Carbon Disulfide Health Effects Assessment

for HEAC discussion June 17, 2008 (Revision of May 30, 2008)

IDENTIFICATION

 SEQ CHAPTER \h \r 1Substance Name: Carbon Disulfide
CAS:  75-15-0 

Synonyms: CARBON BISULFIDE; CARBON SULFIDE; CARBON SULFIDE (CS2); CARBON SULPHIDE; DISULFURE DE CARBONE (DOT FRENCH); DISULFURO DE CARBONO (DOT SPANISH); DITHIOCARBONIC ANHYDRIDE; NCI-C04591; RCRA WASTE NUMBER P022; SULPHOCARBONIC ANHYDRIDE; SULPHURET OF CARBON; UN 1131; WEEVILTOX; BISULFURO DE CARBONO (DOT SPANISH); CARBON BISULPHIDE; CARBON DISULFIDE; CARBON DISULPHIDE
Molecular Formula:   CS2

CHEMICAL AND PHYSICAL PROPERTIES

Physical state and appearance:  colorless to faintly yellow liquid

Odor description:  Commercial - a sweetish aromatic; industrial - rotten cabbage or radish. 
Odor threshold:  0.1-0.2 ppm (ACGIH, 1991)

Molecular weight: 76.14

ppm to mg/m³  (at 25(C and 760 mmHg) 1 ppm = 3.11 mg/m3
Vapor Pressure at 20(C: 297 mm Hg

Melting point: -11.5°C
Boiling point: 46.5°C at 760 mm Hg

Flammability:   Explosive limits: upper = 50%, lower = 1.25%

Specific Gravity: 1.293
FORMS, USES, APPLICATIONS, and EXPOSURES

Major Commercial Forms: Grades of Purity: Commercial; technical; USP. Modern plants can manufacture the chemical to about 99.99% purity.
Uses & Applications:   The most prominent industrial use of CS2 is in the production of viscose rayon fibers; it is also used in the production of carbon tetrachloride and cellophane. Carbon disulfide is used as a solvent for rubber, sulfur, oils, resins, and waxes, and has been used for soil fumigation and insect control in stored grain. Industrial processes that produce carbon disulfide as a by-product include coal blast furnaces and oil refining.  EPA EPCRA database reports list five California oil refineries with reportable quantities of carbon disulfide.

Exposure Routes: inhalation, dermal, ingestion.  One IH lab has reported taking air samples for CS2 but stopped after finding no significant exposures. 

Imports: (1985) 1.36X10+9 g

Exports: (1985) 1.64X10+9 g
MEASUREMENT INFORMATION:

NIOSH Method: NIOSH Method 1600. Analyte: Carbon disulfide. Matrix: Air. Sampler: Solid sorbent plus drying tube (coconut shell charcoal, 100 mg/50 mg, and sodium, sulfate, 270 mg).  Limit of Detection: 0.02 mg (one lab reported a 0.01 mg); Flow Rate: 0.01 to 0.2 l/min.; Estimated LOD for STEL sample is 2 ppm and TWA sample is 1.3 ppm (method sample volume max is 5 liters).

Detector Tube: Gastec detection limit: 0.3 ppm; Matheson-Kitagawa, detection limit 1 ppm.
Biomonitoring: It is metabolized to several metabolites including 2-thiothiazolidine-4-carboxylic acid (TTCA).  ACGIH BEI: 5 mg TTCA in urine / gm creatinine.
HUMAN HEALTH HAZARD DATA SUMMARY

Chronic Toxicity: Nervous system effects appear to be most sensitive target organ, reduced conduction velocity in the peripheral nerves and impaired performance in psychomotor testing. Other effects include alterations in serum lipids and blood pressure that are associated with increased risk of cardiovascular disease, systemic eye pathologies such as color vision and damage to the blood vessels of the retina, reproductive effects (developmental – reduced fetal weights), and with higher exposures increased mortality from heart disease.  California Proposition 65 lists CS2 with male and female developmental effects.  No evidence of carcinogenicity has been observed in limited epidemiological studies. 
Acute Toxicity:

CNS effects such as polyneuritis, psychosis, gastric disturbances, headaches, vertigo, impotence, tremors, sleep disturbances.

Other Information:
Toxic amounts may be absorbed via the skin (Fairhill, 1957). One study calculated a human dermal absorption rate of 0.232 to 0.78 mg/cm(2)/hr (Dutkiewicz & Baranowska, 1967).  Persons with disorders of the central nervous system, eyes, cardiovascular system, kidneys, and liver may be more sensitive to CS2 (Reprotext, 1999). Persons taking disulfiram (Antabuse) may be more sensitive to CS2 (Brugnone et al, 1992; Caroldi et al, 1994) since disulfiram is metabolized to CS2.  Human subjects exposed for 6 hours to 10 ppm (30 mg/m³) CS2 exhibited an inhibition of oxidative N-demethylation (Mack et al., 1974). In persons using drugs such as analgesics, hypnotics, antidiabetics, and anticonvulsants, which are metabolized by oxidative N-demethylation, critical elevations in the plasma levels of these agents may be observed following exposure to CS2.

Carcinogenicity:

ACGIH, A4, (ACGIH, 2005)

EPA, Not Assessed under the IRIS program, (IRIS, 2004)

IARC, Not Listed, (IARC, 2004)

MAK, Not Listed, (DFG, 2002)

NIOSH, Not Listed, (NIOSH, 2003)

NTP, Not Listed, (NTP, 2005)
AGENCY and ORGANIZATIONAL SOURCES AND RECOMMENDATIONS:

AIHA ERPG Values (2006):  ERPG-1: 1 ppm; ERPG-2: 50 ppm;  ERPG-3: 500 ppm.
ACGIH TLV (2006): TWA 1 ppm, basis Johnson et al 1983.  Skin designation.
ATSDR (2000): 0.3 ppm for chronic (365 days and longer) inhalation exposures.

(0.3 ppm)(7/5 days)(20/10 M3)(52/50 wks)(70/40 yrs) = 1.5 ppm
Cal/OSHA 5155, Table AC-1: 4 ppm TWA, 12 ppm STEL, 30 ppm Ceiling, skin notation.

EPA IRIS RfC (2004): Inhalation, 0.7 mg/m³.

Fed/OSHA: 20 ppm PEL, 30 ppm Ceiling, maximum above ceiling 100 ppm for 30 minutes.
National Institute for Occupational Safety and Health Recommended Exposure Limit: (2005) 1 ppm TWA; 10 ppm STEL, maximum above ceiling 100 ppm for 30 minutes; skin notation.
National Research Council Emergency Exposure Guidance Levels, EEGLs (1984): 10 minute: 200 ppm; 30 minute: 100 ppm; 60 minute: 50 ppm.
OEHHA Acute Reference Exposure Level: (1999) 6 hour exposure (protective against severe adverse effects): 2.0 ppm (6.2 mg/m³); Study Saillenfait et al., 1989 ; Study population pregnant rats; Exposure method inhalation of 0, 100, 200, 400, and 800 ppm; on days 6-20 of gestation. Critical effects significant reductions in fetal body weight; LOAEL 400 ppm, NOAEL 200 ppm; Exposure duration 6 hours; LOAEL UF 1, Interspecies UF 10, Intraspecies UF 10, Cumulative UF 100.

OEHHA Chronic REL (2001): 800 ug/M³, CNS/PNS reduction in motor nerve conduction velocities in occupationally exposed humans.  Also indicated reproductive effects.  

(0.800 mg/m3)(7/5 days)(20/10 M3)(52/50 wks)(70/40 yrs)(1ppm/3.1mg/M3) = 1.3 ppm.  The OEHHA Chronic REL is based upon the study of Johnson et al 1983.  

OEHHA MADL (max. allowable daily level) (2006): Inhalation: 1 mg/day; Oral 6 mg/day.
OSHA: (1989) proposed PEL, 4 ppm TWA and 12 ppm STEL, skin notation; based on cardiovascular disease, reproductive effects and neurological impairment.
Others:
MSHA STANDARD-air: TWA 20 ppm, skin. 

ARAB Republic of Egypt: TWA 10 ppm, skin, 1993. 

AUSTRALIA: TWA 10 ppm, skin, 1993 

BELGIUM: TWA 10 ppm, skin, 1993 

DENMARK: TWA 5 ppm, 2002

FINLAND: TWA 5 ppm, skin, 1999 

FRANCE: VME 10 ppm, VLE 25 ppm 1999 

GERMANY: MAK 16 mg/m3, 2005 

INDIA: TWA 10 ppm, Skin, 1993 

JAPAN: OEL 10 ppm, Skin, 1999 

MEXICO: TWA 10 ppm, 2004 

NORWAY: TWA 5 ppm, 1999 

POLAND: MAC (TWA) 18 mg/m3, MAC (STEL) 30 mg/m3, 1999 

RUSSIA: TWA 3 mg/m3, STEL 10 mg/m3, 2003 

SWEDEN: NGV 5 ppm, KTV 8 ppm, Skin, 1999 

THAILAND: TWA 20 ppm, STEL 30 ppm, 1993 

THE NETHERLANDS: MAC-TGG 30 mg/m3, Skin, 2003 

THE PHILIPPINES: TWA 20 ppm, Skin, 1993 

TURKEY: TWA 10 ppm, Skin, 1993 

UNITED KINGDOM: TWA 10 ppm, skin, 2005  
DRAFT HEAC RECOMMENDATIONS

Permissible Exposure Limit: 1 ppm.  This recommended PEL is set to protect workers from decrements in peripheral motor nerve conduction velocities due to repeated and prolonged exposure to carbon disulfide.  Toxicology studies have identified the peripheral nervous system as the most sensitive target organ.   In determining this PEL, the HEAC recognized the study of Johnson et al (1983) as providing the greatest scientific weight of evidence.   Several other limit-setting agencies have referenced this study and used it to derive exposure limits (OEHHA Chronic REL 1.3 ppm, NIOSH 1 ppm, EPA IRIS RfC 0.6 ppm, ATSDR 1.5 ppm, ACGIH TLV 1 ppm). 

Short Term Exposure Limit: 10 ppm.  This recommended STEL is set to prevent acute effects from brief, transient exposures likely to cause headache, fatigue, anorexia and psychiatric changes.  This STEL is based upon the study of Warot et at (1964) that identified exposures as low as 30 to 50 ppm as capable of producing these symptoms.  NIOSH has recommended a 10 ppm STEL, and Fed/OSHA had a vacated STEL of 12 ppm.  
Other: Skin Absorption Notation.  This recommendation is based upon the work by Dutkiewicz and Baranowska (1967) who measured skin absorption in human volunteers.  This study provides enough data to support a warning that skin absorption can be a significant route of workplace exposure.  Other standard-setting agencies have indicated the risk of over-exposure via skin absorption (NIOSH, OSHA, ACGIH, FRG MAK and others).
TABLE OF EXPOSURE RESPONSES  SEQ CHAPTER \h \r 1
	Exposure
	Result
	Reference

	Reproductive or Developmental Effects
	

	40 ppm NOAEL
	No teratogenic effects were observed in rats and rabbits exposed to 40 ppm

(120 mg/m³) CS2 for 6 hours per day on days 1-19 or 1-24 of gestation, respectively.
	Hardin et al., 1981; referenced by US EPA NOAEL and OEHHA Prop 65 Reproductive and Developmental MADL.

	610 ppm LOAEL
	Male rats exposed to approximately 610 ppm (1,900 mg/m³) CS2 for 6 hours per day, 5 days per week for 10 weeks resulted in significant changes in copulatory behavior by the fourth week and reduction in sperm counts by the seventh week. No significant adverse effects on male rat reproductive parameters were observed following 1 week of exposure to 610 ppm CS2.
	Zenick et al., 1984.

	30 ppm LOAEL
	Multigenerational reproductive study, pregnant rats (F0) inhaled 0.03-200 mg/m³ (0.01-60 ppm) CS2 for 8 hours per day for the duration of gestation. When the healthy pregnant female offspring of the F0 rats (F1) were exposed to CS2 during gestation at levels identical to their prenatal exposure, the progeny of F1 (F2) had significantly more malformations than the F1 generation or the progeny of unexposed rats. For example, exposure at 0.03 mg/m³ was non-teratogenic in the F1 generation yet had teratogenic effects on the F2 generation. At the highest level of exposure (200 mg/m³), 38% of the first generation (F1) exhibited some malformations and 53% of the progeny of this generation (F2) were malformed while no malformations were observed in controls. The LOAEL for teratogenic effects in the first generation was 100 mg/m³ (30 ppm).
	Tabacova et al., 1983.  EPA NOTATION: It is not clear from the paper if concentrations were measured from the input lines and whether there was potential condensation on fur, cage walls, or food. The study design and the toxicological endpoints observed may be valid, but the dose levels may not have been adequately determined.

	250 ppm NOAEL
	In a reproductive toxicity study, groups of 15 female rats were exposed to 125, 250, and 500 ppm carbon disulfide 6 hours per day from 14 days prior to mating through day 19 of gestation. Difficulty with delivery (dystocia) was observed in 2 dams and total litter loss was observed in 3 dams from the 500 ppm group. Increased pup mortality, decreased pup viability, and decreased mean litter size were also observed in this group.
	CMA, 1993

	200 ppm NOAEL
	Pregnant rats (17-22 per exposure group; 40 controls) were exposed to 0, 100, 200, 400, or 800 ppm carbon disulfide 6 hours per day on days 6-20 of gestation.  A statistically significant reduction in maternal body weight gain was observed in rats exposed to 400 or 800 ppm carbon disulfide. Fetal body weights were also statistically significantly reduced in these exposure groups. A statistically significant increase in the incidence of unossified sternebrae was observed at 800 ppm. An increase in the incidence of club foot at 400 and 800 ppm was not statistically significant.  LOAEL UF 1, Interspecies UF 10, Intraspecies UF 10, Cumulative UF 100.
	Saillenfait, et

al., 1989 ; referenced by OEHHA for Acute REL.

	300 ppm NOAEL
	Pregnant rabbits in groups of 24 were exposed to 0, 60, 100, 300, 600, or 1,200 ppm carbon disulfide 6 hours per day on days 6-18 of gestation. In dams exposed to 1,200 ppm, statistically significant decreases in maternal weight gain and clinical signs of toxicity including ataxia, low food consumption, labored respiration, wheezing, tremors, and abortion with bloody excretion involving the death of two animals, were observed. No exposure-related signs of maternal toxicity were observed in does of the other dose groups. In this study, post implantation loss had a significantly higher incidence in does exposed to 600 or 1,200 ppm. Total resorption was observed in 2/22 and 14/21 litters of the 600 ppm and 1,200 ppm exposure groups, respectively. Mean fetal body weight was significantly reduced in the 600 and 1200 ppm exposure groups.
	PAI (1991)

	1.6 ppm LOAEL
	Abstract summary only: Chinese study on male rats exposed to CS2 0, 1.6, 8, 40 ppm prior to mating; some adverse effects (body wt., growth, etc) noted in all dosed groups.  Abstract was not clear on effects at doses.
	Chen G, et al, 2005

	

	Immediately Dangerous to Life Exposures
	

	144 ppm/hr NOAEL
	Human: Occupational Exposure to 322-643 ppm 4-5 hours/day may result in severe CNS effects such as polyneuritis, psychosis, gastric disturbances, headaches, vertigo, impotence, tremors, sleep disturbances, and myopathy within 2 months.  No life-threatening effects were reports.   Estimated safe limit for one-hour exposure was derived to be 144 ppm.
	Vigliani, 1954. Toyama and Sukurai, 1967.

	

	Genetic Effects
	

	129 ppm NOAEL
	Mice exposed to 0, 200, 400, and 800 mg/M3 for 5 wks, germ cells tested by electrophoresis and flow cytometry.  Slight effect in higher doses; no change to 400 mg/M3 dose group.
	Wu, 2005.

	

	Neurological Effects and Heart Disease
	

	10 LOAEL
	OSHA’s vacated PEL documentation states ACGIH (1986) and NIOSH (1977b) suggest exposure to carbon disulfide levels between 10 and 40 ppm was associated with an excess risk of coronary heart disease and of adverse neurological effects.  These reports comprise a series of studies carried out on carbon-disulfide exposed workers in Great Britain (Tiller, Schilling, and Morris, 1968) and Finland (Seppalainen and Tolonen, 1974; etc).  The British cohort was recently followed up by Sweetnam et al, 1987, and the Finnish workers have been followed up by Nurminen and Hernberg, 1985.
	OSHA, Toxicological Review of Selected Chemicals, Carbon Disulfide, 1989, 54FR2332.

	10 ppm NOAEL
	Cohort of viscose industry workers compared to non-exposed; exposed group had median exposure to CS2 below current MAK (10 ppm).  A statistically significant decrease in motor nerve conduction velocity was measured but a ‘long way from pathological thresholds’.  
	Reinhardt, F, et al 1997.  (abstract only)

	1.8 ppm NOAEL (and 4.0 LOAEL)
	Cohort of viscose rayon workers compared to non-exposed; estimated exposures 1.2, 5.1, and 12.6 ppm; peroneal MCV was statistically decreased in overall exposed group.
	Johnson, BL, et al 1983. Used by EPA IRIS for RfC

	10 ppm LOAEL
	Study of viscose workers for neurological health effects compared to non-exposed workers found higher prevalence of positional tremor, finger tapping dominant and non-dominant hand, sural nerve amplitude, sympathic skin response amplitude and EMG abnormalities.   “An excess of psychomotor slowing, tremor and peripheral polyneuropathy was found in workers on average exposed to CS2 concentrations below 31 mg/M3.  Data suggest that even average exposures as low as 10 mg/M3 can cause the deleterious effects.”
	Goggeris, L et al, 2006.
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