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Gas Chromatographic Determination of Sulfur Residues in Tomatoes and
Squash Fruits
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Abstract: Up to now a direct method to determine sulfur   in vegetables using Gas Chromatographic has
not been described in the literature. This paper describes such a method, which includes prior clean up
by column chromatography followed by GC using flame photometric detector equipped with sulfur filter
(394 nm) residues are extracted with methanol .The extract is clean up on silica gel column and elute by
mixture of (97% iso-octane + 3% iso-propanol). High and consistent recoveries, ranging from 80 to 92%
were obtained, at spiking levels of 5 and 10 µg/kg, when analyzing tomato and squash fruits.
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INTRODUCTION

Sulfur is one of the most important fungicides and
is also widely used as an insecticide. Sulfur is a yellow
mineral that is insoluble in water but is soluble to
2.4% in benzene and to 50% in carbon bisulfide[1].
Sulfur was the first foliar fungicide. Wettable sulfur
powders or pastes of very fine particle size are widely
used to control powdery mildews on fruits and
vegetables and as acaricide.

One of the most contributory factors to the general
public concern over pesticides in the environment has
been the extraordinary improvement in analytical
techniques. Analysis of pesticide residues has recently
become one of the priorities in the food chain control.
The most suitable approaches in determination of
pesticide residues content at ultra trace level in food
material are chromatographic method connected with
various sample preparation methods. Especially fast GC
techniques provide faster, coast-effective analytical
answer[2,3].

Literature manuscripts report HPLC-UV analytical
methods for determination of sulfur in vegetable and
fruits after extraction from sample using a mixture of
water, methanol, and dichloromethane and clean up by
column chromatography with silica gel[4].

In this work, sulfur residues in tomatoes and
squash fruits were determined by Gas chromatography
using flame photometric detector (GC-FPD) equipped
with sulfur filter (394 nm).

Experimental:
Field Experiment: Tomato (Lycopersicon esculentun
Mill) and Squash (Cucurbita pepo L.) were plant at
Kaha, Kaliobia Governorate.  The  plants  at  fruiting 

stage  were  sprayed with   thiovit  jet   (80% WG)  
on   June 2009,  at  rates  250 g  per 100 L  water
(Recommended dose), using a knapsack sprayer
equipped with one nozzle.

Sampling and Storage: Three replicates of treated
tomato and squash fruits were randomly picked up one
hour after treatments and then 1, 3, 7, 10 and 15 days
for residues estimation. The whole samples were
chopped into small pieces, mixed and divided into
three sub samples replicates (100 g) and then stored at
- 20ºC until time of analysis.

Analytical Procedure:
Extraction: 100 g of the sample material was mixed
with 25 ml of methanol and 150 ml of
dichloromethane. The mixture was agitated for one
hour on agitator. The dichloromethane phase separating
from the mixture contains the entire sulfur from the
sample and was evaporated to dryness using rotary
evaporator. The dry residue was dissolved in 2 ml of
(80% iso-octane + 20% iso- propanol).

3.2. Purification: Small volume of iso-octane was
placed in column chromatography (30 cm length and
2.2 cm i.d) containing pieces of glass wool and a
slurry with 15 g of silica gel (activated at 200ºC for
ca. 2 hour) was made. Then the solvent was drained to
the surface of the silica gel layer.  The extract solution
was transferred into the column. The solution out was
washed with 3 ml of the elution mixture (97% iso-
octane + 3% iso-propanol) and was allowed it to
seeped into the tube. Then the sulfur was eluted using
the same mixture. The first 25 ml (0-25 ml) was taken
and reject it. The main volume of 30 ml (25-55 ml)

Corresponding Author: I.N. NASR, Central Agricultural Pesticide Laboratory. Agricultural Research Center, Dokki, Egypt

1474



J. Appl. Sci. Res., 6(9): 1474-1476, 2010

contains the sulfur.  The mixture was taken in a 100
ml round flask and evaporated to dry matter in the
rotary evaporator.  During analysis the solutions should
be exposed to sunlight as little as possible[4].

Sulfur Standard Solution: Weigh of 0.01 g sulfur
pure and dilute to 100 ml with dichloromethane. Shake
well to mix. This solution contains 100 µg/ml.  Keep
this solution at 4ºC, all standard solution should be
made in dichloromethane. The solubility in organic
solvents very low.

Gas Chromatographic Analysis: A Hewlett-Packard
serial 6890 gas chromatograph, equipped with on FPD,
sulfur mode (394 nm sulfur filter) programmed for
external standardization using peak area, was used. The
capillary column was PAS-1701 (30 m x 0.32 mm x
0.25 um film thickness). Operating conditions nitrogen
carrier gas 6 ml/min, hydrogen 75 ml/min, air 100
ml/min. Temperature degrees were 250ºC for detector,
240ºC for injector and initial temperature 170ºC, initial
time 2 min, results were corrected according to the rate
of recovery which were determined in fortified
untreated samples at levels ranged 0.5 – 1 ppm.
Following the techniques previously mentioned, the
rates of recovery for sulfur were 80 and 86.92% in
tomatoes and squash fruits, respectively.  The response
of the detector to sulfur concentration was linear, in the
range 0.5–30 ng and the correlating coefficient was r
= 0.98252. Figure (1) shows an example of calibration
curve for sulfur at 5-30 ng.

RESULTS AND DISCUSSION

Most of the published methods for the
determination of sulfur used HPLC and interferences
have been found. In this study can used GLC with
flame photometric detector (Sulfur mode) and no
interferences have been found when analyzing tomato
and squash fruits and also yielded good results.

The data obtained in table (1) show that the
maximum concentration (initial deposits) of sulfur on
and in tomato and squash one hour after application
were 15.83 and 19.98 ppm, the different levels of
initial deposits due to many of treated surface (smooth
on rough and waxy on non-waxy) [5]. 

Rapid losses of sulfur on these vegetables were
observed within one day following application. The
residues were decreased to 10.88 and 12.31 ppm with
a loss of 31.26 and 38.38% within the first 24 hours
after application. The residues dropped to 9.37, 7.01,
3.15 and 1.97 ppm with a loss of 40.80, 55.71, 80.10
and 87.55% after 3, 7, 10 and 15 days from treatment
of tomato respectively. Also the data indicate that the
persistence of sulfur decreased to 8.47, 5.02, 1.93 and
0.95 ppm after 3,7,10 and 15 days after tomato and
squash fruits treatment, with a loss of 57.60, 74.87,
90.34 and 95.24 % respectively. These values were less
than the maximum residual level   MRL 50 ppm [6].
This finding clearly indicated that the tomato and
squash fruits could be marketed with apparent safety
for human consumption directly after application .In
addition residue half-life values in tomato and squash
fruits were 6.28 and 2.6 days, respectively.

Fig. 1: Calibration curve for sulfur at 5 – 30 ppm.
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Fig. 2: Typical chromatogram of 5 ng sulfur standard.

Table 1: Behavior of Sulfur residues in tomato and squash fruits.
Time after Tomato Squash
treatment --------------------------------------------------------------------- ----------------------------------------------------------------------------------
(days) Residues (ppm) %Loss % Persistence Residues (ppm) % Loss %Persistence
Initial * 15.83 0.00 100 19.98 0.00 100
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 10.88 31.26 68.74 12.31 38.38 61.62
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 9.37 40.80 59.20 8.47 57.60 42.40
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 7.01 55.71 44.29 5.02 74.87 25.13
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 3.15 80.10 19.90 1.93 90.34 9.66
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 1.97 87.55 12.45 0.95 95.24 4.76
RL50 (days) 6.28 2.6
*  Samples were taken one hour after application
LOD: 0.2   ppm
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