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A g2s chromatographic method for the analysis of metabolites resulting from 
exposure to carbon disulphide has been developed. The determinatic= is based on 
the re-corwersion of the metabolites into carbon disuiphide in acidic medium, 2nd 
subsequent analysis for this compound in the headspace of the reaction solution. 

DifTerent types of columns 2nd selective detectors were tested 2nd the influence 
of the reaction conditions on the recovery was investigated. Recoveries for the most 
important metabolites were 900,; from water, ECJO~/, from urine 2nd l@-6Q”? from 
blood. Experiments irr viva with rabbits gave 2 reasonable correlation between the 
amount of carbon disulphide injected and the analytical results. 

Carbon disulphide Is used 2s 2 solvent 2nd a reactat in the viscose industry. 

Workers in this industry are often exposed for long periods to the vapour of this 
compound (b.p. 46”) 2nd toxic effects of Bong-term exposure such 2s subjective com- 
plaints, disturbances of the ceotral nervous system, damage to the eyes 2nd cardio- 
vascular disease occur. 

Up to about 70 % of the carbon dis-dphide retained in the lungs is metabolized’. 
Via the lungs, 8-12x will be expired, while via the wise, metaboliies of carbon 
disulphide are excreted maiaiy as or,~ =-tic substances end partly 2s inorganic sulphate. 
Soucek and Madlo”, Cohen ef al.’ and DjuriC et GZ.~ reported the bind& of carboa 
disulphide to amino acids after inspiration. The compounds formed are dithioczrba- 
mates 2nd thioth&olidoze : 
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Pergal e: aL5 found a tautomer 01 c thiathiozolidone (mereaptothiazolidorre) and a 
dithicearbamate irr the urine of exposed workers. 

The most commonly wed m&hod for the detection of carbon distllphide is 
the kinetic iodine-&de test in urine according to Yoshida6, further developed by 
VaSBk and co-workers’~‘. ?his method is based on the measurement of the decoior- 
ization of iodine, which is catalyzed by metabolites of carbon dfsufphide: 

2 NaN, i I, i 2Nz f 2NaI 

The disadvantages of this method are its poor sensitivity (unreEiabEe for con- 
centrations corresponding to exposures below the MAC levei of 60 n&m”) arrd its 
inapplicability to low creatinine (< I.25 g/l) wines and to blood. 

Maurke and Mulcierg determked carbon disulphide in urine and blood as the 
xanthogenate by spectrophotometry. This method also has a high detection limit 
(15 ,&I in urine) and is laborious. Bighi”’ determined dithiocarbamate, 2 possible 
metabolite resulting from exposure to carbon disulphide, in water by deSmdation 
with concentrated strlphuric acid. After condensation, the restri&g carbon disulphide 

was measlxed by gas chromatography. This method is very iaborious 2nd unsuitabl_e 
for biological matrices as other substances 2re co-distilled. The detection fInlit k 2 

few micrograms. 

McLeod and Itl~Cu!ly~~ anaiysed food crops purposely spiked with dithio- 
carbamate fungicides. They degraded these compounds with acids and analyzed the 
headspace of the reaction mixture by gas chromatography. As the metabolires of 

carboa disulphide are chemically similar to these compounds 2nd 2s concentratioas 
of 2 few p2rts per milEon could be determined, their method was chosen as rhe basis 
of the analysis of carbon disulphide metaboiites in body fluids. 

EXPERIUMENiAE 

The g2s chromatograph was a Variaa AeroSraph 1520 B with an electron- 
capture detector (ECD) (Varian) and a ffame photometric detector (FPD) (custom 
made). 

The FPD burner was constructed according to Brodey and Chancy’” and 
equipped with a heat friter with 70 7; transmission range 350-600 m-n (Spindler and 
Hoyer); two interference filters with maximd transmission at 394 nm 2nd h&f-height 
widths of 9.5 and 2.5 nm (Baker) were used, together with a low dark current photo- 
multiplier (E&U 9524 S). -4 pre-amplifier (Analog Devices 43 K) and an Olthonix 

A M-10 HR power supply were used. 

All chemicaa’,s were of ana!ytic2l-reagent grade from difkrerrt sources, except 



for sodium dimethyldithiocarbamate (R&a, Buchs, Switzerhd, pure grade) and 
2-thiothiazolidone-5, which was synthesized’g_ . 

RESULTS AND DISCUSSION 

Defectors and colmnns 

First rhe two detectors were optimized. Fi g. t shows the dependence of the 
signd-to-no& ratio of the FP3 OR the photomultiplier voltage. &I contrast to the 

finding of Brcdey a& Chaoey’2, there is little i&ithence provided that the voltage is 
above 500 V. which was therefore maintained at 600 V during the remainder of the 
experiments. 

Multiplier voltage [I!] 

Fig. 1. Signal-to-ooise ratio as a function of the multipiier voltage of the FPD; 5 ng of CS, was used 
as 2 signal. Column: IS oA SE-30 on Chromosorb G, SO-100 mesh, AW DMCS, 5.6 m x 2.X mm I.D., 
&SS. 

Table I shows the influence of gas Aow ratios on the signal-to-noise ratio. 
Air from a compressor was preferred to oxygen during the remainder of the work 
because of lower noise obtained and for convenience. 

Table PI shows the cootributions of various units to the noise. CIearZy the 
&me itself contributes the major portion of the total noise. At a multiplier voltage 

of 600 V, the ffame noise is lower than that reported by Stevens et ~1.'~. 
The ECD was operated at 120”. Fig. 2 shows the dependence of the standing 

TABLE f 

SIGNAL-TO-NOiSE RA-FIO AS A FUNCTiON OF THE GAS FLOWS AT -WE FPD 
Signal: 5 ng CSz. Column: I.6 m x 2.1 mm I.D., 15 % SE-30 on Chromosorb G, SO-1QO mzsh. 

Reconmremzbtion of FIow-rate (td/tCrZ) S/N ratio 
gas j% iwa!es 

Hz 0, Air AT2 
___~ 

Melpar MzIlual’ 150 70 30 100 L6 
Stevens et aLI SO 16 0 100 1s 
Staens ei &.I.” 80 16 0 20 28 
This work 80 0 35 100 27 
This work so 0 35 20 16 
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CONTRIBUTIONS OF NOISE AT THE FPD 

Noise in IO-” A. 

source Recorder Amplifier Mdtipiier dark Muhpiier dart? Flame 
current Sl!O? 

600 v 750 v 600 v 750 v 00 v 750 v 

Srodey and 
Chancy ” 2000 150 

Stevens et &_‘3 7 z - - - 1 7 20 This work’ <I 1.5 40 140 2 6.8 (I) 7 (lj 45 
(2) 2.7 (2) 16 

= Bandwidth of half maximum irzzsmittance of interference filter: (1) 9.5 nm; (2j 2.5 nm. 

current, which is of decisive importance for the detection kmit, on the gas flow. The 
impIications with regard to the simuftaneous optimization of the fiow for the sepa- 
ration and detection will be discussed belo-w. 

The FPD was used in combination with the graphitized carbon black coltinn 
proposed by Bruner et al." for the separation of su!phur dioxide, hydrogen sulphide 
andmethyl suiphide, but modified in such 2 way that a coating of 0.3 yO SE-30 was 
used instead of Dexsil and the support was silanized before use. These modifications 
were applied ir, order to obtain 2 better comparisorr with the experiments with the 
ECD. 

The minimum plate height with this column ob’dined at a mean linear gas 
velocity <r> of 85 mm/set, was 2.1 mm With a linear velocity of 300 mm/set, the 
plate height increased to about 6 mm. The use ofthis high gas velocity is advantageous 
in this type of analysis, despite ofthe large plate height. The response ofthe FPD varies 

standing current [mm] 

I I r I t I 
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CY> C mm.sec 
-7 

1 
Fig. 2. Standing current of *&e ECD 2s C~~ction of kxa.r gas few-rate. 
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quadrati~&y with the mass flow of sulphur and an increase in the gas velocity there- 
fore results in a quadratic increase in the response ff the plate number is constant. 
This is oniy part& counteracted by an increase in the plate height. 

The high gas velocity used in rncst experiments made it possible 20 work at 
such a low temperature (W) that a capacity ratio of 18 was obtained. This is advan- 
tageous, as in biological samples high peaks with substantial tailing and low retard- 
ation occur (see Fig. 7) and at higher temperatures these peaks would interfere with 
the carbon disutphide peaks, even at high plate numbers. 

As the detection Iimit of the ECD is much better than that of the FPD, con- 
siderable egott was spent on obtainin, = a good column for use in combination with 
this detector. Table III lists the three stationary phase systems used and the results 
obtained. The best stationary phase was SE-XI, while Triton X-100, as used by 
Ronkainen Ed a1.15 for the separation of hydrogen sulphide and methanethiol, was not 
suitable for the separation of carbon disurphide from interfering peaks. Also at 
variance with the findings of these authors, our results with glass column were better 
than those with stainless steel or fluorinated ethylene-propy!ene (FEP). No signi5cant 
influence on the plate height was observed when the solid support and liquid loading 
were varied. 

TABLE rrr 
EF_FECT OF STATIONARY PHASE ON MINIMUIM PLATE HEIGHT (I%) FOR CSz 

Temperatme: @JO”. Columns: gJzss, 1.600 x 2.1 mm I.D. Carrier gz: nitrogen. 

SE-30 (5-lS”& Chromosorb W 1.3 
T&on X-305 (5 %) Aeropak 7.5 
Poly-nz-pbenyl ether (5 T/,) Chromosorb W Tailing 

Final analytical measurements with the ECD were carried out with a column 
of length i-5 m and LD. 2.4 mm, loaded with 15 oA SE-30 on Gromosorb 6 or 
Aeropak, SO-LOO mesh, AW DMCS. The minimum plate height (N) was 1.2 mm and 
the capacity ratio (k’) Avas 4. Fig. 3 gives an example of an H Yerszcs < v> graph for 
carbon distiphide. 

CaZibrczPion (carbon dhzfiphide reeieasin, = reaction onci recovery from water) 

The necessary working range was estimated as follows. A volume of 10 m3 
breathed in during 1 day corresponds to 600 mg of carbon disulphide if the MAC 
level of 60 mg/ms (U.S.A., G-F-R.) is present. When metabolization is estimated at 
50 oA and the daiiy excretion in urine at 1%:. an amount of 2.4 mg c-n be expected in 
a daiiy amount of urine of 1.3 I. Thus a coxentration of 2 mg/mI should be easily 
detectabk. The working range used was 30-300 &I. For making rhe calibration in 
this range: 1 n-d of carbon disulphide was dissolved in 100 ml of n-hexane (solution A)_ 
Then I ml of solution A was dissolved in 100 ml of n-hexane (solution B), and solution 
B was kept in a refrigerator at rlc. 

A 5-M-$ amount of solution B was injected into the closed headspace vessel 
through the septum for the SE-3&ECD combination, while 5%300 ,ul were injected 
fos the carbon black-FPD combination. The vessel ~2s closed with a silicone Ewbber 
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Fig. 3. ii ver.sus <v> curve ior :.56Q m x 2.1 mm 1.D. 15% SE-30 OR Aeropak, 80-100 mizh_, 
AW DMCS. Sample: CLI. 5 R,o of a&. Temperature: 60=. H/<v> iv 0.21; k’ = 3.4. 

septum, covered 011 the Inside with a !I.!-mm thick sheet of PTFE. The vessel con- 
tained 2 ml of 5 M sulphuric acid pius 2 ml of distilled water azd was kept on a 
water-bath at 60” for 15 min. The internal standard was erboa tetrachloride for 
SE-30--ECD and dimethyl sulp%de for carbon black-FPD; these internal standards 
are mainly used in order to correct for the variable injection volumes. 

The least-squares method was us& to calculate t5e calibration lines 2s y = 
a + bx, where s is the logarithm of the amount of suiphur and y IS the logarithm of 
the detector response (either peak height or area). Table LV shows the results for the 
FPD system. Alosg with the line parameters values for the 95% cotidence interval 
for the estimate of the coOceL1tiation’“F1’ were calculated. 

Tab!e IV shows that the logarithm of the peak height gives a worse corret_ation 
than the logarithm of rhe peak area. However, io biological matrices there are often 
drifting baselines and unseparated peaks, so that one is obliged to use the peak height. 

TABLE iv 

RELATIVE 95 “/, COhTfDENCE INTERVALS (&“A OF THE ESTIMATE OF THE CONCEN- 
TRATION FROM A DUPLICATE SAMPLE FOR THE CARBON BLACK-FPD COMBI- 
NATION 

Column: 0.3% SE-30 aid O-SF/, orthophosphoric acid on Carbopack HT-109, I.5 m x a.1 mm 
I.D., g!ass. Carrier z;rs: 100 ml/min nitrogen. FPD: %I ml:min hydrogen, 35 d/tiR sir. 

Log m*.ls (ng) sa (%) 

Log area Log height 
-~--.~-__.-_____-~. 

-0 26 43 151 
0.44 5 4 
0.70 5 6 



T_BLE V 

RELPLTIVE 95 % CONFIDENCE IXi-ERVALS (4x0%) OF THE ESTLMATE OF THE CONCEN- 
TR4TION FROM A DTJPLHXTE SAMPLE FOR IKE CARBON BLACK-FPD COMBT- 
NATICW 

Area Hefght 
-- 
0.76 25 49 
1.32 21 39 
I.82 26 48 

Table V shows the conftdence intervals after tramformation. The Ii~mit of determi- 
nation for a 95 oA confiderzce interval of 33 % relative was 300 pg of carbon disulphide 
in water. As the upper limit of the quadratic calibration plot for sciphur is at approxi- 
mately 00 ng (ref. 18), the working range for the carbon black-FPD combination is 
between 300 pg and SO ng of carbon disulphide; for I-m! headspace samples, this 
range corresponds to I I-510 pg/l. 

For the SE-3%ECD combination, the peak height was also used 2s the ana- 

lytical signal, for the same reasons. Table VI shows the precision obtained. The limit 
of determination for 2 95 % confidence irite~~al of 33 % rek&ve was 12 pg; the upper 
limit depends on the standing current and was 1.2 rug in this instance. For 2 headspace 
sample of I ml, this level corresponds to 0.4545 pg/i in water. 

Irrespective of the combination used, the calibration could be carried out ir, 
one headspace vessel. After 4 h, the cail’oration lines had not changed. 

The degradation of sodium dimethyldithiocarbamate and 2-thiothiazohidone-5 
to carbon disrrlphide in water was anafysed. The courses of the reactions were followed 
with the SE-3O-ECD combination. The solmiorzs were freshlqr prepared daily with 
double-distilled water and the concentration was checked spectrophotometrically (at 

wavelerrgths of 254 and 282 mn). Mechanical shaking was applied every 2.5 min, and 
a sample w2s taken every 5 min. The temperature of the reaction ~2s 60”. Fig. 4 
shows that 15 tin after the beginnIng of the reaction, the maximum level of the 
dithiocarbamate had been reached. At room temperature, this maximtrm value was 

reached after 75 min, but the recovery was then lower. For the thiazoiidone (Fig. 5), 
the maximum level was reached after 25 min, and in the remainder of the work 2 

reaction time of 30 min ~2s used. The values were stable for at least 90 min. 
The recoveries are shown in Table VH. Dithiocarbamate gave 2 good recovery 

TABLE VI 

REL4TIVE 95% CONFIDENCE INIERVs4J.S (A%??$ FOR THE ESTIMATE OF THE CON- 
CENTRATION FROM A DLJFLIC.4TE S_AXPLE FOR THE SE-3O-ECD COMBKNA-IION 

Conditions: i5 % SE-30 on Aeropak, SO-100 me&, AW DMCS, 1.6 m x 2.1 mxx I.D., glass. 

0.12 
0.25 
0.49 

:2 
13 
6 
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Fig. 4. Conversion versus rextion time for sodium dime~~yldithiocarbamate. Temperztwe: 60”. 
Solution in 2.5 M su!phuiic acid. 
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Fig. 5. Cowersion wsw reaction time for 2-thiothG.~oiidone-5. Conditions % irr Fig. 4. 



and the thixzolidone a moderate recovery. Tile addition of ascorbic acid as a reductant 
ga\-e no improvement. The limit of determination for the thiocarbamate (in water, 
recovery 87 Ok_ 1 ml injection volume) wzs 1.2 pg/l: and for the thiazolidone (recovery 
49 %, 1 ml injection volume) I.4 &/I. 

The two substances considered in the previous section were dissolved in water 
2nd added to urine. The recoveries are shown in ‘Fable VIII. The recovery of the 
dithiocarbamate again was good, while the thiazolidone recovery w2s worse than in 
water. Ascorbic acid or a strong reducing combinatlcrn such as 1.5% of tin(U) 
chloride in 5 M hydrochloric acid gave an improvement of a factor of two. However 
with this reduc’tint there were disturbing peaks in the gas chromatogram. 

With the SE-3%ECD system, the maximu-m volEme that could be injected was 

only 50 ~1, because there was a large interfering p-k just before that of carbon 
disulphide. The limits of determination for sodium diihiocarbamate (recovery 100 %, 
1 ml injection volkqe for FPD, 50 ,~l for ECD) were 1 pg/ll for the FPD and 20 fLg/l 
for the ECD, 8Ed for 2-thiathiozolidoned (47 % recovery) 1 A &I for the FPD and 
48 ,~g/l in urine for the ECD. 

The proceeduse used for urine was also used for blood (Table IX). TEe recov- 
eries were low 2nd dependent on concentration. The addition of ascorbic acid, 

T_4BLE VIII 

RECOVERIES OF SODKJM DEMETHYLDITl%KXARBAMATE AND 2-THIOTHWQLK- 
DONE-5 IN URINE 

chnporurd Comcenmztian (t&i) Recover:; (?A) 

Sodium dimethy~dithiocarbamate 0.5 i05 
ZThiothiazo!idom-5 0.4 29 

0.4 50’ 
0.5 61” 

c _&srbic acid added. 
** 1.5% S&l2 ~II 5 &f KCL instead of 5 &f H2SOc added. 
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TABLE Ix 

RECOVErLTS OF SODIUM DIMETHk~DrrYTf?CAaBAMXTE AND 2-TRIOTHFAZOLf- 
DONE-5 IN BLOOD 

* Ascorbic acid added. 

lengthening the teactioo time or the use of cooczntrateb (Instead of 5 M) suIphmic 
acid did not increase the recovery. 

me knits of determinatiorr were (lia Q 8 e-r extrapolation) 10 pg/I for sodium 
dithiocarbamate and 10 ,ug/l; for 2-thiatfiiozolido~ed. 

For the determination in YL’YO, rhree rabbits were used. They were injected 
intraperitoizea:iy with a solution of carboa disrrlphide in olise oil, begkming with 
t mg of carbon disulpbide per kilogram body weight and subsequently 2,4,S, 26 and 
32 xmgjkg. The 24-h urine was collected, separated fFOm the faeces and analyzed on 
the same day. 

IYhe urine of the untreated rabbits showed many peaks in Ehe c_komatosam 
that do not appear III the chromatogram of human urine. This wass'2 problem especially 
\&h the SE-3CtECD combination as two unidentikd peaks with a retention time 
about the same as that of cazboo disulphide appeared. Even a 6-m column did not 
separate one of these peaks from that o f carbon disrriphide. As the chromatogam 
with the carbon black-FPD combination reverrled that 110 carbon dis&p’nide was 

present, we decided to use only this combinatioo in further experimems. 
AS a measure of the detector respons e the Iogarithm of the peak height ~2s 

measured rather thazl the logatitha of the peak area, because there were ofren drifting 
.baseIiEes (Fig. 7). Table X axd Fig. 6 show that for two rabbits there is a good relation- 
s-hip betvxen the amount o f cvbon disulphide injected zod the amount of degraded 
s2rboa disuiplhide in urine. For one rabbit, the relationship was less clear. With the iast 

TABLE X 

AMOUNTS OF CS, IN URINE OF RABBIS AFTER IWIRM’ERiTONEAL ZNXXTION 

Rcbbit C 

1 
2 
4 
4 
8 
8 

16 
32 

ND 
l-ii 

60 
93 

120 
SO 

1% 
730 

* 303 = below 6.~4 
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Fig. 6. Amounts of metabo!ite (as CSZ) in tine as 2 function of the amounts of CS1 in$cted. C. 
Rabbit _A; 0, rabbit B; 7, rzlbbit C. 

Fig. 7. Gss chrorn~to~ of nbbit urine. Carbopack column with FPD detection. Sampfe sire: 
1.43 ng of cs,. 
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injection (33 mg/kg) the amoant of “free carbon disulphide” was measured by 
ana!yzing the headspace of urine without the addition of sulphuic acid and at room 
temperature. Tie amounts of ‘(free carbon disutpi&!e”, expressed 2s 2 percentage of 

the totai degraded carbon disulphide, were 2.7, 1.5 and 1.4% for the three rabbits 

CONCLUSION 

It cm be conclrrded that the column-detector comb*&&ons described (SE- 
304CD aad carbon black-FPD) are suitable for the analysis of urine for carbon 
disulphide and metaboiites via the headsFace method. The former combination has 
a lower detection limit and a better prec?slon, whi!e the latter combination shows a 
better selectivity. The former combination was rmsuccessful in separating the carbon 
disulphide peak from interfering peaks in rabbit urirLe. 

As recoveries of the most common metabolites, the dlthiocarbamates, are 
good, the measurement of the exposure of personnel to carbon disulphide by anaIyzing 
their urine seems feasible. This will be the subject of a later paper. The method is Iess 
successful for the anaiysis of blood as the recoveries are low and deperzdent on con- 
ceotration. 
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