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ABSTRACT 

A gas chromatographic method with alkali flame ionization detection and mass spectrometric confirmation is described for the 
determination of ethylenethiourea (BTU) in water samples. The method is based on the extraction of ETU with dichloromethane in the 
presence of thiourea and sodium L-ascorbate. The limit of detection is less than 0.1 pg/l in water. The average recovery in groundwater 
is 71%. Several hundred samples of ~o~dwa~r and river water were analysed over a 2-year period. 

INTRODUCTION 

Ethylenethiourea (ETU) is a toxicologically im- 
portant metabolite of the widely used ethylenebis- 
dithiocarbamate (EBDC) fungicides formed during 
biological and chemical degradation. EBDCs are 
frequently used for the control of diseases in seeds 
and crops throughout the growing season [l]. In 
1987, more than 2300 tonnes EBDCs were used in 
Netherlands. The group includes such fungicides as 
maneb, mancozeb, nabam and zineb. A review of 
the toxicology of ETU, which may produce terato- 
genie, oncogenic and goiterogenic effects after being 
applied to laboratory animals, has been published 
[Z]. EBDCs degrade in the presence of moisture, ox- 
ygen and/or biological systems and several degrada- 
tion products are formed, including ETU. The reac- 
tions leading to ETU formation have been de- 
scribed previously [3]. Most of the ETU occurring 
in crops and enviromnental samples arises, how- 
ever, from EBDC formulations, which contain 
0.02-5% of ETU [4]. ETU is a relatively stable and 
very polar metabolite and in the areas where EBDC 
fungicides are used, its possible occurrence in 
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groundwater and river water is a major concern for 
the safety of drinking water. 

Residue analysis of ETU has been conducted in 
different matrices such as fruits and plant tissues by 
various methods, including high-performance 
liquid chromatography (HPLC) with non-selective 
W absorption detection [5-S] and selective electro- 
chemical detection [9-121 and gas chromatro~aphy 
(GC) with derivatization to achieve sensitive detec- 
tion [13-171. The HPLC and GC methods share the 
disadvantages of labo~ousness and/or insuffi~ent 
sensitivity and/or specificity, except for one HPLC 
method [S] which was applied at the pg/l level. 

However to reach the desired 0.1 pg/l water level 
which is required by an EEC Directive for drinking 
water [X8], also with this method preconcentration 
of the water sample and extraction steps are neces- 
sary. We have developed a method for the determi- 
nation of ETU without derivatization in water sam- 
ples after extraction with dichloromethane and gas 
chromatography with alkali flame ionization detec- 
tion and confirmation by mass spectrometry. This 
method is easily applicable to the 0.1 pg/l ETU level 
water in required by the EEC Directive 1181. Several 
hundred water samples were successfully analysed 
with this method. 
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EXPERIMENTAL 

Reagents and apparatus 
ETU (99O/) was obtained from Promochem (We- 

sel, Germany). A standard solution containing 1% 
(v/v) of diethylene glycol was prepared in methanol 
and appeared to be stable for at least 3 months if 
stored at 4°C in the dark. 

Thiourea (99%), diethylene glycol(99%) and so- 
dium L-ascorbate (99%) were obtained from Al- 
drich (Brussel, Belgium). A 0.05% (v/v) solution of 
diethylene glycol in methanol was used. 

All other chemicals were of analytical-reagent 
grade and were checked for the absence of interfer- 
ing impurities by means of control determinations. 
Evaporation of water samples was carried out at 
50°C (water-bath) using a vacuum rotary evapora- 
tor. 

Gas chromatography 
A Carlo Erba MEGA 8000 gas chromatograph 

equipped with an alkali flame ionization (nitrogen- 
phosphorus) detector was used. The instrument was 
equipped with a wide-bore fused-silica capillary 
CP-WAX 52 CB column (10 m x 0.53 mm I.D., 
film thickness 2.0 pm) (Chrompack, Middelburg, 
Netherlands). Helium was used both as the carrier 
gas (constant pressure 25 kPa) and as the make-up 
gas for the detector (16 ml/min). The temperature 
of the injection port was 250°C and that of the de- 
tector 260°C. A 4+1 volume of the sample extract 
was injected splitless on to the column at 130°C. 
After 20 s the carrier gas splitting was restarted and 
then an oven temperature programme was started 
as follows: initially 130”C, increased at lOC/min to 
25o”C, held for 20 min and then cooled to the initial 
temperature of 130°C. 

Gas ~hromatograp~~m~s spectrometry 
The gas chromatograph-mass spectrometer 

(Carlo Erba MEGA 50wMD 1000) was 
equipped with a CP-WAX 52 CB fused-silica capil- 
lary column (12 m x 0.27 mm I.D., film thickness 
0.22 pm) (Chrompack). Helium was used as the car- 
rier gas (constant pressure 30 kPa). The injection 
port temperature was 250°C. The oven temperature 
programme was started at 50°C (held for 1 mm), 
then increased at 25”C/min to 240°C and held there 
for 15 min. A 1-!11 sample volume was injected un- 

der splitless conditions; 40 s after injection the split- 
ting valve was opened. 

The ion source temperature of the mass spec- 
trometer was 200°C. The spectra were recorded un- 
der electron impact (EI) conditions (70 ev), with a 
scan range of m/z 25-130 and a scan rate of 0.5 s. 

Determination 
A IO-mg amount of thiourea and 1 g of sodium 

L-ascorbate were dissolved in 500 ml of water. The 
mixture was concentrated by a vacuum rotary evap- 
orator at 50°C to cu. 30 ml (Jc 5 ml). The concen- 
trate was transferred to a separating funnel with 2 
x 5 ml of distilled water and saturated with 14 g of 
sodium chloride. The mixture was then extracted 
once with 100 ml and twice with 50 ml of dichloro- 
methane. The extract was dried by passing it 
through a funnel containing ca. 25 g of anhydrous 
sodium sulphate prewetted with dichloromethane. 
The sodium sulphate was washed twice with 10 ml 
of dichloromethane. To the combined dichloro- 
methane extract, 10 ml of a 0.05% (v/v) solution of 
diethylene glycol in methanol were added and the 
mixture was concentrated with a rotary evaporator 
at 40°C to cu. 5 ml. To the concentrate 10 ml metha- 
nol were added and the mixture was concentrated 
to ea. 5 ml. The concentrate was transferred quanti- 
tatively with 2 x 0.5 ml of methanol into a gradu- 
ated test-tube and further concentrated to 0.5 ml 
(co~esponding to 1 1 of water per ml of methanol 
extract) by using a gentle stream of dry nitrogen at 
5o’C. This extract was examined by gas chromatog- 
raphy. Quanti~cation was achieved by comparing 
the peak height of ETU with those of standard solu- 
tions of comparable concentration. 

RESULTS AND DISCUSSION 

Extraction procedure and recovery ex~eri~nts 
The extraction of ETU was based on a procedure 

described by Otto et al. [19J. To achieve a detection 
limit of 0.1 pg/l of ETU or less in groundwater or 
river water, required for water samples used as a 
source of drinking water [lg], a concentration and 
extraction procedure is necessary. Because ETU is 
poorly soluble in organic solvents but readily solu- 
ble in water (2%, w/v) at 30°C direct extraction of 
ETU with dichloromethane or a more polar organic 
solvent (ethyl acetate) was not feasible. Before con- 
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Fig. 1. EI mass spectrum of 10 ng of ETU. 

centrating and extracting the water sample, thio- 
urea and sodium L-ascorbate were added. The bene- 
ficial function of these actions cannot be fully ex- 
plained, but it is assumed that thiourea and sodium 
L-ascorbate protect ETU against oxidation, com- 
plex formation with heavy metals [19] and adsorp- 
tion on active glassware surfaces. By just extracting 
the concentrate with dichloromethane and concen- 
trating the extract obtained to 0.5 ml, a consider- 
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able loss of ETU was observed, possibly caused in 
part by adsorption of ETU on active glassware sur- 
faces. The recovery for spiked water samples at the 
residue level was 20-60%. By adding a mixture of 
diethylene glycol in methanol before concentrating 
the dichloromethane extract, the recovery of ETU 
in spiked water samples increased considerably and 
the repeatability was acceptable. Diethylene glycol 
is used as “keeper” and seems also to protect ETU 
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Fig. 2. SIM mass chromatogram obtained for a sample of groundwater fortified with 0.1 /is/l of ETU. Injection volume, 1 d. 
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Fig. 3. Chromatograms obtained with CP-WAX 52 CB fused-silica GC column. (A) 4 ml of groundwater; (B) 4 ml of groundwater 
fortified with 0.2 pg/l of ETU; (C) 4 ml of groundwater fortified with 0.7 pg/l of ETU. Injection volume, 4 pl. 

against adsorption on active parts of the glassware Recovery experiments were carried out by adding 
used. With diethylene glycol in the final extract also known amounts of ETU to 500 ml of groundwater. 
a better peak shape (no tailing) was obtained. The results are given in Table I. 
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TABLE I 

RESULTS OF RECOVERY EXPERIMENTS 

ETU added 
to water 
@g/l) 

n Recovery (%) R.S.D. (%) 
(mean f S.D.) 

0.23 4 70 f 15 21 
1.0 13 72 f 11 15 
6.2 4 70 f 8.2 12 

Gas chromatography andgas chromatographic-mass 
spectrometric confirmation 

The response of the alkali flame ionization detec- 
tor to ETU is linear up to at least 15 ng and the 
minimum determinable amount is ca. 0.2 ng (see 
Fig. 3B). Generally in residue analysis, if possible 
positive samples should be confirmed by mass spec- 
trometry. The identity of ETU was verified in this 
manner. From the EI mass spectrum the following 
ions were chosen for selective ion monitoring 
(SIM): m/z 102 (lOO%), m/z 73 (20%), m/z 42 
(20%) and m/z 30 (55%). A typical EI mass spec- 
trum of ETU is shown in Fig. 1. For quantification 
the area of the molecular ion at m/z 102 was used. 
The response was linear up to at least 2 ng and the 
minimum determinable amount was ca. 0.05 ng (see 
Fig. 2). A Typical SIM mass chromatogram of 
groundwater fortified with 0.1 pg/l of ETU is shown 
in Fig. 2. 

TABLE II 

INTERLABORATORY STUDY OF THE DETERMINA- 
TION OF ETU IN GROUNDWATER SAMPLES 

Sample 
series 

Sample 
location 

ETU content @g/l) 

TN0 RIVM 

34 53 
12 17 
3.1 3.2 

34 38 
0.1 0.1 
0.1 0.1 

<O.l <0.03 
0.1 0.1 
0.1 0.15 

Interlaboratory studies 
Two series of groundwater samples were ana- 

lysed both by the TN0 Nutrition and Food Re- 
search Laboratory and by the RIVM Laboratory 
(Bilthoven, Netherlands). The latter institute used a 
similar extraction-concentration procedure but the 
determination of the ETU was performed by a col- 
umn-switching RPLC procedure with W detection 
at 233 nm [5]. The results are presented in Table II 
and show a reasonably satisfactory agreement be- 
tween the two methods. 

The method described has been successfully ap- 
plied in the investigation of ETU in groundwater 
and river water samples over the past 2 years. Fig. 3 
shows typical gas chromatograms of control and 
fortified samples of groundwater analysed by the 
method described. 
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