
ALASKA LEGISLATURE COMMITTEE FILES 1983 - 1984 8672
2634 SLC SB 214 (FILE 1)



IC1 Ltd. in F i le  117-102-A. Insecticides, Their Toxicity and Potential 
Dangers," U.S. Public Health Service Publication Mo. 414. pp. 227-235. U.S. 
Government Printing Office , Washington, D .C..

IRLG- Interagenc1' R°qulatory Liaison Group, 1979. S c ien tif ic  Bases for 
Identification o. Fountia l Carcinogens and Estimation of Risks, J .  Nat'1 
Cancer I n s t . , 63: 241-6b .

Ikesaki, T. I . ,  1983. Private communication Anlab, January 10.

Infante, P. F . ,  R. A. Rinsky, 0. K. Wagner, and R. J .  Young, 1977. "Leukemia 
in Benzene Workers," Lancet, i i :7 6 .

Irons, R. D ., D. A. Neptun, and R. W. P fe ife r , 1982. "Inhibition of Lymphocyte 
Transformation and Microtubule Assembly by (Vjinone Metabolites of Benzene: 
Evidence for a Common Mechanism," J .  ReticuloBnoothel. Soc. (in press), in 
IARC, "Monographs on the Evaluation of the~Tafcinogenic Risk of Chemicals to 
Humans," Vol. 29, 1982.

Ishizu , S . ,  M. Minami, A. Suzuki, M, Yamadas, M. Sato, and K. Yamamura, 1973. 
"An Experimental Study in Teratogenic Effects of Cadmium," Ind. Health 
(Japan), JT_:127-39, cited in NAS, 1980.

Jaeger, R. J . ,  W. A. Skornik and R. Heimann, 1982. "Thermal Decomposition 
Products of PVC P la s t ic s : Effects on Guinea Pig Lung Mechanics and Pulmonary
Mixed Function Oxidase A c t iv ity ,"  Am. Ind. Hyg. Assoc. J . ,  43: 900-907.

James M. Montgomery, Consulting Engineers, In c . ,  1980. "Solvent Leaching from
Potable Water P lastic Pipes," Final Report. Prepared *or the Hazard Alert 
System, California Department of Health Services/Department of Industrial 
Relations, James M. Montgomery, Consulting Engineers, Inc. Pasadena.

James M. Montgomery, Consulting Engineers, In c . ,  1982. "Diffusion of Organics
from CPVC Pipe," B. F. Goodrich, Cleveland.

Jar'holm, B . ,  1982. "Cutting Oil Mist and Bronchitis," Eur. J .  Respir. Pis .
( Suppl) , 2118:79-83.

Je r ia ,  D. M., and J .  W. Daly, 1974. "Arene Oxides: A New Aspect of Drug
Metabolism," Science, 185:573.

Jondorf, W. R . ,  D. V. Parke, and R. T. Williams, 1957. "The Metabolism of 
[14c] Hexachloroethane," Biochem. J . , 65:14P-15P.

Jongen, W. M. F . ,  P. H. M. Lohman, M. J .  Kottenhagen, G. M. Alink, F. Berends, 
and J .  H. Koeman, 1980. "Mutogenicity Testing of Dichloromethane in 
Short-Term Mammalian Test Systems," Mut. Res., 81: 203-213.

Juodeika, L . ,  1983. Personal communication, February 9, 1983 from
Lois Juodeika, Technical Information O fficer, National Toxicology Program,
Bethesda.



Kaminski, R . , K. S. Geissert and E. Dacey, 1980. "Mortality Analysis of 
Plumbers and Pipe F i t te r s ,"  Journal of Occupational Medicine, £2:183-189.

Kanada, T . , and M. Uyeta, 1978. “Mutagenicity Screening of Organic Solvents 
in Microbial Systems," Mut. Res., 54: 215.

Kanisawa, M. and H. A. Schroeder, 1969. "L ife  Term Studies on the Effect of
Trace Elements on Spontaneous Tumors in Mice and Rats," Cancer Res., 
29:892-95, cited in NAS, 1980. --------------

Kaplan, H ., A. Grand, and G. H artze ll, 19C2. "A C r it ica l Review of the 
State-of-the-Art of Combustion Toxicology," Final Report No. 01-6862, 
Southwest Research In s t itu te , for the Society of the P lastic Industry, June.

KaHberg, A .- T . , A. Boman, and J .  E. Wahlberg, 1980. "Allergic Potential of
Abietic Acid, Colophony and Pine Resin Acid Concentrate: Clin ical and 
Experimental Studies," Contact Dermatitis, j6:481 -487.

Karstadt, M., 1981. "A Survey of Epidemiologic Data un Humans Exposed to 
Animal Carcinogens," in Quantification  of  Occupational Cancer, Banbury Report 
No. 9, R. Peto and M. Scfineiderman, eds., Cold Spring Harbor Laboratory, Cold 
Spring Harbor, New York, pp. 223-45.

Karter, M. J . ,  1981. "Fire Loss in the United States During 1980," Fire 
Journal, September.

Keith, L .H . ,  1976 "Identification of Organic Compounds in Unbleached Treated 
Kraft Paper Mill Wastewaters," Environ. Sc i . Techno!., 10:555.

Ke lle r , C. A. and S. C. Lewis, 1981. "Inhalation Teratology Study of 
N,N-Dimethylformamide (DMF)," Teratology, 23: 45A (Abstract only).

Keough, J .  J . ,  S. Rogleff, and D. Ganin, 1976. "PVC Pipes Penetrating 
Fire-Resisting Concrete F loors," Technical Record 44/153/429(L ) ,  Experimental 
Building Station, Sydney.

Kepling, M. D . , 1969, "Oil and Carcinoma of the Scrotum," Trans. Soc. Occup. 
Med., 19:36-40.

Kepli'ng, M. D . , 1974. "Oil and Cancer," Ann. Royal Coll. Surg. of England, 
55:7)-79,

Kimbrough, R. D . , 1976. "Toxicity and Health Effects of Selected Organotin 
Compounds: A Review," Environ. Health Perspect., 14: 51-56.

Kiimerle, G ., 1976. "Methodology for Toxicologic Analyses of Combustion 
Products," in University of Utah, "Physiological and Toxirological Aspects of 
Combustion Products," International Symposium, March 18-2U, 1974, pp. 130-150.

Kirnmerle, G. and A. Eben, 1975a. "Metabolism Studies of
N,N-Dimethylformamide. I .  Studies in Rats and Dogs," Int. Arch. Arbeitsmed.,
34:109-126. (In German; summary in English)



Kimmerle, G. and A. Eben, 1975b. "Metabolism Studies of
N,N-Dimethylformamide, I I .  Studies in Rats and Dogs," In t . Arch. Arbeitsmed.,
34:127-136. (In German; summary in English)

Kimmerle, G . , and L. Machemer. 1975. "Studies with N,N-D1methylformamide fo*' 
Embryotoxic and Teratogenic Effects on Rats A^ter Dynamic Inhalation," In t . 
Arch. Arbeitsmed., 34:167-176. (In German; summary in English)

Kimura, E. T. D. M. Ebert, and P. W. Dodge, 1971. "Acute Toxicity and Limits 
of Solvent Residue for Sixteen Organic Solvents," Toxicol. Appl. Pharmacol., 
19:699. ' ------------- -------------------

Kinoshita, T . , R. Santella, P. Pulkrobek, and A. M. Je ffrey , 1981. "Benzene 
Oxide: Genetic Tox ic ity ,"  Mutat. Res., 91_:99.

Kipling, M. D ., and J .  A. H. Waterhouse, 1967. "Cadmium and Proscatic 
Carcinoma," Lancet, i_:730-31 , cited in NAS, 1980, and IARC, 1976.

Kirmeyer, G. and G, Logsdon, 1983. "Principles of Internal Corrosion and 
Corrosion Monitoring," Journal AWWA, pp. 78-83, February.

Klaassen, C. D . , 1980a. "Heavy Metals and Heavy-Metal Antagonists," in The 
Pharmacologic Basis of Therapeutics, 6th ed ., A. G. Gilman, L. S. Goodman and
A. Gilman, eds., MacMillan Publishing Co., Inc. New York, pp. 1615-1637.

Klaassen, C .D . ,  1980b. "Nonmetallic Environmental Toxicants: Air Pollutants,
Solvents and Yapors, and Pesticides," in , A. G. Gilman, L. S. Goodman, and A. 
Gilman, eds., The Pharmacological Basis of Therapeutics , 6th Edition,
MacMillan Publishing Co, New YorJu

Klaassen, C. D . , and G. L. Plaa, 1967. "Relative Effects of Various 
Chlorinated Hydrocarbons on Liver and Kidney Function in Dogs," Toxicol. Appl. 
Pharmacol. , 10:119.

Klaasen, C. D . , arid G. L. Plaa, 1966. "Relative Effects of Various 
Chlorinated Hydrocarbons on Liver and Kidney Function in Mice," Toxicol. Appl. 
Pharmacol. , 9:139.

Kluwe, W. M., 1982. "Overview of Phthalate Ester Pharmacokinetics in Mammalian 
Species,." Environ. Health. Perspect., 45:3-10.

Kohne, H ., 1940. "Thesis. University of Hamburg (Cited in von Oettingen,
1964, p. 275) in IARC, "Ev ’'nation of the Carcinogenic Risk of Chemicals to 
humans, Monograph 29, Lyoi. France.

Kolbye, A. C . , 1282. Proposed Research and Regulatory Plan to Improve Risk 
Evaluation Concerning Factors Contributing to the Incidence of Cancer and 
Genetic Damage," Reg. Toxicol. Pharmacol., 2: 232-37.

Kommineni, C . ,  1972. "Pathologic Studies of Aflatoxin Fractions and 
Dimethylformamide in MRC ra ts ,"  Doctoral Thesis, University of Nebraska.



Koudela, K . f and K. Spazier, 1979. "Effect of Dimethylformamide on Human 
Peripheral Lymphocytes," Cesk. Hyg., 24:432-436. (In  Czech; summary in English)

Krivanek, N. 0 . ,  M. .icLaughlin, and W. E. Fayerweather, 1978.
"Monomethylformamide Levels in Human Urine After Repetitive Exposure to 
Dimethylformamide Vapor," J .  Qccup. Med., 20:179.

Kubic, V. L . ,  and M. W. Anders, 1976a. "Metabolism of Dihalomethanes to 
Carbon Monoxide, I I .  In vitro  Studies," Drug Metab. Disp., 3: 104-112.

Kubic, V. L . ,  and M. W. Anders, 1976b. "Further Studies on the Metabolism of 
Dihalomethanes," The Pharmacol♦, 17: 184.

Lamson, P. D . , B. H. Robbins, and C. B. Ward, 1929. "The Pharmacology and 
Toxicology of Tetrachloroethylene," Am. J .  Hyg., 9:430, in IARC, "Evaluation 
of the Carcinogenic Risk of Chemicals to Humans," Monograph 29, Lyons, France.

Landrigan, P. J . ,  E. L. Baker, R. H. Whitworth, and R. G. Feldman, 1980. 
"Neuroepidemiologic Evaluations of Children with Chronic Increased Lead 
Absorption," in Low Level Lead Exposure: The Clinical Implications of Current 
Research, H. L. Needleman, ed ., Raven Press, New York, pp. 17-33.

Laskin, S . ,  and F\ Goldstein, eds., 1977. "Benzene Toxic ity : A Crit ica l
Evaluation," J .  Toxicol. Environ. Health, Suppl. £ :1 .

Lass ite r , D. V ., 1983. Occupationally-Related Injuries and Illnesses 
Occurring Among Plumbers, P ipefitters and Steamworkers in California-1979, San 
Jose, February 14T

Lassouszky, P . ,  1983. Personal communication, Office of Drinking Water, EPA.

Lauwerys, R . ,  1979. Industrial Health and Safety. Human Monitoring of 
Industrial Chemicals, 1. Benzene. Commission of the European Communities, 
Luxembourg.

Lebowitz, H., D. Brusik, D. Mathe-on, Jagannath et a l . ,  1979. "Commonly Used 
Fuels and Solvents Evaluated in a Battery of Short-Term Bioassays (Abstract 
No. Eb-8)," Environ. Mutagens., 1_: 172.

Lee, B. B . ,  1979. "Organic Solvent Use Study," EPA Publication 
No. 560/12/79-002, Radian Corp., Austin.

Lefkowitch, J .  H ., C. L. Honig, M. E. King, and J .  W. C. Hagstrom, 1982. 
"Hepatic Copper Overload and Features of Indian Chilu.iood Cirrhosis in rn 
American Sibship," N. Engl. J .  Med., 307:271-277.

Lemen, R. A . ,  J .  S. Lee, J .  K. Wagoner, and H. P. B le je r , 1976. "Cancer
Mortality Among Cadmium Production Workers," Ann. N.Y. Acad. S c i . ,  271:273-79, 
cited in NAS, 1980 and IARC, 1976.

Leonard, A ., G. B. Gerber, and P. Jacquet, 1981. "Carcinogenicity,
Mutagenicity and Teratogenicity of Nickel," Mutat. Res., 87:1-15.

V I I -2 1



Leonardini, R . , 1983. "P lastic Pipe Water Service Fa ilu res ,"  le t te r  to 
Michael McMillan- February 22.

Levin, B. C . ,  A. J .  Fowell, M. M. B irky , M. Paabo, A. 5tolte , and D. Malek, 
1982. Further Development of a Test Method for the Assessment of the Acute 
Inhalation Toxicity of Combustion Products, U.S. Department of Commerce, 
National Bureau of Standards, National Engineering Laboratory, Center for Fire 
Research, Washington, D .C ., June.

L i j in sk y , W., M. D. Reuber, and W. B. Manning, 1980. "Potential 
Carcinogenicity of Nitrosodiethanol amine in Rats," Nature (London), 
288:589-590.

Longacre, S. L . ,  J .  J .  Kocsis, C. M. Witmer, E. W. Lee, D. Sammett et a l . ,
1981. "Toxicological ar.u Biochemical Effects of Repeated Administration of 
Benzene in Mice," Toxicol. Environ. Health, 7:223, 1981, in IARC "Monographs 
on the Evaluation of the Carcinogenic Risk oT Chemicals to Humans," Vol. 29,
1982.

Lovell, J . ,  R. Issaac, and R. Singer, 197_., "Control of Lead and Copper in 
'rivate Water Supplies," Carroll County Health Department, Carroll County, 

Maryland.

Lyle , W. H ., T. W. M. Spence, W. M. McKinneley,, and K. Duckers, 1979.
Dimethyl formamide and Alcohol Intolerance., B r it .  J .  Ind. Med., 36: 63-66.

Lyon, J .  P . ,  1976. "MutagencUy Studies with benzene (Abstract)," P iss . Abstr. 
In t . B . , 36:5537, in IARC, "Monographs on the Evaluation of the Carcinogenic 
Ri sk to Humans," Vol. 29, 1982.

Lyon, T. D. B. and J .  M. A. Lenihan, 1977. "Corrosion in Solder Jointed 
Copper Tubes Resulting in Lead Contamination of Drinking Water," Br. Corros. 
J . ,  12: 41 -45.

Madhavan, K . ,  1972. "Induction of Melanotic Pseudotumors in Drosophila 
melanogaster by Juvenile Hormone," Wilhelm Roux Arch. EntwicklungsmechT Org., 
169:345-349. (In German; summary 1n English)

Maham, T . , 1977. "Dimethylformamide," National Institute for Occupational 
Safety and Health, Cincinnati.

Malek, B . ,  B. Krcmarova, and 0. Rodova, 1979. "An Epidemiological Study of 
Hepatic Tumour Incidence in Subjects Working with Trichloroethylene I I .  
Negative Result of Retrospective Investigations in Dry Cleaners (Czech)," 
Prakov. Lek . ,  31, 124-126 in : IARC, 1982.

Maltoni, C. and C. Scarnato, 1979. "F irs t  Experimental Demonstration of the 
Carcinogenic Effects of Benzene. Long-Term Bioassays on Sorague-Dawley Rats 
by Oral Administration," Med. La v . , 70:352.

Marks, G. E . , and D. C. Shaw, 1972. "Residential L ife  Safety Systems Test 
U tiliz ing  P lastic  Pipe," Research Report, Palo Alto Fire Department, Palo 
Alto, CA, Ju ly .



m

Marshall, E . ,  1982. "EPA's High Risk Carcinogen Po licy ," Science, 218:
975-78.

Martis, L . , T. Tolhursi, M. T. Koeferi, T. R. M il le r ,  and T. D. Darby, 1980. 
"^ 'position Kinetics of Cyclohexanone in Beagle Dogs," Toxicol. Appl. 
Pharmacol. ,  55:545. ‘

Marx, J .  L . ,  1983. "Do Tumor Promoters Affect DNA After A ll?"  Science, 219: 
158-9. ----------------

Massman, W.> 1956. ' foxicological Investigations on Dimethylformamide," Br.
J .  Ind. Med., 13:51=54.

Massoud, A ., A. Aly, and H. Shafik, 1980. "Mutagenicity and Carcinogenicity 
of Cyclohexanone," Mut. Res ., 74:174.

Mathew, T . , R. Karunanithy3 M. H. Yee, B. S. Pharm, and P. N. Natarajan,
1980. "Hepatotoxicity of Dimethylformamide and Dimethyl sulfoxide at and Above 
the Levels Used in Some Aflatoxin Studies," Lab In vest . , 42:2578-262.

Maugh, T. H., 1978. "Chemical Carcinogenesis: How Dangerous Are Low Doses?" 
Science, 202: 37-41.

Maxfield, M. E . ,  J .  R. Barnes, and A. Trochcmowicz Azar, 1975. "Urinary 
Excretion of Metabolite Following Experimental Human Exposures to DMF or to 
DMAC," J .  Occup. Med, 1_7:506.

McCann, J .  and B. Ames, 1977. "The Salmonella/Microsome Mutagenicity Test: 
Predictive Value for Animal Carcinogenicity," in Origins of Human Cancer, H.
H. H iatt, J .  D. Watson, aid J .  A. Winsten, eds., Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York, pp 1431-50.

McClellan, R. 0 . ,  1982. Memorandum to Anne Gorsuch regarding SAB Review and 
Closure of the Draft Health Assessment Document for Toluene, Mimeo, Sept. 29.

McClelland, N., 1983. Personal Communications with N. McClelland and other 
s ta f f  of the National Sanitation Foundation, February 9, 1933 and following.

McClelland, N. I .  and H. M. Pawlowski, 1975. "Water Quality Changes in 
Distribution System," Water & Sewage Works, A p ril ,  50-53.

McGregor, D. B . ,  1980. "Tier I I  Mutagenicity Screening of 13 NIOSH Prio rity  
Compounds: Cyclohexanone," NIOSH Contract No. 210-78, Inveresk Research 
International, L td . ,  Musselburgh, Scotland.

McGuinness, W .J . , B. Stein , and J .S .  Reynolds, 1980. Mechanical and 
E lectr ica l Equipment for Buildings, 6th Edition, John Wiley & Sons, New York.

McGuire, J .  H ., 197.J. "Penetration of Fire Partitions by P lastic DWV Pipe," 
Fire Technology, February.

# V I I -23



Mennear, J . ,  1983. Personal Communication, Chemical Manager. National 
Toxicology Program. National Institute  for Environmental Health Sciences. 
Research Triangle Park, North Carolina.

Merkle, J . ,  and H. Ze lle r , 1980. "Studies on Acetamides and Formamides for 
Embryotoxic and Teratogenic A c t iv it ies  in the Rabbit, Arzneim. Forsch., 
30:1557-1562. (In German)

iieyne, 0 . ,  and M. S. Legator, 1980. "Sex-Related Differences in Cytogenetic 
Effects of Benzene in the Bone Marrow of Swiss Mice," Environ. Mutagens., 2:43.

Michal, 0 . ,  J .  Mitera, end 5. Tardon, 1976. "Toxicity of Thermai Degradation 
Products of Polyethylene and Polypropylene," Fire and Materials, 1 : 160-168.

M il le r , A. B . ,  1981. "L ifesty le  Factors in Human Cancer," in Cancer: 
Achievements, Challenges and Prospects for the 1980s, 0. H. Burcfiina’l and H.
F. Oettgen, eds., Grune and'Stratton, New York, pp. 71-80.

M i l ls ,  C. F. and A. Dalgarno, 1972. "Copper and Zinc Status of Ewes and Lambs 
Fed Increased Dietary Concentrations of Cadmium," Nature, 239:171-73, cited in 
Venugopal and Luckey, 1978.

Mirvish, S. S . ,  and H. Sidransky, 1971. "Labeling in vivo of Rat Liver 
Proteins by Tritium-labeled Dimethylnitrosamine: Effect of Prior Treatment
With 3-methylcholanthrene, Phenobarbitone, Dimethylformamide,
Diethyl-formamide, Aminoacetonitrile, Ethionine and Carbon Tetrachloride," 
Biochem. Pnarmacol. , 20:3493-3499.

Monster, A. C . ,  G. Boersma, and W. C. Duba, 1976. "Pharmacokinetics of 
Trichloroethylene in Volunteers: Influence of Work Load and Exposure
Concentration," In t . Arch. Occup. Environ. Health, 38: 87-102.

Monster, A. C . ,  G. Boersma, and H. Steenweg, 1979. "Kinetics of 
Tetrochloroethylene in Volunteers: Influence of Exposure Concentration and
Work Load," In t . Arch. Occup. Environ. Health, 42: 303-309.

Mosinger, M ., undated. "Final Report Advastab TM 181 FS," Centre d‘ 
Explorations et de Recherches Medicales, Marseilles, Mimeo, 40 pp.

Moslen, M. T . , E. S. Reynolds, and S. Szabo, 1977. "Enhancement of the 
Metabolism of Trichloroethylene and Perchloroethylene," Biochem. Pharmacol., 
26:369.

Muller, G ., M. Spassovski, and D. Henschler, 1974. "Metabolism of 
Trichloroethylene in Man, I I .  Pharmacokinetics of Metabolites," Aren Toxikol . ,  
32:283. 1n IARC, "Evaluation of the Carcinogenic Risk of Chemicals to Humans," 
Monograph 20, Lyun, France, 1979.

Munies, R . ,  and D. E. Wurster, 1963. "Investigation of Some Factors 
Influencing Percutaneons Absorption, I I I .  Absorption of Methyl Ethyl l'etone," 
J .  Pharm. S c i . ,  54:1281 .



«ST

Munro, D. D ., and R. B. Stoughton, 1965. "Dimethylacetamide (DMAC) and 
Dimethylformamide (DMFA);- Effect on Percutaneous Absorptio, Arch.
Dermatol. , 92:585-586.

Munro, I .  C. and D. R. Krews;k1, 1981. Risk Assessment and Regulatory Decision 
Making," Fd. Cosmet. Toxicol . ,  19: 549-60.

Muravieva, S. I .  , G. N. Zaeva, K. P. Stosenkova, and N. N. Ordynskoya, i983. 
"Passage of Dimethyl formamide With Uriiie Depnding upon the Levels and Duration 
of i t s  Action," Gig. Tr. Prof. Zabol., J2_'36. (In Russion: English summary)

NAHB—National Association of Home Builders Research Foundation, In c . ,  1981. 
"Comparative In-Place Costs of Polybutylene and Conventional Copper 
Residential Supply Plumbing," prepared for Shell Chemical Company by NAHB, 
Maryland, March.

NCI- National Cantor In s t itu te , 1976. "Carcinogenesis Bioassay of 
Trichloroethylene," Technical Report Series No. 2, DHEW Pub. No. (NIH) 76-802, 
Department of Health, Education and Welfare, Washington, DC.

NCI- National Cancer Ins t itu te , 1977. "Bioassay of Tetrachloroethylene for
Possible Carcinogenicity," Technical Report Series No. 13, DHEW Pub. No. (NIH)
77-813, Department of Health, Education and Welfare. Washington, DC.

NCI- National Cancer Inst itu te , 1978. "Bioassay of Hexachloroethane for 
Possible Carcinogenicity," Technical Report Series, No. 68, USDHEW,
Publication No. (NIH) 78-1318.

NIEHS—National Institute for Environmental Health Sciences, 1976. "Problems
, of Extrapolating the Results of Laboratory Animal Deta to Man and of

Extrapolating the Results from High Dose Level Experiments to Low Dose 
• Exposure Levels," sponsored by the National Institute for Environmental Health

Sciences, Pinehurst, N. C . ,  March 10-12.

NIOSH—National Institute for Occupational Safety and Health, 1975. Health
and Safety Guide for Plumbing, Heating, and Air Conditioning Contractors,
TIICSH' PubV." #76-127, NTIS,'3p?Tl^gfieTa’; VA, (NTIS Publ . #PB-266 409).----

NIOSH—National Institute of Occupational Safety and Health. 1976a. "Criteria
for a Recommended Standard: Occupational Exposure to Methyiene Chloride."

NIOSH- National Institute  for Occupational Safety and Health, 1976b. "Revised
Recommendation for Occupational Exposure to Benzene."

NIOSH—National Institute  for Occupational Safety and Health, 1976c. NIOSH
HHE 75-168-309, Water Well D rilling  Companies in Western Tennessee, NTIS.

NIOSH- National Institute for Occupational Safety and Health, 1979. "Health
Hazard Evaluation Determination Report," HE 79-91-660. NTIS/PB80-169071. 
Report No. NIOSH-HE-79-91 -660.

V I 1 - 2 5



NIOSH- National Institute for Occupational Safety and Health, 1980.
"Projected Number of Occupational Exposures to Chemical and Physical Hazards, 
U.S. Department of Health, Education, and Welfare. Cincinnati.

NIOSH- National In s t it i tu te  for Occupational Safety and Hea' a ,  1981a. 
"Tradename Ingredient Data Base," National Institute for Occupational Safety 
and Health, Cincinnati.

NIOSH- National Institute  for Occupation?.! Safety and Health, 1981b. Registry 
of the Toxic Effects of Chemical Substancc-s, 1980 Edition. U.S. Department of 
Health and Human Services, .£ incinrati.

NIOSH—National Institute  for Occupational Safety and Health, 1982. "Health 
Hazard Evolution Report: Plumbers and Gasfitters Local Union 12, Boston,
Massachusetts," HETA 81-336-1237, U. S. Department of Health and Human 
Services, Cincinnati, December*.

NIOSH/OSHA- National Institute for Occupational Safety and Health/Occupational 
Safety and Health Administration, 1978. "Pocket Guide to Chemical Hazards," 
National Institute  for Occupational Safety and Health. DHEW(NIOSH) Pub. No.
78-210. Cincinnati.

NSF—National Sanitation Foundation, 1955. A Study of P lastic  Pipe for 
Potable Water Supplies, Ann Arbor.

NSF—National Sanitation Foundation, 1980a. "Preliminary Study on Comparative 
Leaching Characteristics of P7a s t ic ,  Copper, and Galvanized Steel Piping 
System Components," National Sanitation Foundation, Ann Arbor.

NSF—National Sanitation Foundation, 1980b. "Standard Number 14: P lastic
Piping Components and Related Materials, National Sanitation Foundation, 
December.

NSF—National Sanitation Foundation, 1982. "P lastic Piping Components and 
Related Materials: 1982 L is t in g ,"  National Santitation Foundation, February.

NTP—National Toxicology Program, 1979. "Bioassay of Dibutyltin Diacetate for 
Possible Carcinogenicity," NCI-CG-TR-183, DHEW Publication No. (NIH) 79-1739.

NTP—National Toxicology Program, 1980. "Annual Plan for Fiscal Year 1981," 
Department of Health and Human Services, NTP-80-62, Washington DC.

NTP—National Toxicology Program, 1981. "Bioassay of Butyl Benzyl Phthalate 
for Possible Carcinogenicity," NTP No. 81-25, Washington, D.C.

NTP—National Toxicology Program, 1982. "Carcinogenesis Bioassay of 
Di(2-ethylhexyl)phthalate in F344 Rats and B6C3F1 Mice (Feed Study),"
NTP-80-37, NIH Publication No. 82-1773.

Nass, L. 1 . ,  1976. Encyclopedia of PVC, Vols I (1976), I I ,  and I I I  (1977). 
Marcel Dekker, Inc. .""RleTYork.

V I 1 - 2 6



National Academy of Sciences, 1977. Fire Safety Aspects of Polymeric 
Materials, Vol.- 3 , "Smoke and T o x ic i ty ," Publication NMAB318-1 . National 
Academy of Sciences, Washington, D. C.

Natioral Academy of Sciences, 1977. Drinking Water and Health, Vol. 1,
National Academy Press, Washington, b.C.

National Academy of Sciences, 1979. Drinking Water and Health, Vol. 2,
National Academy Press. Washington, D.C.

National Academy of Sciences. 1980, Drinking Water and Health, Volume 3,
National Academy Press, Washington, b.C.

National Academy of Sciences, 1981. The Alky1 Benzenes, National Academy
Press, Washington, D. C.

National Academy of Sciences, 1982. Drinking Water and Health, Vol. 4,
National Academy Press, Washington, b.C.

National Academy of Sciences--National Research Council, 1975. Medical and 
Environmental Effects of Metals: Nickel, Washington, D .C ., cited in NAS, 1977.

National Aeronautics and Space Administration, 1969. Technical Support 
Package for Tech Brief 69-10264 Welding, Brazing, and Soldering Handbook, 
National Technical Information Service, Springfield, Virginia (NTIS Publ.
#PB-188-037).

National Association of Plumbing-Heating-Cooling Contractors, 1975. The Labor 
Calculator, National Association of Plumbing-Heating-Cooling Contractors, 
Washington, D. C . ,  October.

National Fire Protection Association, 1982. "Report of the Committee on the 
Toxicity of the Products of Combustion to the Standards Council of the 
National Fire Protection Association," pp. 1-7, December 20.

National Research Council, Food and Nutrition Board, 1979. Recommended 
Dietary Allowances, 9th ed ., National Academy of Sciences, Washington, D.C.

Neal, R. A .,  undated. Letter to Anne Gorsuch, summarizing results of Sept. 23 
and 24, 1982 meeting of the National Drinking Water Advisory Council, Mimeo 
(Administrative Record No. 4001.

Needleman, H. L . ,  1980. "Lead and Neuropsychological D e fic it :  Finding a
Threshold," in Low Level Lead Exposure: The Clinical Implications of Current
Research, H. L. Needleman, e d . , Raven Press, New York, pp. 43-51.

Nelson, B. K . ,  B. J .  Taylor, J .  V. Setzer, and R. W. Hornung, 1980.
"Behavioral Teratology of Perchloroethylene," J .  Environ. Pathol. Toxicol, 3: 
233-250.

Nestman, E. R . ,  R. Otson, D. T. Williams, and D. J .  Kowbel, 1981.
"Mutagenicity of Paint Removers Containing Dichloromethane," Cane. L e t t . ,  11: 
295-302.

V I I - 2 7



Newman, J .  A . ,  V, t .  Archer, G. Saccomanno, M. Kuschner, and 0. Auerbach, 
19'6. Ann. N.Y. Acad. S c i . , 271:260, cited in Furst and Radding, 1979.

Nomiyana, K. and H. Nomiyana, 1974. Respiratory Retention, Uptake and 
Excretion of Organic Solvents in Man: Benzene, Toluene, N-hexane,
Trichloroethylene, Acetone, Ethyl Acetate and Ethyl Alcohol, " Int. Arch. 
Arbeits, Med., 32:75.

Northrup, S . ,  L. Martis, R. U lbricht, J .  Garber, J .  Miripol, and T. Schmitz, 
1982. "Comment on 'h? Ca-^inogenic Potential of Di(2-ethlhexyl )Phthalate," JL 
Toxicol. Environ. .£ 493-518.

Novogrodsky, A ., a .  1 and K. H. Stenzel, 1980. "A New Class of
Inhibitors of Lymphr, > - jenesis: Agents that Induce Erythroid
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A p p e n d i x  B

O R G A N I Z A T I O N S  AND P E RS O N S  C ON SU L TE D

The l i s t  below, while not exhaustive, shows the principal contacts made 

by SRI in getting information relevant to the environmental review. The 

f i r s t  section shows contacts external to SRI; the second shows SRI personnel 

who were consulted but are not authors. In each case, we show the name of 

the person and organization represented, i f  known, and the general topic(s) 

of the discussion.

External Contacts

Adams, Thomas R.
Adams, Broadwell & Russed

Alarie* Vves 
University of Pittsburgh

Anarid, Vir
U.S. Food and Drug Administration

Anderson, Rosalind 
Arthur D. L i t t le ,  Inc.

Barr, John
Air Products and Chemicals, Inc.

Beauchamp, J r .  Robert 
Chemical Industry Institute of 
Toxicology

Bellack, Errin 
Office of Drinking Water 
U.S. Environmental Protection 
Agency

____________________Topic!s)_______________

Extent of Work in Various A c t iv it ie s  
by Plumbers; Average Hourly Wages

Request for Research Results on Smoke 
Toxici ty

Request for UnpublisheJ Data c.; 
Organotins

Smoke Toxicity Testing

Conments on and References for 
Public Health Draft

Request for Information on Specific 
Chemical Leachates

Ri sk Assessment Issues
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Brown, Raymond J .
Coppef Development Association

Caplan, Yale H.
Maryland Institute for Emergency 
Medical Service Systems

Cams, Keith
East Bay Municipal U t i l i ty  D is tr ic t

Cnernoff, Gerald 
University of California,
San Diego

Cotruvo, Joseph
Office of Drinking Water
U.S. Environmental Protection Agency

Costello,
U.S. National Institute of 
Occupational Safety ard Health

Craig, Douglas 
Litton Bionetics

Doull, John
University of Kansas Medical Center

Dunnigan, Paula
B. F. Goodrich Company

Dyer, Dr. Robert
Health Effects Research Laboratory 
U.S. Environmental Protection 
Agency ( RTP)

Elmer, J i l l  
Loctite Corporation

F l in t ,
Ciba-GeTgy

Gaspar, Robert
R & G Sloane Manufacturing Co.

Gorman, Richard
U.S. National Institute of
Occupational Safety and Health

Gralla , E.
Toxigenic*

Reports of Increased Fire Deaths in 
Recent Years

Field Testing for Water Quality 

Thresholds for Teratogens

Request for Information on Risk 
From Short-Term Exposures

Request for Information on Smoke 
Toxicity

Toxicity of DMF

Request for Information on Lead

Technology and Economics of P lastic  
Pipe

Neurotoxicology of Organotin Compounds

Composition of Pipe Joint Compounds

Toxicity of Irganox 1010

P lastic  Pipe Technology

Information on Exposures for 
Plumbers ind Health Effects

Inhalation Toxicology of MEK
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Ha1 perin, William
U.S. National Institute of
Occupational Safety and Health

Harwich, Nancy 
Security Pacific Bank

Hilado, Carlos
Product Safety Corporation

Jackson, Richard 
California Department of 
Health Services

Jaeger, R. J .
New York University

Juodecka, Lois
U.S. National Toxicology Program 

King, M. E.
California Department of 
Housing and Community Development

Lappe, Marc
University of California 
Berkeley

Lass ite r , Donald V.
Consultant

Lassouszky, Peter 
Office of Drinking Water 
U.S. Environmental Protection 
Agency

Levine, Robert S.
U.S. National Bureau of Standards

Lyman, Stuart
Copper Development Association

McAllister, Scott 
California Division of 
Occupational Safety and Health

Information on Exposures for 
Plumbers and Health Effects

Amount and Value of Construction i 
Cal i forni a

Smoke Toxicity Testing

Existence of Thresholds for 
Teratogens

r ’(C Smoke Toxicity

Bioassay Status of Leachates

Building Judes and Standards

Comments on and References for 
Public Health Draft and Other 
Relevant Information

Work In juries and Illnesses among 
PI umbers

Lead Solder

Fire Safety and Smoke Toxicity

Manufacture and Sales of Copper Pi

Plumbing Trades Practices and 
Hazards

McCarthy, Ann Inhalation Toxicology of MEK
Chemical Industry Institute of
Toxicology



McClelland, Nina, et a l .  
National Sanitation Foundation

Marbach, Dr. Howard 
'J.C. San Francisco 
School of Medicine

Melius, James
U.S. National Institute of
Occupational Safety and Health

Moskowitz, Susan
Office of Drinking Water
U.S. Environmental Protection Agency

Needleman, Herbert 
University of Pittsburgh

Nelson, Steven
Menlo Park Building Department

Ogara, Kevin 
California Department of 
Industrial Relations

Parker, William
U.S. National Bureau of Standards

P fa f f ,  Marie
Cancer Assessment Group
U.S. Environmental Protection Agency

Reid, Thomas
Thomas Reid and Associates 

Richmond, Brad
California State Compensation 
Insurarce Fund

Rondet,
CalifornTa Division of 
Occupational Safety and Health

Schuler, R.
U.S. National Institute 
of Occupational Safety and Health

Schwemner, Bruce 
Ciba Geigy

Acceptance, Listing -nd Monitoring 
of P lastic Pipes and Related 
Materi als

Skin Absorption of Organic Compounds

Reguest for Information on 
Exposures of Plumbers

References for Drinking Water 
Contaminants

Safe Levels for Lead

Building Inspection Practices

Records of Occupational Injury among 
PI umbers

Fire Safety Testing of P last ic  Pipe

Methodology of Cancer Assessment

Public Health Hazards of Leachates 
from Plastic Pipe

Changes in Risk of PUmbers over 
Time

Request for Information on 
Exposures of Plumbers

Mutagenicity of DhF, Cyclohexanone

Toxicity of Irganox 1010



Shedroff, T.
Lake Chemical Company

Skory, Lyman 
Consultant

Spath, David
California Department of 
Health Services

Stein, Ilene
Science Advisory Board
U.S. Environmental Protection Agency

Stevens, Richard
National Fire Protection Association

Szcmharski, Eugene
Society of the P lastics  Industry

Thorsluno, Todd 
Carcinogen Assessment Group 
U.S. Environmental Protection 
Age nc y
Torey, Henry
U.S. Federal Emergency Management 
Agency

Vraun, Tre
Californ’ a Department of Finance 

Wagner, W. E.
U.S. National Institute of 
Occupational Safety and Health

Wong, Joel
California Division of 
Occupational Safety and Health

Zumwalde, Ralph
U.S. National Institute of
Occupational Safety and Health

> ____
F n' F pTumbing Supply

» ________
Ward Supply Company

»
F a m i l i a r  P i p e  a n d  S u p p l y

Composition of Soldering Flux

References on Toxicology

Background Levels of Water Quality 
in California

Review of Health Assessment 
Documents

Various Aspects of Smoke Toxicity 
and Test Development

Comnents on Public Health Draft 

Cancer Risk Assessment Methodology

National Fire Information Retrieval 
System

Employment in California Industries 

Inhalation Study of DMF

Request for Information on 
Exposures of Plumbers

Request for Information on 
Exposures of Plumbers

Plumbing Materials Prices

Plumbing Materials Prices

Plumbing Materials Pr ces
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P. E . O'Hair

9 _______
Penn~"Flumbing Supply

  » _
Reeves’s P lastic Pipe Company

*
f

Surplus PIumbing Supply Company

 ___ 9
Torrance Tube Company

International Association of Plumbing 
and Mechanical O ff ic ia ls

SRI Contacts

Fishman, Norman
Chemical Industries Division

Helmes, C. Tuck-er 
L ife  Sciences Division

Parkinson, Dean 
Physical Sciences Division

Sigman, Caroline 
L ife  Sciences Division

Stone, Gene
Project and F a c i l i ty  Support Services

Thiers, Eugene
Industry Consulting Division

Von Axslson, Carl-Fredrik 
Industry Consulting Division

Plumbing Materials Prices

Plumbing Materials Prices

Plumbing Materials Prices

Plumbing Materials Prices

Manufacture of Steel Pipe in 
California

Uniform Plumbing Code and Uniform 
Building Code

Polymer Technology and Applications

Structural Analogies to Known 
Carci nogens

Polymer Composition and Combustion 
Characteristics

Structural Analogies to Known 
Carcinogens

Pipe and Fitting Use in Dwellings 

Metal Pipe Technology and Prices 

Copper Pipe Technology

P l u m b i n g  M a t e r i a l s  P r i c e s
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Appendix C 

GLOSSARY OF TERMS AND ABBREVIATIONS

Acrylonitrile-butadiene-styrene p lastic .

The combined biological effects of two or more 
substances are additive when equal to the sum of the 
effects of the substances acting alone.

Any of a variety of deleterious effects on 
reproduction, including impaired f e r t i l i t y ,  
s t e r i l i t y ,  spontaneous abortion, s t i l lb i r t h ,  birth 
defects, developmental retardation in offspring.

Acryloni t r i l  e.

Two or more substances are antagonistic when the 
combined biological effects are less than the sum of 
the effects of the substances acting alone.

Brit ish  thermal unit (a measure of heat energy).

Chlorinated polyvinyl chloride.

A chemical or physical agent that can cause cancer.

nervous system The brain and spinal cord.

Chase An enclosed space in walls or columns or between
floor and ceiling in which piping is  concealed.

Clastogen A chemical or other agent that injures chromosomes or
causes damage to chromosomal structure.

Cyclo Cyclohexanone.

Dermal Vi a the skin.

DHCD Californ ia 's  Department of Housing and Community
Development.

DMF Dimethyl formamide.

DWV Drain, waste, and vent.

0

ABS

Additive effects

Adverse reproductive 
outcome

AN or ACN

Antagonistic effects

Btu

CPVC

Carcinogen
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Dose

Dose-response

Dwell time

Fi ttings

Fi xtures

FIashover

Flushing

GI

HC1

HCN

IAPMO

IARC

Idiosyncratic

In it ia tor

l c 50

ld50

Thi quantity of a physical or chemical agent 
administered to a liv ing  system (typ ica lly  an animal 
or human). The term may also refer to the amount of 
the agent that reaches the target organ, t issue, or 
c e l l s ;  in this case i t  is  usually referred to as the 
"target" dose or "effective" dose.

curve A diagranmatic representation of the intensity of 
biological response to different dose leve ls . A 
typical curve is  S-shaped, showing responses of an 
individual organism or system or of a percentage of a 
population.

The time water stands in a pipe system between 
wi thurawal s.

Plumbing items that join two or more pieces of pipe 
and enable changes in direction or branching.

The hardware (sinks, tubs, to i le ts ,  and so on) to 
which plumbing is  attached.

A phenomenon in which an entire room bursts into 
flame as a c r i t ic a l  temperature is  exceeded.

Running numerous void volumes of water through a pipe 
to discharge any leached materials.

Gastrointestinal.

Hydrochloric acid.

Hydrogen cyanide.

Internation Association of Plumbing and Mechanical 
O ffic ia l s.

International Agency for Research on Cancer.

reaction An unusual individual sens it iv ity  or susceptib ility 
to the effects of one or more substances.

In theoretical carcinogenesis, an agent capable of 
directly affecting ce llu la r  DNA, " in it ia ting" a c e l l ,  
t issue, or organ for the evolution of a tumor.

Median lethal concentration ( i . e . ,  the concentration 
level of an agent that is  fatal for 50* of the 
population exposed to i t ) .

Median lethal dose.



Leachates

MCL

MEK

Monome- 

Mutagen 

Mutation

NSF'

NTP

Neurotoxin

TB

PE

PEL

Permeation

Peripheral nervous 
system

Polymer

Potentiation

Chemicals that move (leach) into water from plastic 
or metal pipes, f i t t in g s ,  and joining materials.

Maximum contaminant leve l.

Methyl ethyl ketone.

The single molecules that are joined together to make 
a polymer.

A physical or chemical agent causing mutations in 
genetic material.

A change in genetic material, typ ica lly  involving a 
single gen*. Mutations can be spontaneous or caused 
by a chemitai or physical agent. Mutations affecting 
reproductive ce l ls  are called germ cell mutations; 
a l l  others (in animals) are called somatic mutations. 
I f  a mutation is  repaired or is  fatal to a c e l l ,  i t  
is  not passed on to the c e l l ’ s or organism's 
progeny: otherwise the change may become hereditary.

National Sanitation Foundation.

National Toxicology Program.

An agent that is  capable of injuring nerve tissue. 

Polybutylene.

Polyethylene.

Permissible exposure leve l .

Movement of chemicals from outside a pipe through the 
pipe or i t s  jo in ts  into water.

The nerves connecting the brain and spinal cord with 
the rest of the body. Sensory nerves transmit 
signals from receptors such as the eyes, nose, ears, 
mouth and skin, while ir. the other direction, motor 
nerves conduct impulses to the muscles, and autonomic 
nerves to the heart, glands, anc! other internal 
organs.

A high-inolecular-weight organic chemical consisting 
of a straight or branched chain of monomer units.

An agent can potentiate or augment the toxic effects 
of another agent even though the former does not 
cause such effects by i t s e l f .
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Primer A material used to clean and presoften p lastic pipe 
prior to solvent cementing.

Promoter

PVC

Py roly si s 

SNARL

Solvent cement 

Stab ilizer 

STEL

Synergistic effects

Teratogen 

Thermoplastic 

Thermoset p lastic 

THF

Threshol d

TLV

TWA

In theoretical carcinogenesis, an agent that promotes 
the appearance of a tumor in a tissue or organ whose 
DNA has been changed or " in it ia te d ."  This represents 
a particular case of potentiation, in that a promoter 
cannot cause cancer by i t s e l f .  However, some 
carcinogens have capabilit ies of both in it ia t io n  and 
promotion.

Polyvinyl chloride.

Decomposition of a material under heat. Often used 
to refer to thermal breakdown without flame, 
especially in a low-oxygen environment.

Suggested no adverse response leve l .

A material consisting of one or more solvents and 
other materials that softens p lastic pipe and allows 
i t  to be permanently joined.

A chemical added to p lastic  formulations to prevent 
the polymer from breaking down under heat, 
u ltrav io le t radiation, or other attack.

Short-term exposure l im it .

The combined biological effects of two or more agents 
are synergistic i f  t '- y  are greater than the sum of 
the effects of the agents acting alone.

A physical or chemical agent capable o'* '=»",-ing 
physical defects in an embryo (birth ?

A plastic material that softens when hea d 
hardens when cooled.

A plastic material that hardens permanently after 
heati ng.

Tetrahydrofuran.

A dose or exposure level below which a particular 
toxic effect is  not observed.

Threshold l im it  value.

Time-weighted average.
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The volume of water standing in a pipe during sta tic  
conditions.

U n i f o r m  P l u m b i n g  C o d e ,  p u b l i s h e d  b y  IA PM O.



Appendix D 

DETAILED TOXICOLOGY OF SUBSTANCES 

ASSOCIATED WITH PLASTIC AND METAL PIPES

Substances Associated with PVC P lastic Pipes

Dimethyl formamide

Dimethylformamide (DM7) ,  a common constituent of adhesives used for PVC 

piping, i s  a colorless liquid that is  highly soluble in water and rm'scible 

with other organic solvents. I t  is  used as a solvent in a wide variety of 

industrial processes, particu larly  in the production of acry lic  f ibers , 

vinyl-based polymers used in coatings and adhesives, and polyurethanes.

NIOSH (1980) estimates that in 1980, i:9,000 workers in 25 major 

industries were exposed to Dff. Occupational exposure to DMF occurs 

primarily through inhalation or skin contact (Proctor and Hughes, 1978).

The compound is  e ffective ly  abscrbed by the skin. Workplace airborne 

concentrations ranging from less than 10 ppm to more than 200 ppm have been 

reported (Lyle et a l . ,  1979). Because levels are equal to or may exceed 10 

ppm the OSHA Permissible Exposure Limit (OSHA, 1981) and ACGIH Threshold 

Limit Value (ACGIH, 1982), some workers are at r isk  of exposure to 

potentially harmful concentrations.

Consumers may also be exposed to dimethylformamide through inhalation 

cf-d skin contact. The NIOSH Tradename Data Base l i s t s  25 products 

containing 1 to 99 percent Dff, including coatings, adhesives, degreasers, 

paint strippers, deicing agents, and other compounds that may be used in the 

home in addition to the workplace (NIOSH, 1981). In a 1979 study of organic 

solvent use, DMF was ranked twelfth out of 34 solvents, on the exposure index 

for consumers (Lee et a l . ,  1979).



Because Df-f i s  stable in water at neutral pH (Eberling, 1980), the 

public may be exposed by drinking water containing the compound. DMF has 

been detected in the effluent from several industries and domestic sewage 

treatment plants (Shackelford and Keith, 1976) and is  a leachate from 

plastic piping systems (Montgomery. 1980). .

Absorption and Metabolism

DMF is  absorbed through the skin and lungs as well as the 

gastrointestinal t ra c t ;  free DM7 appears in the blood and urine regardless 

of the route , f administration. DMF is  metabolized by humans, dogs, and 

rats to N-methylformamide (NMF) and formamide, two suspected teratogenic 

agents (Maham, 1977; Kimmerle and Eben, 1975a, 1975b). Maham (1977) ha: 

proposed a sequence for the metabolism of DM7 that includes N-methyl- 

N-hydroxy-methyl formamide, formaldehyde, N-methyl formamide, formamide, 

amnonio, and formic acid. Not a ll  steps have been empirically verified in 

animal species.

In humans exposed to approximately 8 ppm for 6 hours on 5 consecutive 

days, the majority of the absorbed dose was eliminated within 24 hours. The 

main urinary metabolite is  N-methyl formamide (NMF); i t s  presence in the 

urine is  a sensitive indicator of exposure to DMF, even at levels lower than 

the current OSHA permissible inhalation exposure l im it ,  10 ppm (Krivanek et 

a l . ,  1978; Maxfield et a l . ,  1975). Unmetabol1zed DM7 is  also found in the 

urine after exposure. Toxic doses result in a higher concentration of DMF 

relative to NMF; essentially nontoxic doses produce the opposite result 

(Sanotskii et a l . ,  1978). NMF is  considered to be a more toxic compound 

than DMF.

Ethanol a lters the rate of DMF metabolism in humans and animals; DM7 

may, in turn, a lte r  ethanol metabolism, most l ike ly  by inhibition of 

acetaldehyde metabolism. Dally alcohol consumption retarded Df-F metabolism 

1n workers handling surface-treating agents containing the compound 

(Yonemoto and Suzuki, 1980). Prior administration of ethanol retarded DMF 

metabolism in four human volunteers exposed by inhalation and in beagle dogs



exposed by inhalation before or a fter treatment with ethanol (Eben and 

Kimmerle, 1976). Mice pretreated with DMF and then given alcohol had 

significantly higher blood alcohol levels than ethanol-only controls 

(Sharkawi, 1930).

Acute Toxicity

DMF is  moderately ir r ita t in g  to the skin, eyes and respiratory trac t . 

■Prolonged or repeated contact with the liquid may defat the skin and cause 

♦dermatitis (Proctor and Hughes, 1978). Dff also appears to lower the 

resistance of the $in'n to other compounds and to enhance absorption in a 

manner and degree similar to DMSO (Munro and Stoughton, 1965; Schulze,

1971). Although there is  no experimental evidence that i t  is  a skin 

sensit izer, exposed workers have reportedly experienced eczema, v i t i l ig o ,  

and delayed skin sens it iv ity  (Bainova, 1975).

According to Gosselin et a l .  (1976), the probable lethal oral dose in 

humans ranges from 500 mg to 5,000 mg/kg. DMF is  toxic to the l iv e r  and 

highly ir r ita t in g  to the gastrointestinal tract . In one incident workers 

-exposed to concentrations ranging from < 20 ppm to 35 ppm for 32 weeks 

'complained of nausea, vomiting and abdominal pain; l iv e r  enlargement was 

•'detected in some cases (Proctor and Hughes, 1978). In a second report, 

complaints of stomach disorders, headache, nausea and loss of appetite 

occurred among 24 workers exposed to an unknown concentration of DMF; 

several of these individuals, however, had reported stomach problems before 

exposure (Massman, 1956). Several other reports of gastrointestinal 

disorders resulting from exposure to Dff were reviewed, a ll describing 

similar symptoms. Employees exposed to DMF in a synthetic rubber plant 

reported frequent headaches and dizziness (Wink, 1972).

A Soviet investigator reported an increase in spontaneous abortions in 

women occupationally exposed to Dff (Schottek, 1972). The abstract reviewed 

contained insuffic ient information to permit a c r i t ic a l  evaluation and 

1nterpretation of the findings, but Eastern European scientists  often report
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such events without addressing the questions of background incidence and 

documented exposure.

One of the potentially important aspects of Dff biological act iv ity  is  

I t s  interaction with ethanol. Although some workers have noticed facia l 

flushing after inhaling Dff vapors alone, the effect was especially 

pronounced when alcoholic beverages were taken coincidentally (a single 

glass of beer was su ff ic ient to Induce the reaction (Lyle et a l . ,  1979). 

Alcohol intolerance (a reaction sim ilar to that produced by Antabuse) has 

also been reported (Chivers, 1978).

A 10 mg dose applied to rabbit skin produced ir r i ta t io n  24 hours after 

treatment (NIOSH, 1981); 20 mg in s t i l le d  in the rabbit eye was moderately 

i r r i ta t in g  (E. I .  DuPont, 1980).

Numerous studies of the acute toxic ity  of Dff have been performed. In

range-finding experiments ssing cats , rabbits, and mice, the most prominent

features of toxic ity  were l ive r  and kidney damage. The cat and dog are the

most sensitive laboratory species tested, with a median lethal oral dose

(the dose estimated to k i l l  half the animals tested) of approximately 500 

mg/kg (Massman, 1956; NIOSH, 1981). Cats showed severe effects at 

inhalation exposures of 100 ppm (Massman, 1956). The compound is  much less 

toxic to the ra t , mouse, rabbit and guinea pig by all routes tested.

The major target organ of Dff i s  the l i v e r .  Single intraperitoneal 

Injections of 0.5 ml/kg to 1.2 ml/kg have produced degenerative changes in 

the l iv e r  in hamsters (Ungar et a l . ,  1976) and rats (Mathew et a l . ,  1980).

Neurological effects have also been reported. A single DMF dose of 2 ml/kg

(Intraperitoneal) or 5 ml/kg (oral) administered to rats caused 

cholincsterase depression; carbaryl-induced cholinesterase Inhibition was 

also enhanced (Weiss and Orzel, 1967). White rats exposed by inhalation

continously for 2 months to 0.5 or 10 mg/m Dff in a ir  exhibited

significantly  reduced chol inesterase levels and decreased coproporphyri n 

elimination in the Hver (Odoshashvi 11, 1963). Dff had no direct effect on 

the central nervous system when administered intraperitoneally to mice in



sublethal doses (0.75 to 3.2 g/kg). However, i t  lengthened the narcosis 

induced by hexobarbital, chloral, or urethane, and increased the duration of 

penetrazole-induced convulsions (Chanh et a l . ,  1973),

Chronic Toxicity

DMF has produced l iv e r  damage in several species when applied to the 

skin, given o ra lly , or administered in inhalation chambers. Kidney damage 

and changes in blood pressure and cardiac function have also been seen.

Dogs, rabbits, guinea pigs, ra ts , and mice- were exposed to a i r  

concentrations of 23 ppm Dff for 5-1/2 hcurs followed by a 1/2-hour exposure 

to 426 ppm for 58 weekdays, functional ;f fec ts  on the l ive  , pancreas, 

spleen, kidneys, adrenals, and ttymus of a ll animals were seen.

Degenerative changes in the heart and cai'diovascular e ffects , including 

decreased systolic blood pressure, were seen in dogs (Clayton et a l . ,  1963).

Rats exposed to unspecified concentrations of DMF for 1/2 hour per day 

for 30 days exhibited hemorrhage and edema of the lung, hemorrhage and 

degeneration of the l i v e r ,  and less severe changes in the kidney and heart. 

The degree of pathologic change was positively correlated with the 

concentration and duration of exposure (Cruz and Corpino, 1978; Cruz and 

Maccioni, 1978). Details of testing were not available in the English 

language summaries.

Effects on Genes and Chromosomes

The mutagenic potential of DMF has been studied in several test systems 

and the majority of results have been negative. Results in 6 of 7 

Salmonella reversion assays have been negative (see section on 

carcinogenicity). The compound was a):o  negative in an E. coli reversion 

assay (V a s i l ‘ eva, 1975), a transplacental host-mediated hamster ce ll culture 

system (Quarles et a l . ,  1979), and an hepatocyte primary culture/ONA repair 

system (Williams and Laspi a, 1979). Recently DMF was tested under the 

National Toxicology Program in the following assays: Drosophila sex-linked

recessive le tha l, rat oominant le tha l, mouse sperm head morphology, rat bone
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mar row cytology, and in vitro  unscheduled DNA synthesis in human 

fibroblasts . Results have been requested but have not been received.

Carcinogenicity

No results of standard bioassays or long term studies designed to 

determine the carcinogenic potential of DMF have been conducted, although an 

inhalation bioassay is  now in progress at Litton Bionetics. The only report 

of induced carcinogenesis found in the lite ra tu re  is  the work done in rats 

by Kommineni (1972). This study suffered from several design deficiencies, 

and results were not s ta t is t ic a l ly  s ign if icant. I t  i s  d i f f ic u l t  to evaluate 

the biological significance of these results .

The short-term screen used most often to predict carcinogenicity is  the 

Ames Salmonella assay in which positive "carcinogens" induce mutations in 

the bacteria; survival rates reflect mutation rates. DMF was negative (not 

mutagenic) in five of s ix  batteries of Ames assays reported (Amlacher and 

Ziebarth, 1979; Commoner, 1976; Ong et a l . ,  1980; Purchase et a l . ,  1976;

NTP, 1980; ICI Ltd, undated). Concentrations were not consistently 

reported, but included 100 u 1 /piate and 400 pi/piate. A test with four 

unspecified strains produced positive results at 200 u 1 /piate.

A large number oT studies of DMF have concerned antitumorigenic 

effects , particu larly  differentiation of tumor c e l ls  (Avdalovec and Aden, 

1978; Bendich et a l . ,  1974; Borenfreund et a l . ,  1975; Calabresi et a l . ,

1979; Collins et a l . ,  1978; Dexter et a l . ,  1979; Dexter and Hager, 1980; 

Dexter et a l . ,  1978; Fontana et a l . ,  1980; Hager et a l . ,  1980; Madhavan, 

1972; Novogrodsky et a l . ,  1980; P re is le r , 1976; Santoro et a l . ,  1978; 

Sp ilker, 1970). In one study, DMF treatment of ce ll cultures from a murine 

rhabdomyosarcoma induced morphologic d ifferentiation anc* j marked reduction 

in the tumorigenicity of the sarcoma c e l ls .  Of 17 CE/J mice receiving 

injections of DM^-treated ce l ls ,  14 did not develop tumors after 6 months. 

All 21 mice receiving untreated sarcoma c e l ls  died of disease between 11 and 

32 d^s after inoculation (Dexter, 1977).



Dff m y protect rats and mice from the tumorigenic action of 

dimethyl in i trosamine through inhibition of i t s  metabolism. This inhibition 

has been demonstrated in vitro using rat l i v e r  microsomes (Arcos et a l . ,  

1976) and in vivo using a •'•adioactively labelled chemical to demonstrate 

reduced binding to l iv e r  protein in rats pretreated with DMF (Mirvish and 

Sidransky, 1971). In another study p a rt ia l ly  hepatectomized female rats 

were given an intraperitoneal injection of 6 to 9 mg/kg dimethylnitrosamine 

alone or in combination with Dff. One to two years la te r ,  animals treated 

with dimethyl ni trosamine alone showed a high incidence of l iv e r  nodules and 

carcinomas. None of the rats receiving the combination treatment developed 

nodules or l iv e r  tumors (Craddock, 1971).

Dff has also exhibited effects associated with tumor induction or 

promotion (Argus et a l . ,  1966; Blau and Epstein, 1979; Porter, 1979; Sato et 

a l . ,  1975). The a b i l ity  of Dff to induce ce ll transformation was tested in 

several systems. Positive results (transformations) were obtained with DMF 

in human peripheral lymphocytes (Koudela and Spazier, 1979); negative 

results were obtained with Syrian hamster embryo ce l ls  (Pienta, 1980) and 

Syrian hamster kidney fibroblasts (Purchase et a l . ,  1976).

Effects on Reproduction

DMF is  metabolized to formamide and N-methyl formamide, both of which 

have been identified by NIOSH as experimental teratogens (NIOSH, 1981). I t  

i s  known to cross the placenta to the fetal blood circulation in the rat 

(Sheveleva et a l . ,  1977). Many results of teratogenicity screens cannot be 

fu l ly  evaluated because dose levels were not reported (Scheufler, 1976; 

Schmidt, 1976) or because the administered dose produced maternal toxic ity  

(Merkle and Ze lle r , 1980). In several studies, no teratogenic effects were 

reported (Gleich, i974; Kimmerle and Machemer, 1975; Sheveleva et a l . ,  1979; 

Thiersch, 1971).

Dff administered by gavage to groups of 10 pregnant rabbits on Days 6 

through 18 of gestation caused a small decrease in f e r t i l i t y  and growth 

retardation and malformations in fetuses, but the overall number of



experimental animals was too small to produce s ta t is t ic a l ly  s ignificant 

results (Merkle and Ze lle r , 1980). Inhalation exposure of rats to 

concentrations as great as 17 times the OSHA PEL (10 ppm) resulted in no 

biologically s ignificant effect on reproductive outcome (Kimnerle and 

Machemer, 1975). At higher exposure levels however, the compound was 

embryotoxic and abortit'acient (Sheveleva et a l . ,  1979). Exposure to Off in 

several fractions was more embryotoxic to rats than the same dose given in a 

single application (Stula and Krauss, 1977). Pregnant Sprague-Dawley rats 

(N = 19/group) were exposed for 6 hours per day on Days 6-15 of gestation to 

0, 32, or 301 ppm Df>f. Exposure to 32 ppm did not affect survival, fetal 

weight, or development. Exposure to 301 ppm caused s light depression of 

fetal weights and slight increases in normal ossification variations. No 

excess of soft tissue or skeletal abnormalities was observed, and therefore, 

the compound was not teratogenic under the conditions of the test (Keller 

and Lewi s, 1981).

The studies reviewed suggest that DMF is  embryotoxic and may also 

decrease f e r t i l t y .  The available data do not indicate that i t  is  

teratogenic. Many data gaps e x is t ,  however, and most investigations have 

not been conducted with su ff ic ient numbers of animals to ensure 

s ta t is t ic a l ly  s ignificant results .

Tetrahydrofuran

Tetrahydrofuran (THF) is  a solvent used in p lastics  and resins 

manufacture as well as in adhesives made for use with PVC and CPVC piping.

I t  is  miscible with water and other organic solvents. I t  has a vapor 

pressure of 143 mm Hg at 20*C and is  quite vo la t i le . The chief hazard 

associated with the use of THF is  not i t s  to x ic ity , but i t s  flammability 

(duPont, 1977).

NIOSH (1980) estimates that approximately 95,000 workers are exposed 

annually to THF. Both the current OSHA Permissible Exposure Limit (OSHA,
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1981) and ACGIH Thresnold Limit Value (ACGIH, 1982) are an 8-hour 

time-weighted average of 200 ppm.

Absorption and Metabolism

No information on the metabolism of THF was found. Because the 

compound is  so vo la t i le , most of an inhaled dose is  l ik e ly  to be eliminated 

unchanged in the expired a ir .

Acute Toxicity

No fatal human exposures were reported in the literature  reviewed. THF 

is  a mild i r r i ta n t  of the eyes and mucous memberanes. Exposure may defat 

the skin and cause dermatitis (duPont, 1977). Exposure to concentrations 

above the PEL may result in nausea, dizziness and headache, but these 

symptoms are readily reversible in fresh a ir  (AIHA, 1959). THF has good 

warning properties; i t s  odor is  detectable at 25-50 ppm, levels well below 

the permissible exposure lim it (duPont, 1977). Gosselin et a l .  give THF a 

to x ic ity  rating of 4; the probably lethal human dose is  estimated to be 

50-500 mg/kg (Gosselin et a l . ,  1976).

Two reports of in jury potentially attributable to THF exposure were 

reviewed. In the f i r s t ,  a worker exposed to a mixture of THF and MEK 

experienced symptoms of peripheral neuropathy (Viader et a l . ,  1975). In the 

second, a p ipefitter exposed to THF, cyclohexanone, and acetone reported 

disturbed olfactory function (Emmet, 1976). In both cases exposures were 

mixed, and the cause of the disorders cannot be determined. No other 

systemic effects of exposure to THF were reported.

The lowest oral dose of THF lethal to the rat is  3,000 mg/'kg; the 

lowest lethal concentration is  2,800 mg/m3 for 2 hours (N10SH, 1981). In 

cats , rabbits, rats and mice, concentrations of approximately 60,000 ppm 

were required to produce narcosis. Concentrations above 3,000 ppm produced 

upper respiratory tract i r r ita t io n  in animals exposed for 8 hours/day for 20 

days. Cats and rabbits subjected to 30 6-hour exposures to 3,400 ppm THF in



a i r  exhibited no l iv e r  or kidney damage. Dogs exposed to concentrations of 

336 ppm and 2,100 ppm for 6 hours per day, 5 d?vs per week over a 12-week 

period exhibited decreased Mood pressure, but no demonstrable pathology was 

present in the lungs, heart, l i v e r ,  pancreas, kidneys or spleen (duPont, 

1977*.

Chronic Toxicity

No chronic effects attributed to THF have been reported. One study 

reported l iv e r  and kidney in jury in animals exposed to 3,000 ppm, but these 

effects are believed to have been caused by the presence of contaminants in 

the te:-t compound (Proctor and Hughes, 1978). THF supplied by Du Pont, the 

major producer in the U .S . ,  i s  reported to be more than 99.9 percent pure.

A prechronic test of THF has been completed under the NCI/NTP carcinogenesis 

bioassay program; i t  has not been scheduled for chronic testing (Juodeika, 

1983). Results of the prechronic test have been requested but not received.

Cyclohexanone

Cyclohexanone, a cyc lic  6-carbon ketone, is  a colorless liquid with a 

peppermint-like odor. I t  is  used widely in organic synthesis and as a 

solvent for various materials, including natural and synthetic resins, i t  

1s a common component of cements used with PVC and CPVC piping (Department 

of Housing and Community Development, 1983).

NIOSH (1980) estimates that approximately 10,000 workers are exposed 

annually to cyclohexanone. Cyclohexanone 1s considered to be moderately 

toxic by dermal, o ra l, and Inhalation routes. I t  has mild narcotic 

properties (Sax, 1979). A p ipefitter experienced olfactory disturbances 

after exposure to cyclohexanone, THF, and acetone (Emmet, 1976). The 

relationship between the disturbance and exposure to ar\y one of the solvents 

could not be determined from the evidence presented. At an atmospheric 

concentration of 75 ppm, cyclohexanone is  mildly ir r ita t in g  to the eyes and 

respiratory tract (NIOSH, 1981). Repeated skin contact may cause defatting 

of the skin and dermatitis, bû  absorption through the skin is  insignificant



(Proctor and Hughes, 1978). The current ACGIH TLV i s  set at 25 ppm (ACGIH,

1982); the OSHA PEL is  50 ppm (OSHA, 1981).

Absorption and Metabolism

Cyclohexanone is  reduced to cyclohexanol, which is  then glucuronidated 

in the l iv e r  ( E l l io t  et a l . ,  1959). Approximately 74-100 percent of 

administered cyclohexanone was converted to cyclohexanol and excreted in the 

urine as a glucuronide conjugate in less than 24 hours (Martis et a l . ,

1980). In rats dosed intraperitoneally with cyclohexanone, urinary 

excretion constituted a minor pathway, with only 15-24 percent of the 

administered dose being excreted as the glucuronide and 1 percent excreted 

as cyclohexanone or cyclohexanol; no sulfate conjugates were detected. The

authors suggest that the majority of the compound was excreted in the breath

as the ketone or alcohol, or in the feces as a conjugate of cyclohexanol 

(Greener et a l . ,  1982). Gupta et a l . (1979) administered cyclohexanone and 

pentobarbital concurrently to mice. Because cyclohexanone did not increase 

pentobarbital-induced sleeping time, the authors concluded that the compound 

did not s ign ificantly  affect the hepatic microsomal oxidation function 

responsible for pentobarbital metabolism.

Acute Toxicity

The lowest median lethal oral dose (LD^) of cyclohexanone reported 

for rats is  1620 mg/kg; the lowest concentration lethal to rats exposed by 

inhalation i s  2,000 ppm for 4 hours. The rabbit dermal LD̂ q i s  1,000 

mg/kg (NIOSH, 1981). Gupta et a l .  (1979) performed a series of acute 

tox ic ity  tests with mice, rats , and guinea pigs using Intraperitoneal or 

intragastric administration. Dying animals exhibited peritoneal and 

intestinal congestion, and signs of ir r i ta t io n . Repeated doses produced 

cumulative effects in mice as indicated by a s ignificant reduction 

(apprr -.imately 90 percent' in the median lethal dose as the period of

administration i ncr'-.sed from one day to ten weeks.

D - l l



Cyclohexanone is  ir r ita t in g  to the eyes and skin, the degree of 

i r r i ta t io n  being a function of the applied concentration. In rabbits, a 

12.4 percent cyclohexanone/cottonseed oil solution applied to the shaven 

back was only s l ig h tly  i r r i t a t in g ;  a 99 percent solution was very 

i r r i ta t in g . Similar concentration-dependent results were obtained when 

various concentrations were in s t i l le d  in the rabbit eye; a 2.5 percent 

solution was not i r r i ta t in g ,  whereas a 99 percent solution was very 

i r r i ta t in g  (Gupta et a l . ,  1979).

Greener et a l . (1982) administered cyclohexanone intravenously to rats 

for 28 days at 0 , 50, or 100 mg/kg. No toxic e ffc ts  were observed, but the 

number of animals per group (N = 10) was small. Rengstorff treated guinea 

pigs by dermal application or subcutaneous injection with 500 mg 

cyclohexanone three times weexly for 3 weeks. He observed cataract 

development in four of the twelve animals exposed. The details of the 

experiment were not available and therefore the significance of the result 

i s  d i f f ic u l t  to evaluate (Rengstorff et a l . ,  1972). The formation of 

corneal opacities is  a response that is  frequently seen in laboratory 

animals exposed to organic solvents. The effect is  usually reversible, and 

no correlation between the development of opacities in laboratory animals 

and the formation of cataracts in humans has been established.

Chronic Effects

No long-term studies of the effects of cyclohexanone were reported in 

the l i te ra tu re .

Effects on Genes and Chromosomes

Cyclohexanone has been tested in a NIOSH-sponsored T ier I I  mutagenicity 

screening program (McGregor, 1980). No effects on genes or chromosomes were 

observed in any of the tests , which included the following:



(1) Unscheduled DNA synthesis (UDS) assay in human diploid fibroblasts 

with exposures of 3 hours duration and concentrations of up to 

9.48 mg/ml of culture medium.

(2) Dominant lethal test in male rats with exposure to atmospheres 

containing 50 ppm or 400 ppm cyclohexanone for 7 hours per day 

for 5 consecutive day...

(3) Sperm abnormality test in male mice using the same exposure

conditions as in  (2 ) .

(4) Cytogenetic test in male and female rat bone marrow ce l ls  using 

the same exposure conditions as in (2) or a single exposure of 7

hours duration followed by sampling after 6 hours, 24 hours, and

48 hours.

(5 ’ Sex-linked recessive lethal (SLRL) test in Drosophila melanogaster 

with exposure to atmospheres of 50 ppm for 7 hours or 400 ppm for 

40 minutes.

Cyclohexanone was reported to be mutagenic in assays using B. sub til is

and S. typhimurium; no deta ils  of the test protocol and methods were

supplied (Massoud et a l . ,  1980). No other data on mutagenic potential were

located. The cytotoxicity of cyclohexanone was determined by Gupta et a l .
-  ?

(1979); a medium containing 1.95 x 10 moles/liter inhibited the growth 

of mouse fibroblast c e l ls  by 50 percent. The composition of the medium was 

not reported.

Carcinogenicity

Cyclohexmne is  currently being tested in an NTP/NCI bioassay 

(Juodeika, 19'l3). No results were availablu at the time of this writing. 

Only one repart related to carcinogenicity was available for review.

Massoud et a l .  (1980) reported that cyclohexanone was positive in both a 

forward mutation test using Bacillus subtilis  and an Ames Salmonella assay.



Details of the te s ts , including applied concentrations, incubation times, 

metabolic activation employed ( i f  any), and number of forward mutants or 

revertants obtained were not supplied. In the Ames te s t ,  TA98 produced the 

greatest number of revertants, indicating a possible frame-shift mutation.

Effects on Reproduction

No data on teratogenicity or reproductive effects were available.

Methyl Ethyl Ketone

Methyl ethyl ketone (MEK) i s  a colorless liquid with an acetone-like 

odor. I t  i s  used extensively in industry in organic synthesis and as a 

solvent for p last ics , inks, and coatings. I t  i s  found in variable 

concentrations in cements for plastic piping (Department of Housing and 

Community Development, 1983).

The National Institu te  for Occupational Safety and Health (1980) 

estimates that approximately 2.5 million U.S. workers are exposed annually 

to MEK. The current ACGIH TLV and OSHA PEL are set at 200 ppm to prevent 

i r r i ta t io n  (ACGIH, 1982; OSHA, 1981). Because the odor of the compound can 

be recognized at 25 ppm, i t  may serve as a warning of potentially dangerous 

concentrations.

Absorption and Metabolism

MEK is  e ffective ly  absorbed by any route of administration and is  

readily eliminated unchanged in the breath, and in the urine in unchanged or 

metabolized form (Tado et a l . ,  1972). The dermal absorption of MEK was 

tested using absorption c e l ls  strapped to the arms of human volunteers. 

Fifteen minutes after the beginning of exposure, MEK was detected in the 

expired breath (Munies and Wurster, 1965).

D1 Vincenzo et a l .  (1976) administered a single intraperitoneal dose of 

450 mg/kg M;K to guinea pigs and examined the serum and urine for parent



compound and metabolites. The serum h a if - l i fe  of MEK was approximately 270 

minutes; a ll  compound was cleared by 12 hours. Only 11 percent of the 

administered dose was accounted for in the urine. Urinary metabolites were 

2-butanol, 3-hydroxy-2-butanone and 2,3-butanediol. Dietz and Traiger 

(1979) obtained similar results with rats given a single oral dose of 335 

mg/kg MEK; serum levels peaked at 4 hours post administration. At the end 

of 12 hours, only 25 percent of the compound had been accounted fo r .

Rabbits exposed to MEK reduced the compound to 2-butanol; the main 

urinary metabolite was the glucuronic acid conjugate (Williams, 1959). Mice 

eliminated an intravenous dose primarily in the expired a i r ;  the remainder 

was eliminated as the glucuronide (De Castiglia et a l . ,  1972). In dogs, 

30-33 percent of a .3 - .5/kg dose wa: eliminated in the expired a ir  

(Williams, 1959).

Although methyl ethyl ketone may affect the metabolism of other 

compounds, results of the studies reviewed were not entirely consistent. 

Toftgard et a l. (1981) exposed rats to 800 ppm MEK in a ir  for up to 14 hours 

per day over a 4 week period, then sacrificea the animals and used their 

l iv e rs  in studies designed to detect effects on the microsomal enzyme 

system--the system used by the body to metabolize drugs and many other 

organic molecules. No change in enzyme levels was seen, but some 

P-450-dependent reactions were decreased. In studies with Wistar rats ,

Couri et a l .  (1977) found that continuous or intermittent exposure to 750 

ppm MEK in a i r  for 7 hours per day over a 7-day period decreased 

hexabarbital sleep time in male Wistar rats , presumably by increasing 

ac t iv ity  of l iv e r  enzymes. Traiger et a l . ,  (1975) reported that oral 

administration of a single dose of 1.87 ml MEK/kg body weight also increased 

1 iver microsomal enzyme ac t iv ity  in the rat.

Acute Toxicity

MEK is  an i r r i ta n t  of the eyes, skin and mucous membranes at 

concentrations in a i r  of 100 ppm and higher (NIOSH, 1981). Several workers 

exposed to concentrations of 300-600 ppm complained of numbness in the



fingers and arms; one worker experienced numbness in the legs. Several 

developed dermatitis from contact with the liquid (Smith and Mayers, 1944). 

At su ff ic iently  high concentrations, NEK w ill cause central nervous system 

depression; the severity of symptoms varies with the absorbed dose (Proctor 

and Hughes, 1978).

The median lethal oral dose for the rat is  approximately 3,400 mg/kg, 

and the lowest lethal concentration is  2,000 ppm over a 4-hour period 

(NIOSH, 1981). The major effects of MEK appear to be ir r i ta t io n  and central 

nervous system depression. Guinea pigs exposed to concentrations in a i r  

ranging from 10,000 ppm to 100,000 ppm for various durations up to 14 hours 

exhibited eye i r r i ta t io n , respiratory d istress , changes in cardiac function, 

lack of coordination, and narcosis. Those animals sacrificed immediately 

after exposure had congested internal organs, indicating extreme ir r i ta t io n ;  

these effects were not observed in animals sacrificed 4 or 8 days after 

exposure. Exposure for 30 minutes or more to 100,000 ppm produced 

reversible opacity of the cornea (Patty et a l . ,  1935).

Inhalation of 1 percent, 2 percent n̂d 5 percent concentrations of NEK

produced CNS effects , including dose-dependent depression of body 

temperature, respiratory rate and heart rate (Specht et a l . ,  1940).

Increased levels of ornithine carbamyl transferase (OCT) and increased lipid 

content of the l iv e r  wQre observed in guinea pigs administered a single 

intraperitoneal dose of 2,000 mg MEK/kg body weight; these findings indicate 

Uver damage (DiVincenzo and Krasavage, 1974).

Chronic Toxicity

No chronic systemic effects have been attributed to exposure to MEK. 

Although NEK in combination with other solvents has been associated with 

peripheral neuropathies, exposure to MEK alone has not produced these 

symptoms. Careful studies have documented peripheral neuropathies in

workers exposed to MEK in mixtures with n-hexane or methyl n-butyl ketone;

NEK enhances the neurotoxicity of these compounds (Allen et a l . ,  1975), 

possibly by affecting microsomal enzyme act iv ity  (Couri et a l . ,  1977). Case
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reports have attributed peripheral neuropathies to exposure to NEK in 

combination with acetone or toluene (Dyro, 1978) and tetrahydrofuran (Viadtr 

et a l . ,  1975).

The most s ignificant chronic effect of MEK exposure is  the potentiation 

of other solvent-induced neuropathies. Rats exposed for 8 hours per day, 7 

days per week over a period of 15 weeks to 1,100 ppm MEK and 8,900 ppm 

n-hexane or 10,000 ppm n-hexane alone developed peripheral neuropathies 

(muscular weakness of the Jimbs, e t c . ) ;  rats exposed to 6,000 ppm MEK alone 

did not develop signs of neurotoxicity (Altenkirch et a l . ,  1979). Rats 

exposed for 8 hours per day, 5 days per week over a 6 week period to 200 ppm 

methyl n-butyl ketone (MBK) and 2,000 ppm NEK developed peripheral 

neuropathies (Duckett et a l . ,  1974). Rats exposed to 1,125 ppm MEK 

continuously for 5 months (Saida et a l . ,  1976), exhibited no signs of 

neurologic in ju ry . Sprague-Dawley rats exposed to 800 ppm MEK for 6 hours 

per day, 5 days per week for 4 weeks, had increased l iv e r  weights and l iv e r  

weight/body weight ratios, indicating possible damage to the l iv e r .  The 

Chemical Industry Institute of Toxicology (1981) exposed r ischer-344 rats to 

concentrations of MEK in a ir  of 1,250, 2,500, or 5,000 ppm. No significant 

toxic effects were seen, and a decision was made to cancel proposed lifetime 

inhalation tox ic ity  studies. I f  new data indicate a need, the decision will 

be reconsidered.

Effects on Genes on Chromosomes 

Nc results of tests for effects on genes and chromosomes were located.

Carcinogenicity 

No results of tests for carcinogenicity were located.

Effects on Reproduction

Two tests for teratogenlcity have been reported, and results are 

conflicting . Schewetz et a l .  (1974) exposed rats to 3,000 ppm for 7 hours



per day on days 6 through 15 during the period of gestation and observed 

some increased in acaudia, imperforate anus, and brachygnathia. In 

addition, soft tissue abnormalities, and sternebral variants (not considered 

teratogenic) were increased, though not to the point of s ta t is t ica l  

s ignificance. In order to c la r i fy  the significance of results , Deacon et 

a l .  (1981) of the same laboratory conducted a sim ilar study using 25

pregnant rats per group and exposures of 400, 1,000 or 3,000 ppm NEK iri a ir

for 7 hours per day during days 6-15 of gestation. No increases in 

resorptions or preimplantation losses were observed. At 3,000 ppm, there 

was a s ignificant increase in the number of animals with extra r ibs , and 

ossification of the skull was delayed. No major malformations were seen .

Carbon Tetrachloride

Absorption and Metabolism

Carbon tetrachloride is  rapidly absorbed from the gastrointestinal 

t ra c t , the lungs, or through injured skin, and is  distribUvkcd to the l i v e r ,  

fa tty  tissues, brain, kidney, blood, and b̂ r'“ marrow. Absorption from the

GI tract i s  augmented by the presence of fats and alcohol. Carbon

tetrachloride is  excreted principally through the lungs unchanged (about 85 

percent of absorbed dose) and as carbon dioxide (10 percent) and other 

metabolites, which ( in  rabbits) include chloroform and hexachloroethane (in 

rabbits) (NAS, 1977). Highly reactive free-radical intermediates are 

thought to be responsible for carbon tetrachloride's to x ic ity . Such 

reactive metabolites can bind irreversib ly primarily to proteins and lip ids 

in the l iv e r ,  and may do the same in other tissues (IARC, 1979).

Acute Toxicity

In humans, high level exposure has led to severe l ive r  damage and/or 

kidney fa ilu re  (Klaassen, 1980b). Accidental poisonings with 14-20 ml have 

almost always been fa ta l :  the lowest reported fatal dose is  1.5 ml (NAS,

1980; IARC, 1979). Inhaled carbon tetrachloride can cause CNS depression, 

fatal cardiac arrhythmias, and damage to the lungs (IARC, 1979).



Chronic. Toxicity

Chronic exposures to carbon tetrachloride cause liver and kidney damage 

in humans and animals. Symptoms in humans include nausea, vomiting, 

headache, drowsiness, and fatigue (NAS, 1977).

Effects on Genes and Chromosomes

Carbon tetrachloride was reportedly negative for mutagenic activity in 

several bacterial assays (IARC, 1979; NAS, 1980). However, it is 

possibility that tnese negative results may have been due to inadequate 

experimental protocols (EPA, 1982). One report cited by IARC (1979) 

indicated that carbon tetrachloride could react with DNA of rodent cells 

under certain conditions (Rocchi e t a l . ,  1973). The International Agency 

for Research on Cancer considers that there is inadequate evidence of carbon 

tetrachloride's activity in short-term assays (1982).

Carcinogenicity

In 1979, the International Agency for Research on Cancer renewed the 11 

* bioassays involving oral, inhalational, intratracheal, subcutaneous, and 

intrarectal administration of carbon tetrachloride in several species (rats, 

mice, hamsters, trout). It was found to be carcinogenic to rats and mice, 

producing liver tumors in several strains of both species. In one 

experiment involving subcutaneous injection of carbon tetrachloride to rats, 

it produced mammary tumors (IARC, 1979).

There is no conclusive epidemiological evidence of cancer in humans 

exposed to carbon tetrachloride. However, there are several case reports of 

liver cancer following carbon tetrachloride poisoning, and of excesses of 

other types of malignancy among persons occupationally exposed to carbon 

tetrachloride (IARC, 1979, 1982).
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Effects on Reproduction

Pregnant rats exposed to airborne concentrations of 1,800 and 6,300

mg/m (300 and 1,000 ppm) of carbon tetrachloride for 7 hours per day on 

days 6-15 of gestation produced fetuses with retarded development (Schwetz 

et al., 1974). Carbon tetrachloride injected in mice at doses of 

150 mg/mouse during the final part of pregnancy caused increased fetal 

mortality, due probably to fetal liver damage and injury to the placenta 

(Roschlau and Rodenkirchen, 1969). An earlier study reported no teratogenic 

effect of carbon tetrachloride administered to rats (Wilson, 1954, cited in 

NAS, 1977). In general, the available evidence is not adeaquate to assess 

whether carbon tetrachloride can cause teratogenic effects (EPA, 1982). It 

does, however, appear to be fetotoxic at high doses (such as those noted 

above). Furthermore, it appears to be capable ot causing testicular 

generation when injected intraperitoneally at very high doses (i.e., 4,800 

mg/kg body weight in rats) (EPA, 1982).

Trichi oroethylene

Trichloroethylene is a colorless liquid that is used as a degreaser, a 

chemical intermediate in organic synthesis and a solvent in various 

applications. It is highly volatile and is mlscible with water and organic 

solvents. Pure trichloroethylene degrades readily to other toxic organic 

compounds (IARC, 1979). The stabilizers added to trichloroethylene, e.g., 

epichlorohydrin or amines, may affect its toxicity.

OSHA has set a PEL of 100 ppm (8-hour time-weighted average 

concentration with a ceiling of 200 ppm (OSHA, 1981). The ACGIH recommends 

a TLV of 50 ppm (8-hour time-weighted average) and a Short Temi Exposure 

Limit (STEL) of 200 ppm (ACGIH, 1982).

The liver and the central nervous system are target organs for 

trichloroethylene; 'Ut the compound is reportedly less hepatotoxic than 

carbon tetrachloride or chloroform. Cats exposed to 20 ppm for 1.5 hours/day 

for 6 months developed lesions in the liver, kidney and spleen (IARC,
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1979). In other investigations, behavioral and histopathologic evidence of 

neurological damage was seen (Browning, 1965).

Absorption and Metabolism

Trichloroethylene is rapidly absorbed through the lung; about 45 

percent of the inhaled dose is excreted unchanged in the expired breath 

(IARC, 1979). The portion that is not exhaled is metabolized by the hepatic 

mixed function oxidase system. Monster et al. (1976) exposed four male 

volunteers to 70 or 140 ppm trichloroethylene in air for 4-hour periods. 

Concentrations of the parent compound, trichloroethanol and trichloroacetic 

acid were determined in the blood. Exhaled air was analyzed for 

trichloroethylene and trichloroethanol and urine was examined for 

trichloroethanol and trichloroacetic acid. Total recovery was 67 percent. 

Ten percent was recovered unchanged in the expired breath; in the urine 39 

percent was recovered as trichloroethanol and 18 percent was recovered as 

trichloroacetic acid. The major products of metabolism in dogs, rats, and 

humans are trichloroethanol (Astrand and Ovrum, 1976), trichloroacetic acid, 

and trichloroethanol glucuronide (Muller et al., 1974). Humans and rats 

also produce chloral hydrate (Cole et al., 1975).

Van Du:"”en and Baneyee (1976) studied the in vi tro microsomal 

metabolism of trichloroethylene and covalent binding to rat liver microsomal 

protein. They hypothesized that TCE is metabolized to its epoxide or other 

related reactive intermediates that bind to protein and are most likely 

involved in TCE carcinogenesis. Henschler and Bonse (1978) have also 

proposed the formation of a reactive epoxide by mixed function oxidases. 

Scott et al. (1982) studied pharmacokinetics and binding of TCE to 

macromolecules and DNA 1n male B6C3FI mice and Osborne Mendel rats in viv o . 

Mice metabolized more Inhaled TCE to a metabolite that bind to monomolecules 

than did rats; liver damage and increased DNA synthesis in mice were noted 

after repeated doses (2,400 mg/ig/day for 3 days). Only a very low level of 

alkylation of DNA occurred, the authors suggested that the genotoxic 

potential of TCE was low, that tumorigenesis probably resulted from an
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epigenetic mechanism, and that TCE would be tumorigenic only upon chronic 

administration of high cytotoxic duses.

Acute Toxicity

Several fatal poisonings have occurred after ingestion of 

trichloroethylene; signs and symptoms of poisoning are usually those of 

central nervous system depression, gastrointestinal disturbance, and 

abnormalities in cardiac function (NAS, 1982). The lowest dose reported to 

cause inebriation in humans is approximately 300 mg/kg (NAS, 1982).

The median lethal dose of trichloroethylene in rats is 4920 mg/kg; the

median lethal concentration is 5000 ppm. The compound is irritating to the

rabbit eye and skin (NIOSH, 1981).

Chronic Toxicity

Chronic exposure to trichloroethylene produces damage to the central 

nervous system and the liver. Alcohol intolerance, similar to that seen in 

persons taking Antabuse (disulfiram) or exposed to dimethylformamide, has 

also been seen in exposed workers (Proctor and Hughes, 1977).

Carcinogenicity

Axelson et al. (1978) reported no statistically significant excesses of 

tumors associated with exposure to trichi oroethylene in an epidemiological 

study of workers, but problems in the design and conduct of the study (e.g., 

small number of persons, short period of time since beginning of exposure) 

limit the usefulness of the results in assessing human risk. Tola et al. 

(1980) also studied a cohort of workers exposed to trichloroethylene. Both 

observed total mortality and cancer mortality rates were lower than 

expected; however, results cannot be considered conclusive because the 

cohort was young and follow-up has been too short to detect fatal cancers 

with a long later>;« period (more than 6-13 years). The cohort will be 

followed and data will be reanalyzed every 5 years. Studies by Malek et al.



(1979) and Blair (1980) also failed to show an excess of cancers in workers 

exposed to trichloroethylene.

Trichloroethylene was tested by gavage in an NCI bioassay with Osborne 

Mendel rats and B6C3F1 mice. The time-weighted average daily doses 

administered over a period of up to 78 weeks were 1,169 and 2,339 mg/kg for 

male mice, 869 and 1,739 mg/kg for female mice, and 549 and 1,097 mg/kg for 

male and female rats. The compound produced hepatocellular carcinomas in 

both male and female nice, but not in rats (NCI, 1976). The International 

Agency for Research on Cancer considers that the results of this experiment 

provide "limited" evidence of the carcinogenicity of trichloroethylene 

(IARC, 1979). Henschler et al. (1980) exposed NMRI mice, WIST rats, and 

Syrian hamsters to 0, 100, or 500 ppm TCE for 6 hours per day, 5 days per 

week for 18 months in an inhalation study. Thirty animals of each sex were 

used for each dose level. Terminal sacrifice of mice and hamsters occurred 

at 30 months; surviving rats were maintained until 36 months. The only 

significant increase in tumor formation was observed in female fiiice, in 

which malignant lymphoma incidence was increased twofold in the 100 and 500 

ppm groups. The authors suggested that this increase might be due to some 

effect of TCE on spontaneous rates of a virally induced condition. They 

conclude that TCE was not carcinogenic and that results of previous tests in 

which it was found to be carcinogenic were due to the presence of epoxides 

or other impurities.

The study appears to have been conducted carefully and survival was 

good. However, the number of animals per group was small, thus limiting the 

power of the assay. The positive result in female mice may or may not have 

been due to the action of TCE, but convincing negative evidence has not been 

presented.

Because the compound used in the original bioassay was contaminated by 

epichlorohydrin, a second bioassay was undertaken in 1980, using highly 

purified trichloroethylene. Results corroborate the findings of the first 

bioassay; the final report was scheduled to be published in late February, 

1983, but had not been received as of this writing (Juodeika, 1983).



Effects on Genes and Chromosomes

Results of tests for mutagenicity are conflicting. Trichloroethylene 

caused unscheduled DNA synthesis, spermhead abnormality in mice and weak or 

borderline responses in a host-mediated assay and Drosophila (Beliles,

1982). Positive results were also seen in tests with Escherichia coli, 

Salmonella typhimurum TA 100, and Saccharomyces cerevisiae (NIOSH, 1981).

In a mouse host-mediated assay, trichloroethylene induced point mutations 

and gene conversion in yeast recovered from liver and kidney (IARC, 1982). 

Negative results were seen in Salmonella typhimurium, e bone marrow 

cytogenetics assay (IARC, 1979), and dominant lethal assays in rats and mice 

(IARC, 1982).

Effects on Reproduction

No adverse effects were seen in offspring of rats and mice exposed to 

300 ppm trichloroethylene for 7 hours/day on Days 6-15 of gestation (Schwetz 

et al., 1975). No teratogenic effect, but decreased fetal weight and 

increased frequency of skeletal anomalies were seen in offspring of pregnan 

Wistar rats exposed to 100 ppm trichloroethylene in air for 4 hours daily 

from Days 8 to Day 21 of gestation. Female rats and rabbits were exposed to 

0, 100, or 500 prm trichloroethylene in air for 3 weeks before impregnation 

and up to 30 days post gestation.. No adverse effects in offspring were seen 

in rats. In one group of rabbits, hydrocephalic fetuses were seen (Beliles, 

1982).

Dorfmueller et al. (1979) exposed groups of 30 virnin female Long-Evans 

rats by inhalation to 1,800 ppm trichloroethylene in air in one of four 

treatment regimens:

(++)-TCE before mating and during pregnancy 

(+-)-TCE before mating, filtered air during pregnancy 

(-+)-Filtered air before mating, TCE during pregnancy 

(—  )-F11 tered air before mating and during pregnancy.
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TCE with epichlorohydrin as a stabilizer was used. Exposures ended on Day 

20 of gestation. On Day 21, 15/30 dams from each group were sacrificed, 

maternal and fetal liver e'zymes were analyzed, and fetuses were examined. 

Remaining dams were allowed to litter and offspring were subjected to 

behavioral testing from Day 10 to Day 100 of life.

No significant treatment-related maternal toxicity or embryotoxicity 

were seen. Skeletal anomalies and displacement of the right ovary were seen 

in offspring of the (-+) group, but effect might have been strain-specific 

rather than treatment-related. No true effects were seen. Postnatal 

behavioral tests revealed no evidence of CNS damage in exposed offspring.

Perchl oroethylene

Perchloroethylene (tetrachloroethylene) is a colorless liquid that is 

used as a dry-cleaning fluid, chemical intermediate, degreaser and as a 

solvent in various applications. In water it is practically insoluble; it 

decomposes slowly to trichloroacetic and hydrochloric acids. It is miscible 

with oils and organic solvents. Perchloroethylene 1s moderately volatile 

and has been found in the air of numerous U.S. cities. It may be formed in 

water as a result of chlorination. It has been detected in domestic water 

supplies and industrial effluent (IARC, 1979).

The OSHA Permissible Exposure Limit (PEL) for perchloroethylene is 100 

•■̂m (8-hour time-weighted average concentration) with a ceiling of 200 ppm 

(OSHA, 1981). The ACGIH recommends a threshold limit value (8-hour 

time-weighted average concentration) of 50 ppm with a short term exposure 

limit of 200 ppm (ACGIH, 1982).

Absorption and Metabolism

Perchloroethylene is readily absorbed from the lung; gastrointestinal 

absorption 1s less complete, although the presence of fats may enhance 

absorption (Lamson et al., 1929). The compound is also absorbed through the 

skin (Hake and Stewart, 1977). Approximately 70 percent of the inhaled dose
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is excreted unchanged or as C02 in the expired breath by mice (Yllner,

1961) and rats (Pegg et al., 1978). In mice, urinary metabolites accounted 

for approximately 20 percent of the radioactive label and were identified as 

trichloroacetic acid, oxalic acid and dichloroacetic acid. A small 

percentage was excreted in feces. Induction of the microsomal oxidation 

system increased hepatotoxicity in rats (Moslen et al., 1977); ethylene 

oxide, a suspected carcinogen, may be a metabolic intermediate (Henschler 

and Bonse, 1977). Inhaled perchloroethylene is metabolized very slowly; its 

biologic half-life ( t y 2 ) fn humans is 3-5 days, depending on length of 

exposure. The t ^ 2 1;, persons exposed to 100 ppm for 8-hours (the OSHA 

permissible exposure limit) was estimated to be 71.5 hours (Guberan and 

Fernandez, 1974). Ogata et al. (1971) exposed male volunteers to 87 ppm 

perchloroethylene in air for 3 hours; after 67 hours, only 1.8 percent of 

the dose had been excreted in the urine as trichloroacetic acid; no 

information on concentrations in expired breath was available in the 

secondary source consulted. Monster et al. (1979) exposed human volunteers 

to 72-144 ppm perchloroethylene in air for 4-hour periods. Of the absorbed 

dose, eighty percent was eliminated unchanged in the exposed air; 2 percent 

was eliminated in the urine as trichloroacetic acid. Concentrations of 

perchloroethylene in the blood and exhaled air indicated that a long period 

of time is necessary before elimination is complete (more than 7 days) and 

therefore, repeated exposures could result in bioaccumulation.

Perchloroethylene in sufficiently high concentrations causes central 

nervous system depression, liver damage, eye and skin irritation, and 

pulmonary edema. Volunteers exposed to 100 ppm (the current OSHA PEL) for 7 

hours experienced irritation of the eyes, nose and throat, headache, 

flushing of the face and neck, and lethargy and slurring of speech (Stewart, 

1969). Exposure to 600 ppm for 10 minutes produced dizziness, lack of 

coordination, and numbness around the mouth. Exposures to 2,000 ppm 

produced mild CNS depression within 5 minutes (Von Oettingen, 1955).

The oral median lethal doses of perchloroethylene in rats and mice are 

approximately 13 g/kg (Smyth et al., 1969) and 7g/kg (Kohne, 1940), 

rerpectively. Acute exposures have produced dose-dependent symptoms of CNS



depression. The inhalation LC50 (median letal concentration) in mice is 

5,200 ppm/3 hours (Friberg et al., 1953).

Chronic Toxicity

Chronic exposure to perchloroethylene has caused impaired memory and 

other CNS symptoms, abdominal pain, and peripheral neuropathies (IARC, 1979; 

Proctor and Hughes, 1978). Liver and kidney damage have also been reported 

(Stewart, 1969). There are no published data concerning potential 

mutagenicity, or adverse reproductive outcomes in humans due to 

perchloroethylene exposure. Two epidemiologic investigations of ary 

cleaners, a proportional mortality study and a prospective cohort mortality 

study, found excess deaths from various cancers: lung, cervix, colon, skin, 

liver, and leukemia, however, in both studies, mixed exposures probably 

occurred and IARC (1982) considers results to be inconclusive.

Repeated exposure by inhalation to perchloroethylene has produced liver 

damage in rats, rabbits and guinea pigs (Proctor and Hughes, 1978). Oral 

doses have produced liver and kidney damage in dogs and mice (Klaasen and 

Plaa, 1966, 1967).

Carci nogenicity

Perchloroethylene was tested by gavage in an NCI bioassay in B6C3F1 

mice and Osborne-Mendel rats (NCI, 1977). No increases in tumor incidence 

were observed in rats, but a significant increase in hepatocellular 

carcinoma incidence was observed in mice. The International Agency for 

Research on Cancer (1979) considered that these results provided "limited 

evidence of the carcinogenicity of tetrachloroethylene"

(perchloroethylene). NCI/NTP has recently completed a second bioassay of 

perchl oroethylene; the draft report has been requested but not received.

In a study reviewed by IARC, maie and female Sprague-Dawley rats 

exposed by inhalation to 300 or 600 ppm perchloroethylene in air over a 

12-month period showed no increased tumor incidence over untreated controls



(Rampy et al., 1977). Schumann et al. investigated the pharmocokinetics and 

m a c m m o l e c u l a r  interactions of perchloroethylene in Sprague-Dawley rats and 

B6C3F1 mice in an attempt to explain mechanistically the sensitivity of the 

mouse and resistance of tne rat to perchloroethylene-induced hepatocellular 

carcinoma. Mice metabolized 8.5 and 1.6 more radiolabelled 

perchl oroethylene than rats after a single inhalation exposure to 10 ppm or 

a single oral dose of 500 mg/kg, respectively. Greater irreversible binding 

to hepatic macromolecules also occurred in mice, but no binding to hepatic 

DNA was detected (the test was sensitive to 10-14.5 alkylations/106 

nucleotides).

Hepatic DNA synthesis was increased twofold in mice after repeated oral 

administration of 500 or 1000 mg/kg/day, the approximate levels administered 

in the NCI gavage bioassay. No significant alterations in hepatic DNA 

synthesis were seen in rats.

The authors concluded that perchloroethylene induces tumors by 

cytotoxic mechanisms and that lowering exposure to a level below that at 

which tissues injury occurs should make tumor production unlikely in both 

animals and humans.

Effects on Genes and Chromosomes

There are conflicting results regarding the mutagenicity of 

perchloroethylene. Perchloroethylene caused spermhead abnormality in mice, 

positive results in host-mediated as;ay, and weak or borderline responses in 

tests for unscheduled DNA synthesis and bone marrow aberrations (Beliles, 

1982 a . Positive results were seen in Ames Salmonella assay in strain TA 100 

and in a host-mediated assay 1n mice using Salmonella TA 1950, TA 1951, and 

TA 1952 (Cerna and Kypenova, 1977). Negative results were seen in three 

screens using E. coli (Greim et al., 1975) and in a bone marrow cytogenetics 

assay (Cerna and Kypenova, 1977). IARC (1982) considers that there is 

inadequate evidence of activity in short-term tests.
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Effects on Reproduction

No teratogenicity or adverse reproductive outcomes were seen in 

offspring of rats or mice exposed by inhalation to 300 ppm perchl oroethylene 

for 7 hours daily on Days 6-15 of gestation (Schwetz et al., 1975).

Offspring of female Sprague-Dawley rats exposed to 900 ppm or 100 ppm 

perchloroethylene for 7 hours per day on Days 7-13 or 14-20 of gestation 

were examined in a series of behavioral tests. No significant differences 

were observed between offspring of animals exposed to 100 ppm 

perchloroethylene and control animals on ar\y behavioral tests. Behavior of 

offspring of animals exposed to 900 ppm varied from controls but in no 

consistent pattern. Neurochemical analysis of brains of newborn and 

21-day-old pups showed reduced levels of acetylcholine significantly 

different from offspring of controls. Dopamine levels of offspring of dams 

exposed to 900 ppm from days 7-13 of gestation were significantly lower than 

those of control s.

v
Dichloromethane

Dichloromethane (DCM, methylene chloride) is a large volume solvent 

used as a naint remover, degreaser, aerosol propellant and extractant; it is 

also used in the manufacture of plastics, photographic film, and textiles.

It is approved for use by FDA in adhesives and in the production of 

polycarbonate resins intended for use in producing, manufacturing, 

packaging, processing, preparing and holding food (U S h , 1977). It is also 

permitted as a residue in coffee, hops, and various spices. (USFDA, 1977). 

NIOSH (1980) estimates that approximately 2 million persons per year are 

occupationally exposed to dichloromethane. OSHA has set an 8-hour 

time-weighted-average permissible exposure limit (PEI.) of 500 ppm (OSHA,

1981). The American Conference of Gover mental Industrial Hygienists 

recommends an 8-hr threshold limit value (TLV) of 100 ppm (ACGIH, 1982).

Dichloromethane is formed during the chlorination of water; chloroform 

•d carbon tetrachloride are also formed. DCM has been found in 1 percent 

of raw and 8 percent of finished water supplies tested. The mean



concentration found in several samples of finished water was 1 ug/1. DCM 

was found in 9 of 10 domestic water supplies; the highest concentration 

detected was 1.6 ug/1. (IARC, 1979)

Absorption and Metabolism

Dichloromethane is absorbed by the lungs and the skin. Ninety-one 

percent, of a large radiolabelled intraperitoneal dose was eliminated 

unchanged via the lungs (DiVincenzo and Hamilton, 1975), 2 percent of the 

dose was eliminated as carbon monoxide, 3 percent as carbon dioxide, and 1 

percent as an unidentified volatile compound; 1 percent of radioactivity was 

detected in urine and 2 percent re'-ained in the carcass. Injection of a 

small dose (17 mg/kg) apoarently resulted in much greater metabolism (Rodkey 

and Colli son, 1977a, 197/b); 47 percent of radioactivity was recovered as 

carbon monoxide, ?° r^rcent as carbon dioxide, and none was detected in the 

car'ass. These results suggest that dichloromethane metabolism is 

s atu r a t e .  Two metabolic pathways have been proposed for dischloromethane 

in rats. The first is mediated by microsomal mixed-function oxidases and 

results in the formation of carbon monoxide (Kubic and Anders, 1976). The 

second is mediated by cytosolic enzymes and is glutathione dependent; the 

major end products are formaldehyde and carbon dioxide. Formic acid may 

also be formed (Ahmed and Anders, 1976). In human volunteers exposed to 

50-500 ppm for up tc 7.5 hours for 5 consecutive days, most DCM was excreted 

unchanged in the expired breath (Peterson, 1978). Elimination continued for 

a substantial period beyond the termination of exposure, suggesting a degree 

of bioaccumulation, probably in lipid tissues (USEPA, 1980). Carboxyhemo- 

globin blood levels increased with dose up to approximately 10 percent 

saturation (Stewart and Hake, 1976). Such levels might increase cardio­

respiratory stress (USEPA, 1980).

Acute Toxicity

Dichloromethane 1s a central nervous system depressant (NIOSH, 1976) 

and Irritant of the eyes, skin, and mucous membranes. 2000 ppm did not 

cause dizziness, but a concentration of 7200 ppm caused numbness of the



extremities after 8 minutes. CNS effects are reversible and the compound 

has been used as an anesthetic (USEPA, 1980). Skin contact can cause 

dermatitis (Sax, 1979). Occupation exposure has caused damage to both the 

CNS and the liver (Hanke et al., 1974; Weiss, 1976). Deaths have occurred 

after short-and long-term exposures (NIOSH, 1976); death is usually due to 

cardiac injury and heart failure (USEPA, 1980).

Friedlander et al (1978) conducted two epidemiologic investigations of 

males occupationally exposed to dichloromethane —  a proportional mortality 

study of 334 persons and a prospective cohort mortality study of 751 

persons. No significant differences were noted in either study between 

observed and expected deaths from any type of malignancy, circulatory heart 

disease, ischemic heart disease, or any other cause. However, although both 

studies were well conducted and analyzed, the cohort studied was young and 

the follow-up period might not have been sufficiently long to detect even a 

moderate effect. Further follow-up is scheduled for consecutive 5-year 

periods.

The oral rat LD5Q (median lethal does) for dichloromethane is 2136 

mg/kg. The mouse inhalation LC^q  (median lethal concentration) is 16,200 

ppm or 56 g/m^ (Svirbely et a l ., 1947). The lowest lethal concentration 

reported for guinea pigs is 5000 rcm/2 hours. Hepatotoxic effects were 

observed in mice after administration of single lethal doses (Gehring,

1968). Damage to the kidney has been seen in dogs (Klaassen and Plaa, 

1967).

Effects on Genes and Chromosomes

Conflicting results have been obtained in various screens for 

mutagenesis. Positive results were obtained in the Ames test with 

Salmonella typhimurium strains TA98, TA100, and TA1535 with and without 

metabolic activation (Simmon et al., 1977; Kanada and Uyeta, 1978; Jongen et 

al., 1978; Snow et al., 1979; Green, 1980; Gocke et al., 1981). Positive 

results were also obtained in tests with yeast (Saccharomyces cerevisiae 

D-7), in a sister chromatid exchange assay with Chinese hamster ce’ls (V79),
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in a cell transformation test using rat embryo cell line F1706, and in a 

sex-linked recessive lethal test with Drosophila melanogaster (Perry and 

Evans, 1975; USEPA, 1980; Jongen et al., 1981; Gocke et al., 1981). 

Dichloromethane has not produced genotoxic effects in the following assays: 

DNA synthesis in human and hamster cells, forward mutation in Chinese 

hamster cells, mitotic recombination in S. cerevisiae D-3, micronuclei 

production in NMRI mice.

Carcinogenicity

Dichloromethane is currently being in tested in rats and mice by gavage 

and inhalation exposure in National Toxicology Program carcinogenesis 

bioassays. The inhalation assay is in the chronic testing phase and no 

results will be available for approximately 1 year. The draft report of the 

gavage bioassay is scheduled for release in March or April of 1983. Rats 

and mice were administered 0, 500, or 1000 mg/kg DCM in corn oil by oral 

intubation. Significant increases of neoplastic liver nodules, 

adrenocortical adenomas, and pancreatic acinar cell adenomas were seen in 

rats. Significant increases in hepatocellular carcinomas and thyroid c-cell 

carcinomas were seen in mice. Pancreatic acinar cell adenomas in rats were 

apparently associated with the corn oil vehicle (Juodeika, 1983). The 

compound was originally judged to be carcinogenic in male and female animals 

of both species; the decision regarding carcinogenicity in rats, which was 

based on the elevated incidence of neoplastic liver nodules, may be revised 

(Mennear, 1983). Dow Chemical Company conducted a 2-year inhalation study 

with rats and hamsters exposed to 0, 500, 1500, and 3500 ppm DCM for 6 hours 

per day, 5 days per week. Preliminary reports indicated a significant 

increase in benign mammary tumors at all doses in female rats and at 3500 

ppm in male rats (USEPA, 1980).

Theiss et al. (1977) conducted a pulmonary tumor assay in male strain A 

mice. Groups of 20 mice were injected intraperitoneally three times per 

week for 16 or 17 weeks with 0, 160, 400 or 800 mg/kg DCM. A significant 

increase in tumors was seen at the 160 ppm dose. Tumors were increased in 

the two higher dose groups but did not reach statistical significance as a
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result of poor survival; only 5/20 animals in the 400 ppm group and 12/20 in 

the 800 ppm group were examined for tumors.

The EPA Carcinogen Assessment Group states that there is "suggestive 

evidence" for the carcinogenicity of dichloromethane; this opinion is based 

on the results of mutagenicity screens as well as rodent tests. The 

International Agency for Research on Cancer (1982) considers that there is 

inadequate evidence for the carcinogenicity of DCM in animals and humans, 

and limited evidence for genotoxic activity in short-term tests. These 

judgments were made before preliminary results of the NTP bioassay were made 

available.

Effects on Reproduction

Schwetz et al. (1975) exposed pregnant rats and mice to 1250 ppm DCM in 

air for 7 hours daily on Days 6-15 of gestation. No treatment-related 

effects on litter size, resorptions, or fetal development were seen. Hardin 

and Manson (1980) exposed pregnant Long-Evans rats to 4,500 ppm DCM by 

inhalation and found no teratogenic effects.

Organic Tin Compounds

Absorption and Metabolism

Di alRy1 and trialkyl tins may be absorbed from the gastrointestinal 

tract:, although the fractional absorption differs among species. Most 

organotin compounds are poorly absorbed from the GI tract, except 

trimethyl-, triethyl-, and dimethyl tin (K'mbrough, 1976). Such alkyl tin 

compounds are distributed to the liver and, in the case of trialkyl tins, to 

the central nervous sytem. After injection in animals, dibutyl tin 

concentrates in the liver, with smaller amounts in the kidney. Dibutyl tin 

is excreted unchanged in the bile (Barnes and Stoner, 1959).



Acute tox ic ity

There are few published data on isooctylthioglycolate derivates of 

organic tin compounds- The acute toxicity of these compounds, however, is 

reportedly similar to that of other dimethyl and dibutyl organotin 

derivatives (Barnes and Stoner, 1958, 1959). The following discussion is 

therefore based on experiments performed principally with dialkyl tin 

dichlorides or diacetates, or trimethyl tin chloride. There are major 

qualitative differences in the toxicity of dialkyl versus trialkyl tin 

derivatives.

The principal toxic effects of acute exposure to dialkyl tin componds 

are a generalized illness and, in the case of dibutyl tin, a severe, 

potentially fatal injury to the bile duct (Barnes and Stoner, 1958). Such 

bile duct lesions have been produced in rats and mice, but not rabbits, 

guinea pigs, cats, or hens (Barnes and Stoner, 1959). This phenomenon has 

reportedly been observed only in species in which the pancreatic and bile 

ducts follow a common course (Kimbrough, 1976). In humans, these ducts are 

separate.

Dimethyl tin salts, while also toxic to rodents, do not appear to cause 

bile duct lesions. Applied to the skin of rats and guinea pigs, there can 

be marked necrosis and scar formation. An oral no-observed-effect-level for 

a single dose of dimethyl tin di chloride to rats was reportedly 40 mg/kg, 

whereas for dibutyl tin dichloride such a level was 10 mg/kg, reflecting the 

latter compounds's greater oral toxicity (Barnes and Stoner, 1958).

Trialkyl tins, particularly triethyl and trimethyl tin, exert their 

principal toxic effects on the central nervous system, causing weakness, 

tremors, convulsions, paralysis, and death from respiratory failure.

Chronic Toxicity

There are very few chronic toxicity data on dimethyl or dibutyl tin bis 

isooctyl thioglycolates. The Food and Drug Administration (FDA) recently



approved the use of a mixture of dimethyl and monomethyl tin isooctyl 

mercaptoacetate (thioglycolate) as a stabilizer in PVC water pipe used in 

food processing plants (21 CFR 178; 46 Fed. Reg. 10461, Feb. 3, 1981). SRI 

requested documentation (by telephone and written request) supporting this 

regulation, but has not yet received anything from the FDA.

Dibutyl tin dichloride (DBTC), but not dimethyl tin dichloride, caused 

dose-related atrophy of lymphoid tissue (thymus and lymph nodes) in rats fed 

50 and 150 ppm of this substance in their diets for 2 or 4 weeks (Seinen et 

al., 1977a). This was also observed in rats fed 20 ppm in their diet for 2 

weeks. A no-observed-effect level was not determined. However, these 

effects on the thymus were reversible. Subsequent experiments indicated 

that DBTC selectively inhibits T-lymphocyte-dependent immune functions 

(Seinen et al., 1977b) in rats fed 50 or 150 ppm in the diet for 5 to 9 

weeks or exposed prenatally, then postnatally, by gavage to doses of 1 to 3 

mg/kg.

Effects on Genes and Chromosomes

Dibutyl tin di chloride was reported to be mutagenic in Chinese hamster 

ovary (CH0) cells, but not in the Ames test (Li et al., 1982). The 

concentration range in which mutagenicity was observed in CH0 cells v/as at 

least 50 to 200 ppb.

Carcinogenicity

Dibutyl tin diacetate was tested for carcinogenicity using the standard 

protocol of the National Toxicology Program (NTP, 1979). Although there was 

a dose-related trend in liver tumor incidence in mice, there was no 

statistically significant increase in tumors in rats or mice of either sex. 

This assessment must be qualified in that more than one-third of the tissues 

from high-dose female rats were lost prior to examination.

A mixture of 75 percent dimethyl tin bis (isooctylthioglycolate) and 25 

percent monomethyl tin tris (i sooctyl thioglycolate) ("Advas.tab TM-181FI>")



was tested for chronic toxicity using a protocol that would not be 

acceptable for investigating carcinogenicity by current standards (Mosinger, 

undated). Twenty male and twenty female Wistar rats were fed ADVASTAB at 

100 mg/kg in the diet. The author concluded that the absence of tumors in 

the experimental animals showed trat "the product tested is not 

cancer-causing at the doses given.* Since this test includes only one 

species, with less than half the number of experimental animals that are 

required to detect an increase of even 5 to 10 percent in tumor incidence, 

and a dose level that is not clearly the maximum tolerateo dose (MTD), the 

author's generalized conclusion is unwarranted. The oral intake study of 

dimethyl/monoethyl tin isooctyl thioglycolate is inadequate to assess the 

carcinogenicity of this mixture.

F.ffects on Reproduction

A mixture of 75 percent dimethyl tin isooctylthioglycolate and 25 

percent monomethyl tin isooctylthioglycolate was tested for reproductive 

effects in Wistar rats. (Mosinger, undated) Little experimental data is 

provided, other than that 5 females and 1 male were treated. In view of the 

small sample size, the author's inference that "the product tested is not 

teratogenic," is not justified. Even without additional description of 

experimental protocol, this study is inadequate to assess the effects of the 

chemical mixture on reproduction.

Substances Associated with Polybutylene Plastic Pipe

Irganox 1010

Irganox 1010 is a hindered phenolic compound that is used as an 

antioxidant and stabilizer for various polymers. It is a constituent of 

polybutylene piping.

There 1s no OSHA PEL or ACGIH TLV for Irganox 1010. A repeated insult 

patch test was conducted on 50 human subjects according to the method of



Shelanski and Shelanski. No primary irritation or sensitization occurred 

(Ciba-Geigy, 1982). Based on animal testing, tlhe compound would be 

considered nontoxic to slightly toxic in the Goiss.elin et al. (1976) rating 

system.

Absorption and Metabolism*

Radiolabelled (^4C) Irganox was administered to rats (dose and route 

unspecified) to determine gastrointestinal absorption and metabolic fate.

Of the radioactive carbon, 1.5 percent was recovered in the expired breath,

0.5 to 1.0 percent was detected in the urine and unspecified "minute" 

quantities were found in the blood. The feces contained approximately 80 to 

84 percent of the labelled species. In a second study of metabolic fate "no 

measurable radioactivity was found in the urine, expired air, blood, livers, 

or kidneys." The only significant activity was found in the feces 

(Ciba-Geigy, 1982).

Acute Toxicity

The acute oral LD5Q in rats was not determined, but it is greater 

than 5,000 mg/kg. At this dose animals did not exhibit any signs of 

toxicity, and no gross pathology was detected at necropsy. Drake (1979) 

reported that the LD^q  in mice also exceeded 5,000 mg/kg. Irganox in corn 

oil was administered by oral intubation to albino rats at doses of 

approximately 3,000, 4,000, 7,000, and 10,000 mg/kg. Treatment-related 

effects included hypoactivity and "ruffed" fur. No gross pathological 

changes were seen at necropsy. The acute dermal LD5Q in rabbits is 

greater than 3,160 mg/kg, the highest level tested; at this level no 

observable effects occurred. Rats exposed to an airborne concentration of 

46 mg/1 for 1 hour showed no "significant" signs of irritation. There were

★
Because cnly two citations were obtained from a computerized literature 
search, virtually all of the following information was excerpted from 
toxicology data supplied by Ciba-Geigy Corporation.



no treatment-related deaths, ana at necropsy no pathological changes were 

detected. Rats and dogs were fed Irganox 1n the diet for 90 and 91 days, 

respectively. The no-observable-effect levels in the two species were the 

highest concentrations administered: 50,000 ppm in rats and 10,000 ppm in

dogs (Ciba-Geigy, 1982).

Drake (1979) reported that Irganox 1010 was not irritating to rabbit 

skin. A mild and transitory effect was seen when the compound was applied 

to the rabb'.'t eye. Irganox (dosage and route unspecified) did not produce 

sensitization in guinea pigs.

Chnonic Toxicity

Irganox 1010 was fed to Sprague-Dawley CFY rats in dietary 

concentrations of 1,000, 3,000, and 10,000 ppm for 104 weeks. No observable 

effects were seen at any concentration. The "no-observable-effect level" 

was estimated to be 446-547 mg/kg day. No treatment-related increases in 

tumor incidence were seen in MAGF (SPF) mice fed 0, 100, 300, and 1,000 ppm 

Irganox 1010 in the diet for 24 months. These concentrations correspond to 

an approximate mean daily dose of 0, 11, 35, and 107 mg/kg for female 

animals and .12, 41, and 126 mg/kg for male animals (Ciba-Geigy, 1982).

Effects on Genes and Chromosomes

Irganox was reported to be nonmutagenic in a mouse dominant lethal 

assay at doses of 1,000 and 3,000 mg/kg. No significant increase; in 

anomalies of interphase nuclei and no chromatid or chromosomal aberrations 

were detected in cytogenetic assays of the bone marrow of hamsters intubated 

on two consecutive days with 500, 1,000 or 2,000 mg/kg Irganox in corn oil. 

Gelgy reported that "no evidence of the induction of point mutations by 

Irganox 1010 or by the metabolites formed as a result of microsomal 

activation was detectable 1n the strains of Salmonella typhimurium (TA 98,

TA 100, TA 1535, TA 1537) used in the experiment" at concentrations ranging 

from 10 to 250 ng/0.1 ml without activation and from 5 to 100 ug/0.1 ml with 

activation (Ciba-Geigy, 1982). Wang and Smith (1980) also reported that



Irganox was nonmutagem'c in an Ames Salmonella test using strains TA 1535,

TA 1537, TA 98, and TA 100 with and without metabolic activation.

Carcinogenicity

As noted above, 2-year feeding studies were conducted in Sprague-Dawley 

rats and MAGF mice. No treatment-related increases in tumor incidence were 

seen in animals of either species.

Irganox. was nonmutagenic in an Ames Salmonella assay, a short-tern test 

used to predict carcinogenicity (Wang and Smith, 1980).

Effects on Reproduction

Irganox was administered orally to pregnant rats at doses of 150, 500, 

and 1,000 mg/kg on days 6-15 of gestation; no embryotoxic or teratogenic 

effects were observed. Pregnant mice were dosed at the same levels 

according to the same schedule. No adverse effects were seen in offspring 

of dam. sed at 150 or 500 mg/kg. Delayed ossification of sternebrae was 

seen in offspring of females dosed at 1,000 mg/kg; no teratogenic effects 

were observed (Ciba-Geigy, 1982).

Substances Associated with Metal Pipes

Lead

Absorption and Metabolism

Absorption of lead from the gastrointestinal tract varies with the age 

of the individual, the chemical form of the lead, and the dietary levels of 

iron, calcium, fats, and proteins. Children absorb a much higher percentage 

of dietary lead (about 40 percent) than do adults (about 8-10 percent) 

(Hamnond and Beliles, 1980; IARC, 1980). Lead is rapidly transferred to 

bone, a cumulative process that occurs throughout life. Lead in other



tissues rises during childhood and adolescence, and reaches a steady state 

by early adulthood (Hammond and Beliles, 1980). Adults excrete lead 

primarily in the urine, but also in feces, sweat, and breast milk, and 

through deposition in the hair and nails. In infants the principal route of 

excretion is gastrointestinal.

Acute toxicity

Acute lead poisoning is uncommon. Symptoms and signs inlcude thirst, 

nausea, severe abdominal pain, diarrhea or constipation, muscle pain and 

weakness, tingling of the skin, anemia, and hemoglobin in the urine. The 

kidneys can be damaged and urinary output decreased. Death may occur in 1 

or 2 days (Klaassen, 1980).

Chronic Toxicity

Chronic low-level exposure to inorganic lead can give rise to a variety 

of syndromes involving different organ systems (see below). Because of the 

..-unulative nature of lead absorption in childly,i, they (including unborn 

children) should be considered the most sensitive population. In evaluating 

the risk of lead in drinking water, it should be borne in mind that the 

average daily oral intake of lead (through food and water) is 120 to 350 ug, 

of which about 25 ug is aborbed by adults, while a greater amount is 

absorbed by children (Klaassen, 1980).

Several studies have provided suggestive evidence that tap-water lead 

levels are correlated with blood levels (NAS, 1977, 1982; EPA, 1980c). Lead 

concentrations greater than 50 ug/1iter may, according to one study cited by 

.he NAS, raise and sustain blood levels above 30 ug/100 ml of whole blood.

An analysis discussed by EPA indicates that blood-lead levels approximate a 

cube root function of water-^ead levels (EPA, 1980c). Other minerals in the 

water can affect the extent to which lead is absorbed. For example, 

increased calcium intake can interfere with lead absorption. Another study 

investigating the epidemiology of mental retardation in Glasgow, Scotland,
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suggested that tap-water lead concentrations greater than 100 ug/liter may 

raise the risk of childhood retardation (NAS, 1977).

Effects on Genes and C h’omosomes

Whether lead affects genetic material depends in part cn the nature of 

the lead compound being tested. Neither lead chloride nor lead acetate 

appears to induce mutations or similar effects in multiple bacterial tests 

(IARC, 1980). Lead chloride has interfered with the fidelity of DNA 

synthesis In vitro. Lead acetate transformed hamster cells, giving them the 

ability to produce tumors when injected into other rodents (IARC, 1980). 

Various in vivo and in vitro tests produced different kinds of chromosome 

damage, although there have been reports of negative results as well. 

Chromosomal abnormalities in humans have been reported in nine studies 

involving occupational exposure to lead. In six other studies no such 

effects were reported (IARC, 1980). Overall, because of differences in 

experimental protocols and in the quality of data, it cannot be said 

unequivocally that lead per se is mutagenic (Gerber et al., 1980).

Effects on Reproduction

Adverse effects of lead on reproduction have been known for centuries. 

Lead compounds used to be used to induce abortion. High levels of maternal 

exposure to lead are associated with menstrual disorders, impaired 

fertility, miscarriages and stillbirths (Gerber et al., 1980; Damstra,

1977). Several sperm abnormalities have been reported in men occupationally 

exposed to lead, with substantially elevated blood lead levels (IARC,

1980). Similar effects have been reported in rodents at lower blood leads 

(Damstra, 1977).

Numerous studies in animals implicate lead as a fetotoxic, fetolethal 

and teratogenic agent (see IARC, 1980). In addition to causing resorption 

(the rodent equivalent of miscarriage) and fetal deaths, high doses of lead 

have caused i variety of birth defects in different strains and species of 

experimental animals. Lead affected the development of the brain and



nervous system, the eyes, the skeleton and tail, the teeth, and the 

gastrointestinal system (IARC, 1980). Also reported have been decreased 

birth weight, retardation, and lower post-natal survival (Damstra, 1977).

The offspring of human pregnancies during which the mother suffered 

lead intoxication have been observed to have retarded intrauterine and 

postnatal growth, and damage to the nervous sytem (Gerber et al., 1980). At 

high maternal doses, it is clear that lead can adversely effect the outcome 

of pregnancy; however, there is no published evidence that lead causes birth 

defects in humans at lower levels of exposure (EPA, 1980). While lead can 

be transferred to the fetus, the human placenta appears to act as a partial 

barrier to such transfer (Gerber, 1980).

Carcinogenicity

The International Agency for Research on Cancer reported three relevant 

epidemiologic studies on men occupationally exposed to lead. Each study was 

subject to different limitations, but none reported any excess cancer due to 

lead exposure (IARC, 1980).

At least 25 bioassays of lead compounds have been conducted. Reviewing 

this evidence, the International Agency for Research on Cancer concluded 

that, "[l]ead acetate, lead subacitate and lead phosphate are carcinogenic 

to rats and lead subacetate to mice. These compounds induced benign and 

malignant tumors of the kidney following oral or parenteral administration. 

Gliomas occurred in rats given lead acetate or lead subacetate parenterally 

or by the oral route" (IARC, 1980). The carcinogenicity of lead arsenate, 

lead carbonate, lead oxide, metallic lead, lead naphthenate, and lead 

nitrate could not be evaluated because of inadequate or insufficient data.

If one assumes that absorbed lead circulates in a dissociated ionic 

form, and that the lead ion induces the experimental tumors, then lead in 

drinking water may pose a risk of cancer to humans. However, the nature of
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the animal experiments is such that the potential human risk cannot be 

calculated (NAS, 1982).

Other Chronic Toxicity

Chronic effects of lead exposure can be classified according the system 

affected: it is not uncommon for there to be some overlap. Except as 

otherwise noted, these effects only occur at high levels of exposure.

Central nervous system effects are common in children, and are often of 

insidious onset. Symptoms include clumsiness, irritability, insomnia, 

dizziness, falling, progressing to delirium, seizures, vomiting, coma, and 

death. The mortality rate is 25 percent Nearly half of the survivors have 

a neurologic deficit (e.g., retardation, 'izures, cerebral palsy)

(Klaassen, 1980).

This severe form of lead poisoning is unlikely in children exposed to 

the lead levels described elsewhere in this report. Of greater concern are 

more subtle effects on the CNS in terms of mental deterioration. Symptoms 

and signs of low-level poisoning inlcude impaired learning, hyperactivity, 

loss of motor skills and sensory perception, aggressive behavior, and 

convulsions. Such effects are seen when blood lead levels exceed 60 ug/100 

ml whole blood, though it may occur at lower levels (Klaassen, 1980).

Indeed, the apparent threshold for CNS effects in children has been 

progressively lowered on the basis of the results of more recent studies 

(Landrigan et al., 1980; Needleman, 1980).

It has been estimated that there is a threshold of about 55-60 m g / 100 

ml whoie blood with respect to effects on the CNS. The estimate has more 

recently been lowered to 50 p g / 100 ml whole blood (NAS, 1977, 1982). Animal 

evidence suggests that adverse biochemical effects occur at blood lead 

concentrations below 30 ug/lOU ml (Needleman, 1980; Averill and Needleman, 

1980). Otherwise asymptomatic children have been reported to have subtle 

neurologic impairment (Landrigan et al., 1980; Needleman, 1980).



Neuromuscular effects include "lead palsy." This syndrome of muscle 

weakness and fatigue is due to advanced chronic lead poisoning and is 

uncommon (Klaassen, 1980). It is not considered important for purposes of 

this Environmental Review.

Lead interferes with several biochemical steps in the synthesis of 

heme, a component of various oxygen-utilizing proteins (e.g., hemoglobin, 

myoglobin, cytochromes). Lead poisoning also causes anemia. The effect on 

heme synthesis is relatively easy to measure in the laboratory through 

analysis for heme precursors. The threshold blood-lead levels for 

accumulation of such precursors is below 20 pg/100 ml whole blood, or loss 

than the average "normal" value for lead in blood (Piomelli, 1980). Lead's 

actions on heme synthesis has been considered the most sensitive effect in 

humans (NAS, 1977).

Two types of kidney injury have been reported in humans: reversible

defects in reabsorption of certain nutrients and irreversible, progressive 

kidney failure usually found in persons with prolonged high-level lead 

exposure (Hammond and Beliles, 1980). Such kidney damage is not considered 

significant for the purposes of this Environmental Review.

Gastrointestinal effects are the most common syndrome of chronic lead 

intoxication among adults, and are characterized by loss of appetite, 

malaise, headache, constipation, and, in advanced cases, severe abdominal 

pain (Klaassen, 1980).

Copper

A bsorption and Metabolism

About 30 percent of dietary copper is absorbed from the 

lastrolntestinal tract. The fraction absorbed depends on the chemical form 

(salt or metal complex, water solubility) and on the presence of other 

substances (leucine increases absorption, while various ions of molybdenum, 

sulfur, iron and zinc decrease absorption) (Venugopal and Luckey, 1978).


