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Dr. Caserio gave a long presentation on history, use patterns,
nature, and occurance of Acrolein.

Dr. Fielder discussed the toxicology data found in a literature
gsearch. Refer to attachment distributed at the meeting.

The purpose of the meeting was that the Bureau of Reclamation and
Irrigation Districts want to use Acrolein in canals that can be
used for potable water sources, and Magna Corporation needs "human
tolerances"” established for this use. But they don't have money
to conduct long term tests. They presented the arguments that
since it is a naturally occurring compound, only a mutagenicity
battery was needed for approval.

Discussion occurred about a draft document prepared by Water
Criteria Commission which unofficially indicated Acrolein was a
weak mutagen and would set maximum permissible levels for potable
water at 6.5 ug/L and 1.2 ug/L average 2" of water for fish and
wildlife habitats.
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After it was indicated that the chemists did not want to listen
to the toxicology data requirements, the requirements for residue
chemistry were detailed. The actual residue levels from the
proposed use, as measured in water, irrigated crops, and fish must
be determined. They must determine what effect location and
time have on residues. It was indicated use restrictions could
ameliorate the problems of high dose levels, and that we did not
set tolerances based on misuse, but the restrictions,
precautions, use limitations, and directions for use must be
practical. The analytical method and all future testing must be
specific for acrolein. The method has to be validated.

It was indicated that potable water tolerances are established
under Section 409 of the Pure Food, Drug and Cosmetic Act and
given in 21 CFR 193. Crop tolerances and exemptions from
requirement of tolerances were under Section 408 and given 40 CFR
180.

If there are any detectable residues in fish, crops, or potable
water then the chronic toxicity data as specified in the proposed
guidelines of Au ust 22, 1978 must be submitted including 2-year
rat and 18~mont oncogenicity studies, a chronic feeding study, a
reproduction study, and a teratology study.

When a petition for temporary tolerance is submitted with an
Experimental Use Program, at a minimum, a 90~day rat and a 90~-day
dog study which should be extended to a 6-month dog study are
required. If the theoretical mean residue contribution does not
exceed 50% of the average daily intake from the 90-day study, a
temporary tolerance may be granted.

It was pointed out that if the nature of the compound is
fundamentally different from the factors that were used to

write the guidelines, they may request a waiver of the date.
requirement. Ou® example is if after a naturally occurring
compound is applied to a food crop, the residues of the campound
in that food crop are not increased, it may be possible to waive
the chronic toxicity testing requirement, but valid acute studies,
90-day studies (rats and dogs), teratology study, and mutagenicity
studies are necessary to support registration of the product.
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I. Occurrence of Acrolein

As a product of food processing, acrolein at present may be ingested
from several different sources. It has been detected in off-flavored rums and
peppery whiskies,1 as well as "pricked" brandies distilled from ciders.2 Mirin,
a sweet rice wine used in Japan for cooking, also has been shown to contain
acrolein.3 Acrolein has been identified in chocolate Tiquor from cocoa beans,4

5 and Ceylon tea.b

sugar cane molasses,
Combustion, heating, or heat-processing of certain foods also produces
acrolein. Acrolein, along with other carbonyl compounds which are presumably
responsible for the aroma of bread, can be steam-distilled from several types of
rye br‘ead.7’8 Heating lard and butter increases the acrolein content of those
foods;9 and boiling or roasting processes increase the acrolein content of turkey
meat.10 Acrolein has also been found in the breast muscles of chickens,11 and in

fruit vinegars.lz

The concentrations of acrolein found in random samples of produce are listed

in Table 1.
Table 1
Produce ppm Acrolein (Average of three method:.
Almonds 22
Apples 8
Bananas 45
Grapefruit 10
Lemons 66
O0lives less than 1
Oranges 10
Tangelos 18
Tangerines 10
Tomatoes : 10

*The methods of analysis included gas chromatography, thin layer chromato-
graphy and colorimetry. All analyses were made using the edible portion of the

produce.



II. Exposure Parameters

The Magnacide "H" Herbicide Process Handbook14 recommends the following
concentration for application:

The concentration of Magnacide "H" in water reaching crops
should not exceed 15 ppm. Concentrations in this range are
obtained readily by: (1) controlling water off-take downstream
from the point of application until natural dissipation has
reduced the herbicide concentration to 15 ppm; or (2) extend-
ing the application time so that the concentration never exceeds

15 ppm.
Distribution of the chemical on usage varies with water temperature, water
flow amount and velocity, and weed density. As explained in the Magnacide "H"

handbook,

The herbicide is "used up" as the blanket of treated water
moves downstream because of absorption by the weed tissue
and vapor loss. Therefore, in long canals it may be
necessary to "reinforce the wave" at points downstream
from the first application...[A]t recommended dosages,
control distances up to 15 miles have been experienced.
Algae may be controlied for even greater distances.

Studies on determining the dilution and decay rate of aquatic herbicides!®
have estimated the decay rate constants of acrolein at 0.14 to 0.21 per hour,
under different conditions. Where k is the decay rate constant of the herbicide,
the half-1ife (T) is given by the following formula:

T = 0.693/k

Therefore the half-1ife may range from three hours and thirty minutes to

five hours.

IIT. Toxicity Data

A. Introduction
The extremely unpleasant odor and taste of acrolein is a major factor in

mammalian oral toxicity and long-term feeding studies. According to a study by
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the Ontario Water Resources Commission™", acrolein can be detected by taste and

odor at very low concentrations. At 40°C, a concentration of 0.1 ppm was required
for human panelists to note the absence of the taste of acrolein. At 21°C, a
dilution of acrolein to 0.02 ppm was required. At 60°C, a concentration of 0.07
ppm was required to obtain no detection by odor. Decreasing the temperature had

no effect on odor detection limits.

In spite of this Tow detection 1limit, human consumption of water from a

treated canal in a field trial in Egypt has been reported.17 According to the

report,

Water analysis showed that three of the labourers drank
water with 16 ppm and the fourth water with 10 ppm of
acrolein. The only reaction they experienced was some
tickling and a very slight burning sensation in the
throat. No other incidents or complaints were noted in
connexion [sic] with these trials.

B. Acute and Subchronic Toxicity

The acute and subchronic toxicity studies already availablel® are summarized

in Table 2.

Table 2
A. Acute Toxicity
1. Mice, oral LDgg = 26-30 mg/kg
2. Rats, oral LDgg = 37-49 mg/kg

B. Subchronic Toxicity

1. Range-finding study (Rats)

?60 ppm Variable growth response of

ppm male rats; female rats grew

20 ppm as well as or better than

40 ppm controls.

80 ppm Water intake of male rats
decreased.



160 ppm Water intake of male and female
rats decreased.

2. 90-day feeding study (Rats)

g ppm Growth of male and female rats as
ppm d as or better than controls. No
13 ppm 900 . :
32 pom difference from controls in hemato-
80 ppm ‘ logical results or organ weight
PP differences.
200 ppm 5% poorer growth rate in male rats.
80 ppm Occasional occurrence of stomach ulcers.
200 ppm
3. 60-day feeding study (rats)
600 ppm Death in 1 out of 5 rats
1200 ppm Death in all animals, apparently
1800 ppm - due to refusal to drink unpalatable
solution.

4. 24-hour feeding study (dairy cows)

30 ppm No apparent adverse effects.
60 ppm
90 ppm Decrease in water consumption;

transitory drop in body weight.
ITI. Toxicity Data

C. Oncogenicity Studies
No records have been found of oncogenicity studies comparable to the proposed
guidelines. |

D. Teratogenicity Studies

No data have been found concerning teratogenicity studies comparable to
those of the proposed guidelines. However, in an embryotoxicity study19 involving

acrolein, acrylonitrile and acrylamide in developing chick embryos, no evidence



of induced teratogenicity by acrolein was observed. The LDSO values of acrolein
were estimated to be in the range of 0.01-0.1 u mol (approximately 0.05umol/egg).
Eye and beak malformations and edematous cysts were found in acrolein-treated
chicks at the dose level of 0.00lumol/egg. As the control eggs injected with
normal saline also showed the same malformations the authors concluded that their

data showed no clear cut evidence of teratogenicity.

E. Reproduction Studies

No records have been found for reproduction studies comparable to the
proposed guidelines.

F. Mutagenicity Testing

1. Detecting gene mutations
a. Bacteria, with or without metabolic activation.
In a test involving the response of histidine-requiring mutants of Salmonella
txghimuriumzo, acrolein had a negative test result, whereas three known mutagens
obtained positive test results.

In mutation-detecting systems in Escherichia coli 343/113 including forward

mutations as well as back mutations, acrolein did not exhibit mutagenic activity,

with or without metabolic activations through rodent liver homogenates.21

22

Another test system involved Salmonella typhimurium,”~ to detect induction

of substitution and of frameshift mutations. Acrolein showed no mutagenicity of
either type.
b. Insects (e.g., sex-linked recessive lethal test).
Rapoport23 found that acrolein, like other unsaturated aldehydes such as
crotonaldehyde, can produce sex-linked lethals in Drosophila.

These pilot experiments were discontinued.



2. Detecting chromosomal aberrations

Dominant lethal effects in rodents.

24, a mutagenic index (M.I.) was

In a test involving male Swiss mice
calculated by the formula:

M.I. = deciduomata + late deaths x 100
total implantations

Acrolein rated a mutagenic index of 5, which was greater than that for
theophylline (2) and DDT (3); but less than the ethyleneimine alkylating agents
TEPA (27), METEPA (38), and THIO TEPA (18).

In contrast, a later study by the same investigator25 rated acrolein as
an agent not meeting any screening criteria for mutagenic effects. These criteria
were:

1. One or more weekly means exceeding 1.00 early fetal
deaths per pregnancy, with at least 55% of the pregnant
females having early deaths; by considering these
parameters together, any instance where an elevated
mean was due to an atypical individual female would
be eliminated.

2. One or more weekly means of less than 8 total implants
per pregnancy.

3. One or more Week]y mean pregnancy rates of less than 30%.
3. For detecting primary DNA damage
No reports have been found comparable to the tests specified in-the pro-
posed guidelines. However, several reports indicate that acrolein has an effect
on nucleic acid and protein synthesis.
a. Inhibition of DNA synthesis in bacteria.

Very low levels (0.01-0.02 m M) of acrolein have been found to inhibit



nucleic acid and protein synthesis in E. coh’.z6 The investigators reported
that "RNA synthesis could be totally inhibited by concentrations of acrolein

as low as 0.013 m M. At 0.009 m M, DNA synthesis was totally inhibited for a

short period of time, while RNA and protein synthesis continued at reduced rates."

b. Inhibition and activation of DNA synthesis in
mammalian cells.

In a study of RNA polymerase activity in isolated nuclei from rat liver

tissue22

» addition of acrolein lead to an inhibition of transcription. RNA
polymerase enzymes appeared to be inhibited.

In a later study involving rat liver DNA po]ymerase28 two effects of
acrolein were found. An inhibitory effect was found at higher molarities, pos-
sibly because of oxidation of the active thiol groups of the enzyme by acrolein.
| At very low molarities, acrolein activated DNA polymerase.

G. General metabolism studies.
No reports compatable with the pfoposed guidelines have been found.

Acrolein is, however, a mammalian metabolite of cyclophosphamide, a drug that is

not mutagenic unless it is metabolically activated.

0



I1V. Comments

The EPA "Proposed Guidelines for Pesticide Registrationg Hazard Evaluation:

Humans and Domestic Animals", Supplementary Information (1979) states that:
"A compound would be considered a mutagen if it produced
positive results in: two different kinds of tests for
demonstrating gene mutations; a mouse specific locus
test; or any kind of test for demonstrating chromosome
aberrations. Positive results from any DNA damage test
or from a single gene mutation study (other than the mouse
specific locus test) would be considered inconclusive.”

A question which can be answered at this time is whether information in
the literature is sufficient to establish acrolein as a mutagen according to these
criteria. If the information is sufficient, further mutagenicity testing might
have no effect on the granting of a tolerance level.

The supplementary information also states that, "data will not be rejected
merely because they were not developed in accordance with the guidelines test
standards." Therefore, it is important to determine whether the 90-day feeding

study (Newell, 1958) can be accepted under the current criteria.



References

1. Dubois, P., Parfait, A., and Dekimpe, Jocelyne, "Occurrence of Acrolein
Derivatives in an Off-Flavored Rum," Ann. Technol. Agr. 22 (2):131-5 (1973).

2. Tavernier, J., and Jacquin, P., "The so-called "pricked" brandies in cider
distillation," Inds. Agr. et Aliment. 66:357-64 (1950).

3. Morita, H., Inoge, H., and Tanabe, 0., "Flavor components in mirin," Hakko
Kogaku Zasshi 47(5) 303-7 (1969).

4. Boyd, E.N., Keeney, P.G., and Patton, S., "Measurement of monocarbonyl
classes in cocoa beans and chocolate 11quor w1th special reference to flavor,"
J. Food Sci. 30(5): 854-9 (1965).

5. Hrdlicka, J., and Janicek, G., "Volatile carbonyl compounds isolated from
?ugarscane mo]asses, "Sb. Vys Sk. Chem.-Technol. Praze, Potraviny E 21: 77-9
1968

6. Wickremasinghe, R.L., and Swain, T., "Quality and flavor of Ceylon tea,"
J. Sci. Food Agr. 16 (1): 57-64 (1965).

7. Hrdlicka, J., Hampl,. J. and Tvrznik, K., "Aromatic substances in bread.

I. Product1on of carbony] compounds in var1ous kinds of bread during a week

cycle," Sb. Vysoke Skoly Chem.-Technol. Praze, Potravinarska Technol. 7(2):
293-301 (19647,

8. Hampl, J., Hrdlicka, J., and Ocenaskova, A., "Effect of some technological
factors on the formation of carbonyl compounds in bread aroma," Sb. Vys. Sk.
Chem. Technol. Praze, Potravin, Technol. 8 : 131-9 (1964).

9. Ondreicka, R., Semko, V., and Bucko, A., "Changes in chemical and physical
properties of 1ard and butter occurring after their heating," Vopr. Pitaniya
22(6): 43-6 (1963).

10. Hrdlicka, J. and Kuca, J., "The changes of carbonyl compounds in the heat-
processing of meat. II. Turkey meat," Poultry Sci 44 (1): 27-31 (1965)._

11. Grey, T.C. and Shrimpton, D.H., "Volatile components in the breast muscles
of chickens of different ages,” Brit. Poultry Sci. 8(1): 35-41 (1967).

12. Rosenthaler, L. and Vegezzi, G., "Acrolein in vinegar," Z. Lebensm-Untersuch.

u.-Forsch. 102: 244 (1955).

13. Kissel, C.L., "Apparent Acrolein Concentrations in Various'Produce," unpublished

data, 1976.



L]

5

14. Magnacide "H" Herbicide Process Handbook, Shell Chemical Company, 1973.

15. 0'Loughlin, E.M. and Bowmer, K.H., "Dilution and Decay of Aquatic Herbicides
in Flowing Channels," Journal of Hydrology 26: 217-235 (1975).

16. Swabey, Y.H., and Schenck, C.F., "Studies related to the use of algicides.
and aquatic herbicides in Ontario," Report to Ontario Water Resources Commission,
1962.

17. Unrau, G.0., Farooqg, M., Dawood, J. K., Miguel, L.C., and Dazo, B.C., "Field
Trials in Egypt with Acrolein Herbicide-Mollusicide," Bull. Wid. Hlth. Org. 32:
249-260 (1965).

18. Newell, G.W., "Acute and subacute toxicity study of acrolein," Stanford
Research Institute Final Report, 1958.

19. Kankaanpaa, J., Elovaara, E., Hemminki, K., and Vainio, H., "Embryotoxicity
of acrolein, acrylonitrile and acrylamide in developing chick embryos,” Toxicology

Letters 4(2): 93-96 (1979).

20. Andersen, K.J., Leighty, E.G., and Takahashi, M.T., "Evaluation of Herbicides
for Possible Mutagenic Properties," J. Agr. Food Chem 20 (3): 649-656 (1972).

21. Ellenberger, J. and Mohn, G.R., "Comparative mutagenicity testing of cyclo-
phosphamide and some of its metabolites," Mutation Research 38 : 120-121 (1976).

22. Sasaki, Y. and Endo, R., "Mutagenicity of aldehydes in salmonella,”" Mutation
Research 54: 251-252 (1978).

23. Rapoport, I. A., "Mutations under the influence of unsaturated aldehydes,"
Dokl. Acad. Nauk. 61: 713-715 (1948).

24. Epstein, S.S., and Shafner, H., "Chemical Mutagens in the Human Environment,"
Nature 219: 385-387 (1968).

25. Epstein, S.S., Arnold, E., Andrea, J., Bass, W., and Bishop, Y., "Detection
of Chemical Mutagens by the Dominant Lethal Assay in the Mouse," Toxicology and
Applied Pharmacology 23: 288-325 (1972).

26. Kimes, B.W., and Morris,D.R., "Inhibition of nucleic acid and protein synthesis
in Escherichia coli by oxidized polyamines and acrolein, "Biochimica et Biophysica
Acta 228: 235-244 (1971).

27. Moule', Y. and Frayssinet, C., "Effects of Acrolein on Transcription in Vitro,"
FEBS Letters 16 (3): 216-218 (1971).

28. Munsch, N., de Recondo, A-M., and Frayssinet, C., "Effects of Acrolein on DNA
Synthesis in Vitro," FEBS Letters 30 (3): 286-290 (1973).

15



