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Memorandum

Date September 9, 1997

From Division of Health Effects/Evalugtion;(Hstzzs)

Subject Acrylamide, new information and re-evaluation of the '
neurotoxicity potential and tentative ADI of acrylamide as a migrant.

To Division of Product Policy (HFS-205)
Attn: Dr. Rosalie Angeles

Division of Petition Control (HFS 215)

Attn: Dr. Daniel Harrison )%?7/
Through, Francis Lin, Ph.D. ’; oL 7-%9-97

Team Leader, Division of Heali?sEffects Evaluation (HFS- 225)

Through David Hattan, Ph.D muuQSXs 1&#&&a& u q7

Director, Division of Health Effects Evaluatlon‘ HtS 225)

Food Additive Petition Nos. S9A4175 M°Kenna, Conner and Cuneo
1575 Eye Street, N.W.
Washington, D.C. 20005

3B3677 Calgon

6B3940 American Cyanamide Co.

3B3696 National Starch and Chemical Co.
9B4131 Lubrizol Co.

9B4132 Lubrizol Co.

9B4133 Lubrizol Co.

Our memorandum of Jan. 22, 1990 (Bleiberg/Harris, HFF158/HFF-334
re FAP 9A4175), evaluated the safety of acrylamide (AA) as a
migrant from dimethylamine-epichlorohydrin resin (DEC) and
acrylic acid - acrylamide resin (AAR) for immobilization of
glucose isomerase. Since the issues relating to the
carcinogenicity of AR and the quantltatlve assessment of upper-
bound risk are being resolved, as well as completlcn of the
ongoing review of the reproduction and developmental toxicity
‘data, the issue of the ADI for AA based on the neurotoxicity
remains. This memo reviews the prev1ously established ADI of AA



in the context of new information and provides a re-evaluation of
the neurotoxicity potential and a tentative ADI of acrylamide as
~a potential migrant from approval of pending new food additive
.petitions. The ADI will remain tentatlve pendlng completion of
the ongoing contract review of the reproductlon and developmental
tox1c1ty data on acrylamide.

Prior to the Jan. 22, 1990 memo referred to above, the accepted
NOEL for AA quoted in the reviews of earlier food additive peti-
tions, 0.3 mg/kg/d, was based on its neurotOX1c1ty, and was
derived from data stated to be based on a study in cats, submit-
ted with FAP 0A0388. For example, see the memo of Carson/-
McGowan, 12/23/74 re FAP 4H3005. Studles were conducted in
cats and monkeys! to establish the neurotox1c dose of acrylamide.
Appendix 1, attached reviews this study in detall

The studies may beksummarized;as foll@ws:

Two cats each (12 cats) received oral doses of acrylamide at
levels of 0.03, 0.1, 0.3, 1, 3, or 10 mg/kg, respectively, for 5
days/week. At the highest dose level (10 mg/kg), the treated
cats showed definite limb weakness at 26 days, leading to loss of
control at 40 days, at which time dosing was stopped. At 85
days, there were deflnlte ‘signs of recovery. '"No-effect" was
noted at dose levels of 0.03 to 0.1 mg/kg, and one cat at 0.3
mg/kg showed no grossly observable effects durlng 1 year of
acrylamide dosing. A 51m11ar study was also conducted in rhesus
monkeys. However, close re- examination of the data reveals that
in this study cats at the NOEL and lower doses only survived for
3 to 4 months. In addition cats were dosed 5 days/week For
these reasons this was not a good study and in my previous review
I gave the no-effect level as 0.03 mg/kg/d. The "no-effect™
level in monkeys was determlned as 1.0 to 3.0 mg/kg/day.

! The neurotoxic potential of acrylamide as a constituent of polyacrylamides was consxdcrcd
in the publication: "Role of the Food and Drug Administration in Regulanon of Neuroeffective Food

Additives", by Hattan, D.G. et al, in Nutrition and the Brain, Vol. 6., ed by Wurtman, R.J. and

Wurtman, JJ, Section 2. By Marvm j. Bleiberg, Indn'ect acrylamxde and polyacrylamxdes pp54 -
59



The issue of a safe exposure level to acrylamide has also been a
concern of the Environmental Protection Agency and the Centers
for Disease Control (CDC), National Institute for Occupational
Safety and Health (NIOSH). CDC issued a report: Acrylamide: a
review of the literature? setting forth a review of the studies
which served as a basis for settlng an occupatlonal health
standard. Table 6 of this review, "Key animal studies of the
neurotoxic effects of subchronic and chronic exposure to ‘acryl- |
amide" was adopted from an EPA report issued in 1988: "Prellml— ‘
nary assessment of health risks from exposure to acrylamlde

EPA Office of Pecllution Prevention and Toxics later reevaluated
the toxicology of AR, and issued a document C‘hemlcal Summary for
Acrylamide, Sept. 1994 (See Attached document)

EPA has examined a number of published and unpubllshed studies on
ARA. The- EPA oral reference Dose (Rfd, equlvalent to our ADI)
for AA based on nerve damage, is derived from a study by Burek,
J.D., R.R. Albee, J.R. Beyer et al. 1980 "Subchronlc toxicity
of acrylamlde administered to rats in drlnklng water for 92-93
days followed by up to 144 days of recovery,, J. Environ. Pathol
Toxicol. 4: 157-182. The criteria for setting the NOEL in the
Burek et al. study was light and electron microscopic examination
of sciatic nerve tissue. = This study is reviewed in Appendix 2
attached to this memorandum. ‘

- An ultrastructural study was conducted by Schaumberg, H.H. et al

(1974)%. Tissue was _sampled from the llmbs of cats through vari-
‘ous stages of 1ntox1cat1on,'1nclud1ng two cats which received AA
for 252 to 294 days at a level of 3 mg/kg in the drinking water.
These cats exhibited clinical signs of gait diSorder by 70 days.
The authors described lesions of peripheral sense organs as well
as peripheral nerve.

2NIOH and NIOSH basis for an occupational health standard, Acrylamide: a review of the
literature, 1991, Publication No PB 92-133222, Natxonal Techmcal Informanon Scrvxce
Springfield, Va., 22161

3 Schaumberg, H.H., Wigniewski, H.N., and P.S. Spencer, Ultrastructural Studies of the
- Dying-Back Process, 1. Peripheral Nerve Terminal and Axon Degeneratxon in Systexmc Acrylaxmde
Intoxxcatxon J. Neuropath Exp Neurol 3}_ 260 84 1974
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The NOEL for AA was determined by EPA to be 0.2 mg/kg/d. My
review agrees with this assessment. Using an uncertainty factor
of 1,000 (equivalent to a safety faCtor) gives the Rfd (ADI) of 2
X 10* mg/kg/d or 0.2 ug/kg/d. For a 60 kg adult this is 12 |
ug/p/d as a safe exposure. However, the ADI of 12 ‘ug/p/d should
be regarded as. tentative pendlng completlon of contractor s
review of the reproductlve and developmental tox1c1ty data on AA.

 EPA noted that a chronic study conducted by Dow Chemical Co. ,
(1985) in rats gave 81m11ar results. However, it was not select-
ed for use in the Rfd calculatlon, since the NOEL was found using
light microscopy, said to be a falrly 1nsens1t1ve measure of
structural integrity of nerve vs electron microscopy. Addition-
ally, the Burek et al. study, selected for the Rfd determination,
allowed a significant period for recovery from nerve damage, in a
satelllte.group of rats.

A recent publication, Crofton, K.M. et al., (1996)* describes
research conducted by EPA at its laboratory at Research Triangle
Park. The authors note that health ‘agencies are often required to
predict the effects of long-term, low level exposures based on
animal data involving short-term, low-level exposures. The aim
of the study was to evaluate the adequacy of short-term exposures
to acrylamide using intra-peritoneal injection for predicting
neurotoxicity produced by long-term exposures. This study is not
directly applicable to‘determining the NOEL of AA by oral admin-
istration. Both behav1oral 'endpoints and hlstopathologlc exami -
nation of sciatic nerve were performed. Internal and target
tissue doses of acrylamide were measured. Functional and patho-
logical results demonstrated that effects of acrylamide depended
on dose-rate and that the neurotox1c1ty of acrylamide was less
than that predicted by a strict dose X time relatlonshlp .

Behavioral endpoints showed both qualitative and quantitative
changes as a function of dose-rate. Recovery of behavioral
function in these studies was independent of the duration of

¢ Crofton, K.M. et al.(1996) The Impact of Dose Rate on the
Neurotoxicity of Acrylamide The Interactlon of Admlnlstered Dose,
Target Tissue -Concentrations, Tissue Damage and Funct10na1 Effects,
Toxicology and Applied Pharmacology, 139 163- 176. ' '
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dosing. Because duration of dosing had no impact on the kinetics
of acrylamide, the authors st _"these data indicate that the
toxicity of acrylamide is not. due to an accumulatlon of acryl—
amide in the target tissue. The less than strict cumulative
toxicity of acrylamlde may result from an interaction between
administered dose, tissue damage,‘and repalr processes " This
study gives some assurance that the NOEL for neurotoxicity
determined in a 90 day study w1ll not grossly overestimate a safe
dose if dosing were continued for a longer interval.

Safety Evaluation .

The EDI estimates for Acrylamlde, for the‘pending petitions are
as follows: o ‘

Petition.No. EDI . i

9A4175 ' 41 ng/d = 0.041 ug/p/d
3B3677 110 ng/d = 0.110 ug/p/d
6B3940 Substitutional o
3B3696 | 110 ng/d = 0.110 ug/p/d
9B4131 0.6 ng/d = 0.0006 ug/p/d
9B4132 0.15 ng/d=  0.00015 ug/p/d
9B4133 0.15 ng/d=  0.00015 ug/p/d

Total EDI for petitioned,uses:,O,ZS?B ug/p/d

The total (cumulative) EDI for all uses of acrylamide under

§ 176.180 and 175.105 are stated to be less than 0.15 ng/p/d for
each use (Chemistry memo of 4/28/94) and are stated to be ex-
tremely conservative. As such, these petitions could be safely
regulated provided that the tentative ADI of 12 ug/p/day can be
afflrmed follow1ng completlon of the ongoing contract rev1ew of
the reproductive and developmental tox1c1ty data on AA. ' :

We also await the CAC assessment of carcinogenicity and QRAC
assessment of upper bound risks for‘k“ before completing the
toxicology evaluation of FAP 9A4175.

P /@»

Marvin J. Bleiberg, Ph.D., D.A.B.T.
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‘cC: HFS-200, HFS-225(Hattan, Biddle, Lin, Edwards), HFS-247
HFS-225: :MJBleiberg:R/D: 7/6/97 Rev 8/6/97 F/T 9/9/97 DOC9a4175aa

' Attachments ,
1. Review of Publication: Neurc
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2. Review of Publication: Subchronlc Tox1c1ty of Acrylamlde

administered to rats in t ]
Days of Recovery Burek . - ad ., ‘Jour. Envlronmencalkpa;hql—
ogy and Toxicology 4, 157- 182 1980. ‘

ity of acrylamide; Studles of

owed by up to 144 T



‘Appendix 1. Review of Pub:
Studies of McCollister, D.D., Oyen, F., an
and Applied Pharmacology, §, 172-181 1964
Test Material '

2ty of acrylamlde,
V.K. Rowe, Toxlcology"

A white powder obtained from American Cyanamldéyéo was stated to
be 99+ % pure acrylamlde In some studles the monome/‘m, ‘
administered with a powdered polymer of molecular weight of
1, 000 000.

CH2=CHCONHZ
Methods
A,serie§;oﬁ,§tpgi§$wwere conducted in rats
several routes of a
was conducted in rats

oral route of admlnlstrwt_onﬁto establ,sw
ity. Erts

cats, and monkeys by

1. Short term dietary feeding in rats:

‘Rats - Dow Wlstar strain, males : and females, approximately 60
days of age at start of study. o .
No. of Rats /Dose group: 10M + 10 F.

Dietary level (ppm) ( -

0 (control) 3, 9, 30, 70, 90, 110, 300, 400 ppm

Dose. level(mq/kd/dl wﬂQmew,]f], - B

0, 0.3, 0.9, 3, 7, 9, 11, 30, 40 mg/kg/d

Dnre;;gn_gﬁ.ieeding ' -

Diet level 3,” ,‘and 90 ppm 90 days - ‘at whlch time some rats

on control feed and allowed toyrecover up to 90 days

Dietary level 71 - 110 ppm: Rats were continued on diets for 189

Qbservations: =



Appearance, behavior, signs of neurotoxicity (not otherwise
described) .
Food consumption, growth and mortality.

At necropsy the lungs, heart, 1iver,fkidneys, spleen, braln, and
testis were removed and welghed Portions of these organs, as
well as pancreas, adrenal, and’ splnal cord were prepared in
fixative for hlstopathologlc examination. Some affected rats
were sacrificed in extremis and subjected to necropsy while
others were placed on. control dlets to note p0551ble recovery
from neurotox1c 51gns ' ‘

Results
Rats sacrlflced at 90 days -No adverse effects were observed 1n"
‘rats on 3, 9, or 30 ppm dlets

Rats receiving 70 or 110 ppm AA’for'189'days‘—'no neurotoxic
signs in regard to locomotor activity or balance on rear
legs.

A male rat receiving 90 ppm diet at 56 days lost use of hindquar-
ters but reacted to pain stlmulus

" A male rat rece1v1ng 300 ppm AA as a re51due in polymer lost use
of hindquarters at 21 days. This was seen in 4 males and one '
female in the Sopday experlmental perlod Tox1c signs became

. severe by 42 days. At this time some rats were therefore placed
~on control diets to see if By 99 days
there was no evxdence of to:

Microscopic examination of the spinal cords of male rats on 400
ppm diets sacrificed at 42 days showed no adverse effects. A no-
effect level for neurotoxic signs could be given as 70 ppm or

7 mg/kg/d.

2. Cat studies =
Number of controls - 3 cats started, two died early in study (25
T Gats started, two died early }

Treatment - 2 cats/dose level X 6 dose levels and control
Basic ration - one-half can dog food
AA was added to ration 5 days per week. No weekend dosing.



~Observatlons - welghed once/week hematology and blood ChOlln- o
esterase levels before necropsy. Necropsy wlth gross examlnatlonk
of organs and tlssues saved -

0.03, 0, 1 and 0.3 mg/kg/d. Cats at O. 03 and 0. 1mg/kg/d succumbed
to spontaneous disease before ‘108 da“" wlth no neurologlcal
signs. A cat at 0.3 mg/kg/d survxved a‘year 'of dosing with no

adverse effectsmqoted The‘other cat at thlS dose level was o

found dead at 106 days.

1 _ma/kg/d

. One cat sacrificed after 152 days was stated to have suffered no

~adverse effects from AAﬁ\ ( ther'cat‘was of 1edﬂfor a full
year experlmental perlod Observat 1 26

apparent in hindguarters. At 335 ,ays con51derable "stretching in

hindquarters" present. At 367 days stated to appear normal

Two cats receiving this*dose”S”days/wk survived the dose. At 26

Says 50mé,“tw1tch1ngﬁ*~'?~=»

days twitching motions in hlndquarters, 47 days slightly unsteadyu .

when walking; 68 days definite weakness 1nﬁh'ndquarters At 240
days still weak, at 367 days still weak

10 mg/kg Definite neurotox1cﬁsymptoms w1th weaknessqln hlndquar-
ters and 1nab111ty to walk. ' : e

No effegt lev vel- Tentatlvely 0. 3 mg/kg/d however, one of the two
cats at this dose level was s ‘rificed at 105 days At

1 mg/kg/d, also only one cat surv. "wyear The 1nvestlga-
tors claim that the s rviving cat appeared normal at 367 4., some
1nd1catlons of neurotoX1n ty were seen at earlier time i ,rvals

Tt is also not clear why ‘cats at lower doses succumbed‘before the‘f”k_w

end of the dosxng perlod but cats at’ hlgher doses survived. N
Therefore, this study must be con51dered flawed _.Since thertudy
involved only five days per week dosing it has only limited o

utility in setting NOELS. _ H'stopathologlc examination of braink“nyw ,

and spinal cord failed to‘dem
at any dose level

Monkeys



Gross observatlons cl dedfbodywwelghts and perlodlc examina-
tions for signs of neurologlc deficits by twelve main nervous  'wk‘w
responses plus sharp pain, proprioception, Babinski reflex, knee
jerk, and grabbing.

Controls - Two monkeys
Dose levels from 0.1 to 10 mg/kg/d )
Dose level No. Of monkevs davs on AA

0.1 mg/kg/d “One “"Non
0.3 non Two ’ o NOné
i.0 " won One ' 363 None o k ‘ -
3.0 v One 363 " Occasional/isolated
effects on reflexes
10 " weon One 69 ' 41 d. - questionable V

48 d.-very weak hind-
quarters; recovery by
- 123 days.
One monkey, received 0.1 mg/kg/d AR for 235 doses in 348 days,
the dose was then increased to 5 mg/kg/d for 63 doses lnmsa days,
then 7.5 mg/kg/d for 19 doses in 28 days, and again 1ncreased to
10 mg/kg/d for 48 doses 66 days At the 10 mg/kg level the hlnd H
legs became weak and thekanlmal became‘morlbund The monkey was
restored to the control chow ut expired. i
mcnkeYS lles between 1 0 ERS AN ok s i e

Cats were the most susceptlble s ec1es to the neurotoxic effects‘

of AA. Since these studles(
sure, thus allow1ng for ‘weeke
cats receiving low dose levels dled,from 1ntercurr
true no-effect level lles between“O 03 and 0 3 mg/ g/d

#day a week expo-

The authors recommend th'

“tion not exceed 0.0005 mg/kg/d (for a 60 kg adult thls would be
30 ug/p/4d) . They state that this prov1des a large margln of -
safety (1,000~ fold) but "such argin seems ]ustlfled on the r
basis of the serious consequences of over'xposure

10
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Acrylamlde adm1n1 teré
up to 144 days of recovery."
mental Pathology and Toxicology 4.

J.D. Burek et al.
 157-182,

1980

The focus of this review is on the neuro-pathological findings.

Test material
Eastman Organlc Chem
greater than 99%.

- Thew

Thé contamf

acetonitrile, 1. 3‘ppm acrylo 1t _le,wfh“”

ethyl acetate.

Rats - Fischer-344 derlved CDF rats frxm_Charles Rlver Breedlng

<labs

Wilmington, MA.
of age, weighing between 50 60 grams e

11

Dose Qf Mf Total N6;¢fd No. Sadii:w‘ Number held Additiéhéi”
Acrylamide rats ficed at for Recov- |rats
mg/kg/d 90 days ery for interim
Males Males Fe- |Males kill
Females males Females Males
0 |26 10 10 6
10 10 10
| 123 10 10 3
0.05 10 10 10
] 23 10 10 3
0.2 10 10 10
123 10 10 3
1.0 10 10 10
123 10 10 3
5.0 10 10 10
M 29 10 10 9
20. 10 10 10

 Environ-



Observations

Rats were observed durlng the work,weekwﬁor,heal;hwstapg;
signs of possible tox1c1ty R AL

Neuropathy was evaluated by the landing foot- spread method (hlnd
limb splaying) of Edwards. and Parker, 1977.°  This procedure B
was conducted on 4 rats per group and repeated 3 times per rat.
Once a clear effect ’ “high-dose level rats (20
mg/kg/d), they were. n -
clinical appearance. Rat it the
were then monltored The authors stat
response at this level Wthe lowerkIevels were not”monl

‘l vel Spmg/kg/d)

In addition to neurological testlng, body weights and water .
consumption were monltored weekl "Hematology was evaluated on
blood samples taken from 7 rats/sex from control and. hlgh dose
groups at day 76. Blood serum was collectedpfeo; s af e
ropsy by decapltatlon for BUN, lkallne phosphatase, ,
serum cholinesterase. A complete necropsy exam was. conducted on. '
rats in the basic 90 day study and those held for the recovery -
phase. ‘

Electron Microscopy Studies.

The sciatic nerves of male rats
microscopic examlnatlon afte

They were monltored bym.tw.gﬁwp

glutaraldehyde, post - flxatlondwith‘oSmlum tetrox1de, dehydration |

and Epon 812 infiltration. Sections w re,st
citrate and uranyl acetate. Representatlve ‘electron
were taken, developed and prlnted Ultrastructural
were counted with a mlnlmum of 50 flelds/block A
to a section through any Schwann cell with or w1thout
ated myellnatedﬁaxohsh%

Statistical Evaluation

S

5 Edwa.rds, P.M. and Pa:ker, \Y% H "A 51mp1e sensmve and objecnve rnethod fov
assessment of acrylamide neuropathy in rats" Tongglogy and Applted Pharmacology, 1977 40: 589-
591. o

-
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Quantitative data on labo;atogyrmeasurements were. statlstlcally
evaluated using a one-way Analy51s of Variance followed by B
Dunnett’s test with p<0.05 as the level of statlstlcal s1gn1f1—
tance. ‘

Results- Part T (90-Day Toxicity phase)

Body weights

No body weight tables are provided. According to the report,
there were no statlstlcal dlffeg ces ; parlng mean
weekly body weights for dose- levels be“
mg/kg/d to respective controls for males
There was a marked decrease
level, which was statlstlcally dlfferent at the 13th day for
males and at the 20th day for females ‘

Water consumption.

No water consumption tables are provided. Water consumption was
marginally decreased in the male high- -dose group, but only '
sporadically to a statistically significant extent. " The female
high-dose group showed a 51gn1f1cant depre551on of water consump?d'
tion from the 21lst to 90th day of the study '

Landino footkSoreedkTesE?wCH'

For the high-docse level (20 mg/kg/d) statlstlcally significant
increases in the landlng foot spread measurements were noted on =
day 22 of the study for both. ‘males and females. This b '”ffwwfd
severe at day 29 and the fore dlscontlnued for thls groupmm No
landing food spread effect S ' ose-
levels. All rats at the high- dose level were draggln
hind legs by the end of the“study 'No changes in cllnlcal
' dose levels

Tabular data are not presented ; Chollnesterase levels were said
to be depressed in the high level rats. The hematology values in
high-dose rats were said to reveal d |

13



levels at days 76 and 93. Urinalysis values are reported to show
no abnormalities. . . - - |

Gross Necropsy and Histopathology
Several observations made at gross necropsy -

were considered dose-r _These were related t oom- .
urination and defecation and we e principally seen iﬁwﬁigh;adsg“ﬁm.H,,.,_
wrinapion & n_and principatly BEeh MR MAIRTERRE

éhd“hiétbpathology‘

Neurologic treatment-related effects were principally observed in -

~~peripheralHnerves;anéwspinalyéqrdfih“fatsfgfM;héizﬁfmg/ﬁéfémﬂww“”"“ o
periphern) et A e rect in the & ha/ka/d e

Histopathologically, the spectrumLQf”n3¥Y§ Fi§SuﬁméltérétiﬁﬁéfYVM

included lesions typical of both axon and myelin degeneration.

Special staining techniques (Luxol Fast Blue/PAS, Bodian’s Stain)

wore used in addition to hematoxylin and eosin to better charac-

Classification of nerve damage
(1) Seyexe_—,ApprQXimééelY“ 2 “of nerve fibers-affected =
(2)Moderate - Approximately 20 - 50 % of nerve fibers affected
(3) Slight - Less than 20 % affected o

(4) Very slight - When focal or multifo al c
individual nerves. R /

(5) equivocal - Nerve could not be graded as entirely normal.

A tabulation based on this classificati

At 90 days, all rats on 20 mg/kg/d exhibited moderate to severe
peripheral nerve lesions.. The lesi ‘ f all the females and
half the males were classified as severe. Peripl _ner
lesionswwﬁ£$malso‘seen”iﬂfmgspimféﬁ§*(¢ e and female) of the

5 mg/kg dose group. TheseﬂWefefgﬁigwthBéﬂﬁﬁé Higﬂ5 3§V§ré%éﬁdWW %”meh
ranged from equivocal to very slight. No peripheral nerve B
lesions were observed in rats of the 0.05, 0.2 or 1 mg/kg/d

cal,kthoracic and Lumbqsacral

spinal cord sections from the cervi
regions were examined 2
myelopathy was found in_
gracilis) of one or all

14



9 of 10 females at,he high- dose level
effects were seen in transverse sectior

“}No treatment related
tgh the braln

Electron Mlcroscoolc Studles
The pr1nc1pal flndlngs ‘seen on EM exad 'nwofkperlpheral
nerves are related to cellular debrls assoc;ated w1thtdegenera-’,

tion of Schwann cells ‘and demyellnlzwpf Th c o

tabulated as axolemma 1nvaglnatlons, axolemma 1nvaginatlons W1th.
cell organelles and/or cell bodles,ﬂSchwann cells w1thout axons

and with/or without degenerating myelln,' Table 1 of the report
(attached to this review) summarizes the electron microscopic

findings on the sciatic nerves of rats. The key ‘data appear to o

be the percentage of flelds examlned w1th any alteratlon 1n EM
findings. ' ,

response; however, because the

[

rats of the cohtrolkgroup sh wedwlsrg of flelds examlned W1th; n

alteration from normal; statlstlcally 51gnlflcant effects{i
(p<.05) requires an alteratlon almost 2x (30%) of fields
examined. Thus a ma'ginal ef
mg/kg/d level, 1n which 25 % of
alteration. It should be noted
examlnatlon the perlpheral nerves o

ema e‘rats ‘were more

severely affected than the males. Therefore, the sole selectlonww“wwww

Recovery from nerve injury was noted in EM observatlons made at

92 days on test plus 111 days and 92 ~days on test plus 144 days

Conclusion

Based on EM examlnatlon,”awh
male rats after 90 day oral ad inist n
drinking water may be set at 0. 2ng/kg/d

neuropathology in
crylamide in

Attachment "Table 1, Electron mlcroscoplc observatlons on sc1at1c
‘nerves from male rats admlnlste ed acrylamlde in the drlnklng '
water for up to 90 days ‘

s
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P aine DEPARTMENT OF HEALTH & HUMAN SERVICES ' Public Health Service

‘:3 Memorandum

Date  January 24‘, 2'000 R | AD H“mm“l “H“‘

From Division of Health Effects Evaluation (HFS-225)

Subject Final Safety Evaluation of Acrylamide acrylic acid resin
(ARR) and dimethylamine- eplchlorohydrln resin (DEC) as fixing agents

for immobilized glucose isomerase used in foods Memo of Div, of

Product Manufacture and Use, Chemlstry and Env1ronmental Rev1ew Teamw
(CERT) 4/28/99, recelved 5/5/99. QRAC concurrence of estlmatlon of the
upper bound lifetime risk from res Y ;eplchlorohydrln and acrylamlde‘“
(S. Henry memo dated Dec. 20, 199 : '

To Division of;ProductVPolicy (HFSFZOS)
Attn: Dr. Rosalie Angeles. g
. >

Through Francis S. Lin, Ph.D. |
Team Leader, Division of Health Effects Evaluation (HFS-225)

.Food Additive Petition No. 9A4175 =~ Enzyme Bio-systems Ltd.
, Represented by
McKenna, Conner and Cuneo
1575 Eye Street, N.W.
Washlngton, D.C. 20005

This memo addresses the final Safety Evaluations of acrylamide-
acrylic acid resin (AAR) and dimethylamine-epichlorohydrin resin
(DEC) as fixing agents for immobilized glucose isomerase for the
production of high fructose corn syrup (HFCS) The tox1cology
of these resins was 1n1t1ally rev1ewed in a memorandum dated
Jan. 22, 1990.

The estimated 1ntake for AAR resin is 83 ug/p/d ‘based on the"Q”‘”“““"
‘amount of high fructose corn syrup produced over lifetime use of
an enyzyme preparation (HFF-415, memo of DiNovi, Nov. 22, 1989). ‘
Chemistry states this. estimate may be hlghly exaggerated since
the petitioner estimates that 90 % of the leachate will be
removed with further processing. o ‘
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Safety Evaluation of AAR Regin

Acrylamide
. The EDI of aorylamlde from the proposed use of the AAR resin is

given by FCARS (HFF-415, memo of DiNovi, Nov. 22, 1989) as 41
ng/p/d. However, this EDI also includes acrylic acid, a reac-
tion product of acrylamide degradation. The neurotoxicity of
acrylamide is addressed in our memorandum of Sept. 9, 1997
(Blelberg/Harrlson(HFS 215) and Blelberg/Angeles(HFSeZOS). "The
acceptable daily intake (ADI) based on neurotoxicity evaluation
is 12 ug/p/d. ' ‘ : ‘

A review of a combined two- generatlon Reproductlve and Develop-
mental Toxrcology study of. acrylamlde was prepared for OPA by '
Sciences International, Inc. The report, dated June 1998, con-
"cludes that a NOAEL for prenatal toxicity is 2.0 mg/kg/d
Applying a 1, 000 fold safety factor yields 2 ug/kg/d or 120
ug/p/d as a safe dose. o , B ,

The cumulative EDI for acrylamide in leachate and as a migrant

in 7 pending petltlons 1nclud1ng 9a4175, 3B3677 6B3940, 3B3696,
9B4131, 9B4132, and 9B4133 is 0.2573 ug/p/d (ChemiStrY'memO’Of" N
4/28/94) and are stated to be extremely consrvative. This expo-
sure is safe based on neurotoxrcology and reproductlon tox1c1ty

studies.
" A risk assessment for acrylamide was conducted (memo of Quanti-
tative Risk Assessment Commlttee, QRAC, April 10, 1998). The

upper bound risk for. exposure ‘to acrylamide was determlned to be
2.2 x 10-8 based on an EDI of 3x10°° mg/kg-bw/d (memo of CERT,
Balley/Angeles, April 28 1999) and‘a unit risk estimated from
total significant male rat tumors. “The”CERT”estimate,”as sub-
mitted by you, memo of May 4, 1999 was concurred to by QORAC, of
S. Henry memo dated Dec. 20, 1999. As noted above this estimate
of migration is conservative assuming all leachate remains in
HFCS although petitioner states 90% is removedwrn‘furtherppro-
cessing. Moreover, Chemistry states that this figure actually
represents the comblned exposure to acrylamlde and acryllc acrd

As dlscussed below the executlve secretary of the CAC in an
opinion concurred with by the Risk Assessment Manager, states
that acrylic acid has not been demonstrated to be an oral car-

cinogen. Therefore this risk assessment is very conservative,
and can be consrdered acceptable ‘

Acrylic acid

The toxicology of acryllc acrd was reviewed in a memorandum o

(Blelberg/Bkelman, Jan. 1999) prepared for the Executlve

® D
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Secretary of the Cancer Assessment Committee. Based on an
expedited review of the relevant studies, the Executive Secretary
(memo of Feb. 8, 1999) with the concurrence of the Risk Assess-
ment Manager, concluded that there was no credible study to
indicate that acrylic ‘acid is an oral carcinogen. The no-effect
level for acrylic acid in a chroniC‘drlnklng'water'study con-
ducted by Hellwig, et al. 1993' can be taken as 27 ‘mg/kg/d for the
male mid-dose group since there was some early mortality of rats
on the high-dose level. U51ng a 200 fold safety factor (based on
the use of one species) an ADI ‘of 0.135 mg/kg/d x 60 kg, or 8.2
mg/p/d (Memo of Blelberg/Ekelman, 1/14/99) was determined for
acrylic acid. There is therefore an adeguate margln of safety
based on an exposure of 41 ng/p/d for acrylic aC1d plus acryl—
amide and a risk assessment of less than 1 x 10-6.

The safety data for AAR 1ncludes 2 year rat and dog studies at
dietary levels of 1, 2, 5, 10 and 15 $., and metabolic fate data,’
were initially reviewed for evaluation of FAP 1019 by Blumenthal,

Feb 15, 1963. The no-effect level of AAR was determined to be 1% .

(10, 000 ppm) in the rat and 2% in the dog. By applying a safety
factor of 100 to the lower nco-effect level, an ADI of 100 ppm or
300 mg/p/d is obtained as compared with the estimated ‘intake
(EDI} for AAR resin, 83 ug/p/d Since the EDI of AAR resin is
much less than the ADI, it is safe for the proposed use.

Chemistry (memo of Bailey, Aug. 7, 1997) states that the esti-
mated daily intake (EDI) for DEC resin will be 210 ug/p/d.
Chemistry states this estimate is conservative since the peti-
tioner estimates that 90 % of the leachate w1ll be removed Wlth
further processing (Dl Nov1/Harrls memo of Nov. 22 1980) The

4 % {memo of Slu/Paull, Oct. 20,1980 re FAP No.O0A3500) . There is
an adequate margin of safety Slnce the EDI is much lower than the
ADI.

Epichlorohydrin

Chemistry (Bailey/Harrison, Aug. 7, 1997) states that residual
eplchlorohydrln (EC)in DEC resin, at 10 ppm, may give a level of
exposure in HFCS of 2.1 ng/p/d. The upper bound lifetime carcino-
genic risk f:ompexposure to EC for the requested use, based on
unit risks provided in the QRAC memorandum for FAP 6A3905, Feb.

! Subchronic and Chromc Studnee of the Effects of Oral Admlmstranon of acryhc acnd to rats
Fd. Chem. Toxxc_}__ N, 1 18,1993, :
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Secretary of the Cancer Assessment Committee. Based on an ;
expedited review of the relevant studies, the Executive Secretary
(memo of Feb. 9, 1999) with the concurrence of the Risk Assess-
ment Manager, concluded that there was no credible study to
indicate that acrylic acid is an oral carcincgen. The no- effect
level for acrylic acid in a chronic drinking water study con-
ducted by Hellwig, et al.1993' can be taken as 27 mg/kg/d for the
male mid-dose group since there was some early mortality of rats
on the high-dose level. 051hg a 200 fold safety factor (based on
the use of one species) an ADI of 0.135 mg/kg/d x 60 kg, or 8.2
mg/p/d (Memc of Bleiberg/Ekelman, 1/14/99) was determined for
acrylic acid. There is therefore an adeguate margin of safety
based on an exposure of 41 ng/p/d for acrylic acid plus acryl-

amide and a risk assessment of less than 1 x 10-6. . .

The safety data for AAR includes 2 year rat and dog studies at
dietary levels of 1, 2, 5, 10 and 15 %., and metabolic fate data,
were initially reviewed for evaluation of FAP 1019 by Blumenthal,
Feb 15, 1963. The no-effect level;of,AAR,was determined to be 1%
{10,000 ppm) in the rat and 2% in the dog. By applying a safety

~ factor of 100 to the lower no-effect 1evel an ADI of 100 ppm or

300 mg/p/d is obtained as compared with the estimated intake
(EDI) for AAR resin, 83 ug/p/d "Since the EDI of AAR resin is
much less than the ADI, it is safe for the proposed use.

>Chemistry (memo of Bailey, Aug 7, 1997) states that the esti-

mated daily intake (EDI) for DEC resin will be”210 ug/p/d
Chemistry states this estlmate is conservatlve since the peti-

tioner estimates that 90 % of the leachate will be removed with .
- further proceSSLng (Dl Nov1/Harrls memo of Nov. 22, 1980) The

ADI for the polymer is 1 mg/kg/d or 60 mg/p/d based on _a NOEL of
4 % (memo of Siu/Pauli, Oct. 20,1980 re FAP No. OABSOO) There is
an adequate margin of safety Since the EDI 1is much lower than the”
ADI.

Chemistry (Bailey/Harrison, Aug. 7, 1997) states that residual
epichlorohydrin (EC)in DEC resin, at 10 ppm, may give a level of
exposure in HFCS of 2.1 ng/p/d. The upper bound lifetime carcino-
genic risk from exposure to EC for the requested use, based on
unit risks provided in the QRAC memorandum for FAP 6A3905, Feb.

! Subchronic and Chronic Studies of the Eﬁ‘ects of Oral Admxmstranon of acryhc ac:d to rats.
Fd. Chem. Toxic 31 (1), 1- 18,1993.
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24, 1989) was estimated as 9.5 x lO‘?as forwarded by you to QRAC
{your memo May 4, 1999) and concurred (memo of Henry/Angeles, Dec.
20, 1999). This risk may be considered to be negligible and
acceptable. ,

1.3-dich anol _[ﬂwnr‘g

The degradation product of EC in water is 1,3- dlchloropropanol
(DCP), which may be at residual levels of up to 1,000 ppm in the
resin (21CFR§173.60), may remain in HFCS at levels of 2.5 ppb
(Chemlstry memo of Aug 7, 1997). sSince this is a carcinogenic
contaminant, an expedlted risk assessment,was performed (memo of
Executive Secretary of Cancer Asses,” C ”Mlttee, Aug. 24,

1998, re 1,3- dlchloropropanol) The rlsk estlmate, a worst case
upper bound, lifetime cancer risk was calculated as 1.2 x10-7 and
was confirmed by K. Ekelman,‘who 1n1t1aled the memo of "
M.Bleiberg/K. Ekelman, re FAP 9A4175, March 25, 1999, Since the
estimated residual levels are very conservative and do not
account for further HFCS processing, in which 90% of the leachate
containing DCP will be removed, this upper bound lifetime cancer
risk can be considered below 10-8 ‘and acceptable for regulating
this petition (memo of M. Blelberg/K Ekelman, re FAP 9A4175,
March 25, 1999). .

onclusion

All of our safety questions have been answered and the petltlon
is ready for regulatlon

e

:i;%aizo;??ngzéégjgl__a

Marvin J.. Bleiberg, Ph.D., DABT

'CC: HFS-200, HFS-225 (Hattan, Blddle; Lin), HFS-247
MJBleiberg:HFS-225:R/D:1/06/00:F/T:1/24/00:D0C:h: /9A4175c. .wpd
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24, 1989) was estlmated as 9. 5 X 101?as forwa**ed’by you to QRAC
(your memo May 4,1939) and concurred (memo of Henry/Angeles, Dec.
20, 1999). This rlsk may be consrdered to be negllglble and
-acceptable.

The degradation product of EC in water is 1, 3 dlchloropropanol
(DCP), which may be at re51dual levelsmof up to 1,000 ppm in the
resin (21CFR§173.60), may remain in HFCS at levels of 2.5 ppb
(Chemistry memo of Aug. 7, 1997). ‘Since this is a carc1nogen1c
contaminant, an expedited risk assessment was performed (memo of
Executive Secretary of Cancer Asse Committee, Aug. 24,
1998, re 1,3- dlchloropropanol) The rlsk estimate, a worst case
upper bound, lifetime cancer risk was ¢ 11
was confirmed by K. Ekelman, who initialed 2mo_ oL .
M.Bleiberg/K. Ekelman, re FAP 924175, March 25, 1999. Since the
estimated re51dual levels are very conservatlve and do not )
;account for | fCSWproce551ng, in which 90% of the leachate,\
containing DCP will be removed, this upper bound lifetime cancer
risk can be considered below 10-8 and acceptable for regulatlng
this petltlon (memo of M. Blelberg/K Ekelman, re FAP 9A4175
March 25, 1999).

Conclusion

,All of our safety questlons have been answered and the petltlon
is ready for regulatlon : :

”vi:%%;14:;;Z52522‘;§;L__J

~ Marvin‘J. Bleiberg, Ph.D., DABT

CC: HFS-200, HFS-225 (Hattan, ‘Biddle, Lin), HFS-247
MJBlelberg HFS-225: R/D 1/06/00 F/T: 1/24/00 DOC:h: /9A4175c wpd
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