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Abstract Laboratory experiment was conducted to
understand the persistence behavior of tetraconazole
in three soils of West Bengal (alluvial, red lateritic,
and coastal saline) and also in water maintained at
three different pH (4.0, 7.0, and 9.2) conditions.
Processed soil samples (100 g) were spiked at two
treatment doses: 2.5 μg/g (T1) and 5.0 μg/g (T2).
Double distilled buffered water (200 ml) was spiked at
two treatment doses: 1.0 μg/ml (T1) and 2.00 μg/ml
(T2). The tetraconazole dissipation followed first-order
reaction kinetics and the residual half-life (T1/2) values
in soil were found to be in the range of 66.9–77.2 days
for T1 and 73.4–86.0 days for T2. The persistence in-
creased in the order red lateritic > new alluvial > coastal
saline. Interestingly, the red lateritic soil exhibited the
lowest pH (5.56) and organic carbon (0.52%) content as
compared to other two soils. However, the dissipation of
tetraconazole in case of water was not pH dependant.
The T1/2 values in water were in the range of 94 to

125 days. The study indicated the persistent nature of
tetraconazole in soil and water.
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Introduction

Tetraconazole, (RS)-2-(2,4-dichlorophenyl)-3-(1H-1,2,4-
triazole-1-yl)propyl 1,1,2,2-tetrafluoroethyl ether
[C13H11Cl2F4N3O] is a broad spectrum systemic fun-
gicide of triazole group (Khalfallah et al. 1998) intro-
duced in 1973 by Grewe and Buchel. Tetraconazole is
effective in controlling a broad spectrum of diseases
such as powdery mildew and scab on fruits, powdery
mildew on vines and cucumbers, powdery mildew
and rust on vegetables and powdery mildew, and
brown rust Septoria and Rhynchosporium on cereals
(Menkissoglu et al. 1998).

Like all other triazoles, tetraconazole belongs to
the sterol biosynthesis inhibitors group inhibiting the
metabolic pathway leading to fungal sterol produc-
tion, thus blocking the lanosterol demethylation re-
action. Due to the presence of the tetrafluoroethoxy
group in its molecule, tetraconazole can behave like
either a hydrophilic or a lipophilic compound. Its
well-balanced hydrosolubility/liposolubility ratio re-
sults in excellent systemic activity. Tetraconazole
quickly enters the plant and distributes evenly
throughout all treated tissues; this leads to a high
level of protection even in the untreated section or

Environ Monit Assess (2013) 185:9819–9824
DOI 10.1007/s10661-013-3294-0

S. Alam
Institute of Pesticide Formulation Technology,
Sector-20, Udyog Vihar,
Gurgaon 122016 Haryana, India

D. Sengupta : R. K. Kole (*) :A. Bhattacharyya
Department of Agricultural Chemicals, Bidhan Chandra
Krishi Viswavidyalaya, Mohanpur,
741252 Nadia, W.B., India
e-mail: rkkole@yahoo.com

R. K. Kole
e-mail: rkkole@rediffmail.com



in the vegetation grown after the spray. Due to its
particular molecular structure which has no inhibito-
ry action upon gibberellins and phytosterols (Fukuto
1987; Ware 1986; Stevens and Sumner 1991), dwar-
fing and phytotoxic effects are absent.

Studies on the residual fate of the compound reported
half-life values of 4–5 days in mango (Alam et al. 2011)
and preharvest intervals of 12.5 and 28.5 days at recom-
mended rates and double application rates, respectively
(Banerjee et al. 2008). However, the proposed applica-
tion method of tetraconazole is ground and aerial appli-
cation as a foliar spray or chemigation alternated with a
non-triazole fungicide (EPA 2005). Thus, soil may serve
as an indirect source of pesticide residue in the final
produce. Possibilities of groundwater pollution also ex-
ist as leachate from soil may contain tetraconazole res-
idue. In addition, runoff to surface water leaves risk of
contamination of aquatic bodies to a varying degree.
Thus, persistence of the fungicide in soil and water
needs to be evaluated for safe and judicious use of the
fungicide. In this context, the present study covers dis-
sipation of tetraconazole in three soils and water buff-
ered at three pH levels under laboratory condition.

Materials and methods

Persistence of tetraconazole in soil

Collection and processing of soil

Three types of agricultural field soils were collected
from different agroclimatic zones of West Bengal, viz.,
(1) alluvial soil from University Research Farm, BCKV,
Gayeshpur, Nadia; (2) red lateritic soil from Regional
Research Station, BCKV, Jhargram, Midnapore; and (3)
coastal saline soil from Research Station of Central Soil
Salinity Research Institute (ICAR) at Canning, South
24- Parganas. Soil samples were air-dried and sieved to
remove extraneous material.

Analysis of physicochemical properties of soils

The physicochemical properties of the soil were de-
scribed in Table 1. pH of the soil solution (soil/water
1:2) was measured following the method described by
Jackson (1973), organic matter of the soils following
Walkley–Black method (Black 1965), textural class of
the soils by the hydrometer method (Black 1965), and

water holding capacity (WHC) by Keen’s box method
(Piper 1944).

Persistence of tetraconazole in soil

Processed soil samples (100 g) were taken in amber-
colored glass bottles. Tetraconazole analytical stan-
dard solution of 100 μg/g was used to spike the soils
at two treatment doses. The initial concentrations were
maintained at 2.5 and 5.00 μg/g for T1 and T2, respec-
tively. After application, the soils were thoroughly
mixed and allowed to equilibrate for 1 h at room
temperature. The treated soil samples were transferred
into glass containers covered with perforated alumi-
num foils, maintained at 70 % WHC, and incubated in
the dark at 25 °C. Moisture content was maintained by
addition of required amount of distilled water (equiv-
alent to 70 % WHC). Samples were withdrawn at 0, 3,
7, 15, 30, 45, 60, 90, 120, and 150 days after applica-
tion and stored at −20 °C until analysis.

Persistence of tetraconazole in water

Erlenmeyer flasks (250 ml) were filled with 200 ml of
double distilled water. Buffer capsules (Merck) were
added (one capsule/100 ml) to bring the pH of the
water at 4.0, 7.0, and 9.2. Tetraconazole analytical
standard (100 μg/ml) was used to spike the water at
two treatment doses: 1.0 μg/ml (T1) and 2.00 μg/ml
(T2). After application, the solutions were shaken for
2 min and covered with perforated aluminum foil. The
Erlenmeyer flasks were incubated in the dark at 25 °C.
Samples were withdrawn at 0, 3, 7, 15, 30, 45, 60, 90,
120, and 150 days after application.

Residue analysis of tetraconazole

Soil

The soil samples were transferred to Erlenmeyer flask
(500 ml) using solvent mixture of methanol/water 9:1
(200 ml, v/v) and were subjected to continuous shak-
ing for 2 h using a mechanical shaker. The extract was
filtered through a Buchner funnel followed by rinsing
the flask and filter paper with methanol (50 ml).

The extracts from soil were concentrated in rotary
vacuum evaporator (RVE) and partitioned thrice with
dichloromethane (100, 50, and 50 ml) after addition of
aqueous saturated NaCl solution (100 ml). The organic
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layers were collected by passing through anhydrous
Na2SO4 and concentrated to a minimum volume in
RVE. The concentrated dichloromethane fraction was
transferred to a glass column packed with silica gel
(20 g) and anhydrous sodium sulfate (5 g). Hexane/
acetone 1:1 (150 ml, v/v) mixture was used as eluent
after discarding 200 ml of hexane.

Water

Samples were partitioned thrice with hexane/dichloro-
methane 8:2 (v/v) mixture (100, 50, and 50 ml). The
organic fractions were collected by passing through
anhydrous Na2SO4 and concentrated in RVE. After
drying, the residue was transferred to measuring tubes
with distilled ethyl acetate for GC analysis and the
volume was made up so as to bring the final concentra-
tion into the linear range of the detector.

Estimation of tetraconazole residues

Tetraconazole was analyzed by GC Hewlett-Packard
(USA) model 5890A coupled with ECD (Ni63) attached
to Chemito 5000 data processor. A DB-1701 column of
length 30 m and film thickness 1.5 μm with an i.d.
0.53 mm was used for chromatography. Analysis was
accomplished using an isothermal temperature condi-
tion with injector; detector and oven temperature were
maintained at 275, 340, and 210 °C, respectively. Gas
flow was adjusted to a constant value of 50 ml/min till

the end of a complete run. The desired peak from sample
chromatogram was compared with a chromatogram of
analytical-grade tetraconazole having a retention time at
6.02 min.

Method validation

Preparation of standard calibration curve

The calibration curve was obtained by plotting the peak
areas against the concentration of the standard solution.
The limit of detection (LOD) of tetraconazole was de-
termined by considering a signal-to-noise ratio (S/N) of
3 with reference to the background noise obtained for
the blank sample, whereas the limits of quantification
(LOQ) were determined by considering an S/N of 10,
according to the peak-to-peak noise method as proposed
by United States Environmental Protection Agency (US
EPA) (Corley 2003).

Accuracy: recovery experiment

Recovery study was carried out in order to establish
the authenticity of the analytical method employed.
Soil samples (100 g) and water samples (200 ml) were
fortified at the level of LOQ and 10 times of LOQ with
the analytical standard solutions of tetraconazole and
were analyzed following the above procedure. Five
samples were taken at each fortification level along
with two control samples.

Table 1 Physicochemical prop-
erties of the soils under study Location Soil type Texture pH Bulk density

(g/cm3)
Organic carbon
(%)

Jhargram Red lateritic Sandy 5.56 1.58 0.52

Gayeshpur New alluvial Sandy loam 6.85 1.28 0.76

Canning Coastal saline Silty clay 7.92 1.45 1.21

Table 2 Recovery study of soil
samples spiked with analytical
standard of tetraconazole

RSD relative standard deviation
aAverage of five replicates

Soil type Amount fortified (μg/g) Amount recovered (μg/g)a % recovery RSD

Red lateritic 0.003 0.0026 86.6 10.6

0.030 0.0260 86.6 6.10

New alluvial 0.003 0.0025 83.3 12.1

0.030 0.0250 83.3 12.6

Coastal saline 0.003 0.0026 86.6 15.8

0.030 0.0258 86.0 5.10
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Data analysis

The residue data of tetraconazole in soil and water
were analyzed using the following mathematical
expression.

A½ �t ¼ A½ �1exp −ktð Þ

Where [A]t is the concentration (in milligram per
kilogram) of A at time t (days) and [A]1 is initial concen-
tration of A at time 0 (days) and k is the degradation rate
constant. The half-life values (DT50) in soil and water
were then evaluated applying the following relation:

DT50 ¼ ln 2ð Þ � k−1

Results and discussion

Method validation

The linearity of the calibration curve was established in
the range 1–25 ng/g with a correlation coefficient
R2>0.99. The LOD and LOQ were 0.001 and
0.003 μg/g, respectively for soil, and 0.0004 and
0.0001 μg/g for water, respectively. Average recovery
percentages from the fortified samples of three different
soils of West Bengal ranged between 83 and 87 % with
relative standard deviations (RSD) from 5.1 to 15.8
(Table 2). Recovery study for water was carried out in
a similar way. Average recovery percentages from the
fortified samples ranged between 92 and 97 % with
RSD from 6.5 to 11.6 (Table 3). Control samples were
free of tetraconazole residues. Thus, there was compli-
ance with the EU DG SANCO criterion in this regard,
which requires mean recoveries within the range of 70–
110 % European Commission Directorate of General
Health and Consumer Protection (2000). Various
methods with comparable range of limit of determina-
tion of tetraconazole residues, using either gas chroma-

Table 3 Recovery study of water samples spiked with analyt-
ical standard of tetraconazole

pH level Amount
fortified
(ppb)

Amount
recovered
(ppb)a

% recovery RSD

4.0 1 0.944 94.4 11.6

10 9.680 96.8 9.6

7.0 1 0.928 92.8 10.8

10 9.700 97.0 9.6

9.2 1 0.924 92.4 7.3

10 9.260 92.6 6.5

RSD relative standard deviation
a Average of five replicates

Table 4 Regression equation and half-lives of tetraconazole in
various soils of West Bengal under laboratory condition

Soil type Treatment Regression
equation

Half-life,
T1/2 (days)

Red lateritic T1 y=3.4061−0.0039x 77.18 days

T2 y=3.7057−0.0035x 86.00 days

Alluvial T1 y=3.4223−0.0044x 68.41 days

T2 y=3.7204−0.004x 75.20 days

Coastal saline T1 y=3.4253−0.0045x 66.88 days

T2 y=3.7232−0.0041x 73.41 days Fig. 1 Linear plot for 1st order kinetics of tetraconazole in (a)
red lateritic, (b) alluvial, and (c) coastal saline soil
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tography or liquid chromatography, have also been re-
ported (Li et al. 2012; Fernandes et al. 2012; Amer et al.
2007)

Persistence and dissipation of tetraconazole in soil

In all the three representative soils of West Bengal,
dissipation of tetraconazole followed first-order kinet-
ics. The initial concentrations were 2.43 and 4.95 μg/g
for T1 and T2 doses in red lateritic soil with the calcu-
lated half-life values of 77.2 and 86.0 days, respectively
(Table 4). A slight higher initial concentration of 2.50
and 5.00 μg/g was observed in case of alluvial soil with
the respective half-life values of 68.4 and 75.2 days

indicating a faster degradation of tetraconazole in allu-
vial soil than in red lateritic soil. The half-life values
were the lowest in coastal saline soil, ranging from 66.9
to 73.4 days with the initial concentrations of 2.49 and
4.95 μg/g. Thus, persistence of tetraconazole was found
to be in the order of red lateritic soil > new alluvial soil >
coastal saline (Fig. 1). The fastest dissipation of
tetraconazole in costal saline soil could be attributed to
soil organic carbon content in the soils (Table 1). The
higher the soil organic carbon content, the less was the
persistence of the fungicide in the soil. Therefore, the
red lateritic soil with the lowest organic carbon (0.52 %)
content exhibited the highest persistence as compared to
the other two soils. This relationship was also observed
for triadimefon (Singh 2005) and propiconazole
(Thorstensen and Lode 2001). The degradation behavior
of other triazole fungicides, as reported earlier, shows
that most of the triazole fungicides are very persistent in
nature. Dissipation follows first-order kinetics with half-
lives of about 200 days for propiconazole and greater
than 2 years for flutriafol, epoxiconazole, and triadi-
menol. Degradation rates depend on the temperature,
soil moisture (Bromilow et al. 1999), and organic matter
content (Thorstensen and Lode 2001).

Persistence of tetraconazole in water

Tetraconazole is highly persistent in water of different
pH. At pH 9.2, the initial concentrations of tetraconazole
in water were 0.98 and 1.97 μg/ml for T1 and T2. The
residues degraded slowly following a first-order kinetics
with a half-life of 100.3 and 125.4 days for T1 and T2,
respectively (Table 5). At pH 7.0, the initial concentra-
tions of tetraconazole in water were 1.00 and 2.00μg/ml
for T1 and T2, respectively. The half-life values for T1

and T2 were found to be 115.5 and 120.4 days, respec-
tively. Degradation kinetics has been shown graphically.
A relatively low persistence of tetraconazole was
obtained at pH 4.0, in comparison to pH 7.0 and pH
9.2. For T1 and T2, the corresponding initial concentra-
tion levels were 0.98 and 2.00 μg/ml with half-life
values ranging from 94.1 to 115.8 days. Linear plot for
first-order kinetics has been presented graphically
(Fig. 2). Regression equations for the first-order kinetics
along with half-life values are given (Table 5). From the
results of persistence study of tetraconazole in water at
acidic, neutral, and alkaline condition, it appeared that
degradation of tetraconazole in water was not pH de-
pendant. In all the cases, the residues degraded very

Table 5 Regression equation and half-lives of tetraconazole in
water maintained at different pH

Water type Treatment Regression
equation

Half-life,
T1/2 (days)

pH 9.2 T1 y=2.9988−0.0030x 100.3

T2 y=3.2985−0.0024x 125.4

pH 7.0 T1 y=3.0088−0.0027x 111.5

T2 y=3.3155−0.0025x 120.4

pH 4.0 T1 y=2.9964−0.0032x 94.1

T2 y=3.2912−0.0026x 115.8

Fig. 2 Linear plot for first-order kinetics of tetraconazole in (a)
alkaline, (b) neutral, and (c) acidic water
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slowly. The half-life values were in the range of 94 to
125 days. US EPA in their Pesticide Fact Sheet (2005) for
tetraconazole reported that tetraconazole is stable to hy-
drolysis in sterile pH 5, 7, and 9 aqueous buffer solutions.
It is stable to photolysis on soil (t1/2=106 days) and
photolysis in water (t1/2=107–215 days). Therefore, it
may be concluded that tetraconazole, the triazole fungi-
cide, is very much persistent in water. The pH values of
water do not affect the degradation.

Conclusions

Tetraconazole degrades slowly in soils and the dissi-
pation was fastest in soil having maximum organic
matter content. In water, only a slight increase in
dissipation rate was observed as pH was decreased
but not significant, indicating a reasonable persistence
of the triazole pesticide in water.
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