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Abstract A simple and sensitive high pressure liquid
chromatographic method has been developed for the
simultaneous determination of Thiram and its transforma-
tion product using isocratic mixture of methanol-water
(65:35) at flow rates of 0.75 mL min~!, PDA detector
using UV absorbance (Ayay) at 217 nm for Thiram and
265.5 nm for the transformation product. The transforma-
tion product was isolated from the commercial DS for-
mulation and has been tentatively assigned the structure by
'"H NMR and ESI-MS spectral data. The separation is
dependent on the nature of the mobile phase, its flow rate
and the nature of the HPLC column. The detection limit
(signal/noise; S/N = 3) for both Thiram and its transfor-
mation product was 0.2 ppm. The method has been suc-
cessfully applied to analysis of soil and soybean samples
spiked with Thiram, its transformation product and a
commercial sample containing these products.

Keywords HPLC - Thiram - DS formulation -
Transformation product

Thiram [Bis (dimethylthiocarbamoyl)-disulfide (Synonym:
tetramethyl thiuram disulfide TMTD] is a well-known
dithiocarbamate fungicide used to prevent crop damage in
field and during storage or transport. It is widely used as a
foliar treatment on fruits, vegetables, ornamentals and turf
crops and a seed treatment to control a number of fungal
diseases (Kunkur et al. 2007). Thiram is available as dust,
wettable powder and dry and wet flowable formulations as
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well as admixture with other fungicides. It is also an
environmental degradation product of Ferbam and Ziram
(Anonymous 1991). Several analytical methods are avail-
able for quantification of dithiocarbamate fungicides in
different crop matrices and environmental samples. Gas
chromatographic methods have been employed by deter-
mination of CS, formed on acid hydrolysis of dithiocar-
bamates in food using a headspace technique (Jianren et al.
1989; Hill 1992; Friedrichs et al. 1995) or after partitioning
of the CS, into an organic phase (Harrington et al. 1998).
Although gas chromatographic methods are sensitive, they
suffer from lack of selectivity since all dithiocarbamate
pesticides evolve CS, on acid hydrolysis. Reverse phase
HPLC methods have also been proposed for the analysis of
Thiram and other dithiocarbamate fungicides using UV or
electrochemical detectors (Aulakh et al. 2004; van Lishaut
and Schwack 2000; del Silva et al. 1999). It has been
observed that during long storage, Thiram is transformed
into products with reduced antifungal activity. Analysis of
such transformation products is therefore vital for under-
standing usefulness and fate of Thiram during storage.
Since no report is available on the analysis of Thiram and
its transformation product, the present paper describes the
isolation, identification and simultaneous LC analysis of
Thiram and its transformation product in Thiram 75% DS
formulation.

Materials and Methods

HPLC grade water was prepared in laboratory by passing the
city supply through a reverse osmosis (RO) unit and a water
purification system (US Filter, Purelab classic). HPLC grade
methanol (Qualigens India, a unit of GlaxoSmith-Kline) and
Thiram DS formulation (Devidayal Agrochemicals) were
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procured from the market. The solvents were degassed and
filtered through a filtration system before use. Thin layer
chromatography was performed on silica gel-coated plastic
or aluminium TLC plates supplied by Merck Schruchardt,
Germany. The plates were developed in (hexane:ethyl ace-
tate, 40:60) and visualized under UV-light or iodine vapours.
Reverse phase LC system consisted of a Waters 600 qua-
ternary pump with a manual injector (20 pL fixed loop), and
a 2,996 photodiode array detector (Waters, USA). A com-
puter using an “Empower” software programme integrated
the peak areas automatically.

A shelf life expired sample (25 g) of Thiram formula-
tion (Thiram 75% DS) was extracted with acetone
(150 ml x 3) and dichloromethane (100 ml x 3). The
combined acetone extract was concentrated in vacuo and
crystallized from methanol to afford a transformation
product (6.5 g). The dichloromethane extract was similarly
processed to obtain Thiram (4 g). On TLC plate, these gave
respective Ry values of 0.6 and 0.7. The chromatographic
analysis was performed at ambient temperature (25-30°C)
on a RP-18e Purosphere STAR and RP-Select B LiChro-
spher (250 mm x 4 mm i.d., Merck, Darmstadt, Germany)
columns. The physico-chemical properties of LC columns
used in the study are listed in Table 1. The mobile phase
comprised of isocratic mixture of methanol-water (65:35)
at flow rates of 0.75 mL min~'. For quantitation, the
photodiode array detector was set at 217 nm for Thiram
and 265.5 nm for transformation product. A 20 pL sample
was injected each time.

Thiram and the transformation product were subjected
to MS-analysis (Thermo Finnigan). Mass spectroscopy was
carried out using Thermo Electron LC-MS-MS spectrom-
eter equipped with P-2000 binary pumps, MAX-detector
(Thermo Electron Corporation USA) and electrospray
ionization (ESI) source. Detection of mass was done by a
Finnigan LCQ tune plus programme using Xcalibur soft-
ware for the study of fragment ions and identification of
masses. The MS was recorded in direct infusion mode with
following parameters: Sheath gas flow rate 15, spray
voltage 4.5 KV, spray current 0.5 pA, capillary tempera-
ture 190°C, capillary voltage 22 V and mass ranges 50—
1,000 amu. Standard solutions of Thiram and its transfor-
mation product (1,000 pg mL~") were prepared by dis-
solving 25 mg of each in 25 mL of methanol. Working
standard solutions for LC were prepared in the range of 1-
250 pg mL~" through a serial dilution of the standard

Table 1 Physico-chemical properties of LC columns used in the study

solution with the mobile phase. Recovery experiments on
Thiram and its transformation product were carried out on
soybean seed and soil samples at 50 and 100 ppm levels.
Ten gram sample each was fortified at 50 and
100 pg mL ™" levels and kept for 4 h at room temperature.
Samples  were  extracted with  dichloromethane
(10 x 3 mL) and filtered through Whatman no. 4 filter
paper. The pooled extract was evaporated on rotary evap-
orator under reduced pressure and the residue dissolved in
5 mL methanol (HPLC grade) for HPLC analysis.

Thiram and its transformation product were evaluated
for their antifungal activity against the phytopathogenic
fungi Macrophomina phaseolina by Poisoned Food Tech-
nique (Agarwal et al. 2001).

Results and Discussion

Dichloromethane extract of the Thiram formulation fur-
nished a compound which on the basis of its mass (MS)
and '"H NMR was identified as Thiram. In the ESI-mass
spectrum it exhibited three molecular adduct ion peaks at
m/z 2414 M+ H)", 263.5 (M + Na)* and 286
(M + 2Na)" which were characteristic of Thiram mole-
cule. The MS-MS of the di-sodium and mono sodium
adduct ion peaks at m/z 286 and 263 further gave peaks at
m/z 240.9 and 143.0 (Fig. 1). These peaks further proved
their ultimate origin from thiram molecule. In its "H NMR
spectrum the proton peak at § 3.43-3.64 integrating for 12
protons were attributed to four methyl groups of the thiram
molecule.

Acetone extract of the Thiram formulation furnished
another compound which on the basis of MS and 'H NMR
analysis was identified as the dimeric transformation
product of Thiram. In its ESI-MS, it exhibited molecular
adduct ion peak at m/z 614.8. ESI-MS-MS of this molec-
ular adduct ion peak gave characteristic fragment ion peaks
at m/z 319 and 176.2. On the basis of its fragmentation
pattern, the compound was tentatively identified as dimer
of Thiram with two additional sulfur atoms. The transfor-
mation product probably originated as a result of the
dimerization of the Thiram molecule during long storage.
The 'H NMR spectrum of the Thiram transformation
product exhibited two singlet peaks at 6 3.42 and 3.52
which corresponded to form methyl groups of the Thiram
transformation product.

Column Length and i.d. Particle size Pore size Carbon Coverage Surface area
(mm) (pm) A) load (%) (pmol m™?) (m” g™

RP-18e purosphere STAR 250 x 4.0 5 100 21.6 4.09 350

RP-select B LiChrosphere 250 x 4.0 60 11.5 3.55 360
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Fig. 1 ESI-MS fragmentation
pattern of Thiram and Thiram m/z 143
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Thiram and its transformation product exhibited UV
absorption at 217 and 265.5 nm, respectively. High per-
formance liquid chromatographic method with UV/PDA
detector was considered more suitable for their analysis.
Reversed-phase RP-C,g bonded phase columns (RP-Select
B LiChrosphere and RP-18e Purosphere STAR) were
chosen for the analysis. The analytical columns were
optimized for solvent mixture composition, flow rate and
limits of detection and quantification (Tables 2, 3). Meth-
anol-water (65:35) at flow rate of 0.75 mL min~' was the
best. RP-Select B LiChrosphere column gave good sepa-
ration in a reasonable time. LC chromatograms of Thiram
and its transformation product extracted and isolated from
Thiram DS formulation is given in Figs. 2 and 3. The
retention times of Thiram and its transformation product
were 5.2 and 6.4 min, respectively under the above
described conditions.

Fivefold injections of 20, 40, 100 ng mL ™! of Thiram
and its transformation product were used to determine the
accuracy and standard deviation. The accuracy of this
method was adequate for determination of both the prod-
ucts (Table 4). The injection precision—a measure of the

m/z 176 [+Na]"

method variability, and relative standard deviation (RSD)
were determined for six replicate injections of a represen-
tative batch of both the compounds separately at the target
concentration of 100 pg mL™'. R.S.D.s of the response
factor of Thiram and its transformation product peaks were,
respectively, 1.55% and 1.86% for the six injections,
indicating a good precision of the method.

Three calibration curves with five standard solutions
each were prepared. Concentration range of 2-
200 pg mL~" was used with the target concentration of
100 pg mL™" for both the compounds. The UV detector
response for both the compounds was linear over this range
with correlation coefficients of 0.999 and 0.996 for Thiram
and its transformation product, respectively. Peak area (y)
and concentration (x) of each injection was subjected to
regression analysis to calculate the calibration equation and
correlation coefficients. Linearity was confirmed as the
R.S.D. values of the slope (1.14 and 2.80) and the intercept
(2.80 and 2.56) were less than 3%. Least-square regression
calibration curves were constructed by plotting peak areas
of thiram and its transformation product as a function of
concentration in the standard working solutions. The
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Table 2 Optimum solvent
systems for the analysis of
Thiram and its transformation
product by liquid

chromatography using different
solvent systems at flow rate
0.75 mL min™"

Solvent system Thiram Transformation product
Retention Peak Retention Peak
time (fg, min) height time (fg, min) height
RP-select B LiChrosphere

Methanol-water (70:30) 4.815 402,559 5.658 290,618

Methanol-water (65:35) 5.165 556,693 6.379 375,923

Methanol-water (60:40) 6.613 351,080 9.162 220,190
RP-18e purosphere STAR

Methanol-water (65:35) 5.213 387,709 6.574 220,991

Table 3 Optimum solvent flow rate for the analysis of Thiram and its
transformation product by liquid chromatography using methanol-
water (65:35) as eluent

Solvent flow rate  Retention time (fg, min)

(mL min™})

Thiram Transformation product
R Peak R Peak
height height
RP-select B LiChrosphere
0.50 7.667 392441  9.454 268,082
0.75 5.165 556,693  6.379 375,923
1.00 3909 393,199  4.828 266,461
RP-18e purosphere STAR
0.75 5213 387,709  6.574 220,991
1.40
1.20 ] !
1.00 * I
2 0.802
0.60
0.40 *
0.20 f
o.oo—f‘ e — ‘

T T T T T T T LR L L B
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

Fig. 2 LC chromatogram of Thiram and its transformation product in
the formulation extract at A, 217 nm

calibration curves could be represented by the following
regression equations:

Y(Thiram) = 72260 x — 17253
(R* =0.9997, n = 5)
Y (Transformation product) = 52118 x 4+ 69727
(R* = 0.9964, n = 5)
The optimized LC conditions were applied to the
determination of thiram and its transformation product in

fortified soil and soybean seed samples. Soybean samples
spiked with 50 and 100 pg mL ™" were used in triplicate to
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Fig. 3 LC chromatogram of Thiram and its pure transformation
product at the respective Apax

assess accuracy. The method required negligible clean up.
The seed blank did not show any peak interfering with
either thiram or the transformation/degradation products. In
any clean up experiment the recovery of an analyte from
the collection medium must be 75% or greater. The present
recovery of Thiram (Table 5) ranged from 86.9 to 93.4 in
soil and 94.5-99.0 in soybean seeds with R.S.D. values less
than 1.0%. The present recovery of the transformation
product on the other hand ranged from 88.6 to 93.3 in soil
and 95.7-99.4 in soybean seeds with R.S.D. <1.0%. The
amount of thiram and the transformation product were
calculated from related regression equations. Good
recoveries achieved from both soil and soybean seed
samples indicated that the method has sufficient accuracy
for the determination of Thiram and its transformation
product either alone or in combination. Specificity of the
HPLC method is illustrated in Fig. 4. A complete
separation of thiram and its transformation product from
the extracted seed and soil sample was noticed. No
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Table 4 Accuracy of the LC method for determination of Thiram 0.050 4 .
and its transformation product 0.040 ] Fortified seed
Compound Concentration ~ Mean found () SD S 0.030 7
(ppm) (ppm) (ppm) < ]
0.020
Thiram 20 18.294 0.34 0.010 1
40 39.518 0.43 0000 AV — ‘
100 100.018 0.54 5.00 10.00 15.00 20.00
Transformation product 20 19.024 0.28 Minutes
40 38.994 0.46
100 100.026 0.51 0.012 | Seed alone
0.010 1
0.008 1
2 0.006 -
interfering peaks were observed at the retention times of 0.004 ]
Thiram and its transformation product. 0.002 L
Detection limit (LOD), the lowest amount of an analyte 0.000 4
in a sample that can be detected but not necessarily " 500 400 600 800 1000 1200 1400
quantitated, is usually evaluated as the signal to noise ratio Minutes
that is equivalent to three times the standard deviation of
the noise (S/N = 3). The limit of quantification (LOQ), the 0.060 o
. . . 0.050 Fortified soil
lowest concentration that can be determined with accept- 1
able accuracy and precision, is evaluated at signal to noise 0.040 4
ratio equivalent to ten times the standard deviation (S/ I 0030 -
N = 10) of the noise. The lower limit of detection for 0.020 -
thiram and the transformation product was established as 0.010 1
0.20 pg mL™" as their 20 pL injection gave a measurable 0.000 4——4 e : : : :
peak. The limit of quantification of both the compounds 5.00 10.00 15.00 20.00
was experimentally verified by six injections and found to Minutes
be 0.40 and 0.50 ug mL™", respectively (Table 6). Results .
on the effect of stationary phase particle size, carbon load, 0.010 4 Soil alone
surface area and mobile phase using Purosphere RP 18e 0.008
and Lichrosphere RP-Select B columns in RP-HPLC sep- 1
arations are reported in Tables 1 and 3. Purosphere RP 18e 2 0008 1
column was distinctly more favourable with significant 0.004 7
difference in detection and quantification. 0.002 4
Thiram exhibited significant antifungal activity against 0.000

the phytopathogenic fungus Macrophomina phaseolina. At
50 and 25 ppm test concentrations, it exhibited 100% and
80% inhibition of the fungal growth. The transformation
product on the other hand was inactive and did not show
any activity at these concentrations. The decreased activity

Minutes

L B I L I R I
6.00 8.00 10.00 12.00 14.00

Fig. 4 LC chromatogram of Thiram and its transformation product
extracted from fortified soil and soybean seed samples in recovery

experiments

Table 5 Recovery of Thiram

and its transformation product Compound Medium Added ci()lncentration Recoverf:fl concentration R.S.D. Average
from soil and soybean seed (kg mL ) (hg mL ) (%) recovery (%)
Thiram Soil 50 43.46125 0.41 86.9225
100 91.43268 0.37 93.4327
Soybean seed 50 47.22513 0.58 94.450
100 98.99674 0.38 98.9967
Transformation Soil 50 4429715 0.74 88.5943
product 100 93.32485 0.62 93.32485
Soybean seed 50 47.8564 0.86 95.7128
100 99.3648 0.28 99.3648
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Table 6 Limits of detection and quantification (ug mL™") of Thiram
and its transformation product on two reverse phase columns

Column Thiram Transformation
product
LOD LOQ LOD LOQ
(ppm)  (ppm)  (ppm)  (ppm)
LiChrosphere RP select B 0.20 0.50 0.20 0.50

Purosphere STAR RP-18¢  0.30 0.55 0.30 0.55

of the expired sample of Thiram was attributed to the
presence of the increased amount of the transformation
product in the sample.

Thiram, a dithiocarbamate fungicide is available for use
as dust, wettable powder, and dry or wet flowable. During
long storage there is a likelihood of the active ingredient
being transformed/degraded to less active transformation
products. An isocratic reverse phase LC method has been
developed for the simultaneous analysis of Thiram and its
transformation product of close polarity and chromato-
graphic behaviour. The proposed method has been verified
for accuracy, precision, and selectivity. It requires short
time (<45 min) for sample clean up and analysis. The two
analytes can be separated within 20 min. The use of RP-
Select B LiChrosphere column and an isocratic mobile
phase offers improved resolution and increased peak height
and eliminates the need for gradient separation. The
method can be recommended for routine assay of thiram or
its transformation products alone and/or in combination in
the technical materials and formulations.
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