VI. WORK PRACTICES

Based on personal research, Wolfe [194] stated that over 97X of the
pesticide to which the body is subjected during most exposure situations is
deposited on the skin. Feldmarh and Maibach [128] indicated that spraying
or dusting with pesticideé may result in the deposition on the exposed skin
surface of an amount of pesticide 20~1,700 times greater than that which
reaches the respiratory tract. Maibach, 1in the Report to the Federal
Working Group on Pest Management, [195] stated that pesticide skin
depositions of 718-1,755 mg/hr were observed during spraying operations.
Studies by Maibach et al, [31] in which they applied malathion to various
skin sites of human volunteers, indicated that dermal absorption ranged
from 5.8% on the palm to 28.77 at the axilla. Because of this demonstratedv
deposition of pesticides on exposed skin surfaces and the experimentally
reported dermal absorption of malathion, personal protective measures
should be observed insofar as possible to limit malathion exposure.

For personal protection against pesticide exposure, Wolfe [194]
recommended long-sleeved outer garments, such as coveralls, that can be
washed daily, rather than rubberized or plastic waterproof clothing which
may be too uncomfortable because of heat absorption and trapping of body
heat. Wolfe [194] also recommended wide-brimmed waterproof hats, unlined
waterproof boots or shoes, gauntlet gloves, goggles, and respirators for
additional protection. When skin exposure does occur, the affected area
should be washed promptly and medical surveillance instituted to determine

whether overexposure has occurred. The rate of dermal absorption will vary

with the composition of the formulation, but measurements of the degree of
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variation have not been found in the literature.

Malathion-contaminated equipment and surfaces should Dbe
decontaminated to minimize exposure. Although only qualitative results
were given, treatment of malathion by alkali has been shown by Kennedy et
al [196] to degrade malathion to an inorganic phosphate. The use of alkali
decontaminants, however, could be damaging to wooden surfaces. El-Refai
and El-Essawi [197] found that laundering in detergent removed up to 98% of
the malathion contamination from cotton fabric.

Another important route of entry is through the respiratory tract.
If exposure to airborne concentrations of malathion cannot be reduced
either by engineering controls or by administrative measures to the level
specified in Chapter I, Section 1(a), then respir#tory protection as
specified in Chapter I, Section 4(b) must be utilized.

The other potential route of exposure is oral. Hence, effort should
be made to avold contamination of foodstuffs and their containers, tobacco
products, and other materials placed in or near the mouth. Handwashing
before eating, as recommended by NIOSH, is a common practice in malathion
industries. [131]

Wolfe et al [198] and Mail et al [199] discussed the health problems
of discarded pesticide containers and stressed the necessity of
decontaminating and destroying them. Mail et al [199] recommended that
fiber drums used as pesticide containers be crushed, and metal containers
washed and punctured prior to their disposal. Lime slurrf may be a highly
effective agent for both destroying and immobilizing malathion. Floor
sweepings containing malathion should not be sent to a public sanitary

landfill, but rather disposed of by trained plant personnel. Wolfe [194]
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reconmended two thorough rinsings with water as a minimum decontamination
procedure for 5-gallon metal drums after removal of their pesticide
content. Both sets of recommendations by Mail et al [199] and by Wolfe
[194] were based on studies of parathion decontamination. Containers may
also be returned to the supplier or sold, burned, or buried 18 inches deep
in isolated areas. However, when containers are sold, buyers must be
informed of their previous use with pesticides, and decontamination muét be
accomplished by washing the outside with water and the inside with water
and caustic soda (2 1b/55-gal drum). Glass containers should be broken,
plastic containers punctured and mutilated, and metal containers punctured
and crushed. [200]

The thermal decomposition of a commercial malathion formulation (5
1b/gal) was measured [196] to be from 95.3 to 96.72 at temperatures of 600-
1,000 C. At 900 C, decomposition products of burning analytical grade
malathion were determined [201] to be carbon monoxide, carbon diogide,
sulfur dioxide, hydrogen sulfide, oxygen, and four unidentified products.
Stojanovic et al [202] also tentatively identified diethyl succinate,
diethyl maleate, and diethyl fumarate as thermal decomposition prodgcts.
Some of the undecomposed fraction of burning malathion will vaporize, and
contaminated particles will become airborne. The National Agricultural
Chemicals Association (NACA) [203] recommends that self-contained breathing
apparatus, rubber gloves, hats, suits, and boots be worn by firefighters in
the case of parathion fires, and that these be cleaned before being
removed. Firefighters are advised [203] to shower thoroughly and change to
clean clothing after the operations have ended. Workers should avoid being

downwind of the fire, and only those workers essential to the firefighting

110




operation should remain in the vicinity of the fire.

NIOSH recommends that the procedures advised by NACA [203] for
parathion fires be followed for malathion fires as well. Attention should
be given to the possibility of concomitant exposure to considerably more
toxic organophosphates or to other pesticides and compounds which may also
be burning in warehouse fires, and appropriate precautions should be
observed.

The WHO Expert Committee on Insecticides, [41] in its 16th report,
recommended that employees exposed to pesticides be properly informed of
the associated hazards. Industrial experience indicates that written
information on pesticides 1s sometimes not readily available at the
worksite. [131] Recognizing the need for employees to have information on
the materials with which they work, the WHO stressed the importance of

employees being informed of the hazards of malathion. [41]
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VII. RESEARCH NEEDS

Several aspects of the available information on malathion need
extension, verification, or development. Information on the mutagenic and
carcinogenic potentials of malathion is very scanty. Studies designed to
detect the induction of these deleterious'effects in at least two species
over their entire lifetimes should be initiated as soon as possible.

The ingestion study of Moeller and Rider [21] needs confirmation.
The results of 47 days of malathion administration indicated that the
threshold of significant erythrocyte ChE inhibition was somewhat greater
than 24 mg/day for 8 weeks.

The rate and mechanism of skin absorption of the various types of
malathion formulations need to be determined. In particular, the enzymes
or biochemicals which metabolize or activate the c&mpound during dermal
absorpt;on need to be determined. This is the most likely area of exposure
to malathion by way of 1liquid s8pills and splashes, atmospheric dust
deposits, etc. It would be beneficial to better understand the degree of
hazard posed via this route of exposure.

The physiologic significance of aliesterase inhibition should be
examined further. The kinetics of inhibition and regeneration of
aliesterase should be studied as functions of the dose and route of
malathion administration.

An accurate field test for ChE activity should be developed. Current
methods are unsuitable as they require special 1laboratory equipment or

lengthy procedures, or are insufficiently quantitative.
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The quantitative relationship between skin and respiratory exposure
to malathion and the excretion of metabolites in the urine should be
determined and correlated with the rate of AChE inhibition in vivo. Such
knowledge would facilitate the development of a noninvasive technique for
measuring malathion exposure.

Alternative methods, such as filters, for the collection of malathion
dusts, vapor, and aerosols in the workplace should be further investigated.
The efficacy of charcoal tubes in the collection of malathion vapor should
be investigated.

The equilibrium constant for the reaction of malaoxon with purified
AChE and the rate of aging of the dimethylphosphoryl AChE derivative should
be measured. Such information 1s necessary to determine the rate of
accumulation of dimethylphosphoryl AChE as a function of dose roﬁte and

dose rate.

113




10.

11.

12.

13.

14.

15.

VIII. REFERENCES

Koelle GB: Neurohumoral transmission and the autonomic nervous
system, in Goodman LS, Gilman A (eds): The Pharmacological Basis of
Therapeutics, ed 4. New York, The Macmillan Co, 1970, chap 21

Diggle WM, Gage JC: Cholinesterase inhibition in vitro by o,o0-
diethyl o,p-nitrophenyl thiophosphate (parathion, E605). Biochem J
49:491-94, 1951

Myers DK, Mendel B, Gersmann HR, Ketelaar JAA: Oxidation of
thiophosphate insecticides in the rat. Nature 170:805-07, 1952

Kubistova J: Parathion metabolism 1in female rat. Arch Int
Pharmacodyn Ther 118:308-16, 1959

Murphy SD, Lauwerys RR, Cheever KL: Comparative anticholinesterase
action of organophosphorus insecticides in vertebrates. Toxicol Appl
Pharmacol 12:22-35, 1968

Wilson IB: Molecular complementarity and antidotes for
alkylphosphate poisoning. Fed Proc 18:752-58, 1959

Hobbiger F: Reactivation of phosphorylated acetylcholinesterase, in
Eichler 0, ©Farah A (eds): Handbuch der  Experimentellen
Pharmakologie, Berlin, Springer-Verlag, 1963, chap 21

Childs AF, Davies DR, Green AL, Rutland JP: The reactivation by
oximes and hydroxamic acids of cholinesterase inhibited by organo-
phosphorus compounds. Br J Pharmacol 10:462-65, 1955

Wilson IB, Ginsburg S: A powerful reactivator of alkylphosphate-
inhibited acetylcholinesterase. Biochim Biophys Acta 18:168-70, 1955

Hazleton LW, Holland EG: Toxicity of malathon--Summary of mammalian
investigationas. Arch Ind Hyg Occup Med 8:399-405, 1953

Stecher PG (ed): The Merck Index--An Encyclopedia of Chemicals and
Drugs ed 8. Rahway, NJ, Merck and Co Inc, 1968, p 639

Christensen HE, Luginbyhl TT (eds): Registry of Toxic Effects of
Chemical Substances 1975 edition. US Dept of Health, Education, and
Welfare, Public Health Service, Center for Disease Control, National
Institute for Occupational Safety and Health, 1975, p 1086

Sittig M: Agricultural Chemicals Manufacture--1971. Park Ridge, NJ,
Noyes Data Corp, 1971, pp vi,87-90

Johnson O: Pesticides '72 Part I. Chem Week 110:33-66, 1972
Johnson O: Pesticides '72 Part II. Chem Week 111:17-46, 1972

114




16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Hayes WJ Jr: Clinical Handbook on Economic Poisons--Emergency
Information for Treating Poisoning, PHS bulletin No. 476. Atlanta,
Ga, US Dept of Health, Education, and Welfare, Public Health
Service, Communicable Disease Center, Toxicology Section, 1963, pp 1~
7,10,31-34,44-46,124~28,133-34

Clyne RM, Shaffer CB: Toxicological Information--Cyanamid
Organophosphate Pesticides, ed 3. Princeton, NJ, American Cyanamid
Co, pp 1-94 :

Holmstedt B: Structure-acttvity relationships of the
organophosphorus anticholinesterase agents, in Eichler O, Farah A
(eds): Handbuch der Experimentellen Pharmakologie. Berlin,
Springer-Verlag, 1963, chap 9

Crowley WJ Jr, Johns TR: Accidental malathion poisoning. Arch
Neurol 14:611-16, 1966 '

Amos WC Jr, Hall A: Malathion poisoning treated with Protopam.  Ann
Intern Med 62:1013-16, 1965

Moeller HC, Rider JA: ©Plasma and red blood cell cholinesterase
activity as indications of the threshold of incipient toxicity of
ethyl-p-nitrophenyl thionobenzene and malathion in human beings.
Toxicol Appl Pharmacol 4:123-30, 1962

Chhabra ML, Sepaha GC, Jain SR, Bhagwat RR, Khandekar JD: ECG and
necropsy changes in organophosphorus compound (malathion) poisoning.
Indian J Med Sci 24:424-29,.1970

Urban E, Sando MJW: Organic phosphate poisoning. Med J Aust 2:313-
16, 1965

Gitelson S, Aladjemoff L, Hadon SB, Katznelson R: Poisoning by a
malathion-xylene mixture. JAMA 197:819-21, 1966

Namba T, Greenfield M, Grob D: Malathion poisoning--A fatal case
with cardiac manifestations. Arch Environ Health 21:533-41, 1970

Farago A: Fatal, suicidal malathion poisonings. Arch Toxicol 23:11-
16, 1967

Ramu A, Slonim AE, London M, Eyal F: Hyperglycemia 1in acute
malathion poisoning. Isr J Med Sci 9:631-34, 1973

Petty CS: Organic phosphate insecticide poisoning--Residual effects
in two cases. Am J Med 24:467-70, 1958

Golz HH: Questions and answers. Arch Ind Health 16:346-48, 1957

Feldmann RJ, Maibach HI: Absorption of some organic compounds
through the skin in man. J Invest Dermatol 54:399-404, 1970

- 115




31.

32.

33.

34.

35.

- 36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Maibach HI, Feldmann RJ, Milby TH, Serat WF: Regional variation in
percutaneous penetration in man--Pesticides. Arch Environ Health
23:208-11, 1971

Hayes WJ Jr, Mattson AM, Short JG, Witter RF: Safety of malathion
dusting powder for louse control. Bull WHO 22:503-14, 1960

Golz HH: Malathion--Summary of Pharmacology and Toxicology. New
York, American Cyanamid Co, Agricultural Chemicals Division, 1955

Holland EG, 'Hazleton LW, Hanzal DL: Toxicity of malathon (0,0-
dimethyl dithiophosphate of diethyl mercaptosuccinate). Fed Proc
11:357, 1952

Wolfe HR, Durham WF, Armstrong JF: Exposure of workers to
pesticides. Arch Environ Health 14:622-33, 1967

Jegier Z: Healths hazards in insecticide spraying of crops. Arch
Environ Health 8:670-74, 1964

Caplan PE, Culver D, Thielen WC: Human exposures in populated areas
during airplane application of malathion. Arch Ind Health 4:326-32,
1956

Clyne RM: Information Concerning the Development of the Criteria
Document and Recommended Health Standard for Malathion, American
Cyanamid Co, Wayne, NJ, March 1975, 6 pp

Goldin AR, Rubenstein AH, Bradlow BA, Elliott GA: Malathion
poisoning with special reference to the effect of cholinesterase
inhibition on erythrocyte survival. N Engl J Med 271:1289-93, 1964

Harris CJ, Kemberling SR, Williford EA, Morgan DP: ©Pesticide
intoxications in Arizona. Ariz Med 20:872-76, 1969

Safe Use of Pesticides in Public Health--Sixteenth Report of the WHO
Expert Committee on Insecticides, WHO Tech Rep Ser No. 356. Geneva,
World Health Organization, 1967

Occupational Disease in California Attributed to Pesticides and Other
Agricultural Chemicals 1969--Some Current Problems. Berkeley,
California Dept of Public Health, 1971, pp 3-5

Occupational Disease in California 1971-1972--Occupational Disease in

California 1973. Berkeley, California Dept of Public Health, 1972,
1973

Windsor PWM: Toxicological case records--Malathion. Practitioner
200:600, 1968

Richards AG: Malathion poisoning successfully treated with large
doses of atropine. Can Med Assoc J 91:82-3, 1964

116




46.

47.

48.

49.

50.

51.

52.

53-

54.

55.

56.

57.

58.

59.

60.

Mathewson I, Hardy EA: Treatment of malathion poisoning-- Experience
of two cases in Sarawak. Anaesthesia 25:265-71, 1970

Goldman H, Teitel M: Malathion poisoning in a 34-month old child
following accidental ingestion. J Pediatr 52:76-81, 1958

Grob D, Garlick WL, Harvey AM: The toxic effects in man of the
anticholinesterase insecticide parathion (p-nitrophenyl diethyl
thionophosphate). Bull Johns Hopkins Hosp 87:106-29, 1950

Namba T, Nolte CT, Jackrel J, Grob D: Poisoning due to
organophosphate insecticides--Acute and chronic manifestations. Am J
Med 50:475-92, 1971

Nalin DR: Epidemic of suicide by malathion poisoning in Guyana--
Report of 264 cases. Trop Geogr Med 25:8-14, 1973

Durham WF, Hayes WJ Jr: Organic phosphorus poisoning and its
therapy. Arch Environ Health 5:27-53, 1962

Tuthill JWG: Toxic hazards~-Malathion poisoning. N Engl J Med
258:1018-19, 1958

Wenzl JE, Burke EC: Poisoning from a malathion aerosol mixture~-A
case report. JAMA 182:495~97, 1962

Trinh Van Bao, Szabo I, Ruzieska P, Czeizel A: Chromosome
aberrations in patients suffering acute organic phosphate insecticide
intoxication. Humangenetik 24:33-57, 1974

Mattson AM, Sedlak VA: Ether-extractable urinary phosphates in man
and rats derived from malathion and similar compounds. J Agric Food
Chem 8:107-10, 1960

Golz HH: Controlled human exposures to malathion aerosols. Arch Ind
Health 19:516-23, 1959

Fiske CH, Subbarrow Y: The colorimetric determination of phosphorus.
J Biol Chem 66:375, 1925

Chen PS Jr, Toribara TY, Warner H: Microdetermination of phosphorus.
Anal Chem 28:1756-57, 1956

Ammon R, Hinsberg K: [Colorimetric determinations of phosphoric acid
and arsenic acid with ascorbic acid.] Hoppe Seylers Z Physiol Chem
239:207-16, 1936 (Ger)

Nelson SR: CW Scientific Report No. 1, Report from the Medical
Investigation Branch, Dugway Proving Ground, Utah, 1953

117




6l.

62.
63‘
64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

74.

75.

Michel HO: An electrometric method for the determination of red
blood cell and plasma cholinesterase activity. J Lab Clin Med
34:1564-68, 1949

Main AR, Braid PE: Hydrolysis of malathion by ali-esterases in vitro
and in vivo. Biochem J 84:255-63, 1962

Matsumura F, Ward T: Degradation of insecticides by the human and
the rat liver. Arch Environ Health 13:257-61, 1966

O'Brien RD: Insecticides--Action and Metabolism. New York, Academic
Press, 1967, pp 32-107,307-32

Walker KC, Goette MB, Batchelor GS: Dichlorodiphenyltrichloroethane
and dichlorodiphenyldichloroethylene content of prepared meals. J
Agric Food Chem 2:1034-37, 1954

Welch RM, Coon JM: Studies on the effect of chlorcyclizine and other
drugs on the toxicity of several organophosphate anticholinesterases.

.J Pharmacol Exp Ther 143:192-98, 1964

Milby TH, Epstein WL: Allergic contact sensitivity to malathion.
Arch Environ Health 9:434-37, 1964

Culver D, Caplan P, Batchelor GS: Studies of human exposure during
aerosol application of malathion and chlorthion. Arch Ind Health
13:37-50, 1956

Grech JL: Alterations in serum enzymes after repeated exposure to
malathion. Br J Ind Med 22:67-71, 1965

Plummer N: Community Studies on Pesticides, New Jersey. Us
Environmental Protection Agency, Office of Pesticide Programs,
Criteria and Evaluation Division, 1975

0'Brien RD, Dannelley CE: Penetration of insecticides through rat
skin. J Agric Food Chem 13:245-47, 1965

Plapp FW, Casida JE: Hydrolysis of the alkyl-phoéphate bond’ in
certain dialkyl aryl phosphorothioate insecticides, by rats, cock-
roaches, and alkali. J Econ Entomol 51:800-03, 1958

March RB, Fukuto TR, Metcalf RL, Maxon MG: Fate of P32-labeled
malathion in the laying hen, white mouse, and American cockroach. J
Econ Entomol 49:185-95, 1956

Cook JW, Yip G: Malathionase--II. 1Identity of a malathion
metabolite. J Assoc Off Agric Chem 41:407-11, 1958

Sakai K, Matsumura F: Degradation of certain organophosphate and
carbamate insecticides by human brain esterases. Toxicol Appl
Pharmacol 19:660-66, 1971

118




76.

77.

78.

79.

80.

81.

82.

83.

86.

85l

86.

87.

88.

Murphy SD: Malathion inhibition of esterases as a determinant of
malathion toxicity. J Pharmacol Exp Ther 156:352-65, 1967

Krueger HR, O'Brien RD: Relationship between metabolism and
differential toxicity of malathion in insects and mice. J Econ
Entomol 52:1063~-67, 1959

Murphy SD, DuBois KP: Quantitative measurement of inhibition of the
enzymatic detoxification of malathion by EPN (ethyl p-nitrophenyl
thiobenzenephosphonate). Proc Soc Exp Biol Med 96:813-18, 1957

Murphy SD, Anderson RL, DuBois KP: Potentiation of toxicity of
malathion by triorthotolyl phosphate. Proc Soc Exp Biol Med 100:483-
87, 1959 .

DuBois KP: Potentiation of the toxicity of organophosphorus
compounds. Adv Pest Control Res 4:117-151, 1961

Witter RF, Gaines TB: Relationship between depression of brain of
plasma cholinesterase and paralysis in chickens caused by certain
organic phosphorus compounds. Biochem Pharmacol 12:1377-86, 1963

Holmstedt B: Pharmacology of organophosphorus cholinesterase
inhibitors. Pharmacol Rev 11:567-688, 1959

Weeks MH, Angerhoffer RA, Davenport CD: Preliminary Assessment of
the Acute Toxicity of Malathion in Animals, report No. 99-002-74/76.
Aberdeen Proving Ground, Md, US Army, Environmental Hygiene Agency,
1975, pp 1-25

DuBois KP, Mangun GH: Effect of hexaethyl tetraphosphate on choline
esterase in vitro and in vivo. Proc Soc Exp Biol Med 64:132-39, 1947

Cohen SD, Murphy SD: Carboxylesterase inhibition as an indicator of
malathion potentiation in mice. J Pharmacol Exp Ther 176:733-42,
1971

Frawley JP, Fuyat HN, Hagan EC, Blake JR, Fitzhugh 0G: Marked
potentiation in mammalian toxicity from simultaneous administration
of two anticholinesterase compounds. J Pharmacol Exp Ther 121:96-
106, 1957

Karczmar AG, Blachut K, Ridlon SA, Gothelf B, Awad 0: Pharmacologic
actions at various neuroeffectors of single and combined

administration of EPN and malathion. Int J Neuropharmacol 2:163-80,
1963

Fitzhugh 0G: Problems related to the use of pesticides. Can Med
Assoc J 94:598-603, 1966

119




89.

90.

91.

92.

93.

9.

95.

96.

97.

98.

99.

100.

101.

102.

Murphy SD, Cheever KL: Effect of feeding insecticides-~Inhibition of
carboxyesterase and cholinesterase activities in rats. Arch Environ
Health 17:749-58, 1968

Murphy SD, Cheever KL: Carboxylesterase and cholinesterase
inhibition in rats--Abate and Interaction with malathion. = Arch
Environ Health 24:107-14, 1972

Murphy SD: Mechanisms of pesticide interactions in vertebrates.
Residue Rev 25:201-21, 1969

Conney AH, Levin W, Jacobson M, Kuntzman R: Effects of drugs and
environmental chemicals on steroid metabolism. Clin Pharmacol Ther
14:727-41, 1973

Conney AH, Levin W, Jacobson M, Kuntzman R: Effects of pesticides on
drug and steroid metabolism. Clin Pharmacol Ther 8:2-10, 1967

Cook JW, Blake JR, Williams MW: The enzymatic hydrolysis of
malathion and its inhibition by EPN and other organic phosphorus
compounds. J Assoc Off Agric Chem 40:664-65, 1957

DuBois KP: ©Potentiation of the toxicity of insecticidal organic
phosphates. Arch Ind Health 18:488-96, 1958

Seume FW, O'Brien RD: Metabolism of malathion by rat tissue
preparations and its modification by EPN. Agric Food Chem 8:36-41,
1960

Casida JE, Baron RL, Eto M, Engel JL: Potentiation and neurotoxicity
induced by certain organophosphates. Biochem Pharmacol 12:73-83,
1963

DuBois KP, Kinoshita F: Acute toxicity and anticholinesterase action
of o, o-dimethyl o-[4-(methylthio)-m-tolyl] phosphorothioate (DMTP;
Baytex) and related compounds. Toxicol Appl Pharmacol 6:86-95, 1964

Arteberry JD, Bonifaci RW, Nash EW, Quinby GE: Potentiation of phos-
phorus insecticides by phenothiazine derivatives. JAMA 182:848-50,
1962

Rosenberg P, Coon JM: 1Increase of hexobarbital sleeping time by
certain anticholinesterases. Proc Soc Exp Biol Med 98:650-52, 1958

Stevens JT, Stitzel RE, McPhillips JJ: Effects of anticholinesterase
insecticides on hepatic microsomal metabolism. J Pharmacol Exp Ther
181:576-83, 1972

Stevens JTI, Greene FE: Response of the mixed function oxidase system
of rat hepatic microsomes to parathion and malathion and their
oxygenated analogs. Life Sci 13:1677-91, 1973

120




103.

104.

105.

106.

107.

108 .

109.

110.

111.

112,

113.

114,

115.

116.

Brodeur J, DuBois KP: Comparison of acute toxicity of
anticholinesterase insecticides to weanling and adult male rats.
Proc Soc Exp Biol Med 114:509-11, 1963

Brodeur J, DuBois KP: Studies on factors influencing the acute

toxicity of malathion and malaoxon in rats. Can J Physiol Pharmacol
45:621-31, 1967

Boyd EM, Krijnen CJ, Tanikella TK: The influence of a wide range of
dietary protein concentration on the acute oral toxicity of
malathion. Arch Toxicol 26:125-32, 1970

Boyd EM, Tanikella TK: The acute oral toxicity of malathion in
relation to dietary protein. Arch Toxicol 24:292-303, 1969

Marton AV, Sellers EA, Kalow W: Effect of cold on rats chronically
exposed to malathion. Can J Biochem Physiol 40:1671-76, 1962

Durham EG, Gaines TB, Hayes WJ Jr: Paralytic and related effects of
certain organic phosphorus compounds. Arch Ind Health 13:326-30,
1956

Gaines TB: Acute toxicity of pesticides. Toxicol Appl Pharmacol
14:515-34, 1969

Frawley JP, Zwickey RE, Fuyat HN: Myeline degeneration in chickens
with subacute administration of organic phosphorus insecticides. Fed
Proc 15:424, 1956

Krause W, Hamm K, Weissmuller J: [The effect of DDVP and Malathion
on spermatogenesis and on Leydig cells in the juvenile rat.]
Andrologia 7:109-~16, 1975 (Ger)

Mohn G: 5-methyltryptophan resistance mutations in Escherichia coli
K-12. Mutat Res 20:7-15, 1973

Huang CC: Effect on growth but not on chromosomes of the mammalian
cells after treatment with three organophosphorus insecticides. - Proc
Soc Exp Biol Med 142:36-40, 1973

Evaluation and Testing of Drugs for Mutagénicity--Principles and
Problems--Report of a WHO Scientific Group, WHO Tech Rep Series No.
482. Geneva, World Health Organization, 1971

Kimbrough RD, Gaines TB: Effect of organic phosphorus compounds and
alkylating agents on the rat fetus. Arch Environ Health 16:805-08,
1968

Dobbins PK: Organic phosphate insecticides as teratogens in the rat.
J Fla Med Assoc 54:452-56, 1967

121




117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Lillie RJ: Studies on the reproductive performance and progeny
performance of caged White Leghorns fed malathion and carbaryl.
Poult Sci 52:266-72, 1973

GCreenberg J, LaHam QN: Malathion-induced teratisms in the developing
chick. Can J Zool 47:539-42, 1969

Ho M, Gibson MA: Histogenesis of the tibiotarsus in malation-treated
chick embryos. Can J Zool 50:771-75, 1972

Greenberg J, LaHam QN: Reversal of malathion-induced teratisms and
its biochemical implications in the developing chick. Can J Zool
48:1047-53, 1970

Wilson BW, Walker NE: Toxicity of malathion and mercaptosuccinate to
growth of chick embryo cells in vitro. Proc Soc Exp Biol Med
121:1260~-64, 1966

WHO Principles for the Testing of Drugs for Teratogenicity. WHO Tech
Rep Series No. 364. Geneva, World Health Organization, 1967

Kalow W, Marton A: Second-generation toxicity of malathion in rats.
Nature 192:464-65, 1961

Malathion--Successive Generation Studies with Rats--Interim Report,
No. 67-203. New York, American Cyanamid Co, Central Medical Dept,
1967, pp 867-83

Malathion--Successive Generation Studies with Rats—-Final Report No.
68-64. New York, American Cyanamid Co, Central Medical Dept, 1968,
pp 346-91

Grob D, Harvey AM: The effects and treatment of nerve gas poisoning.
Am J Med 14:52-63, 1953

Quinby GE, Lemmon AB: Parathion residues as a cause of poisoning in
crop workers. JAMA 166:740-46, 1958

Feldmann RJ, Maibach HI: Percutaneous penetratibn of some pesticides
and herbicides in man. Toxicol Appl Pharmacol 28:126-32, 1974

Maibach HI, Feldmann RJ, Milby TH, Serat WF: Regional variation in
percutaneous penetration in man. Arch Environ Health 23:208-11, 1971

Gutentag PJ: Cutaneous application of 1.1%Z malathion powder to
volunteers, CWLR 2290. Army Chemical Center, Md, US Army, Chemical
Corps Research and Development Command, Chemical ' Warfare
Laboratories, 1959

Plant Observations and Report Evaluation. Menlo Park, Calif,
Stanford Research Institute, March 1976 (submitted to NIOSH under
Contract No. CDC-99~74-31)

122




132.

133.

134.

135.

136 L

137.

138.

139.

140.

141.

142,

143.

144.

145.

146.

Tabor EC: Contamination of urban air through the use of
insecticides. Trans NY Acad Sci 28:569-78, 1966

Durham WF, Wolfe HR: Measurement of the exposure of workers to
pesticides. Bull WHO 26:75-91, 1962

Miles JW, Fetzer LE, Pearce GW: Collection and determination of
trace quantities of pesticides in air. Environ Sci Technol 4:420-25,
1970

Organophosphate insecticides, in Chemical Economics Handbook. Menlo

Park, Stanford Research Institute, 1969, 573.6060A,573.8420A-E

Roberts LR, McKee HC: Evaluation of absorption sampling devices. J
Air Pollut Control Assoc 9:51-53, 1959

Thomas TC, Seiber JN: Chromosorb 102, an ‘efficient medium for
trapping pesticides from air. Bull Environ Contam Toxicol 12:17-25,
1974

Giuffrida L: A flame ionization detector highly selective and
sensitive to phosphorus--A sodium thermionic detector. J Assoc Off
Anal Chem 47:293-300, 1964

Brody SS, Chaney JE: Flame photometric detector--The application of
a specific detector for phosphorus and for sulfur compounds--
Sensitive to subnanogram quantities. - J Gas Chromatog 4:42-46, 1966

Averell PR, Norris MV: Estimation of small amounts of o,o~diethyl o,
p-nitrophenyl thiophosphate. Anal Chem 20:753-56, 1948

Hirt RC, Giscard JB: Determination of parathion in air samples by
ultraviolet absorption spectroscopy. Anal Chem 23:185-87, 1951

American Conference of Governmental Industrial Hygienists, Committee
on Industrial Ventilation: Industrial Ventilation-~A Manual of
Recommended Practice, ed 12. Lansing, Mich, ACGIH, 1972

American National Standards Institute: Fundamentals Governing the
Design and Operation of Local Exhaust Systems, ANSI Z9.2-~1971. New
York, ANSI, 1971

Jager KW, Roberts DV, Wilson A: Neuromuscular function in pesticide
workers. Br J Ind Med 27:273-78, 1970

Metcalf DR, Holmes JH: EEG, psychological, and neuroiogical
alterations in humans with organophosphorus exposure. Ann NY Acad
Sci 160:357-65, 1969 '

DuBois KP: The toxicity of organophosphorus compounds to small
mammals. Bull WHO 44:233-240, 1971

123




147 .

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Freedman AM, Willis A, Himwich HE: Correlation between signs of
toxicity and cholinesterase level of brain and blood during recovery
from di-isopropyl fluorophosphate (DFP) poisoning. Am J Physiol
157:80-87, 1949

Gage JC: The significance of blood cholinesterase activity
measurements. Residue Rev 18:159-73, 1967

Loewi O, Navratil E: [The humoral transfer of cardiac nerve
activity--10th Communication: The fate of the wvagus substance.]
Pfluegers Arch 214:678-88, 1926 (Ger)

Witter RF: Measurement of blood cholinesterase--A critical account
of methods of estimating cholinesterase with reference to their
usefulness and limitations under different conditions. Arch Environ
Health 6:537-63, 1963

Limperos G, Ranta KE: A rapid screening test for the determination
of the approximate cholinesterase activity of human blood. Science
117:453-55, 1953

Davies DR, Nicholls JD: A field test for the assay of human whole-
blood cholinesterase. Br Med J 1:1373-75, 1955

Fleischer JH, Woodson GS, Simet L: A visual method for estimating
blood cholinesterase activity. Arch Ind Health 1:510-20, 1956

Gerarde HW, Hutchison EB, Locher KA, Golz HH: An ultramicro
screening method for the determination of blood cholinesterase. J
Occup Med 7:303-13, 1965

Wolfsie JH, Winter GD: Statistical analysis of normal human red
blood cell and plasma cholinesterase activity values. Arch Ind Hyg
Occup Med 6:43-49, 1952

Hestrin S: The reaction of acetylcholine and other carboxylic acid
derivatives with hydroxylamine, and its analytical application. J
Biol Chem 180:249-61, 1949

Ellman GL, Courtney KD, Andres V Jr, Featherstone RM: A new and
rapid colorimetric determination of acetylcholinesterase activity.
Biochem Pharmacol 7:88-95, 1961

Garry PJ, Routh JI: A micro method for serum cholinesterase. Clin
Chem 11:91-96, 1965

Dietz AA, Rubinstein HM, Lubrano T: Colorimetric determination of
serum cholinesterase and 1its genetic variants by the
propionylthiocholine-dithiobis (nitrobenzoic acid) procedure. Clin
Chem 19:1309-13, 1973

124




160.

161.

162.

163.

164.

165 L)

166.

167.

168.

169.

170.

171.

172.

173.

Baum G: Determination of acetylcholinesterase by an organic
substrate selective electrode. Anal Biochem 39:65-72, 1971

Jensen-Holm J, Lausen HH, Milthers K, Moller KO: Determination of
the cholinesterase activity in blood and organs by automatic
titration--With some observations on serious errors of the method and
remarks of the photometric determination. Acta Pharmacol Toxicol
15:384~94, 1959

Oudart JL, Holmstedt B: Determination of plasma cholinesterase
activity by means of a test paper and its use 1in the field. Arch’
Toxicol 27:1-12, 1970

Winteringham FPW, - Disney RW: Radiometric assay of
acetylcholinesterase. Nature 195:1303, 1962

Winteringham FPW, Disney RW: A radiometric method for estimating
blood cholinesterase in the field. Bull WHO 30:119-25, 1964

Winteringham FPW, Disney RW: A simple method for estimating blood
cholinesterase. Lab Pract 13:739-40,745, 1964

Cranmer MF, Peoples A: A sensitive gas chromatographic method for
human cholinesterase determination. J Chromatogr 57:365-71, 1971

Ellin RI, Vicario PP: Influence of Temperature on the [delta] pH
Method of Measuring Blood Cholinesterase, Edgewood Arsenal technical
report EB-TR-74049. Aberdeen Proving Ground, Md, US Dept of the
Army, Edgewood Arsenal, Biomedical Laboratory, 1974, pp 1-11

Witter RF, Grubbs LM, Farrior WL: A simplified version of the Michel
method for plasma or red cell cholinesterase. Clin Chim Acta 13:76-
78, 1966

Pearson JR, Walker GF, Grebey BS: Acetylcholinesterase activity
values--Conversion from the Michel to the pH-stat scales. Arch
Environ Health 16:809-11, 1968

Vorhaus LJ, Kark RM: Serum cholinesterase in health and disease. Am
J Med 14:707-19, 1953

Fremont-Smith K, Volwiler W, Wood PA: Serum acetylcholinesterase--
Its close correlation with serum albumin, and its limited usefulness
as a test of liver functions. J Lab Clin Med 40:692-702, 1952

Callaway S, Davies DR, Rutland JP: Blood chélinesterase levels and
range of personal variation in a healthy adult population. Br Med J
2:812-16, 1951

Sidell FR, Kaminskis A: The Temporal Variability of Human
cholinesterase, technical report No. EB-TR-760035. Aberdeen Proving

125




174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Ground, Md, US Dept of the Army, Edgewood Arsenal, Biomedical
Laboratory, 1975, pp 1-18

LaMotta RV, McComb RB, Noll CR, Wetstone HJ, Reinfrank RF: Multiple
forms of serum cholinesterase. Arch Biochem Biophys 124:299-305,
1968

Vaccarezza JR, Willson JA, Bochi AA: A new test for the presumptive
diagnosis of neoplastic disease--Further investigations of
cholinesterase 1in plasma, whole blood and blood cells on cancer of
the lung, extrapulmonary tumors and tuberculosis. Dis Chest 49:449-
58, 1966

White BV, Wetstone H, Lamotta R: Serum cholinesterase activity in
malignant neoplasms. Trans Am Clin Climatol Assoc 69:176-81, 1957

Lehmann H, Ryan E:  The familial incidence of 1low pseudo-
cholinesterase level. Lancet 2:124, 1956

Kalow W: Femilial dincidence of low pseudocholinesterase level.
Lancet 2:576-77, 1956

Kalow W, Genest K: A method for the detection of atypical forms of
human serum cholinesterase--Determination of dibucaine numbers. Can
J Biochem Physiol 35:339-46, 1957

Kalow W, Gunn DR: Some statistical data on atypical cholinesterase
of human serum. Ann Hum Genet 23:239-50, 1959

Auditore JV, Hartmann RC: Paroxysmal nocturnal hemoglobinuria--II.
Erythrocyte acetylcholinesterase defect. Am J Med 27:401-10, 1959

Johns RJ: Familial reduction 1ﬁ red-cell cholinesterase. N Engl J
Med 267:1344-48, 1962

Bounameaux Y, Gouffart M: [Anticholinesterase properties of
caffeine, theophylline, and theobromine.] Arch Int Pharmacodyn Ther
80:361-77, 1949 (Fre)

Torda C: The effect of chloroform and ether on the activity of
choline esterase. J Pharmacol Exp Ther 77:50-53, 1943

Glick D, Antopoi W: The inhibition of choline esterase by thiamine
(vitamin Bl). J Pharmacol Exp Ther 65:389-94, 1939

De Roetth A Jr, Dettbarn WD, Rosenberg P, Wilensky JG, Wong A:
Effect of phospholine iodide-on the blood cholinesterase 1level of
normal and glaucoma subjects. Am J Ophthalmol 59:586-92, 1965 )
American Conference of Governmental Industrial Hygienists: Threshold
Limit Values for 1962. -Cincinnati, ACGIH, 1962, p 7

126




188.

189.

190.

191.

192,

193.

194.

195 .

196.

197.

198.

199.

200.

201.

American Conference of Governmental Industrial Hygienists:
Documentation of the Threshold Limit Values for Substances in
Workroom Air, ed 3. Cincinnati, ACGIH, 1971, p 148

Johnson GA, Fletcher JH, Nolan KG, Cassaday JT: Decreased toxicity
and cholinesterase inhibition in a new series of dithiophosphates. J
Econ Entomol 45:279-83, 1952

Tousey RG: Cyanamid's versatile insecticide. Agric Chem 9:49-50,
1954

Rider JA, Moeller HC, Swader J, Devereaux RG: A study of the
anticholinesterase properties of EPN and malathion in  human
volunteers. Clin Res 7:81-82, 1959

Permissible Levels of Toxic Substances in the Working Environment--
Occupational Safety and Health Series, vol 20. Geneva, International
Labour Office, 1970, pp 191,205,235,334,349

Clinical Memoranda on Economic Poisons. US Dept of Health,
Education, and Welfare, Public Health Service, 1956, pp 1-85

Wolfe HR: Protection of workers from exposure to pesticides. Pest
Control 40:17-18,20,38,40,42, 1972

Occupational Exposure to Pesticides--Report to the Federal Working
Group on Pest Management from the Task Group on Occupational Exposure
to Pesticides, Federal Working Group on Pest Management, 1974, pp 1-8

Kennedy MV, Stojanovic BJ, Shuman FL Jr: Chemical and thermal
methods for disposal of pesticides. Residue Rev 29:89-104, 1969

El-Refai AR, El-Essawl M: Decontamination of empty antilouse cotton
sacks. Arch Environ Health 18:777-80, 1969

Wolfe HR, Durham WF, Walker KC, Armstrong JF: Health hazards of
discarded pesticide containers. Arch Environ Health 3:531-37, 1961

Mail GA, Hartwell WV, Hayer GR Jr, Funckes AJ: Study of hazards in
disposing of insecticide containers at a city landfill. Public Works
91:110-11, 1960

Thompson JF (ed): Analysis of Pesticide Residues in Human and
Environmental Samples--A Compilation of Methods Selected for Use in
Pesticide Monitoring Programs. Research Triangle Park, NC, US
Enviromnmental Research Center, Pesticides and Toxic Substances
Effects Laboratory, 1974, pp. 1-340

Kennedy MV, Stojanovic BJ, Shuman FL: Analysis of decomposition
products of pesticides. J Agric Food Chem 20:341-43, 1972

127




202.

203.

204.

205.

206.

207 .

208.

- 209.

210.

211.

Stojanovic BJ, Hutto F, Kennedy MV, Shuman FL: Mild thermal
degradation of pesticides. J Environ Qual 1:397-401, 1972

Safety Guide for Warehousing Parathions. Washington, DC, National
Agricultural Chemicals Assoc, 1968, pp 1-19

National Institute for Occupational Safety and Health, Division of
Laboratories and Criteria Development: Parathion in Air--Physical
and Chemical Analysis Branch Method 158, in NIOSH Manual of
Analytical Methods, HEW publication No. (NIOSH) 75-121. Cincinnati,
US Dept of Health, Education, and Welfare, Public Health Service,
Center for Disease Control, NIOSH, 1974, pp 158-1 to 158-9

Milby TH: ©Prevention and management of organophosphaterpoisoning.
JAMA 216:2131-33, 1971

0'Brien RD: Properties and metabolism in the cockroach and mouse of
malathion and malaoxon. J Econ Entomol 50:159-164, 1957

Shafik MI, Enos HF: Determination of metabolic and hydrolytic
products of organophosphorus pesticide chemicals in human blood and
urine. J Agric Food Chem 17:1186-89, 1969

Klimmer OR, Pfaff W: [Comparative analysis of toxicity of organic
thiophosphoric acid ester.] Arzneim Forsch 5:626-30, 1955 (Ger)

Holland EG, Hazleton LW, Hanzal DL: Toxicity of malathon--o,0-
dimethyl dithiophosphate of diethyl mercaptosuccinate. Fed Proc
11:357, 1952

Vrbovsky L, Selecky V, Rosival L: [Toxicological and pharmacological
studies of organophosphate-insecticides.] Bratislav Lek List 38:518-
29, 1958 (Ger)

Sadeghi D, Guiti N: Pralidoxime iodide (PAM) and toxogonin as
antidotes in acute malathion intoxication in the dog. Isr J Med Sci
6:154-56, 1970

128




IX. APPENDIX I

METHOD FOR SAMPLING MALATHION IN AIR

The sampling and analytical methods presented in Appendices I and II

are taken from those described by Culver et al, [68] by Brody and Chaney,

[139] and in the NIOSH Manual of Analytical Methods. [204]

Atmospheric Sampling

Breathing zone samples representative of the individual employee's
exposure shall be collected. A description of sampling location and
conditions, equipment used, time and rate of sampling, and any other
pertinent information shall be recorded at the time of sample collection.
Enough samples shall be collected to permit calculation of a TWA
concentration for every operation or location in which there is exposure to
malathion.

The midget impinger recommended in Chapter IV of this document must
be operated in a uniform and consistent way if data obtained are to have
meaning in the assessment of envirommental conditions. The impinger should
be made of glass in all portions that may contact the collection medium or
the air stream before collection is effected. It should be emphasized that
the ethylene glycol used as a collection medium must be free of
contaminants that produce interfering peaks when extracted with hexane and
analyzed by gas liquid chromatography (GLC). Consequently, only ethylene

glycol that has been preextracted and found to be free of interfering
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substances by GLC utilizing a flame photometric detector can be used.

(a) Equipment

The sampling train consists of an all-glass midget impinger filled
with 10 ml of ethylene glycol. The sampling pump 1s protected from splash-
over or water condensation by an adsorption tube loosely packed with a plug
of glass wool and inserted between the exit arm of the impinger and pump
or, preferably, by a water trap inserted in the same location.

(b) Calibration

Since the accuracy of an analysis can be no greater than the accuracy
of the air volume measurement, the accurate calibration of a sampling pump
is essential to the correct interpretation of the volume indicated. The
frequency of calibration is dependent on the use, care, and handling to
which the pump 18 subjected. Pumps should also be recalibrated if they
have been misused or 1f they have just been repaired or received from a
manufacturer. If the pump receives hard usage, more frequent calibration
may be necessary. Regardless of use, maintenance and calibration should be
performed on a regular schedule and records of these kept.

Ordinarily, pumps should be calibrated in the 1laboratory. The
accuracy of calibration is dependent on the type of instrument used as a
reference. The choice of calibration instrument will depend largely upon
where the calibration is to be performed. For laboratofy testing, primary
standards, such as a spirometer or a soapbubble meter, are recommended,
although other standard calibration instruments, such as a vwet—test meter

or dry gas meter, can be used. The actual setups will be similar for all

instruments.
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Instructions for calibration with the soapbubble meter follow. If
another calibration device is selected, equivalent procedures should be
used. Since the flowfate given by a pump is dependent on the pressure drop
of the sampling device, 1in this case an impinger, the pump must be
calibrated while operating with a representative impinger in line. The
calibration system should be assembled in series following this order:
soapbubble meter, water manometer, midget impinger, and pump, as shown in
Figure XV-2, _
(1) The voltage of the pump battery 1is checked with a
voltmeter to ensure adequate voltage for calibration. The battery is
charged if necessary.

(2) The pump is turned on and the inside of the soapbubble
meter is moistened by immersing the buret in the soap solution and drawing
bubbles up the inside until they travel the entire buret length without
bursting.

(3) The pump rotameter is adjusted to provide the desired
flowrate.

(4) A soapbubble is started up the buret and the time
required for it to move between calibration marks is measured with a
stopwatch. |

(5) The procedure in (4) above is repeated at least twiée,
the results averaged, and the flowrate calculated from the wvolume between
the preselected marks divided by the time required for the soapbubble‘to
traverse the distance.

(6) Data for the calibration include the volume measured,

elapsed time, pressure drop, air temperature, atmospheric pressure, serial
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number of the pump, date, and name of the person performing the
caliﬁration.

(c) Sampling Procedure

Any air mover capable of dr#wing the desired flowrates through the
impingers may be used, so long as flowrates do not vary more than % 5%
during the sampling period. The sampling pump must be capable of operating
at a pressure drop of 1 inch of mercury while providing the designated flow
of 2.8 liters/minute.

An air sample 1s taken using a flowrate of 2.8 liters/minute. The
flowrate of the pump must be calibrated and this calibration checked
periodically to ensﬁre that it has not changed.

When atmospheric samples are taken for determination of compliance
with the recommended envgronmental limit, the impinger is placed within the
breathing zone of the exposed employee to determine the employee's actual
exposure to airborne malathion. This may be done by placing the midget
impinger in a holster and fastening it to a lapel of a coat or collar of a
shirt. The individual conducting the evaluation may also hold the impinger
near the face of the employee during the sampling period.

The duration of sampl;ng shall be such that the recommended
analytical method may detect concentrations as low as 1/10 the recommended
environmental limit, ie, 1.5 mg/cu m.

The contents of the impinger should be transferred to a sample bottle
for shipping. The impinger and stem should _be washed with 2-5 ml of
ethylene glycol, the solution used for washing included in the sample
bottle, and the exact amount of ethylene glycoi used recorded. The bottle

should be sealed tightly and placed upright in a carrying case. Every
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attempt should be made to prevent any loss due to spillage or evaporation.
The trapped malathion 1s extracted from the ethylene glycol with
hexane and analyzed as described in Appendix II. Other collection ‘methods

shown to be equivalent may be used.
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