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Propargite is an acaricide extensively used in India for controlling the populations of the red spider
mite (RSM) infesting tea. Field experiments were conducted at two places in Tamil Nadu (India) during
the dry season to determine the residues of propargite in black tea. Residues were quantified at different
harvest intervals of ‘0’ (3 hr), 1%, 3, 5%, 7, 10" and 14" day after acaricide application. Persistence,
dissipation pattern, half-life value and safe harvest interval of the acaricide in tea were calculated.
Residues of propargite dissipated exponentially after application at both the locations and reached
below the CODEX MRL of 5 mg/kg on the 7" day. Regression lines drawn on propargite showed that
like other acaricides it followed the first order dissipation kinetics. Half-life values varied from 1.63 to
1.92 days for propargite and a safety harvest interval of 7 days is suggested for the tea crop.
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Introduction

Tea contains an array of chemical constituents, some of which are
as unique as the plant itself. The main constituents of tea leaves are
carbohydrates, proteins, polyphenols, caffeine, theanine, enzymes,
vitamins and minerals. The chemicals in the green tea leaves undergo
drastic changes when they are processed into black, green or oolong
tea. From the pharmacological and therapeutical points of view
polyphenols and caffeine are the most important, though vitamins
and minerals are also considered medically significant research has
indicated that the beneficial effects of tea are due its polyphenolic
contents that may affect carcinogen metabolism, free radical
scavenging and formation of DNA adducts [1,2]. Such a healthy
beverage should also be free from the residues of pesticides and heavy
metals. The tea crop is attacked by several pests and diseases and it is
imperative that plant protection chemicals are applied to reduce the
severity of infestation.

Propargite (Omite 57 EC) [2-(p-tert-butylphenoxy)cyclohexyl
2-propynyl sulfite] an acaricide with a unique chemical configuration
consisting sulfite moiety, has found a place in the list of chemicals
recommended for red spider mite control in tea in south India [3].
Propargite is registered with Central Insecticides Board (CIB) in India
for usage on tea and cleared under the Prevention of Food adulteration
(PFA) Act. A few reports are available on the degradation of certain
commonly used pesticides and their residues in tea [4-10]. Similarly
research papers have been published on the residues of propargite
in tomatoes [11], fruits and vegetables [12] and dissipation behavior
of propargite residues in soil, apple and tea [13]. However, there is
no published information on the residues of propargite in black tea
under the agro climatic conditions of south India. Hence, a study was
undertaken to generate data on residues, persistence and dissipation
of propargite in tea.

Materials and Methods
Field trials and experimental design

The experiments were conducted in tea fields at Valparai and
Coonoor (Tamil Nadu, India). Plots measuring 100 sq.m, containing
tea plants of mixed cultivars with appropriate guard rows, were
used for the study. Tea plants had been planted in double hedge, in
triangular planting system at a spacing of 0.75 x 0.75 x 1.25 m under
the shade tree, Grevillea robusta (6 x 6 m spacing).

The treatments were application of propargite 57 EC @ 1000 and
2000 mL/ha and an untreated control. The acaricide was applied with
hand operated knapsack sprayer, using a spray volume of 400 L/ha.
Tea shoots consisting of three leaves and a bud were harvested on
0 (3 hours), 1%, 3, 5%, 7" 10" and 14™ days after application of the
chemical. The shoots harvested on the specific day after chemical
application were processed in a miniature manufacturing unit.
Harvested shoots were spread in a withering trough and allowed to
wither with natural air, blown underneath for 16-18 hours. Withered
leaves were passed through a rotorvane for crushing and mixing
of leaves and juice. This was passed four times through a roller cut
CTC (Crush, Tear and Curl) machine. The resulting cut “dhool”
was spread over the fermentation trays at a thickness of about 2 cm,
maintaining a relative humidity of 90-95% for one hour. Fermented
(enzymic oxidation) “dhool” was dried in a mini fluid bed drier to
attain a final moisture content of 2.5-3.0%. Black tea samples thus
obtained were analysed in a high performance liquid chromatograph
(HPLC, Agilent 1100 Series) equipped with diode array detector,
following standard procedure.

Chemicals and reagents

An analytical reference standard of propargite (purity 95.40 %)
was procured from Dr. Ehrenstorfer, Germany and the commercial
formulation of propargite (Omite 57E) was supplied by the
manufacturer, M/s. Chemtura Chemicals Pvt. Limited, Mumbai,
India. Hexane, acetone, isopropyl alcohol, sodium chloride and
sodium sulphate were obtained from M/s. Merck, Mumbai, India; all
were of chromatographic purity. Florisil (60 — 100 mesh, pesticide
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residue grade) was obtained from M/s. Sigma - Aldrich fine
chemicals, Bangalore, India.

Instrument and calibration

Details of the instruments employed and the conditions of
operations for analysis of residues of propargite are given below. An
Agilent 1100 Series HPLC with a diode array detector was used for
separation and quantitative analysis, and a Zorbax Rx C18 column
(25 cm length, 4.6 mm internal diameter and 5pm film thickness)
was used for HPLC determination. Acetonitrile and water (75:25,
v/v) at a flow rate of 1.50 ml/min was used as the mobile phase. The
temperature of oven was set at 40°C and 10 pL of sample was injected
for detection. Quantification was accomplished by using a standard
curve prepared by diluting the stock solution in acetonitrile. Good
linearity was achieved in the range 0.10 - 5.0 ug/mL with a correlation
coeflicient of 0.9996. The limit of detection was estimated to be 0.1
pg/mL of propargite. The column was conditioned by three repeated
injections of standard and sample extracts until HPLC peaks were
reproducible.

Analysis

Extraction: Ten gram of black tea sample was hydrated with
5 mL of double distilled water and extracted 3 times with 100 mL
mixture of 1:1 isopropyl alcohol: hexane by shaking it in a mechanical
shaker for two hours. The contents are filtered, washed with 80 mL of
isopropyl alcohol: hexane and the extract was transferred to 500 mL
separating funnel for partitioning.

Clean up: To the filtrate, 125 mL of saturated sodium chloride
solution was added and shaken vigorously. After allowing the layer
to separate, hexane layer was allowed to pass through the anhydrous
sodium sulphate placed in the funnel. The aqueous extract was again
partitioned twice with 50 mL of hexane and collected hexane layer
passed through anhydrous sodium sulphate layer. The aqueous layer
was discarded. The hexane extract was concentrated in a rotary
vacuum evaporator with a water bath maintained at 60°C. The
concentrated residue was dissolved in hexane and transferred to a
glass column packed with cent per cent activated florisil (10g) with 1
cm layer of anhydrous sodium sulphate in top and bottom of florisil.
Prior to the elution, the column was washed with 50 mL of hexane
to remove the co-extractives and the washings were discarded. The
compound was eluted with 75 mL of 5 per cent acetone in hexane.
After evaporation, the samples were diluted to 10 mL with acetonitrile
(HPLC grade) and analyzed in HPLC [14].

Propargite residues in tea brew: About 2g of made tea was
infused in 100 mL of boiling water (ISO 3103 -1990). After 6 minutes
of brewing, the water extract was filtered, cooled and partitioned with
100 mL of hexane. The organic phase was passed through anhydrous
sodium sulfate. The extract was concentrated by evaporating in
a rotary vacuum evaporator and diluted with 10 mL hexane and
analyzed for the residues of propargite. The spent leaves were dried
between the folds of filter paper and residues were extracted following
the method described above for black tea.

Results and Discussion
Recovery of propargite from black tea

The analytical method was validated for black tea prior to actual

analysis. To validate the analytical method, recovery percentage
was established by fortification of technical standard solutions of
propargite from untreated control black tea. For determination of
recovery percent of propargite from black tea samples, 10 g of control
tea sample was fortified with 1.0024 mg/kg of propargite, replicated
three times. After mixing and allowing the solvent to evaporate, the
samples were analyzed for the concentration of propargite residues as
described earlier. The recovery achieved was 98.10% at 1.0024 mg/kg
level of fortification for black tea, which was a clear validation of the
procedure adopted for extraction and analysis of propargite residues
from tea samples. Recoveries of the pesticide at different fortification
levels, i.e. 0.5, 1 and 5 pg/mL were determined in six replicates from
each matrix to validate different analysts and evaluate the accuracy of
the method.

Kinetics of dissipation

The residue data were subjected to simple regression analysis.
From the regression equation, half-life and safety harvest (i.e.
minimum number of days to elapse for the residues to reach tolerance
limit) were calculated as suggested by Regupathy and Dhamu [15].

Propargite residues in black tea

The residues of propargite in black tea when applied @ 1000 and
2000 mL/ha during dry season at different harvest intervals are given
in the Table 1. Propargite residues present in the processed black
teas dissipated gradually and were low as 3.40 mg/kg and mg/kg at
Valparai and Coonoor respectively on the 7 day after spraying and
subsequently propargite residues were not detectable in tea. When
applied at high dosage residues were 5.11 mg/kg and 5.07 mg/kg.
Based on the above data, half-life, the pre-harvest interval (PHI)
after application of propargite in tea was calculated. Regression
lines drawn on propargite showed that it followed the first order
dissipation kinetics (Table 2). Studies on the infusion indicated that
propargite residues did not leach into the tea brew (Table 3).

Pihlstrom et al. [16], reported the analysis of pesticide residues
including propargite in fruit and vegetables with ethyl acetate
extraction using gas and liquid chromatography with tandem mass
spectrometric detection. Further, they proposed that the multi-residue
method was simple, straightforward, without cleanup, and made it
possible to extract, determine and confirm roughly 300 analytes in
one single analysis using LC-MS/MS and GC-MS/MS. Kumar et al.
[13], investigated the dissipation behaviour of propargite in soil and
plant material. They also reported that the MRL in apple fruits were

Table 1: Residues of propargite in black tea at Valparai (V) and Coonoor (C).

Residues of propargite (mg/kg)
@ 1000 mL/ha @ 2000 mL/ha
Day Control \Y; C \Y C
0 ND 92.76 118.13 195.11 154.88
1 ND 60.71 60.71 100.24 104.09
3 ND 30.98 44.76 77.64 75.08
5 ND 18.99 15.17 32.15 29.54
7 ND 3.40 1.78 5.11 5.07
10 ND BDL BDL BDL BDL
14 ND BDL BDL BDL BDL
ND: non detectable; BDL : below the detection limit.

Citation: Seenivasan S, Dhanakodi K, Muraleedharan NN (2015) Residues of Propargite in Tea. Int J Agricultural Sci Food Technology 1(1): 012-015. DOI:

10.17352/2455-815X.000004
013


http://dx.doi.org/10.17352/2455-815X.000004


Seenivasan et al. (2015)

3

Table 2: Kinetics of dissipation of propargite in black tea at Valparai and
Coonoor.

Regression Correlation co- |Half-life -
Dosage (MLha) | ation* efficient(r2) |(days) | (days)
Valparai
logy =1.7647 +
1000 (-0.1561)x 0.8514 1.92
logy =2.2494 + 7
2000 (-0.1837)x 0.9252 1.63
Coonoor
logy =1.9417 +
250 (-0.1665)x 0.8806 1.81 ,
logy =2.2108 +
500 (-0.1801) x 0.9261 1.67

*log y = a + bx; where, y =residue level in mg/kg; x -harvest interval in days &
a, b- regression constants ** based on the CODEX MRL of 5 mg/kg of tea.

Table 3: Residues of propargite in tea infusion.

Residues of propargite (mg/kg)
Day Valparai @ 1000 ml/ha Coonoor @ 1000 ml/ha
Tea Brew Spent tea Tea brew Spent tea
0 ND 90.51 ND 115.67
1 ND 58.24 ND 57.53
3 ND 27.31 ND 42.24
5 ND 16.43 ND 13.35
7 ND 2.01 ND ND
10 ND ND ND ND
14 ND ND ND ND

ND — non detectable.

below the prescribed guidelines after 9 days of the treatment, while in
tea, residue levels were below the MRL, 7 days after treatment. Data
are also available on the potentiation of propargite and fenpyroximate
mixture against two-spotted spider mite, Tetranychus urticae [17]. In
tea fields, besides the effects of some physical and chemical factors
like light, temperature, pH, moisture, degradation of insecticides,
growth dilution might have also played significant role and rendered
propargite residue unavailable in short a period. Growth dilution
is an important factor in reducing the residue levels in tea crop as
the shoots on which pesticides are applied, are in different stages of
growth [18-20]. Withering of tea leaves was a major reason for total
degradation. This might be due to evaporation during withering
process. Chen and Wan [20] reported 30 to 60 per cent of reduction
in pesticide residues during processing, especially during drying.

Transfer of residue from manufactured tea to
infusion and spent leaves

The quantity of propargite residues transferred from processed
black tea to infusion was not detectable. While the residues remained
in the spent leaves, the infusion was almost free from propargite,
when applied at the recommended rate of 1000 mL/ha. Generally,
only those pesticides with high water solubility are potentially
transferred to the tea cup, in significant amounts. The rate of transfer
of the pesticide residues to the infusion depends on its solubility in
water [21] and partition coefficient [22]. Propargite with very low
water solubility (0.215 mg/L) and low octanol-water coefficient (K |
5,01,187) supported the findings [23].

Conclusion

CODEX of FAO/WHO has regulated an MRL of 5 mg/kg for
propargite in tea. It is evident that black tea processed from green
shoots collected after 7-10 days, after spraying at recommended
dose had residues below MRL. The waiting period based on MRL in
black tea may be therefore fixed as 7 days for propargite. Thus, the
consumption of tea infusion is safe, when the leaves are processed
after the normal harvesting interval, after the spraying of propargite.
Thus the present findings are useful in monitoring the residues of
propargite in tea.
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