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 8-hour TWA   : 5ppm (15 mg/m3)  
 STEL (15 mins)  : none 

 Further notation :  Skin  

 BLV    : 1.5 mg TTCA/g creatinine 

 

 
Substance 

 Carbon Disulphide   CS2   S=C=S 

 Synonyms : carbon bisulphide 

    carbon bisulfide 

    carbon sulphide 

    dithiocarbonic anhydride 

    sulphocarbonic anhydride 

 CAS No : 75-15-0 

 EINECS No : 2008436 

 EEC No : 006-003-3 

 EU classification F; 11 

Repr.Cat.3; R62-63 

T; R48/23 

Xi; R36/38 

 Mwt  : 76.14g/mol 

 Conversion factor (25oC, 1 bar): 1mg/m3 = 0.317ppm 

      1ppm = 3.16mg/m3 
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Occurrence/uses: 
 
Carbon disulphide (CS2) is a dense, highly volatile and refractive clear liquid which yellows 
on exposure to air and light and usually has an offensive odour due to minor impurities such 
as mercaptans. CS2 is highly flammable and its vapours can auto-ignite at temperatures above 
102oC. It is slightly soluble in water, miscible in many organic solvents and a good solvent 
for a wide range of organic substances, sulphur and phosphorus. CS2 can be found in natural 
sources such as salt marshes (Aneja et al., 1982) and volcanic plume and ash (Beauchamp, 
1983). Traces also occur in crude oil and coal tars. Until the 1950s, it was manufactured from 
charcoal and sulphur vapour by the retort process and the electro-thermal process, but it is 
now mostly manufactured by the catalytic reaction of sulphur vapour and methane (in natural 
gas) (DECOS, 1994). It is principally used in making viscose rayon fibre, cellulose film and 
other viscose products. It is also used in the production of carbon tetrachloride and for the 
manufacture of other chemicals, pesticides, dyes, drugs, and in rubber curing. Its use as a 
laboratory agent is becoming more restricted due to its high reactivity, flammability and 
toxicity (DECOS, 1994). 
 
 
Health significance 
 
There is extensive literature on the toxic effects of CS2 in humans and animals, including a 
number of comprehensive reviews (BUA, 1993; DFG, 1999, 2003 and DECOS, 1994). 
 
Toxicokinetic and Metabolism 
CS2 is rapidly taken up into the blood following all routes of exposure in both humans and 
experimental animals. In all animal species a steady-state concentration of free CS2 in the 
blood is reached within 30-120 minutes. For acid-labile CS2, which is probably covalently 
bound to proteins, a steady state might take several days to reach, depending on the exposure 
concentration or dose (BUA, 1993). In humans it has been calculated that up to 90% of 
inhaled CS2 is retained in tissues (BUA, 1993). The metabolism of CS2 is reasonably well 
documented and in general involves an oxidation by the mixed-function oxidase and then 
decomposition of the reactive intermediate. One of the known pathways via dithiocarbamates 
and trithiocarbamates leads to the production of urinary 2-thiothiazolidine and 2-
thiothiazolidine-4-carboxylic acid (TTCA). This latter metabolite is used for biological 
monitoring because its levels correlate well with exposure (Drexler et al., 1995a). For many 
experimental animal species, some unaltered CS2 is eliminated via the lungs following all 
routes of exposure. Metabolites are excreted via the urine and faeces. 
 
Local effects 
Following local application, severe effects of CS2 on skin and mucous membranes, including 
blistering, ulceration and degeneration of sweat glands and local nerve endings, have been 
described in animal studies, but the potential for such effects in humans has not been 
investigated thoroughly. There are no available studies on the allergenic potential of CS2.  
 
Acute effects 
Acute toxic effects of CS2 in humans have been reported only rarely, except from accident 
situations.  Effects such as headache, nausea (Spyker et al., 1993) and cerebral damage were 
noted in one individual exposed for about 20 minutes to a poorly characterised but potentially 
very high concentration (Kruse et al., 1982) Animal studies support the rather low acute 
toxicity of CS2 (BUA, 1993). 
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Effects of repeated exposure 
In relation to repeated exposure, many of the most serious toxic effects of CS2, such as 
neurotoxicity, cardiotoxicity and reproductive toxicity, have been reported in investigations 
using experimental animals and also in humans in the occupational setting, and are well 
established. This toxicity is probably due to CS2 reacting with biological macromolecules 
(DeCaprio et al., 1992). Such reactions can result in the formation of thiocarbamates, 
isocyanates, thiourea and urea, which can also then go on to participate further in a range of 
specific reactions with biological systems. 
 
Neurological effects 
The ability of CS2 to produce chronic neurological damage to both the central (CNS) and 
peripheral nervous systems (PNS) is well established.  
Chronic exposure of all species of experimental animals can lead to pronounced changes in 
the CNS with degeneration of neurons in various parts of the brain. Morphological changes 
observed in the spinal cord and the peripheral nervous system result from swelling of axons 
caused by an increase in neurofilaments (CS2 can bind to neurofilaments resulting in the 
formation of cross links and subsequent axonal swelling (Graham et al., 1995)). This results 
in functional changes such as reduced velocity of stimuli transfer. Secondary myelin 
alterations also occur. Ataxia and paresis are frequently observed as marked manifestations of 
peripheral neuropathy (BUA, 1993).  
Neurobehavioral changes have also been reported in a number of occupational studies 
(Herborn, 1992 and Cassitto et al., 1993), but there was uncertainty regarding the actual 
exposure concentrations involved. A polyneuropathy with irreversible reduction in motor 
velocity of both motor and sensory nerves has been reported by some authors with an 
estimated NOAEL of 12mg/m3 (4ppm) over 40 years (8-hour day and 5-day week) (Chu et 
al., 1995 and Ruijten et al., 1990). Effects on the autonomic nervous system were also 
reported (Ruijten et al., 1993). However, a more recent occupational study (Reinhardt et al., 
1997) found no such neurotoxic effects at a median exposure of 12mg/m3 (4ppm) over a 
median period of 66 months. In viscose fibre-production workers, sub-clinical effects on the 
nervous system (reduced nerve conduction velocities) were reported (Takebayashi et al., 
1998) with current average air concentrations of 12.5mg/m3 with peaks up to 120mg/m3. In a 
follow-up study, cerebrovascular effects of CS2 exposures were studied by brain magnetic 
resonance imaging to determine hyperintense spots (HIS, “silent cerebral infarctions”) in 
Japanese viscose rayon factory workers (Nishiwaki et al., 2004). The six-year follow up 
study comprised 217 exposed workers, 125 workers who were transferred to other duties due 
to cessation of production (“ex-exposed”) and 324 referent individuals. Mean duration of 
exposure was 19.6 years. The CS2 concentration in the breathing zone and the urinary 
metabolite TTCA concentration were determined twice a year in the follow up period. The 
geometric mean exposure of CS2 and TTCA in all exposed workers were 4.9 ppm (15 mg/m3) 
and 1.6 mg/g creatinine, respectively. In the follow up period, the CS2 exposure level was 2.5 
ppm (8 mg/m3) in the lowest quartile and 8.1 ppm (26 mg/m3) in the highest quartile. No 
difference was apparent from prevalence of these lesions in the exposed, ex-exposed and 
reference workers. Nevertheless, the increase in HIS in the follow up period was 24, 15, and 
12% in the exposed, ex-exposed and referent workers, respectively. The multivariate adjusted 
odds ratio (OR, 95% CL) was significantly increased in exposed (2.27 (1.37-3.76)), but not in 
the ex-exposed workers (1.33 (0.70-2.54)). In general, no exposure-response relationship was 
observed with mean TTCA concentrations. If the cases in the exposed and ex-exposed groups 
are combined and compared with the referent group in a univariate analysis, it can be 
calculated that the CS2 exposure accounts for 40% of the new HIS cases in the combined 
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group CS2 group. The authors of the study conclude that the results should be interpreted 
cautiously due to lack of an exposure-response relation and due to several potential 
limitations of the study. The conclusion of the authors is supported. Even if the formation of 
hyperintense spots may be partially attributable to CS2 exposure, the absence of a dose-
response relationship, the limitations of the study and the relative newness of application of 
MRI scans in the identification of toxic responses with the lack of criteria for the definition of 
adverse effects indicate that the results of this study are not suitable for setting an OEL.  
 
An increased prevalence of colour discrimination disturbances in CS2-exposed workers was 
observed at 10-15mg/m3 (3-8 ppm) (Valic et al., 2001) and at 14-20mg/m3 (4-6 ppm) (Wang 
et al., 2002); however the relevance of such findings is not clear due to methodological 
shortcomings.   
 
Effects on hearing 
In humans, adverse effects on hearing, such as a reduction in auditory threshold and loss of 
hearing have been reported for 8h TWA exposure to CS2 above 30mg/m3 (9.5ppm; Hirata et 
al., 1992a) whereas in rats, slight but detectable changes in auditory brainstem responses 
were recorded after exposure to CS2 concentrations of 600mg/m3 (190ppm) for 15 weeks 
(Hirata, 1992b). In workers exposed to CS2 at concentrations of 10-35mg/m3 (3-11 ppm) and 
high noise levels, hearing impairment was reported (Kowalska et al., 2000). 
 
Cardiovascular effects 
In experimental animals, functional and morphological changes of the heart including 
necrosis of the myocardium, have been observed at relatively high dosages or exposure 
concentrations of CS2 and have been attributed to both a direct effect of CS2 on the heart and 
to increased incorporation of cholesterol and lipoproteins into heart vessels leading to 
arteriosclerosis (BUA, 1993). 
Serious cardiovascular effects of CS2 in humans have been observed following long-term 
exposure in viscose workers. The effects included elevated blood pressure, angina pectoris, 
the more rapid development of arteriosclerosis and excess mortality from cardiac infarction. 
It appears that exposure to 8h TWA levels of approximately 30mg/m3 (9.5ppm) for periods of 
up to 10 years caused electrocardiogram changes (Kamal et al., 1991 and Vanhoorne et al., 
1992). It is probable that the cardiotoxic effects are associated with reported increases in 
cholesterol, serum triglycerides, low density lipoprotein and apolipoprotein A1 and B 
(Egeland et al., 1992; Stanosz et al., 1994 and Vanhoorne et al., 1992). However, such results 
have not been consistent; although Stanosz et al., (1994) reported elevation of blood lipids at 
15 to 20mg/m3 (5-6ppm), another study found no changes in blood pressure, lipoproteins or 
blood clotting in a large well-conducted cross-sectional study (247 male workers) at a median 
exposure of 12mg/m3 (4ppm) over a median duration of 66 months (Drexler et al., 1995b). In 
a large cohort of Dutch viscose workers (1,434 workers) exposed for 6 months or longer, the 
standard mortality ratio for death from cardiac infarction was 126 (statistically significant) 
(Swaen et al., 1994). The authors estimated an average 8h TWA exposure of 22mg/m3 

(7ppm), but the data appeared to show an inverse dose-response relationship (Swaen et al., 
1994). The greatest risk appeared to be 20 to 30 years after the start of exposure. In contrast, 
there was no increase in coronary artery disease or arteriosclerosis in a study of 247 workers 
exposed to a measured median 8h TWA concentration of 12mg/m3 (4ppm) for a median 
duration of 66 months (Drexler et al., 1995b). However, in the same study a non-clinical 
haemodynamic increase (1-2mm) in the diameter of the left heart chamber was noted in 
exposed versus control workers. The role of CS2 and the clinical significance of this finding 
are uncertain; examination of subjects during exercise did not reveal any apparent ill-health 
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consequences. A number of studies have reported damage to the blood vessels of the retina of 
the eye, such as microaneurysms and haemorrhage, in viscose workers, but co-exposure to 
hydrogen sulphide has also been suggested as a causative agent and it is altogether unclear 
what the contribution of CS2 to these effects is (Vanhoorne et al., 1995).  
 
In a study in which workers were exposed to current concentrations of 10-18mg/m3 (3-6 
ppm) there were changes in several parameters of heart rate variability but this could not be 
attributed to CS2 exposure alone (Bortkiewicz et al., 1997).  
Earlier suspicions that CS2 had a negative inotropic effect on heart muscle were not 
confirmed (Korinth et al., 2003).  
Changes in resting or 24 hours ECG were demonstrated in workers with CS2 exposure for 
more than 20 years (Bortkiewicz et al., 2001) and increased cholesterol levels were reported 
in workers with current CS2 exposures less than 30mg/m3 (10 ppm) but cumulative exposure 
indices of more than 100mg/m3 (30 ppm) (Kotseva, 2001).  Workers with cumulative 
exposure indices of more than 150mg/m3 (50 ppm) showed increased risk of coronary heart 
disease, ischaemic ECG and ischaemia (Kotseva et al., 2001a).  The same workers also 
demonstrated reduced arterial wall dispensability and increased heart rate (Braeckman et al., 
2001; Kotseva et al., 2001b).   
In women exposed “chronically” to CS2 concentrations between 9.36 and 23.4mg/m3 (3 and 
8ppm), there were reported significant effects on the plasma lipid fraction and in the 
coagulation system (Stanosz et al., 1998).  In a recent critical evaluation of studies on 
cardiovascular effects (Sulsky et al., 2002), 37 investigations of sufficient quality were 
appraised and the authors concluded that there are no strong or consistent associations 
between CS2 exposure and coronary heart disease or relevant risk factors in 15 studies below 
20 ppm.  The only finding, but not consistently found, below this level was an increase in 
total or LDL cholesterol.  Even at higher concentrations (>20ppm), the associations with 
coronary heart diseases or other clinical indications were inconsistent and often contradictory. 
The authors of this review have noted the difficulties and complexity (of deriving a clear no 
effect level for CVD or early markers of disease in these studies and have not attempted to 
derive one in their review. 
In viscose fibre-production workers, sub-clinical effects on the retinal artery 
(microaneurysm) were reported (Omae et al., 1998) with current average air concentrations 
of 12.5mg/m3 (4.1ppm) with peaks up to 120mg/m3 (30ppm). A follow-up study on 
cardiovascular effects of CS2 exposures (Takebayashi et al., 2004) was performed. The 
exposed, ex-exposed and non-exposed workers were 251, 140 and 359 in the respective 
groups. The incidence of coronary artery ischaemia, defined as Minnesota 
electrocardiographic codes I, IV1-3, V1-3 (tested at rest and after step test) or receiving 
treatment for ischaemia, was 6.4, 4.7 and 11% in the non-exposed, ex-exposed and exposed 
workers, respectively. The odds ratio was significantly increased in the exposed group (2.0 
(1.1-3.6)). Exposures were divided into quartiles. The odds ratio of the ischaemic findings 
was significantly increased in the highest quartile (4.2 (1.8-9.7)) with an exposure level of 8.7 
ppm (28 mg/m3). In the age restricted groups (<35 years), the incidence of ischaemic findings 
was 3.8% in the non-exposed group and 12.4% in the exposed group, which was statistically 
significant. This indicates that recent exposure contributed to the development of the 
ischaemic findings. However, with more severe electrocardiographic signs for defining 
ischaemia both incidence and prevalence were comparable among the three groups. The 
incidence of retinal microaneurysm was 5.0, 5.0 and 9.2%, respectively, in the three groups. 
The incidence in the exposed group was marginally increased (2.3 (1.0-5.4)) among exposed 
workers, but not in the ex-exposed group (1.4 (0.3-4.9)). If the cases in the exposed and ex-
exposed groups are combined and compared with the referent group in an univariate analysis, 
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it can be calculated that the CS2 exposure accounts for 32% of the new onset ischaemic signs 
and 39% of the retinal micro- aneurysm cases in the combined group CS2 group.  Exposure 
data on CS2 concentrations prior to 1992 was unavailable. The ECG changes were only 
evident using the Minnesota electrocardiographic codes I, IV1-3, V1-3 (tested at rest and after 
step test). The value of exposure-related findings with the "Minnesota code" is disputed. 
When (generally accepted) "rigorous" ECG criteria were applied on the findings, e.g. ST 
depression > 2 mm, no significant effects of CS2 exposure were found any more. The ECG 
findings in this study using the "Minnesota code" are therefore not of clinical relevance. The 
incidence of retinal micro-aneurysm was increased with marginal significance in the high 
exposure group (8.7ppm) and has been reduced over time. In 1998 peak exposure was up to 
30ppm and may be responsible for the effects observed. The clinical relevance of this 
marginal statistical significant effect seems to be low. The study indicates therefore no 
clinically relevant cardiovascular effects at mean exposure levels of 5ppm CS2.  
 
A recent study describes the effects on Chinese viscose rayon workers of CS2 exposure at 
concentrations well below the ACGIH TLV of 31 mg/m3 (10 ppm), but above the Chinese 
MAC of 10 mg/m3 (3,3 ppm) (Tan et al., 2004). This is an important study because although 
the design is cross-sectional, the reliability of the exposure assessment is good. In this case, 
as the main production process had remained unchanged an inference was made that the 
current exposure levels observed are representative of those from past exposure.  
Cardiovascular symptoms, blood pressure, blood lipid and ECG measurements were made in 
a cohort of 367 male and female CS2-exposed workers (with a minimum of 4 years’ exposure 
to CS2) and 125 unexposed referents. The CS2-exposed group was then subdivided into two 
groups on the basis of cumulative exposure index (CEI), with a CEI of 100 (10 years’ 
exposure to the MAC of 10 mg/m3) used as the cut-off between low and moderate exposure. 
Personal monitoring revealed geometric mean values CS2 concentration of 13.7 mg/m3 (4.6 
ppm) (staple workers) and 20.05 mg/m3 (6.7 ppm) (filament workers); the BEI was less than 
the ACGIH standard (5 mg/g creatinine) in the majority of cases. No effect on reported 
cardiovascular symptoms, blood pressure, blood lipid levels or major / minor ECG 
abnormalities could be attributed to CS2 exposure after adjustment for confounding factors. 
This study also indicates no clinically relevant cardiovascular effects at mean exposure levels 
of up to 6.7ppm CS2. 
 
 
Genotoxicity and Carcinogenicity 
CS2 has been shown to be negative in a range of tests for genotoxicity (BUA, 1993). A 
number of studies have considered the carcinogenic potential of CS2 (Nurminen & Hernberg, 
1984, 1985; Wilcosky et al., 1984 and Swaen et al., 1991), but no effect has been shown. A 
study with strain A/J mice with 6 months exposure (6-hour day, 5-day week) at 936mg/m3 
(296ppm) did show an increase in lung adenomas in exposed animals compared to controls 
(Adkins et al., 1986). However, the animal model used, the nature of the results and the study 
design are not considered appropriate for interpretation for the identification of carcinogenic 
potential for humans.  
 
 
Reproductive Toxicity 
There are reported reproductive effects in both male and female workers. In males there are 
reports, not always consistent, of reduced sperm counts and changes in sperm morphology at 
8h TWA exposures of around 30mg/m3 (10ppm; BUA, 1993). This has not been confirmed in 
other studies (Vanhoorne et al., 1993 and 1994), although a reduction in workers’ libido and 
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potency was noted at 30mg/m3 (10ppm) and above (Vanhoorne et al., 1994). In female 
workers, inconsistent findings of menstrual disorders have been reported with 8h TWA 
exposures of 40-60mg/m3 (13-20ppm) for 1-6 years (Cai & Bao, 1981) and 3-15mg/m3 (1-
5ppm) for 1->10 years (Zhou et al., 1988).  In this latter study, no effect was found on other 
reproductive functions, or outcomes such as toxaemia, emesis, spontaneous abortion, 
stillbirth, premature and overdue delivery, or congenital malformation. Exposure was 
estimated by the use of fixed-point monitoring and time activity matrix, and thus will have 
some uncertainty in terms of true personal exposure.  In addition, an increased incidence of 
abortion in female workers exposed to CS2 over a wide range of concentrations has been 
reported (DFG, 1995). In rats, CS2 can impair male fertility by affecting the sperm count and 
mating behaviour (NOAEL of >1000mg/m3, 300 ppm) (BUA, 1993). In experimental animal 
studies there are suggestions that CS2 is embryotoxic at doses that are not maternally toxic 
(25-150mg/m3 (8-48ppm). Sensitivity varies between species. Teratogenic effects have only 
been observed in experimental animals at maternally toxic doses (≥150mg/m3, 50 ppm), 
BUA, 1993). 
 
 
 
Biological monitoring 
CS2 readily penetrates the skin and is accumulating in the body. Therefore, biological 
monitoring of CS2 exposure is widely used and reliable methods are available. The method 
most frequently used is the determination of the metabolite 2-thiothiazolidine-4-carboxylic 
acid (TTCA) in urine. Recent studies have shown that a 8-h TWA inhalation exposure of 5 
ppm (15 mg/m3) of CS2 will correspond to a mean biological value of about 1.0 to 1.6 mg 
TTCA/g creatinine (see table 1). Higher values may be indicative of excessive inhalation 
and/or dermal exposure. The study by Shih et al. (2003) will not be taken into consideration 
due to higher TTCA-concentration in urine of a low number of workers compared to the 
other studies.   
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Table 1. Correlation between concentration of CS2 in the air and the concentration of its metabolite 2-

thiothiazolidine-4-carboxylic acid (TTCA) in urine 

Exposed  
group 

 
CS2 in the air (ppm) 

TTCA in urine (mg/g 
creatinine) post-shift 

Reference 

61 5 1.7 Unpublished study (UK) 
2006 

184 workers 4.8; 1.8 (GM; GSD) 1.5; 1.9 (GM; GSD) 
254 workers 5.0; 1.8 (GM; GSD) 1.6; 1.9 (GM; GSD) 

Takebayashi et al., 2004 

[6.36; 0.42 (GM; 
GSD)] 

1.07; 0.38 (GM; GSD) 
0.08-1.56 (95% CI) 

367 workers  

[4.35; 0.35 (GM; 
GSD)] 

1.18; 0.43 (GM; GSD) 
0.06-2.13 (95% CI) 

Tan et al., 2004 

325 workers 6.04 (mean) 
0.03-91.08 (range) 

1.14 (mean) 
0.02-11.50 (range) 

Korinth et al., 2003 

5 workers  
(8-h shift) 

6.3±0.64 (AM±SD) 
 

3.24±0.63 (AM±SD) 

7 workers 
(12-h shift) 

11.3±1.47 (AM±SD) 5.73±2.79 (AM±SD) 

Shih et al., 2003 

10 workers 10.1  3.0 Chang et al., 2002 
279 5 2.085 Drexler et al.1995 

{109} 5 {1.91} Drexler et al.1995  

{93} 5 {2.65} Drexler et al., 1995 

{37} 5 {2.71} Drexler et al., 1995 

{95} 5 {1.915} Drexler et al., 1995 

{16} 5 {1.37} Drexler et al., 1995 

51 5 2.16 Drexler et al., 1994 

39 5 5.98 Krstev et al;,1993 
20 5 2.34 Riihimäki et al,1992 

29 5 1.10 Meuling et al., 1990 

30 5 1.8 Campbell1 et al.,1985 
15 5 2.2 Freudlspergel et al; 1982 

Abbreviations: AM: arithmetic mean; GM: geometric mean, GSD: geometric standard deviation; SD: standard deviation 
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Recommendation 
 
There is an extensive database on the health and toxicological effects of CS2 in humans and 
in experimental animasl. For experimental animals, a NOAEL for long-term exposure 
appears to be in the range 150 to 800mg/m3 (48-254ppm; BUA, 1993). However,  effects in 
humans are seen at much lower exposure concentrations, therefore the quantitative aspect of 
the experimental animal data is not suitable for establishing a reliable basis for an OEL. 
  
Although there has been a long history of the known toxic effects of CS2, particularly on the 
nervous system and the cardiovascular system, SCOEL noted in their deliberations that there 
has been considerable difficulty for other OEL-setting committees and reviews in 
establishing clear dose-response for these effects for a number of reasons: 
 
1. Past exposures relevant to many of the chronic cardiovascular effects may have been 

at levels considerably higher than those currently prevailing. They may have been 
inadequately measured and based on static samples, and thus may have 
underestimated true exposure (Göen et al, 1995). 

 
2. The often poorly reported co-exposure to hydrogen sulphide in the most important 

industry, the production of viscose rayon fibre, may complicate the interpretation of 
some study effects. 

 
Thus, to evaluate the dose-response effects observed in earlier epidemiological studies on 
exposed workers, the cumulative effect of CS2 and underestimation of exposure due to 
inadequate analysis (Göen et al., 1995) have to be considered but, the degree of 
underestimation cannot be easily quantified. Thus, SCOEL have endeavoured to take these 
factors into account when arriving at a recommendation for a health-based IOELV. 
 
The critical health effects in humans are neurotoxicity and cardiotoxicity. The CNS effects 
range from overt psychosis to subtle neurobehavioral changes, and it is likely that the 
threshold of such subtle neurological changes may be around or above 30mg/m3 (10 ppm).  
Similarly, it appears that the NOAEL for the PNS effects is around 24mg/m3 (8ppm).  Taking 
into account a 40 year working life, a NOAEL of 12 mg/m3 (4ppm) was estimated for 
neurotoxicity based on estimated past exposure (Ruijten et al., 1990). The occurrence of 
hyperintense spots in T2 weighted brain images in workers exposed to 4.9ppm CS2 
(Nishiwaki et al., 2004) cannot be used for OEL setting due to a lack of dose-response 
relation and due to limitations of the study.  
Of particular importance is ischaemic heart disease, in regard to which epidemiological 
studies in the viscose rayon spinning industry have shown the highest risk to be to those with 
between 15-25 years exposure. Price et al., (1997) have analysed data from 15 studies in 11 
countries and suggest a threshold for ischaemic heart disease of around 63mg/m3 (20ppm). 
This must be set against other studies which have shown changes in blood lipids, cardiac 
infarction and neurotoxicity at around 20mg/m3 (6ppm), whilst other studies have found no 
such effects at estimated median exposures of 12mg/m3 (4ppm) while earlier concentrations 
in the 1980s were of around 60mg/m3 (19ppm) (Ruijten et al., 1990; Drexler et al., 1995b and 
1996; Reinhardt et al., 1997). Minor cardiovascular effects of little clinical relevance have 
been reported in a follow-up study in workers exposed to 5ppm CS2 (Takebayashi et al., 
2004). In a recent study with reliable exposure estimation, no cardiovascular effects were 
observed in workers exposed up to 20 mg CS2/m3 (6.7ppm) for about 10 years (Tan et al., 
2004).  
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Overall, taking the strength and weaknesses of the above studies into account, the 
threshold/NOAEL for the earliest non-clinical changes appear to be in the range of 
10-30 mg/m3 (3-10 ppm), with the more reliable human studies relating to the upper end of 
this range.  SCOEL considered that, taking into account the extensive human database, using 
a point of departure at a presumed threshold of 30 mg/m3(10ppm), and the serious nature of 
the effects, an uncertainty factor of 2 would be appropriate. This would lead to the 
recommendation of an 8-h TWA of 15mg/m3 (5ppm).This exposure concentration, which is 
based on the most subtle neurological and cardiovascular effects, is considered to be 
protective against the other reported effects, including those on reproductive function.  
  
The data are insufficient to set a short-term exposure limit.  
  
In view of its ability to readily penetrate the skin, a skin notation is appropriate and a 
biological limit value is most reliable for monitoring internal exposure. Corresponding to an 
8-h TWA of 5 ppm (15 mg/m3) a mean biological value of 1.5 mg TTCA/g creatinine to be 
measured at the end of the shift is proposed. 
 
At the levels recommended no measurement difficulties are foreseen.  
 
 
 

Key Bibliography 

 

Adkins, B. Jr., Van Stee, E.W., Simmons, J.E., Eustis, S.L. (1986).  Oncogenic response of 
strain A/J mice to inhaled chemicals.  J. Toxicol. Environ. Health. 17, 311-322. 

Aneja, V.P., Aneja, A.P., Adams, D.F. (1982).  Biogenic sulphur compounds and the global 
sulfur cycle.  J. Air. Pollut. Control Assoc. 32, 803-807. 

Beauchamp, R.O. Jr, Bus, J.S., Popp, J.A., Boreiko, C.J., Goldberg, L. (1983).  A critical 
review of the literature on carbon disulphide toxicity. CRC Crit. Rev. Toxicol. 11, 
169-278. 

Bortkiewicz, A., Gadzicka, E., Szymczak, W. (1997).  Heart rate variability in workers 
exposed to carbon disulfide.  J. Auton. Nerv. Syst. 66, 62-68. 

Bortkiewicz, A., Gadzicka, E., Szymczak, W. (2001).  Cardiovascular disturbances in 
workers exposed to carbon disulfide.  Appl. Occup. Environ. Hyg. 16, 455-463. 

Braeckman, L., Kotseva, K., Duprez, D., De Bacquer, D., De Buyzere, M., Van De Veire, 
N., Vanhoorne, M. (2001).  Vascular changes in workers exposed to carbon disulfide. 
Ann. Acad. Med. Singapore 30, 475-480. 

BUA (GDCh-Advisory Committee on Existing Chemicals) (1993).  Carbon disulphide: 
BUA Report 83 (August 1991). S Hirzel, Wissenschaftliche Verlagsgesellschaft, 
Stuttgart. 



 

11

Cai, S.X., Bao, Y.S. (1981).  Placental transfer, secretion into mother milk of carbon 
disulphide and the effects on maternal function of female viscose rayon workers. Ind. 
Health 19, 15-29. 

Cassitto, M.G., Camerino, D., Imbriani, M., Contardi, T., Masera, L., Gilioli, R. (1993).  
Carbon disulphide and the central nervous system:  a 15-year neurobehavioural 
surveillance of an exposed population.  Environ. Res. 63, 252-263. 

Chang, H.Y., Chou, T.C., Wang, P.Y., Shih, T.S. (2002).  Biological monitoring of carbon 
disulphide: kinetics of urinary 2-thiothiazolidine-4-carboxylic acid (TTCA) in 
exposed workers. Toxicol. Ind. Health 18, 1-14. 

Chu, C.-C., Huan, C.-C., Chen, R.-S., Shih, T.-S. (1995).  Polyneuropathy induced by carbon 
disulphide in viscose rayon workers.  Occup. Environ. Med. 52, 404-407. 

DeCaprio, A.P., Spink, D.C., Chen, X., Fowke, J.H., Zhu, M., Bank, S. (1992).  
Characterisation of isocyanates, thioureas and other lysine adduction products in 
carbon disulphide-treated peptides and proteins.  Chem. Res. Toxicol. 5, 496-504. 

DECOS (1994).  Carbon disulphide.  Health-based recommended occupational exposure 
limit, Health Council: Dutch Expert Committee on Occupational Standards 
(DECOS).  The Hague: Health Council publication no. 1994/08E, pp140. 

DFG (Deutsche Forschungsgemeinschaft) (1995). Schwefelkohlenstoff, Toxikologisch-
arbeitsmedizinische Begründungen für MAK-Werte, Sammelkapitel MAK-Werte 
und Schwangerschaft, 21. Lieferung, Wiley-VCH, Weinheim. 

DFG (Deutsche Forschungsgemeinschaft) (1999). Carbon disulphide. Occupational 
Toxicants, Critical Data Evaluation for MAK Values and Classification of 
Carcinogens,Vol. 12, Wiley-VCH, Weinheim, 63−79.  

DFG (Deutsche Forschungsgemeinschaft) (2003). Schwefelkohlenstoff, Toxikologisch-
arbeitsmedizinische Begründungen für MAK-Werte, 36. Lieferung, Wiley-VCH, 
Weinheim. 

Drexler, H., Göen, T., Angerer, J (1995a).  Carbon disulphide II.  Investigations on the 
uptake of CS2 and the excretion of its metabolite 2-thiothiazolidine-4-carboxylic acid 
after occupational exposure.  Int. Arch. Occup. Environ. Health. 67, 5-10. 

Drexler, H., Ulm, K., Hubmann, M., Hardt, R., Göen, T., Mondorf, W., Lang, E., Angerer, J. 
and Lehnert, G. (1995b). Carbon disulphide III.  Risk factors for coronary heart 
diseases in workers in the viscose industry.  Int. Arch. Occup. Environ. Health, 67, 
243-252. 

Drexler, H., Ulm, K., Hardt, R., Hubmann, M., Göen, T., Lang, E., Angerer, J. and Lehnert, 
G. (1996).  Carbon disulphide IV.  Cardiovascular function in workers in the viscose 
industry.  Int. Arch. Occup. Environ. Health. 69, 27-32. 



 

12

Egeland, G.M., Burkhart, G.A., Schnorr, T.M., Hornung, R.W., Fajen, J.M., Lee, S.T. 
(1992).  Effects of exposure to carbon disulphide on low-density lipoprotein in 
cholesterol concentrations and diastolic blood pressure.  Br. J. Ind. Med. 49, 287-293. 

Göen, T., Müller, J., Drexler, H., Schaller, K.-H., Angerer, J. (1995).  Probleme bei der 
Bestimmung von Schwefelkohlenstoff in Luft und ihre Bedeutung für die 
Neufestsetzung des MAK-Wertes. in: Schiele, R., Beyer, B., Petrovitch, A. (eds) 
Dokumentationsband über die Verhandlungen der Deutschen Gesellschaft für 
Arbeitsmedizin und Umweltmedizin eV, 35th annual meeting in Wiesbaden from May 
15 to 18, 1995, Vol.35, Rindt-Druck, Fulda, 143-146. 

Graham, D.G., Armarnath, V., Valentine, W.M., Pyle, S.J. and Anthony, D.C. (1995).  
Pathogenic studies of hexane and carbon disulphide neurotoxicity.  Crit. Rev. 
Toxicol. 25, 91-112. 

Herborn, H. (1992).  Gesundheitsgefährdung durch Schwefelkohlenstoff (CS2) - Ergebnisse 
einer epidemiologischen Studie.  In: Schäcke, G., Ruppe, K., Vogel-Sührig, C. (eds).  
Verhandlungen der Deutschen Gesellschaft für Arbeitsmedizin eV, 31st annual 
meeting in Berlin from March 11th-14th, 1991. Vol.31.  Gentner Verlag Stuttgart, 
263-265. 

Hirata, M., Ogawa, Y., Okayama, A., Goto, S. (1992a).  A cross-sectional study of the 
brainstem auditory evoked potential among workers exposed to carbon disulphide.  
Int. Arch. Occup. Environ. Health. 64, 321-324. 

Hirata, M., Ogawa, Y., Okayama, A., Goto, S. (1992b).  Changes in auditory brainstem 
response in rats chronically exposed to carbon disulfide. Arch. Toxicol. 66, 334-338. 

Kamal, A-A., Ahmed, A., Saied, K., Metwally, M. (1991).  Quantitative evaluation of ECG 
components of workers exposed to carbon disulphide.  Environ. Health Perspect. 90, 
301-304. 

Korinth, G., Göen, T., Ulm, K., Hardt, R., Hubmann, M., Drexler, H. (2003).  
Cardiovascular function of workers exposed to carbon disulphide. Int. Arch. Occup. 
Environ. Health 76, 81-85. 

Kotseva, K. (2001).  Occupational exposure to low concentrations of carbon disulfide as a 
risk factor for hypercholesterolaemia. Int. Arch. Occup. Environ. Health 74, 38-42. 

Kotseva, K., Braeckman, L., De Bacquer, D., Bulat, P., Vanhoorne, M. (2001a). 
Cardiovascular effects in viscose rayon workers exposed to carbon disulfide.  Int. J. 
Occup. Environ. Health 7, 7-13. 

Kotseva, K., Braeckman, L., Duprez, D., De Bacquer, D., De Buyzere, M., Van De Veire, 
N., Vanhoorne, M. (2001b).  Decreased carotid artery distensibility as a sign of early 
atherosclerosis in viscose rayon workers. Occup. Med. 51, 223-229. 

Kowalska, S., Sulkowski, W., Sinczuk-Walczak, H. (2000). Assessment of the hearing 
system in workers chronically exposed to carbon disulfide and noise (Polish). Med. 
Pra. 51, 123-138. 



 

13

Kruse, A., Borch-Johnsen, K., Pedersen, L.M. (1982).  Cerebral damage following a single 
high exposure to carbon disulphide.  J. Soc. Occup. Med. 32, 44-45. 

Nishiwaki, Y., Takebayashi, T., O'Uchi, T., Nomiyama, T., Uemura, T., Sakurai, H., Omae, 
K. (2004).  Six year observational cohort study of the effect of carbon disulphide on 
brain MRI in rayon manufacturing workers. Occup. Environ. Med. 61, 225-232. 

Nurminen, M., and Hernberg, S. (1984).  Cancer mortality among carbon disulfide-exposed 
workers.  Occup. Med. 26, 341. 

Nurminen, M., and Hernberg, S. (1985).  Effects of intervention on the cardiovascular 
mortality of workers exposed to carbon disulphide: a 15-hyear follow-up.  Brit. J. 
Industr. Med. 42, 32-35. 

Omae, K., Takebayashi, T., Nomiyama, T., Ishizuka, C., Nakashima, H., Uemura, T., 
Tanaka, S., Yamauchi, T., O'Uchi, T., Horichi, Y., Sakurai, H. (1998).  Cross 
sectional observation of the effects of carbon disulphide on arteriosclerosis in rayon 
manufacturing workers.  Occup. Environ. Med. 55, 468-472. 

Price, B., Bergman, T.S., Rodriguez, M., Henrich, R.T., Moran, E.J. (1997).  A review of 
carbon disulfide exposure data and the association between carbon disulfide exposure 
and ischaemic heart disease mortality.  Reg. Tox. Pharm. 26, 119-128. 

Reinhardt, F., Drexler, H., Bickel, A., Claus, D., Angerer, J., Ulm, K., Lehnert, G., 
Neundörfer, B. (1997).  Neurotoxicity of long-term low-level exposure to carbon 
disulphide:  results of a questionnaire, clinical, neurological examination and 
neuropsychological testing.  Int. Arch. Occup. Environ. Health, 69, 332-338. 

Ruijten, M., Sallé, H.J.A., Verbrek, M.M., Muijer, H. (1990).  Special nerve functions and 
colour discrimination in workers with long-term low-level exposure to carbon 
disulphide.  Br. J. Ind. Med. 47, 589-595. 

Ruijten, M.W.M.M., Sallé, H.J.A., Verbek, M.M. (1993).  Verification of effects on the 
nervous system of low level occupational exposure to CS2.  Br. J. Ind. Med. 50, 301-
307. 

Shih, T.S., Chou, T.C., Chang, H.Y., Wu, C.C., Wang, P.Y. (2003).  Accumulation of 
urinary 2-thiothiazolidine-4-carboxylic acid (TTCA) among workers occupationally 
exposed to carbon disulfide for 1 week. Sci. Total. Environ. 308, 37-47. 

Spyker, D.A., Gallanosa, A.G., Suratt, P.M. (1982).  Health effects of acute carbon 
disulphide exposure.  J. Toxicol. Clin. Toxicol. 19, 87-93. 

Stanosz, S., Kuligowski, D., Zuk, E., Rzechula, D., Kosciuszkiewicz, B., Chlubek, D. 
(1994).  The pattern of some lipid fractions in the serum of women chronically 
exposed to carbon disulphide.  Ind. Health. 32, 183-186. 

Stanosz S, Kuligowska E, Kuligowski D (1998) Coefficient of linear correlation between 
levels of fibrinogen, antithrombin III, thrombin-antithrombin complex and lipid 
fractions in women exposed chronically to carbon disulfide (Polish). Med Pra 49: 51-
57 



 

14

Sulsky, S.I., Hooven, F.H., Burch, M.T., Mundt, K.A. (2002).  Critical review of the 
epidemiological literature on the potential cardiovascular effects of occupational 
carbon disulfide exposure.  Int. Arch. Occup. Environ. Health 75, 365-380. 

Swaen, G.M.H., Braun, C.L.J., Slangen, J.J.M. (1991).  Mortality of Dutch workers exposed 
to carbon disulphide.  Maastricht: Department of Epidemiology and Biostatistics, 
University of Limburg. 

Swaen, G.M.H., Braun, C, Slangen, J.J.M. (1994).  Mortality of Dutch workers exposed to 
carbon disulphide.  Int. Arch. Occup. Environ. Health. 66, 103-110. 

Takebayashi, T., Omae, K., Ishizuka, C., Nomiyama, T., Sakurai, H. (1998).  Cross sectional 
observation of the effects of carbon disulphide on the nervous system, endocrine 
system, and subjective symptoms in rayon manufacturing workers. Occup. Environ. 
Med. 55, 473-479. 

Takebayashi, T., Y. Nishiwaki, T. Uemura, H. Nakashima, T. Nomiyama, H. Sakurai & K. 
Omae (2004).  A six year follow up study of the subclinical effects of carbon 
disulphide exposure on the cardiovascular system. Occup. Environ. Med. 61, 127-
134.  

Tan, X., Chen, G., Peng, X., Wang, F., Bi, Y., Tao, N., Wang, C., Yan, J., Ma, S., Cao, Z., 
He, J., Yi, P., Braeckman, L., Vanhoorne, M. (2004). Cross-sectional study of 
cardiovascular effects of carbon disulfide among Chinese workers of a viscose 
factory. Int. J. Hyg. Environ. Health 207, 217-225. 

Valic, E., Pilger, A., Pirsch, P., Pospischil, E., Waldhör, T., Rüdiger, H.W., Wolf, C. (2001).  
Nachweis erworbener Farbsinnstörungen bei CS2 exponierten Arbeitern in der 
Viskoseproduktion. Arbeitsmed. Sozialmed. Umweltmed. 36, 59-63. 

Vanhoorne, M., De Bacquer, D., De Backer, G. (1992).  Epidemiological study of the 
cardiovascular effects of carbon disulphide.  Int. J. Epidemiol. 21, 745-752. 

Vanhoorne, M., Vermoeulen, A., De Bacquer, D. (1993).  Epidemiological study of 
endocrinological effects of carbon disulphide.  Arch. Environ. Health. 48, 370-375. 

Vanhoorne, M., Comhare, F., De Bacquer, D. (1994).  Epidemiological study of the effects 
of carbon disulphide on male sexuality and reproduction.  Arch. Envron. Health. 49, 
273-278. 

Vanhoorne, M., De Rouck, A., De Bacquer. (1995).  Epidemiological study of eye irritation 
by hydrogen sulphide and/or carbon disulphide exposure in viscose rayon workers.  
Ann. Occup. Hyg. 39, 307-315. 

Wang, C., Tan, X., Bi, Y., Su, Y., Yan, J., Ma, S., He, J., Braeckman, L., De Bacquer, D., 
Wang, F., Vanhoorne, M. (2002).  Cross-sectional study of the ophthalmological 
effects of carbon disulfide in Chinese viscose workers.  Int. J. Hyg. Environ. Health 
205, 367-372. 



 

15

Wilcosky, T.C., Checkoway, H., Marshall, E.G. et al (1984).  Cancer mortality and solvent 
exposures in the rubber industry.  Am. Ind. Hyg. Assoc. J. 45, 809-811. 

Zhou, S.Y., Liang, Y.X., Chen, Z.Q., Wang, Y.L. (1988).  Effects of occupational exposure 
to low-level carbon disulfide (CS2) on menstruation and pregnancy  Ind. Health. 26, 
203-214. 

 
 
 
 


	Toxicokinetic and Metabolism
	Local effects
	Acute effects
	Neurological effects
	Effects on hearing
	Cardiovascular effects
	Genotoxicity and Carcinogenicity
	Reproductive Toxicity
	Biological monitoring

