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The toxicity of dimethyl sulfate has been recognized for years, and prior to 
1973, a threshold limit value (TLV) of 1 ppm was assigned by the American Con- 
ference of Government Industrial Hygienists (ACGLH). Evidence obtained in 1966 
and subsequent years regarding the carcinogenic action of dimethyl sulfate in animals 
led to the recommendation m 1973 of a tentative change in the TLV to 0.01 ppm. This 
value was not accepted after the two-year trial period ended, but instead the current 
ceiling limit of 0.1 ppm was adopted’. In the G-F-R, still a limit of 0.01 ppm is used. 

The determination of dimethyl sulfate in air at the required level obviously 
requires a very sensitive method of analysis. A spectrophotometric method sensitive 
to approximately 40 ppb* has been reported’, but it requires sampling with an im- 
pinger containing pyridine, making it inconvenient for personal monitoring. A pro- 
cedure involving preconcentration of the sample on an organic adsorber followed by 
analysis on a gas chromatograph-mass spectrometer system has reached a detection 
limit of 1 ppb with a sample size of only 1 I’“_ While this represents the limit of 
detectability reported to date, it requires the use of elaborate and expensive ap- 
paratus- At the lower levels, the procedure also requires strict attention to such details 
as precleaning of the adsorption t&es and deactivation of glass surfaces. The method 
of analysis recommended by a supplier of dimethyl sulfate involves sampling with a 
silica gel adsorption tube, reaction of the trapped dimethyl sulfate with sodium p- 
nitrophenoxide in acetone solution, and determination of the resultingp-nitroanisole 
by gas chromatography with electroncapture detection’. This method also gives ppb 
sensitivity, but it suffers from several disadvantages_ A long period of heating at the 
end of each chromatographic run is necessary to clear the interference from the excess 
derivatizing agent. In addition, the sensitivity is limited by the presence of several 
interfer;_ng peaks. A variation on this procedure has also been reported6, using thin- 
layer chromatography for estimation of the p-nitroaniso!e. The present work was 
carried out with the aim of improving the utility of this approach for routine use in 
monitoring of the workplace air. 

l In &is article, the American billion (I@) is meant- 



EXPERIMENTAL 

Mated& * 
Dimethyl sulfate was purchased from Eastman Kodak. Sodium p-uitrophe: 

noxide was purchased from Eastman and was dried in a vacuum oven overnight at 
100°C before use. Diethyl ether, methanol, and acetone were analytical grade. 

Derivatkation solution 

Approximately 2 g of dried sodium p-nitrophenoxide was stirred with 50 ml 
acetone until the solution was saturated. The solids were allowed to settle, and the 
supematant liquid was decanted for use. 

hstncmntation 
Liquid chromatography was carried out with a Spectra-Physics 8000B liquid 

chromatograph. Quantitation was done by peak area integration with the SP-4ooo 
data system_ A VaIco injectionvalve with a 10-d loop was used for injection, and a 
Spectra-Physics MOO variable-wavelength detector was set at 305 nm. The separa- 
tions were carried out on a lo-pm Alltech C, column, 25 cm Iength. Tbe analytical 
conditions were: solvent, methanogwater (55:45); flow-rate, 1 ml/min; detector sen- 
sitivity, 0.02 au_f_s.- analysis time, 20 m.in_ 

Preparatbn and analysix of sampies 

A metered sample of air was drawn over a NIOSH-type small silica gel samp- 
ling tube, wi*& two separated sections containing 150 and 75 mg of silica gel, respec- 
tively- Thefront and back sections were added to separate IO-ml volumetric flasks. To 
each flask was added 2 ml derivatization solution and approximately 100 mg dried 
sodimnp-nitrophenoxide. The flasks were allowed to stand at room temperature for 2 
h with occasional shaking. To each flask was added 7.5 ml 1 N sodium hydroxide and 
1 ml of the internal standard (p-nitrophenetole) solution in diethyl ether (9 mg/l). The 
flasks were stoppered and shaken, and the layers were allowed to separate_ A portion of 
the ether Iayer was removed for liquid chromatographic analysis. The solution was 
found to-be stable indefinitely following the ph%e separation, provided that it was 
protected from eva&xation. However, extended standing in contact with the aqueous 
phase prior to phase separation generated interfering impurities by oxidation of the 
derivatization solution_ _ 

Detei-minarion of recovery efficierxcy . 
-A solution of dimethyl s\llfate in dry hexane-(0.5 m&ml) was injected onto the 

fro& portion of &a gel on each of three tubes for each level tested. The tubes were 
allowed to equilibrate for I h., and desorption and aualysis were carried out in the 
usual! manner_ 

RESL-LTS AND DISCUSSION 

Since the problems encountered with the electron-capture gas chromatograph- 
ic method of analysis were due primarily to the presence of excess derivatizing re- 
agent, attempts were made initially to remove this excess. -Washing of an organic 
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Fig. 1. Chromatogram ofpnitroanisole from derivatization of 1 pgdimethyl suIfate adsorbed on silica gel_ 
AUte& Cs CO~UIIHI (5 pm, 25 cm). Mobile phase: methanol-water (55:45), flow-rate 1 ml/min_ Peaks: 
1 = p-nitroanisole; 2 = p-nitrophenetole (internal standard)_ 

solution of the product with aqueous sodium hydroxide was effective in removing the 
sodium p-nitrophenoxide and thus eliminating the long period of heating required at 
the end of each run. However, small interfering peaks remained, one near the reten- 
tion time of p-nitroanisole. Aside from the interference problem, the sensitivity and 
collection efficiency of the method were quite satisfactory. A possible solution to the 
problem would be to change the method for- separation and detection of the p- 
nitroanisole. The extremely high UV absorbance of this derivative suggested the 
possibility of using liquid chromatography with a UV detector for the measurement. 
We were encouraged in this approach by the high sensitivity reported for use of this 
derivative with thin-layer chromatography for analysis of dimethyl sulfate in air 
down to 0.01 ppm (ref. 6). 

Only minor modifications in the derivatization method were required to adapt 
the analysis to liquid chromatography. The volume of derivatizing reagent was re- 
duced from 5 to 2 ml, and at the end of the reaction, the solution was diluted with 1 N 
sodium hydroxide and extracted with diethyl ether containingp-nitropheneto!e as an 
internal standard_ The separation could he carried out conveniently by reverscd- 
phase chromatography on a C, column eluted with either 55 % methanol or 40 % 
acetonitrile in water. The UV detector was set at 305 nm, the absorbance maximum 
for p-niuoaniso~e. As seen by the chromatogram in Fig. 1, the detection limit of the 
method is below 1 pg of dimethyl sulfate per sample. The procedure gave a linear 
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TABLE I 

RECOVERY OF DIMETIi?ZJ_ SULF_4-I-E iNJECTED ON SILICA GEL TUBES 

Reco5-ery I”/,) 

103 
97 
97 

standard curve in the concentration range corresponding to 1-25 pg dimethyl sulfate 
per tube. 

3e sample capacity for an adsorption tube was fourid to be at least 10 1 of air. 
With this volume, the detection limit of approximately 0.5 pg corresponds to 0.01 
ppm. if necessary, the limit could be pushed lower by concentration of the solution 
before injection or Iq use of a larger injector loop. The recovery of dimethyl sulfate 
from *he t&es was studied by direct injection of ahquots of a hexane solution and 
analysis in the usual way after 1 h of equilibration. As Seen in Table I, the recovery 
was not significantly different from 100% at any level. 

The procedure as modified offers a relatively simple way to analyze dimethyi 
sulfate in air at levels well below the current TLV_ The relative standard deviation of 
the me-hod for six determinations at the 2 pg/tube level was 2 %_ 
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