hours [Miller and Mc@unge 1986]. Cytotoxicity (cell death) was
observed at the highest concentration. A negataglt was obtained in this and in a repeat
experiment in that there was not an increase oétsnoclear grain counts over negative control
values and there was no clear dose-response ircdbets observed. The positive control 2-
aminofluorene gave a clear increase in UDS.

In anotherin vitro rat hepatocyte UDS assay, 0-10 mM (O-{Iml) acrylamide was incubated
with the cells for 17-19 hours without metabolidieation [Butterworth et al., 1992]. Amongst
acrylamide-exposed cells there was no significatiteiase in the number of net nuclear grains when
compared with the negative control. Toxicity (asses by the morphological appearance of
cultures) was observed at the highest concentrdigoel. The sensitivity of the assay was
confirmed using DMN, which gave a clear increasen@t nuclear grains. Acrylamide did not
induce UDS in this assay.

Two abstracts were available which briefly desdtilbat hepatocyte UDS assays using acrylamide
concentrations of up to 30 mM (about 2 mg/ml) [Baetht et al., 1987; Barftnecht et al., 1988].
Acrylamide reportedly gave positive results in iresence and absence of metabolic activation at
the higher exposure levels used in these expersnémtthe absence of any other experimental
details it is difficult to draw any firm conclusisrabout the validity and reliability of these resul

Rat hepatocytes previously irradiated with ultréeioUV) light to induce DNA damage were
incubated with 18-10 mM (0.7-710pug/ml) acrylamide and tritiated thymidine [Miller d&n
McQueen, 1986]. The incorporation of tritiated thgme was then assessed autoradiographically.
A dose-dependent increase in net nuclear graintsousas observed following UV irradiation, and
10 mM (710upg/ml) acrylamide only slightly increased the amoahDNA repair (from about 60
net nuclear grains to about 75). Lower levels oflamide than this did not affect DNA repair, and
higher levels were reported to be cytotoxic. In iadd, density gradient centrifugation of
hepatocyte DNA on a caesium chloride gradient falhgy incubation with BrdU and 10 mM (710
ug/ml) acrylamide showed that acrylamide did notuicel DNA repair under the conditions of that
system.

Overall, there are inconsistent findings in theilakéde in vitro UDS studies and it is difficult to
draw a definite conclusion.

Sster chromatid exchange

10
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In an assay for sister chromatid exchange (SCEQHB7Chinese hamster cells were exposed to

0-3 mM (0-213 pug/ml) acrylamide (>99% purity) without metabolicti@ation for 24 hours
followed by an additional 28 hours for bromodeoxgime (BrdU) incorporation; 50 cells per
exposure level were counted [Tsuda et al., 1993]slight, but dose-related and statistically
significant increase in SCE was seen (50% increasgared to an 800% increase by the positive
control, mitomycin C). Similar findings were obsedvby Knaap et al., 1988 testing V79 cells in
the range 0-3,00Qug/ml with and without metabolic activation with ah8ur exposure period
followed by 21-25 hours BrdU incorporation.

Chinese hamster ovary cells were exposed to Opp0dIl acrylamide (purity not stated) with and
without metabolic activation [Sorg et al., 1982bhe cells were treated for 5 hours followed by a
27-hour BrdU incorporation time and 30 cells pgp@sure level were counted for SCE. The results
did not show statistically significant or dose-teth increases in SCE compared to the solvent
control. The positive controls ethyl methanesulgten(EMS) and dimethylnitrosamine (DMN)
doubled the number of SCE seen per cell in companigith control. Comparing the results of
positive controls in the previous experiment [Tswetaal., 1993] it is possible that, under the
conditions used, this assay may not have beentsenshough to detect clear dose-responses in an
increase in SCE. Therefore, the validity of theat®g result obtained in this report is unclear.

Cell transformation

Cell transformation is not a reliable indicatorg#notoxicity. Nevertheless, the studies have been
summarised in this section for convenience. A nundfgublished and unpublished mammalian
cell transformation assays are available using BRIB, C3H/10T%2, and NIH/3T3 cell lines with
and without metabolic activation [Banerjee and $e§)886; Microbiological Associates, 1984a,
1982a, 1982b; Tsuda et al., 1993]. Positive resutt® obtained in all assays except those reported
in Microbiological Associates [1982b]. Overall, gleamide increased cell transformation frequency
in thein vitro cell lines tested, generally in the presence oemdxs of metabolic activation.

Other in vitro studies

A dose-related increase in the percentage of wétls spindle disturbances (increases in c-mitoses
and fragmented or bridged ana-telophase figures olzserved by Adler et al. [1993] using
Chinese hamster V79 cells exposed to up to 1 mgéntlamide for 6 hours without metabolic
activation.

Amongst controls, the incidence of c-mitoses was d8mpared to 91% at 0.5 mg/ml. The
incidence of fragmented or bridged ana-telophageds was 0.2% in controls compared with 1.1%
at 0.1 mg/ml with no such figures being observetligher concentrations due to the blocking of
metaphase. For example, at 0.5 mg/ml more than &0étetaphase figures were damaged, with a
large number of figures scattered in the cytopldsnaddition, the polyploidy index (the number of
polyploid cells as a percentage of total mitoseseoled) increased in a dose-related manner (from
1.4% in controls to 4.4% at 0.5 mg/ml and 9.8% anhd/ml. At concentrations up to 0.5 mg/ml
there were no clear signs of cytotoxicity, and atd/ml pyknosis was observed indicating the onset
of a cytotoxic effect. The results of this studgicate that acrylamide is a potent spindle poison.
Human fibrosarcoma cells were exposed to 0-10 mM1@ug/ml) acrylamide for 4 hours [Sickles

et al,, 1995]. Cells were processed by Giemsa ispinf chromosomes and then immuno-
fluorescence staining to visualise microtubuledclioine was used as a positive control.

In negative controls 2% of cells were observed & ib mitosis. Colchicine dispersed the
chromosomes throughout the cytoplasm and incredmegdercentage of cells in mitosis to 10% as
expected from a substance that arrests cells msmiby disassembly of microtubules. Acrylamide
also caused a concentration-dependent increase inumber of cells in mitosis, but unlike with
colchicine the chromosomes in cells exposed to latige appeared to be condensed at the
metaphase plate at all exposure levels used (>1fmMg/ml). This effect was more pronounced at

11
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higher concentrations. Hence with acrylamide, tlemftion of the mitotic spindle and
chromosome alignment on the spindle was not appgradversely affected, although subsequent
chromsome segregation and migration were affected.

In an SV40-DNA amplification study CO60 Chinese Istan cells were exposed to 0-1pg/mi
acrylamide [Vanhorick and Moens, 1983]. Cells wareubated with acrylamide for 24 hours
before hybridization withs2P-labelled SV40-DNA. Increased synthesis of SV40ADIDNA
amplification) was seen at acrylamide concentratiof >50 ug/ml, concentrations that were
associated with cell survival of 57% or less. Thehars considered this result to indicate that
acrylamide had little or no ability to induce SVBINA amplification (i.e. little or no potential to
directly damage DNA in this system). The true digance of the findings in this invalidated
system is unclear.

Summary ofn vitro studies

Acrylamide is not mutagenic in standard bacterssiags when tested in the presence or absence of
metabolic activation systems. However, acrylamidas velearly clastogenic (direct-acting) in
mammalian cellsn vitro, producing chromosome aberrations and polyploidiwio different cell
systems investigated. Supporting evidence fforvitro clastogenicity was also evident in
mammalian cell gene mutation assays.

47.2 Invivodata

Studies in Drosophila

Published and unpublished reports were availabiagudifferent assay systems (investigating
somatic and germ cells), with a mixture of positased negative results [Batiste-Alentorn et al.,
1991; Foureman et al., 1994; Knaap et al., 1988rdhiological Associates, 1984b; Tripathy et

al., 1991] The overall significance of these results for hurhaalth is unclear and much greater
weight can be put on the mammalian cell systemtgdwothin vitro andin vivo.

Somatic cells

Cytogenetics

Groups of 5 male mice received a single intrapee#d (ip.) injection of 0 or 100 mg/kg aqueous
acrylamide and 50 bone marrow cells per mouse apatysed for chromosome aberrations at 6,
18, 24, and 48 hours post-administration [Cihak ®odtorkova, 1988]. No positive control was
used. A clear, statistically significant increasethie number of metaphases with chromosome and
chromatid breaks (3-11% excluding gaps comparel4an controls) was noted at the three later
time-points with a maximum value at 24 hours.

Groups of 5 male and 5 female mice received siipglimjections of 0 or 100 mg/kg acrylamide

in saline [Adler et al., 1988]. Samples of bonenmarwere taken at 12, 18, 24, 30, and 36 hours
for analysis of chromosome aberrations. Statidyicagnificant increases in the number of
metaphases with chromosome and chromatid breake wieserved (2.6-4.4% excluding gaps
compared to 0.7% in controls). The maximal respamae at 18 hours in this assay. An additional
dose-response assay was performed with mice rageyi50, 100, and 150 mg/kg acrylamide with
a sampling time of 18 hours. A positive controlgpaeceived cisplatin.

Statistically significant increases in the frequen€ aberrant cells were seen at all exposure sevel
(2.1%-4.1% excluding gaps compared to 0.3% in thgative control and 3.6% for the positive
controls). Mitotic index was reduced by up to 27émpared with negative controls.

In another study, groups of 5 male mice receive® Ppm acrylamide (approximately 60

mg/kg/day assuming 25g bodyweight and food consiompif 3g/day) by dietary administration
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for 1, 2 or 3 weeks, or a single ip. injection 0610100 mg/kg [Shiraishi, 1978]. At least 100 bone
marrow cells were scored for chromosome breaksapémnal ati/2, 1, 11 and 12 days post-
administration in the case of ip. treated mice, emochediately after sacrifice at weeks 1, 2, and 3
for animals receiving dietary acrylamide (animalksrevpretreated with colchicine). There was no
mention of the use of positive controls in thisdstuFollowing single-exposure there was an
increase in metaphases with chromosome breaks (th7fggative controls, 3.5-7% in treated
animals).

There was an increase in the frequency of celll arteuploidy or polyploidy (3.7% in negative
controls, 5-10.5% in treated animals). For anintedated by the dietary route there were similar
slight increases. In addition, there was also ghslibut not statistically significant increase in
SCE/cell (2.9 in controls and 3.5-3.7 in treatedrats). It was not clear from the results that were
presented whether or not results at each time pegmé compared with control groups or if any
statistical comparisons had been performed. Thhoawtoncluded these changes to be negative
responses. However, there are some doubts abowualidéy of this assertion due to the limitations
in the presentation of information. The values enésd for chromosome breaks would, by current
standards, indicate a positive result.

In a further study using cells from an unconverdisource, groups of 4 male mice received single
ip. injections of 0, 50, 100, or 125 mg/kg acryldmi[Backer et al., 1989]. Positive controls
received cyclophosphamide. Mitoses were analysad 00 spleen lymphocytes at each exposure
level 24 hours post-administration only. There wa<slear increase in the frequency of metaphases
with chromosome aberrations but there was a ndiststally significant increase in chromatid
aberrations: 5% at 125 mg/kg compared to 2% in tinegaontrols at 125 mg/kg. There was also a
significant dose-related increase in the frequesfc§CE/cell. In view of the non-validated nature
of this assay system no firm conclusions can bendifaom the results.

Overall, the results of these studies indicate #taylamide produces chromosome aberrations in
somatic cellsn vivo.

Micronucleus assays

In addition to the chromosome aberration analysidgpmed on bone marrow cells taken from
acrylamide-exposed mice a micronucleus assay waducted [Adler et al., 1988, see Cytogenetics
section above for details). There was no signiticdrange in the ratio of polychromatic to normo-
chromatic erythrocytes (P/N ratio). However, clestatistically significant increases in micro-
nucleus frequency were observed following singleajeritoneal administration of 100 mg/kg
acrylamide at 18, 24, and 30 hours with maximunuesalat 24 hours (0.66% compared to 0.13% in
negative controls). Subsequently, groups of 5 raalk 5 female mice received 0, 50, 75, and 125
mg/kg acrylamide with samples taken at 24 hoursa€lstatistically significant, and dose-related
increases in micronucleus frequency were seenlaxabsure levels. A frequency of 1% was
observed with the positive control, cisplatin, @&d 25 mg/kg acrylamide the frequency was 0.9%.
A number of othern vivo micronucleus assays in male and female mice weagasle all giving
positive results using cells taken from bone mayrepieen or peripheral blood with up to 150
mg/kg aqueous acrylamide administered by the ietitgneal route singly or repeatedly [Backer et
al., 1989, Cao et al., 1993, Cihak and Vontorkd@88, Cihak and Vontorkova, 1990, Knaap et al.,
1988, Russo et al., 1994]. Sampling times rangewh f8-72 hours with the peak effects generally
observed at 24 hours.

A negative result was obtained in an unpublisiredvo bone marrow mouse micronucleus assay
using males and females receiving 75 mg/kg aquesuglamide by oral gavage singly or
repeatedly [Sorg et al., 1982a]. Clinical signstoxicity were observed following single and
repeated (2x) administration of 75 mg/kg. Samptinges were 30, 48, and 72 hours. The positive
control used was triethylenemelamine, given intrispeeally. Overall, there are some doubts about
the validity of the negative result obtained asampling times less than 30 hours were used.
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Liver UDS assay

In anin vivo liver UDS test groups of rats received single geated (5x) ip. injections of 0, 30, or
100 mg/kg acrylamide [Butterworth et al., 1992]. thre case of single exposure, animals were
sacrificed 2 or 12 hours post-administration and riEpeated-exposure animals sacrifice was 4
hours after the last injection. Hepatocytes weotated and incubated with tritiated thymidine for 4
hours. There were no increases in net nuclear gaints. The positive control, DMN, produced a
clear response. Thus, ACR did not cause UDS im tedisin vivo.

Mammalian spot test

As part of a study investigating potential mutageand developmental effects, groups of 31-93
pregnant female mice received single or 3 dailynjections of 0, 50 or 75 mg/kg aqueous ACR on
day 12 or days 10, 11, and 12 [Neuhauser-Klaus Sgfunahl, 1989]. Approximately 220-300
offspring per dose level were available for exartiora A positive result (doubling in the number
of spots of genetic relevance compared to negatiwmérols) was reported following single exposure
to either 50 or 75 mg/kg and to repeated exposus® tmg/kg/day. Repeated exposure to 75 mg/kg
resulted in increased embryotoxicity and cytotdyici

Sudiesin transgenic mice

As part of a validation for a new test method, goof mice received 5 daily ip. injections of O or
50 mg/kg acrylamide - 3, 7, and 10 days laterltheZ mutation system was used to determine
mutant frequency (MF) in bone marrow only (Hoormakt 1993 and Myhr 1991). An increase in
MF was noted (62-8910s compared to 15-2610s in controls), although with no clear pattern with
respect to sampling time. Procarbazine and ethybsosurea gave more substantial increases.
Although demonstrating positive results, the fighgficance of the results in this as yet unvaledht
assay is unclear but the result does provide sugdporthe view that acrylamide is an vivo
genotoxicant.

Summary oin vivo mammalian somatic cell assays

Acrylamide is clearly mutagenia vivo, producing positive results particularly in theneamarrow
micronucleus assay. The pattern of results indicatastogenicity or interference with mitosis
rather than gene mutation activity.

Germ cells

Cytogenetics

Groups of 5-16 male mice received single ip. ingw of 0 or 75 mg/kg acrylamide and were
mated with untreated females 7 days later, or vedel25 mg/kg with mating 7 or 28 days later, or
5 daily injections of 50 mg/kg with mating 7 daysspadministration [Pacchierotti et al., 1994].
Chromosome aberrations from one-cell zygotes weweed at 5 hours with at least 100 metaphases
scored per group except for animals receiving regokaxposure to Acrylamide where chromosome
effects were very common and fewer metaphases amalysed. In addition, flow cytometry was
performed for cells taken from testicular prepanadi at 3 and 35 days after treatment with up to
150 mg/kg acrylamide (elongated spermatids, roupermsatids, diploid cells, S-phase cells,
tetraploid cells, and elongated/elongating dipkpeérmatids were counted).

From one-cell zygotes a statistically significanlpse-related increase in the frequency of
aberrations was noted following mating at 7 days tana lesser degree at 28 days after mating with
chromosome fragments, dicentrics and translocatieirsg prominent. For repeated exposure 85%
of zygotes were reported to contain chromosomeratiens.
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From testicular cell populations there was a madkectease (~74% of control values) in tetraploid
cells 3 days after treatment amongst animals reae# single exposure. The total cell number was
not apparently affected. At 35 days there was tisstally significant, dose-related decrease im th
percentage of elongated spermatids (70% of conadles at 150 mg/kg) and a statistically
significant increase in elongated/elongating dighlspermatids suggesting impaired segregation
during mitosis. A decrease in diploid spermatids wated 3 days post-exposure following single
exposure but not after repeated exposure; the eutboggest that this effect was due to
spermatocytes being affected during meiosis byritial injections.

Following on from the assay reported in the sectinrsomatic cell effects, groups of 5 male mice
received 500 ppm acrylamide (approximately 60 miglkg assuming 25g body weight and food
consumption of 3g/day) by dietary administration¥p2 or 3 weeks or a single ip. injection of O or
100 mg/kg [Shiraishi, 1978]. At least 100 metapkag®m spermatogonia were scored for
chromosome aberrations per animal at 12 and 24shand 11 and 12 days postadministration in
the case of ip. treated mice and immediately aferifice for animals receiving dietary acrylamide.
In addition, 50-100 spermatocytes in the diakinesétaphaseé stage were examined from each
animal.

An increased incidence of spermatogonia with aredpl chromosome breaks, and sister
chromatid exchanges was seen using both exposwgenes Similarly, amongst primary
spermatocytes there was a marked increase in seriosome and autosomal univalents,
fragments and rearrangements observed in both esgosgimes.

Also following work in somatic cells, groups of 4ate mice received single ip. injections of 0, 50,

100, or 125 mg/kg acrylamide [Backer et al., 198 romosome and chromatid aberrations were
scored in spermatogonia and spermatocytes 24 hmssadministration only. There were no

significant changes in the number of chromosomefolatid aberrations or hyperploidy compared

to negative controls. This study is limited by tiee of only one sampling time.

As part of a dominant lethal assay summarised bgBmith et al., 1986] cytogenetic examination
was performed on rat spermatocytes taken from 16yates exposed to O, 1.5, 3, or 6 mg/kg/day
acrylamide in drinking water for 80 days and afted2-week recovery period. No increase in
structural aberrations was observed on completibr8 days although a slight increase in
reciprocal translocations was noted amongst treatéhals (0, 1, 1, and 2 in each of the groups
respectively). The significant increase in pre-iamation loss would suggest that an adequate
exposure level was used. However, no further detadre available regarding the conduct of this
investigation hence it is difficult to draw anyrfirconclusions regarding the potential to form
chromosome aberrations in rat spermatocytes frasiréjport.

Germ cell micronucleus assays

Micronucleus formation in spermatids was studieshigigroups of 5 male rats receiving single ip.
injections of 0, 50, or 100 mg/kg acrylamide [Latelest al., 1994]. Animals were sacrificed on
days 1, 3, 18 and 19 post-administration and 2@@0nsatids/animal were analysed. The positive
control used was mitomycin C. following this, greupf 5 male rats received 4 daily ip. injections
of 50 mg/kg acrylamide and were sacrificed on dgy3, 18 and 19 postadministration. Analysis of
spermatids at these sacrifice times corresponelts that would have been exposed to acrylamide
as spermatocytes in diplotene-diakinesis (dayatg, pachytene (day 3), and preleptotene stages of
meiosis (day 18) and as intermediate and type Brsgtegonia (days 18 and 19). A statistically
significant increase in the number of micronucleaswobserved from cells sampled on day 18
following exposure to 450 mg/kg (2.0/1000 early spermatids compared t&6/Q@®0 in negative
controls).

Groups of 4-5 male rats received 0, 50, or 100 mairylamide by single ip. exposure or 4 daily
injections of 50 mg/kg [Xiao and Tates, 1994]. $patocytes were isolated and analysed for
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micronucleus formation on days 1, 3, 15, 18, 19d &® after acrylamide administration.
Statistically significant increases in micronucléosmation were observed 18-20 days after single
ip. exposure to 0, 50 or 100 mg/kg acrylamide dedetffect was more marked following 4 daily ip.
injections of 50 mg/kg. For single exposures, ttegdency of micronucleus formation amongst
acrylamide-treated animals was 3.3-4.2/1000 egdymaatids compared to 1.5/1000 in the negative
controls 18-20 days after acrylamide-administrati®light, but not statistically significant,
increases were also observed 1-3 days after adrain® (up to 2/1000 at 100 mg/kg). The most
significant increases (day 18-20) would have cpuwesled to spermatids initially exposed in the
preleptotene stage - a result consistent with abeuraf other studies. Amongst repeated-exposure
animals, the frequency of micronucleus formaticachred 6.4/1000 on day 19.

A similar increase in micronucleus formation wasaed by Russo et.g4l994] using Golgiphase
and Cap-phase spermatids (post-meiotic developinstatges) from acrylamide-exposed mice. In
addition, differentiating spermatogonia were assg$ésr SCE — a statistically significant, exposure-
related increase in SCE was noted.

DNA synthesis and repair

Groups of 4-6 male mice received single ip. in@tsi of 0, 8, 16, 31, 63, or 125 mg/kg acrylamide
[Sega 1990]. Tritiated thymidine was injected into thestes 0-48 hours after acrylamide
administration and sperm from the caudal epididgsidere recovered 16 days post-administration
for UDS analysis. In addition, groups of 4-6 maleenreceived a single ip. injection of 0 or 125
mg/kg acrylamide with tritiated thymidine inject@ato the testes 6 hours later and sperm from
caudal epididymides (spermatozoal to early speroyéds at the time of treatment) was recovered
at 2-3 day intervals for up to 30 days post-adnrai®n for UDS analysis. Also, groups of 4 male
mice received ip. injections of 46 mg/kg(]-acrylamide. DNA was extracted from liver andiéss
samples 1-24 hours post-administration and analfgge@dioactivity.

In the first experiment, there was a clear increaddDS, the maximum response of one order of
magnitude greater than that of controls occurringo@rs after tritiated thymidine injection. This
peak response related to sperm, which would haga bethe early spermatid stage at the time of
acrylamide exposure. For the second experimengjgroficant amounts of tritiated thymidine were
incorporated during the first 10 days following expre to 125 mg/kg acrylamide but from days
12-27 a positive UDS response was seen. In thd #periment DNA alkylation was observed,
which reached maximum levels 4-6 hours post-aditnatisn in the testes and 1-2 hours post-
administration in the liver, with levels being stégially (10-fold) lower in testes than liver.

In anin vivo spermatocyte UDS test groups of F344 rats recesmegle or repeated (5x) ip.
injections of 0, 30, or 100 mg/kg acrylamide (Buo#terth et al, 1992). In the case of single
exposure, animals were sacrificed 2 or 12 hourg-adinistration and for repeatedexposure
animals sacrifice was 4 hours after the last ilgact-ollowing repeated administration of 30 mg/kg
there was a statistically significant increasehi@ humber of net nuclear grain counts (5.4 and 5.6
compared to 0 in controls). The positive controlsi®and cyclophosphamide gave counts of 4.9
and 6.5 respectively. For single administratiore thcrease was not significant (1.5 and 1.6).
Overall, the results indicate that acrylamide cduse increase in UDS in rat spermatocytes
following repeated exposure.

Dominant lethal assays

- Studies in mice

Groups of 24-30 male mice received 0, 25, 50, T8, br 125 mg/kg/day acrylamide in 70%
aqueous methanol by the dermal route for 5 consecdiays [Gutierrez-Espeleta et,&a992].
Males were then mated with untreated females fragn ®@10 after the last exposure. There was a
slight, but treatment-related decrease in the nme@mber of implantations per pregnant female (21
in controls, 16 at 125 mg/kg/day). The percentdggead implants (3%, 11%, 20%, 46%, 61%, and
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76% respectively at 25, 50, 75, 100, and 125 md#&g/and number of pregnant females with one
or more dead implant was statistically significgnticreased amongst all treated animals when
compared with controls (20/78 in controls, 29/3&48, 51/57, 40/42, and 27/27 respectively). The
number of live embryos per pregnant female wasamrately 10 in controls and decreased in a
treatment-related manner to approximately 2 at b#ykg/day. There was a corresponding

treatment-related increase in dominant lethalitytw91% at 125 mg/kg/day).

Overall, these results indicate that repeated dezr@osure of male mice to 25 mg/kg/day or more
acrylamide for 5 days resulted in dominant letlifdats in the progeny, and the reduced number of
pregnant females is suggestive of reduced maliitiert

Male mice received a single ip. injection of 125/kggor 5 daily injections of 50 mg/kg acrylamide
(>99% pure) prior to mating with females [Shelbyagt 1986]. In addition there was an assay
performed with mating over a limited period (dayd@®after acrylamide-treatment) such that the
available sperm would derive from cells exposethtesspermatids or epididymal sperm. Dominant
lethality, observed as an increased frequency adfl deplants particularly between days 4-12 post-
administration, was noted following single and w@Epd exposure. The early increase was
suggestive of an effect on late spermatids andy eqérmatozoa, a result consistent with DNA
alkylation studies reported by Sega and Genero380d] effects noted in testicular cell populat-
ions by Sakamoto et al. [1988], and the distribustudies by Sega et al. [1988hd Marlowe et al.
[1986].

In a study reported as a brief abstract, groupsalé mice received approximately 0, 0.7, 2.1, or

6 mg/kg/day acrylamide in drinking water for 140yslg20 weeks) [Bishop et all991]. Males
were then mated with untreated females which, & dater, were examined for implantations,
live/dead foetuses, and resorptions. A signifigaiigher percentage of resorptions was found
amongst animals receiving 6 mg/kg/day (13% comp&wetPo in controls). This report should be
treated with a little caution due to insufficiergporting detail, but the results provide further
support that acrylamide induces dominant lethalations in the germ cells of male mice.

Other positive results for dominant lethality incmiwere obtained as part of studies to investigate
heritable translocations [Shelby et, &987; Adler et a] 1994; Ehling and Neuhauser- Klaus,
1992]. In addition positive results for dominarthkdity were also obtained in a combined dominant
lethal/two-generation reproduction study [NTP, 198Bapin et al., 1995] and in another crossover
breeding study [Sakamoto and Hashimoto, 1986].

- Studies in rats

Groups of 10-11 male rats were exposed to 0, 1.6r 8 mg/kg/day acrylamide in drinking water
for a total of 80 days [Smith et al., 1986]. Aff&2 days males were mated with untreated females.
Significantly increased pre-implantation loss waded amongst females mated with high dose
males. Post-implantation loss was increased atd Gamg/kg/day. There were no clinical or
histopathological signs of neurotoxicity which nfegve affected male fertility.

Other positive results for dominant lethality weeported in studies in which rats received up to
100 mg/kg/day for 5 days by oral gavage as pairtivastigations into potential reproductive effects
[Sublet et al., 1989; Tyl, 1998a] and also as pé&ra combined two-generation/dominant lethal
assay in which rats received up to 5 mg/kg/day lanrige in drinking water for 10 weeks [Tyl,
1987].

Heritable translocation assays

Groups of 120 male mice received 5 daily ip. inats of 0, 40 or 50 mg/kg acrylamide (99% pure)
and were mated with untreated females 7-10 dags #i¢ last injection [Shelby et al987]. Male
progeny were weaned and females discarded. Thesma&lee then mated with additional untreated
females. If reduced fertility was observed, the esalvere again mated with additional females,
which were sacrificed on day 14 for examinationhaf uterine contents. In addition, spermatocytes
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from males with reduced fertility underwent cytogéa analysis. The repeated administration of 50
mg/kg/day acrylamide resulted in a "high level" rg@ntage not stated) of dominant lethal
mutations, and 40 mg/kg/day produced approximai®6 dominant lethality. For the heritable

translocation studies, 49/125 (39%) males at 5kgiday and 39/162 (24%) at 40 mg/kg/day were
either sterile or semisterile. This compared withistorical control incidence of 17/8095 (0.2%).

All 10 males selected for cytogenetic analysis wemefirmed as translocation carriers. In addition,
31-85% of females mated with semisterile malesi®@@rdead implants, compared with 0-9% in

females mated with apparently non-sterile males.

A single ip. injection of 0, 50 or 100 mg/kg or &ilg injections of 50 mg/kg acrylamide in male
mice [Adler et al 1994]. There was a similar selection of sterile/séenile animals to the previous
study. Dominant lethal effects were observed at highest exposure level and there was an
exposure-related increase in heritable transloestig/8700 (0.04%) in controls, 2/362 (0.6%) at 50
mg/kg, 10/367 (2.7%) at 100 mg/kg, 23/105 (22%. &0 mg/kg.

The results of these two studies demonstrate tmglsanide caused heritable translocations in mice.

Soecific-locus assays

Groups of male mice received ip. injections of 00,1or 125 mg/kg aqueous acrylamide [Ehling
and Neuhauser-Klaus, 1992] and were serially matighl untreated females (homozygous for a
number of key physical features). A high frequeatgpecific-locus mutations was noted for males
mated with females 5-8 days and 9-12 days afteciign (6-14 mutations per locus per®10
gametes for males receiving 100 and 125 mg/kg $pér 10 gametes in controls). This would
indicate that specific-locus mutations occurrechale spermatozoa and spermatids.

In another assay for specific-locus mutations, mailee received 5 repeated ip. doses of 50 mg/kg
[Russell et a] 1991]. Increased frequencies of specific-locus tmra were observed for males
mated with females 8-14 and 15-21 after injectioggestive of specific-locus mutations amongst
the late spermatid and spermatozoal stages.

Sudiesin transgenic mice

As part of study to validate a new test methodugsoof male mice received 5 daily ip. injections
of 0 or 50 mg/kg acrylamide with assays performadeasticular cell preparations examining the
LacZ mutation system 21-23 days later [Murti et al., 4199There was no clear increase in
mutations noted in this system. Microscopic examdmashowed an increase in the number of
"unusually large cells" which were speculated, bot proven by the authors, to be due to
interkinetic delay during meiosis caused by acrytEnOverall, no firm conclusions can be drawn
on the nature and significance of effects seen.

Other germcell studies

Groups of male mice received a single ip. injectidr0 or 100 mg/kg acrylamide (99.9% pure)
following testicular injection of tritiated thymide, and mature spermatozoa were removed daily
for 21 days post-administration [Sega and Generti380]. DNA was removed by alkaline elution
and a significant increase in single-stranded tweafts observed in treated animals, the greatest
elution rate being observed in the second week-gqsbsure. Further analysis showed that DNA
breakage following acrylamide exposure was occgrnrainly in early and mid-late spermatids as
well as pachytene spermatocytes.

Other information regarding DNA binding, distribomi to male reproductive organs, and effects

on testicular cell populations was available inghelies by Sega et al. [1989] and Marlowe et

al. [1986], Sakamoto et al. [1988].

Summary oin vivo mammalian germ cell assays
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Acrylamide is clearly positive in a number of dif@t germ cell assays (chromosome aberrations,
micronucleus assays, UDS, dominant lethal assagstahle translocation, and specific locus
assays) indicating that it is a germ cell mutagen.

473 Human data

No data available.

474 Other relevant information

No data available.

4.7.5 Summary and discussion of mutagenicity

All'in all, it was concluded in the EU RAR (2002t a substantial body of information is available
covering many genotoxicity end points. Although yéamide is not mutagenic in bacteria, its
mutagenic potential is clearly shown in mammaligstesmsin vitro. It is a direct-acting mutagen
and there is also a large body of evidence clefgiyionstrating that acrylamide is genotaxizivo

to both somatic cells and germ cells. In the cdggeon cells, acrylamide has been demonstrated to
induce heritable mutations.

The published evidence available since 1995 (dataso literature search for the 2002 EU RAR),
which recently has been reviewed by the UK Committe Mutagenicity of Chemicals in Food,
Consumer Products and the Environment (COM, 2008gnds the effects of acrylamide to include
identifiable glycidamide DNA adducts and gene miates, detectable in cultured mammalian cells
and somatic cellsn vivo. These effects appear to be due to metabolism coflaanide to
glycidamide. The UK Committee confirmed that acmyide is anin vivo mutagen, and concluded
that there are multiple potential mechanisms (agkxtensive protein binding/enzyme inhibition,
oxidative stress and DNA adduct formation) which ymeontribute to the genotoxicity of
acrylamide. The default approach is to assume meshiold for the genotoxic effects of acrylamide
(COM, 2009).

4.8 Car cinogenicity

Acrylamide is listed in Annex VI, part 3, Table 3(the list of harmonised classification and
labelling of hazardous substances from Annex | i@dive 67/548/EEC) of Regulation (EC) No
1272/2008 as carcinogen category 2. This corregpomch classification as carcinogen (1B) in
Annex VI, part 3, Table 3.1 of Regulation (EC) N&72/2008 (list of harmonised classification and
labelling of hazardous substances).

481 Carcinogenicity: oral

In the EU RAR (2002) the following two studies haeen described. NB: The references from the
2002 EU RAR [cited between brackets] are not givethe SVHC Support Document but can be
found in the RAR.

In a combined chronic toxicity/carcinogenicity syudonducted according to modern protocol
standards, groups of 90 male and 90 female F344reatived 0, 0.01, 0.1, 0.5, or 2.0 mg/kg/day
agueous acrylamide (>96% pure) in drinking waterujp to 2 years [Johnson et,dl984; 1986].

Routine observations included clinical signs ofitdy, bodyweight, food and water consumption,
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haematology, urinalysis, blood biochemistry, macopic and microscopic pathology. Groups of
10 animals were selected at 6, 12, and 18 monthatirim sacrifice.

A statistically significant increase in mortalitya® noted from 21 months onwards amongst males
and females receiving 2 mg/kg/day. A slight deedasodyweight (up to 4%) was noted amongst
males at 2 mg/kg/day and there were no signifiedfieicts on food and water consumption and no
clinical signs of toxicity. There were no signifitaadverse effects on haematology, blood
biochemistry, or urinalysis examinations, organghés, or macroscopic pathology at 6, 12 and 18
months. However, at 24 months, there was an ineréasthe number of subcutaneous and
mammary gland masses amongst females at 2 mg/kgHiayopathologically, there were no
abnormalities at 6 months. At examinations perfanii®m 12 months onwards there was an
increase in the incidence and severity of tibialveedegeneration amongst males at 2 mg/kg/day
and from 18 months onwards in females at 2 mg/kgfdaecal swelling of nerve fibres with
fragmentation of myelin and axon, and the formatioin vacuoles containing small round
eosinophilic globules and macrophages). There werelear changes amongst animals at lower
exposure levels or amongst other peripheral neawgpkes (saphenous branch of the femoral nerve
and brachial plexus).

In males, there was a statistically significanthycreased incidence of benign follicular cell
adenomas of the thyroid at the highest dose 1av60( 0/58, 2/59, 1/59, 7/59). In females there was
a non-significant increase in the incidence of gerbllicular cell adenomas of the thyroid (0/58,
0/59, 1/59, 1/58, 3/60) and malignant adenocarcawoi/58, 0/59, 0/59, 0/58, 3/60). In females
there was a statistically significant increasehia incidence of malignant adenocarcinomas in the
uterus (1/60, 2/60, 1/60, 0/59, 5/60, or 1.7%, 3.3%%, 0, 8.3%). The historical control range was
stated to be 0-2.3%. In males there was a statistisignificant increase in the incidence of
malignant testicular mesothelioma at 0.5 and 2 gigéy (3/60, 0/60, 7/60, 11/60, 10/60 or 5%, O,
12%, 18%, 17%). The historical control incidences\8al% with a range of 2-6%.

In males there was a non-significant increase @ititidence of malignant astrocytomas in the
spinal cord (1/60, 0/60, 0/60, 0/60, 3/60). Therravalso non-significant increases in malignant
astrocytotomas in the brain of females (0/60, 10860, 0/60, 3/60), glial proliferation in the bmai
suggestive of an early tumour (0/60, 0/60, 0/6@0,1/3/60), and malignant astrocytomas in the
spinal cord (1/60, 0/59, 0/60, 0/60, 3/61). In &ddi malignant astrocytomas were also observed in
the brain (3/60, 0/60, 0/60, 2/60, 2/60), and dgliedliferation (suggestive of an early tumour) in
0/60, 0/60, 0/60, 1/60, 1/60. The effects in astrmmas for brain and spinal cord in males and
females do not show any clear dose-response brg Hre some concerns as these tumours are
occurring in potential target tissues and, accgrdanthe authors, the concurrent control values may
have been abnormally high so trends would not Heeen clear. Also, the group sizes used in this
study may not have been sufficiently large enoumlldtect clear increases. Overall, because of
these limitations, the toxicological significandettee presence of these astrocytomas in this saudy
unclear.

For females, there was a statistically significamctrease in the incidence of benign papillomas in
the oral cavity at 2 mg/kg/day (0/60, 3/60, 2/6@01 7/61) and a non-significant increase in focal
hyperplasia (1/60, 2/60, 1/60, 0/60, 4/61). Thedence of malignant carcinomas did not show any
clear dose-response (0/60, 0/60, 0/60, 2/60, 1Fdr) males, the incidence of tumour formation in
the oral cavity did not show any clear exposurati@hship (carcinomas 2/60, 0/60, 1/60, 0/60,
2/60, and papillomas 4/60, 7/60, 0/60, 5/60, 4/8@hough there was a statistically significant
increase in focal hyperplasia of the hard palatéQ(01/60, 1/60, 1/60, 4/60, 5/60). Again, although
effects are not clear, there are some concernshexe tis a possibility that hyperplasia and
subsequent, but unclear, tumour formation may leisen as a result of local effects due to the
route of exposure employed.
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In females there were increases in benign and matigtumours of mammary glands (10/60, 11/60,
9/60, 19/58, 23/61 and 2/60, 1/60, 1/60, 2/58, é&pectively or 17%, 18%, 15%, 33%, 38% and
3%, 2%, 2%, 3%, 10%), benign pituitary gland adeasr(5/59, 30/60, 32/60, 27/60, 32/60 or
42%, 50%, 53%, 45%, 53%), and benign tumours ofctiteral gland (0/2, 1/3, 3/4, 2/4, 5/5). In
males there were increased incidences of benignoutsn in the adrenal glands
(pheochromocytoma) (3/60, 7/59, 7/60, 5/60, 10/6G%, 12%, 12%, 8%, 17%). The increased
incidences of mammary tumours, benign pituitarynateas and adrenal pheochromocytomas are
of doubtful toxicological significance due to thego dose-response and high historical control
incidence (18% for benign mammary tumours, 2% faligmant mammary tumours - NTP data
only, 28-47% for pituitary adenomas, 1-14% for ptfeomocytomas). For clitoral adenomas the
total number of tissues examined was too smalfaavény firm conclusions.

A second, carcinogenicity study was conducted aliegrto modern protocol standards using larger
group sizes to clarify the tumour profile. Grougs/6-204 male F344 rats received 0, 0.1, 0.5, and
2 mg/kg/day acrylamide (99.9% pure) in drinking evator up to 2 years, and groups of 50-100
females received 0, 1, and 3 mg/kg/day [Americaar@mid Co., 1989; Friedman et al., 1995].
Two control groups were used for each sex. Rowbservations included clinical signs of toxicity,
food and water consumption, bodyweight, macroseapmd microscopic pathology.

Increased mortality was noted amongst males rewei®img/kg/day from 17 months onwards and
in females at 3 mg/kg/day in the final month (758644-53% in males, 49% vs 28-40% in females
at termination). There was an increased inciderigeatpable subcutaneous masses in males and
females during the last 6 months. There were moceli signs of toxicity and no adverse effects on
food and water consumption. Bodyweight was staadiii significantly reduced by up to 9%
amongst all treated males and by up to 7% in fesn@khough not attaining statistical significance
at 1 mg/kg/day) compared to the pooled control esat termination.

An increase (about 20-30%) in testicular weight waated in males at 0.5 and 2 mg/kg/day.
However this was considered to be of uncertain n@mce due to the high background incidence of
interstitial cell tumours in this strain of ratestes with large tumours which would have distorted
testicular weight values were not excluded fromaargieight analysis.

Histopathologically, an increased incidence of miai to mild degeneration of the sciatic nerve
(vacuolation of nerve fibres) was observed amoifgstales at 3 mg/kg/day and in males at 2
mg/kg/day.

There were increases in thyroid follicular adenonfa#aining statistical significance at 2
mg/kg/day) and a non-significant increase in cancias amongst males (3/204, 9/203, 5/101, 12/75
and 3/204, 3/204, 0/102, 3/75 respectively). Sirlyijan females, there were increases in thyroid
follicular adenomas and carcinomas (0/100, 7/1601A0 and 2/100, 3/100, 7/100 respectively). In
males, there was a statistically significant inseedn malignant scrotal mesothelioma at 2
mg/kg/day (8/204, 9/204, 8/102, 13/75).

In the brain the following increased incidencesbehign and malignant tumours were noted:
astrocytoma (1/204, 0/98, 0/50, 2/75 or 0.5%, B%,at 0, 0.1, 0.5, and 2 mg/kg/day respectively
amongst the males and 0/100, 2/100, and 2/100 2#02% at 0, 1, and 3 mg/kg/day respectively
in females), meningioma (0/100, 2/100, and 3/10@emales, no significant increase in males),
malignant reticulosis (0/100, 2/100, and 3/100améles, no significant increase in males). These
tumours may not be related to acrylamide expostwejbined historical control data from NTP
studies exist with a range of glial cell tumourghe brain of up to 4%. Individual occurrences of
astrocytomas in the spinal cord were observed itesnand females but at very low incidence
(0/172, 1/68, 0/102, 1/51 in males and 1/100 atgskgiday, none in other groups for females).
These findings do not show clear dose responses, dannot attain statistical significance.
However, some concerns do remain, as there is gestign, although not convincing, of some
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changes at the highest dose levels and becaudmaimeand spinal cord represent possible target
tissues for acrylamide.

In females, there were increased incidences of mamngiand fibroadenomas (9/96, 20/94, 26/95
respectively) and adenocarcinomas (2/96, 2/94,)4R&with the previous study, these tumours are
of doubtful toxicological importance as mammary turs occur at a high spontaneous incidence in
rats. There were no significant increases in to&lance of neoplastic findings in the uterus, ciito
gland, pituitary gland and oral cavity. Unforturgtesections did not appear to be taken from the
oral cavity of all available animals making it difflt to draw firm conclusions regarding potential
tumour formation at this site.

Overall, for acrylamide-exposed rats there arerdfeaeases in tumours in several organs. Some of
the tumour types observed in these two rat stuslesv a possible relationship with disturbed
endocrine function (for example thyroid, testicula@sothelioma, adrenals) and raise the possibility
of a hormonal mechanism. However, acrylamide isrbJegenotoxic and it is possible that such
tumours could have arisen following direct damagthé hormone-producing organ. There is also a
suggestion of tumours in the brain and spinal @rd, although the picture is not clear, these are
possibly acrylamide-induced.

4.8.2 Carcinogenicity: inhalation

No carcinogenicity studies were available usingitiialation route of exposure.

4.8.3 Carcinogenicity: dermal

No carcinogenicity studies were available usingdéemal route of exposure.

4.8.4 Carcinogenicity: human data

Two industrial epidemiological studies have beescdbed in the EU RAR (2002). NB: The
references from the 2002 EU RAR |[cited between ket are not given in the SVHC Support
Document but can be found in the RAR.

A cohort mortality study was available investiggtipopulations of workers exposed to acrylamide
at 3 factories in the United States and one inNieherlands [Collins et al1989]. The cohort was
defined as all workers hired between January 152 January 31, 1973 with data collected up
to December 31, 1983. From the US factories 8,568 were identified, with complete follow-up
for 94% - of this group 5,847 were still alive &etend of the study, 2,148 were dead (with the
cause of death not determined in 111), and 513 Vesteo the follow-up. In the Netherlands 346
men were identified, 315 were alive at the enchefdtudy, 11 were dead (with the cause of death
not determined in 2), and 20 lost to follow-up.

Occupational exposure information was availablenfrb977 (8-hour TWA values from personal
monitoring). Estimates were made of exposure beffoise time on the basis of these values and
from the knowledge of processes involved. The dxteh dermal exposure was unclear.
Comparisons were made against an internal populatieere cumulative airborne exposure was
less than 0.001 mghiyears (approximately equivalent to one day expos$ar0.3 mg/re). There
were 2,293 in the “acrylamide-exposed” group (thezposed to >0.001 mgéayears) and 8,094
people in the group of “unexposed” workers (thoggosed to <0.001 mghryears). Amongst the
2,293 “acrylamide-exposed” workers, there was marcbreakdown of the numbers in each of the
sub-groups used (0.001-0.03, 0.03-0.3, >0.3 mykars). For the “acrylamide-exposed” group,
approximately half of the person years of exposugee at 0.3 mg/myears or more [Collins et.al
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1990]. In this group the median exposure was ardunuy/m-years (equivalent to about 15 years
exposure to 0.3 mghn

Overall, taking into account the entire cohort memship, the standardised mortality ratio (SMR)
for all causes of death was not increased at antheffour plants. There were no statistically
significant increases in the SMR for cause-spedtfiortality amongst the workers exposed to
>0.001 mg/myears (“acrylamide-exposed”). When this group itather subdivided there were
no statistically significant increases in deathsiliing from any cause in any of the three exposure
categories (overall 33 deaths observed againskgdcéed at 0.001-0.03 mgén®7 observed vs. 97
expected at 0.03-0.3 mgémand 169 observed vs. 158 expected at >0.3 m)g/Amongst
“acrylamide-exposed” workers, there was a slight,rot statistically significant increase, in cance
of the pancreas (8 observed, SMR=2.03, 95% contelémervals, Cl = 87-400). This was further
broken down to show the following observed/expedte(E) ratios: 19/21 in the “non-exposed”
group, 1/0.7 in the 0.001-0.03 mghyear group, 2/1.8 in the 0.03-0.3 mg/gear group, and 5/3.8
in the >0.3 mg/myear group. No clear exposure-response emergesthig data.

It was stated that this study would have been #@bldetect a 25% increase in total cancer, 50%
increase in respiratory cancers, and a 3-fold as&ein cancer of the brain and central nervous
system with a power of 80%.

Overall, this study did not reveal any significantrease in mortality from any given cause,
including site-specific cancer, amongst the workeosentially exposed to acrylamide at these
plants.

A second, but much smaller, cohort mortality studys available [Sobel et.all986] amongst 371
workers potentially exposed to acrylamide from 185%he manufacture of Acrylamide monomer
and polyacrylamide. The cohort included all thosgyed up until and including December 31,
1982. Of the total population at this site, 357 madexposure to organic dyes, and from these, a
total of 20 had died. Personal 8-hour TWA airboex@osure levels were available - before 1957
these ranged from 0.1-1 mginfrom 1957-1970 from 0.1-0.6 mgérand from 1970 were <0.1
mg/ms. Again, the extent of dermal exposure was uncl&xposure also potentially involved
acrylonitrile and organic dyes - data were preskagparately for those exposed to organic dyes for
more than 5 years.

For the total cohort (including those exposed tgaaic dyes) 29 deaths were observed against 38
expected. However, there was an increase in thebauwf deaths from all cancers (O/E=11/7.9)
related to increases in death due to cancer oflithestive tract (O/E = 4/1.9, SMR=2.02, CI=57-
539) and also cancer of the respiratory system (©/&2.9, SMR=1.38, Cl=38=353). When
workers who had been exposed to organic dyes foe iti@an 5 years were excluded (14 workers
were excluded, leaving a group size of 357 workers)statistically significant increases in the
number of observed deaths due to any cause wesrvells The largest value was death due to
cancer of the digestive tract in which there wema@talities against 1.6 expected, SMR = 1.24,
Cl=15-452.

The authors stated that a 2-fold increase in t@ater could have been observed with 80% power.
The power of this study in respect of detectingceamt any specific site was severely

limited by small numbers.

In an 11-year follow-up (1984-1994) of the origir@hort from the 1989 Collins et al. study

(Marsh et al.,1999), 1115 additional deaths and nearly 600000peysars were added to the

original study. For the 1925-1994 study period,esscand deficit overall mortality risks were found
for cancer sites of interest: brain and other acédbe central nervous system, thyroid gland,igest

and other male genital organs, and cancer of t@regory system. However, none was significant
or associated with exposure to acrylamide. A sigaift (2.26-fold) increased risk for pancreatic
cancer mortality among U.S. workers with cumulagxposure to acrylamide > 0.30 md/years
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was seen (a total of nine deaths). However, noistam dose-response relationship to acrylamide
exposure was found.

The last update of this cohort was published bydtiat al.(2007) and covered the period 1925-

2002. The updated analysis of the previous exmoydindings for pancreatic cancer in the U.S.

cohort revealed much less evidence of a possilpjesexe-response relationship with acrylamide.
The authors concluded that acrylamide exposuréetdvels present in the study sites was not
associated with elevated cancer mortality risks.

485 Other relevant infor mation

In the EU RAR (2002) another two studies have baescribed. Not being true carcinogenicity
bioassays, they provide some, albeit limited, imfation. NB: The references from the 2002 EU
RAR [cited between brackets] are not given in tMHE Support Document but can be found in
the RAR.

In a skin initiation/promotion assay, groups ofd®female SENCAR and ICR mice received 0 or
up to 50 mg/kg aqueous acrylamide (>99% pure) oylamide in ethanol (for dermal studies) 3
days/week for 2 weeks by oral gavage, ip injectmntopically [Bull et al, 1984a; 1984b].
Tetradecanoyl-phorbol acetate (TPA) was then adnered dermally 3 days/week for 20 weeks to
most groups (there were some non-TPA controls)aamchals were sacrificed on completion of 52
weeks. An acrylamide dose-related increase in tunmioutmation was noted for all routes of
acrylamide administration when TPA was administesebdsequently but there was no increase in
tumour incidence in mice treated with acrylamide bat subsequently with TPA. These results
suggest that acrylamide was “initiating” tumourrfation.

In addition, in a lung adenoma bioassay [Bull et)84a], groups of 16-40 male and female A/J
mice received up to 25 mg/kg aqueous acrylamiderblygavage or up to 60 mg/kg by the ip route
3 days/week for 8 weeks. These animals were sesdifafter 8-9 months. In the adenoma bioassay,
there was also an exposure-related increase ifothration of lung tumours. The enhancement of
benign lung tumour incidence by acrylamide in a s®wstrain showing a high background
incidence of such tumours is of doubtful significann relation to human health.

4.8.6 Summary and discussion of carcinogenicity

It was concluded in the EU RAR (2002) that acryldenis carcinogenic in animals producing
increased incidences in a number of benign andgmeatit tumours identified in a variety of organs
(for example thyroid, adrenals, testicular mesatined). The tumour types observed show a
possible relationship with disturbed endocrine fiorc and raise the possibility of a hormonal
mechanism. There is also a suggestion of tumoupsaim and spinal cord and, although the picture
is not clear, these are possibly acrylamide-indu€dden the genotoxicity profile of acrylamide,
genotoxic activity cannot be discounted from cdniting to tumour formation. There are no
mechanistic arguments to indicate that these fgslimould be restricted to animals and could not
occur in humans.

Two human cohort mortality studies did not show al@ar increase in cause-specific mortality as a
result of acrylamide exposure although there wéearcinadequacies in one of the two studies
available. No firm conclusions can be drawn fromsth studies.

4.9 Toxicity for reproduction

Not relevant for this dossier.
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410 Other effects

Not relevant for this dossier.

5 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for this dossier.

6 PBT, VPVB AND EQUIVALENT LEVEL OF CONCERN ASSESSMENT

Not relevant for this dossier.
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