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ABSTRACT

A study was conducted to evaluate the persistent behaviour of pretilachlor in groundwater by applying uniform
concentrations: TO — Untreated Control, T1 — Pretilachlor 37% EW (Emulsifiable in Water) at 0.5 pg/mL, and T2 —
Pretilachlor 37% EW (Emulsifiable in Water) at 1.0 ng/mL. The spiked samples were exposed to sunlight. Water
samples were collected at various intervals (0.2, 1, 2, 5, 10, 20, 30, 40, and 50 days). All samples were analysed
until the residues dropped below the detectable level. The quantification of Pretilachlor residues was conducted
using a validated gas chromatography with a flame ionisation detector (GC-FID), with key parameters including a
DB-1IMS column (30 m x 0.25 mm ID, 0.25 pum film thickness), an injector temperature of 250° C, a detector
temperature of 260° C, and a column oven temperature of 240° C. The analysis involved a 1.0 pL injection volume
with a split ratio of 10 and utilised nitrogen as the carrier gas at a flow rate of 2.0 mL/min. The total run time was
6.0 minutes, with a retention time for Pretilachlor of approximately 3.2 minutes. The method's limit of detection was
0.01 pg/mL, and the limit of quantification (LOQ) was 0.03 pg/mL based on recovery. The residues of Pretilachlor
in the aqueous solution decreased to below the detectable level by the 50th day. The DT50 (Half-Life) of
Pretilachlor was determined through regression analysis of the dissipation data, resulting in a DT50 value of 14.37
days for the T1 dose and 14.42 days for the T2 dose.
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INTRODUCTION
Pesticide persistence studies evaluate how long pesticides remain present in soil, water, and ecosystems,
concentrating on their degradation, mobility, and environmental impacts.! These studies are crucial for
assessing environmental risks, ensuring human health safety, and guiding regulatory decisions.
Significant factors that affect pesticide persistence include chemical characteristics such as solubility and
soil adsorption, along with environmental conditions like soil type and climate.?~ Monitoring involves
laboratory degradation tests and field sampling to detect residues.® Current trends highlight sustainable
agriculture, microbial bioremediation, and the application of advanced materials for remediation. In’
summary, persistence studies offer vital information for managing long-term pesticide risks and
formulating effective environmental strategies.® The mechanisms of pesticide persistence elucidate the
extended presence of specific pesticides in the environment, influenced by factors such as chemical
stability, low biodegradability, soil adsorption, and environmental conditions.” Notable mechanisms
encompass the chemical stability of compounds like DDT, which resists degradation due to robust bonds;
inadequate microbial degradation of complex molecules; strong binding to soil particles that limits
mobility; and hydrophobicity, which facilitates bioaccumulation in organisms.'® Environmental factors
such as temperature, sunlight, and moisture further affect degradation rates. The ecological implications
include bioaccumulation within food chains, non-target toxicity to beneficial species, and long-term
contamination issues.!! Research indicates that bioremediation techniques, photocatalysis, and
biopesticides may serve as potential solutions, in addition to policy measures aimed at limiting persistent
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pesticides.!? Important persistence data concerning pesticides signifies measurable information that helps
scientists and regulators grasp the environmental lifespan and risks tied to pesticides. Crucial persistence
data includes half-life (DTs o ), DT9 o , sorption coefficient (Koc), water solubility and partitioning
(log Kow), degradation pathways, and field dissipation studies. These indicators facilitate risk assessment,
regulatory decisions, remediation design, and agricultural planning. Pesticide residues in water can be
detectable for different lengths of time, which are affected by both chemical properties and environmental
factors.!> Emerging remediation techniques include photocatalysis, bio-based adsorbents, and
bioremediation utilising engineered microbes. In conclusion, effective monitoring and remediation
strategies are critical due to the substantial environmental and health risks associated with pesticide
residues in water.!* Pretilachlor serves as a selective, pre-emergence herbicide, predominantly employed
in rice agriculture to combat numerous annual weeds, including grasses and sedges. Pretilachlor is a
synthetic chloroacetanilide herbicide primarily employed in rice cultivation as a pre-emergence treatment.
Its toxicity is characterised by neurological and gastrointestinal symptoms that mimic organophosphate
poisoning, although it does not act as an acetylcholinesterase inhibitor. Concerns regarding the
environment include its moderate persistence and acute toxicity to aquatic life, resulting in its
classification as a moderately hazardous pesticide under FAO/WHO guidelines. !’

EXPERIMENTAL
Materials
The reference analytical standard for pretilachlor, with a purity of 97.60 % (g/g), was sourced from
Ehrenstorfer. The test item, Pretilachlor 37% EW (Emulsifiable in Water), was acquired from the local
market in Hyderabad. Acetone of GC grade was obtained from Merck India Limited. Groundwater
samples were collected from Charlapalli in Telangana.

Standard Stock Solution

Exactly 10.25 mg of the pretilachlor reference standard, exhibiting a purity of 97.60%, was accurately
weighed into a 10 mL volumetric flask. The compound was dissolved in 5 mL of acetone, subjected to
sonication, and then the volume was adjusted to the mark with the same solvent. This procedure yielded a
solution concentration of 1000.40 ng/mL, which was later stored in a freezer at -18°C. The stock standard
solutions remained stable for a duration of up to 3 months. Working standards of appropriate
concentrations were prepared from the stock solutions by diluting with acetone immediately prior to
sample preparation.

Sample Stock Solution

An exact quantity of 25.29 mg of the test substance (purity 37.12%) of pretilachlor was placed into a 10
mL volumetric flask. The substance was dissolved in 5 mL of acetone, treated with sonication, and then
adjusted to the mark with further acetone. This yielded a concentration of 938.76 pg/mL solution. The
stock sample solution was utilized for preparing dose samples (T1 and T2) in groundwater.

Application Data

Three replication doses were developed in groundwater utilizing a pretilachlor sample stock solution. The
first dose is the untreated control, identified as TO. The second dose, T1, possesses a concentration of 1
ug/mL, which was realised by fortifying 0.938 mL of the test item stock solution in 1000 mL of
groundwater. The third dose, T2, has a concentration of 2 pg/mL, which was achieved by fortifying 1.876
mL of the test item stock solution in 1000 mL of groundwater.

Sampling Data
The samples underwent exposure to direct sunlight, and they were prepared by thoroughly mixing and
subsequently subsampling 20ml with a pipette. Water samples were collected on specified days: 0, 1, 2, 5,
10, 20, 30, and 40 days. The laboratory environment was regulated to maintain a temperature range of
20 °C to 25 °C.

Instrument Conditions
The conditions for Gas Chromatography (GC-FID) were specified as follows: The Agilent Gas
Chromatograph model 6890N, utilising EZchrom software, was employed. The column used was DB-
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IMS, which is 30 m long and has an internal diameter of 0.25 mm, with a film thickness of 0.25 um. An
injection volume of 1.0 pul. was applied, with the injector temperature set at 250°C. Nitrogen was the
carrier gas, flowing at a rate of 2.0 mL/min. The injection mode was split, with a split ratio of 10. Acetone
was utilised as both the solvent for needle rinsing and the diluent. The column oven temperature was
maintained at 240°C, and the total analysis time was 6.0 minutes. The FID temperature was set to 260°C,
with nitrogen as the makeup gas flowing at 30.0 mL/min, and hydrogen and air flowing at 30.0 mL/min
and 300.0 mL/min, respectively. The retention time for Pretilachlor was approximately 3.2 minutes.

Method Validation

Validation of methods is essential for guaranteeing the credibility of analyses. This study focused on the
parameters of linearity, recovery, repeatability, and the limits of detection (LOD) and quantification
(LOQ). The accuracy of the method was evaluated through recovery tests, using samples spiked at
concentration levels of 0.03, 0.3, and 3.0 ug/mL. Linearity was assessed by utilising various known
concentrations (0.01, 0.03, 0.5, 1.0, 10.0, and 50.0 pg/mL), which were prepared by diluting the stock
solution. The limit of detection (LOD, pg/mL) was defined as the lowest concentration that generated a
response of 3.3 times the baseline noise, as determined by the analysis of a control sample. The limit of
quantification (LOQ, ng/mL) was established based on recovery tests.

Dissipation Kinetics Studies
To explore the dissipation kinetics of pretilachlor residues in water, we utilised concentrations of 1.0
pg/mL (T1) and 2.0 pg/mL (T2) with triplicate replications, alongside control samples for comparative
analysis. The samples were exposed to direct sunlight. Aliquots were collected at specified intervals.
Throughout the study, water samples were gathered, with temperatures ranging from 25 to 34°C. A 0.45
mm PTFE membrane filter was used to filter the samples obtained at various sampling times. The
resulting filtrates were then placed into amber-colored vials. Before conducting GC analysis, all samples
were stored at 5°C in a dark environment. Samples were collected on multiple occasions until the
concentrations of T1 and T2 decreased below the limit of quantification (LOQ). After completing the
analysis based on the occasions and concentrations, we calculated the half-life (DT50) of pretilachlor
using the provided formula.
The first-order kinetics form is:
-In(C/Co) =k

ti2 =DT50 = In2/k = 0.6931/k
Where,
Co - Herbicide concentration at time zero
C: - herbicide concentration at time t,
k - The rate constant

Sample Process

The representative gathered 5 ml from each concentration of water samples, concentrating them to
dryness through a vacuum rotary evaporator, and afterwards diluted with acetone to the required mark.
The prepared solution was then injected into the GC.

RESULTS AND DISCUSSION
Specificity
The specificity of the method was determined by injecting the diluent solvent, the reference solution
(Linearity solution-1), sample solution (P1) into the GC-FID. From the analysis, no interference peak was
observed at the retention time of analyte between them, with each other. For details, refer to Table-1. The
specificity representative chromatograms are shown in Fig.-1.

Table-1: Specificity of Pretilachlor

Pretilachlor
Name of Compounds RT (minutes) Arca
Solvent (Acetone) Nil Nil
Sample 3.206 9052
Standard 3.207 426287
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Fig.-1: Representative Specificity Chromatograms of Pretilachlor

Different known concentrations of fungicides (0.01, 0.03, 0.5, 1.0, 10.0, and 50.0 pg/mL) were prepared
in distinct 10 mL volumetric flasks by diluting the stock solution. The details of the serial dilution and
responses were provided in Table-2. These standard solutions were injected directly into a GC. The
representative chromatograms are shown in Fig.-2. A calibration curve was plotted to show the
relationship between the concentrations of the injected standards and the observed areas, and the linearity
of the method was evaluated by analysing six standard solutions. The peak areas obtained from the
different concentrations of standards were used to calculate the linear regression equation, which is
Y=18968.75X + 28.15, with a correlation coefficient of 1.0000. A calibration curve is shown in Fig.-3.

Table-2: Serial Dilutions for Linearity Standard Solutions and Their Response

Standard Stock Volume taken Final volume Final Concentration Std. Area
(ng/mL) (mL) (mL) (ug/mL) ]
1.00 0.100 10 0.01 1022
1.00 0.300 10 0.03 2852
10.00 0.500 10 0.5 9042
10.00 1.000 10 1.00 19025
1000.40 0.100 10 10.00 186442
1000.40 0.500 10 50.02 949502
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Fig.-3: Calibration Curve of Pretilachlor Standard

Recovery and Repeatability
The validation of the analytical method was conducted to ensure the recovery of the test item at two
different concentration levels in acidic, neutral, and basic water.

Preparation of Test Item Stock Solution

An accurate measurement of 6.74 mg of the test item (purity 37.12%) of Pretilachlor was transferred into
a 100 mL volumetric flask. The contents were dissolved in 20 mL of acetone, sonicated, and then made
up to the mark with the same solvent. This produced a concentration of 25.02 pg/mL solution.

Preparation of 0.03 pg/mL Fortification Level
A 30 pL sample of the test item stock solution, which has a concentration of 25.02 pg/mL, was
introduced into 25 mL of groundwater. This was performed in six repetitions.

Preparation of 0.3 pg/mL Fortification Level

A 300 pL aliquot of 25.02 pg/mL test item stock solution was fortified into 25 mL of groundwater. A 300
pL aliquot of a 25.02 pg/mL stock solution of the test item was added to 25 mL of groundwater. This
procedure was performed in six replicates. The samples were evaluated for accuracy and repeatability
using GC. Accuracy was determined as % recovery, while repeatability was assessed as % RSD, with the
results presented in Table-3.

Table-3: Recovery and Repeatability of Pretilachlor 37.12 % EC in Ground Water

.. % of Recovery at 0.03 pg/mL % of Recovery at 0.3 pg/mL
Replication Fortiﬁca}t,ion Leve}ig Fortiﬁcat}i,on Levglg

R1 83.26 92.26
R2 85.17 93.18
R3 82.69 95.29
R4 84.15 91.96
R5 83.41 92.66
R6 81.52 94.58
Mean 83.37 93.32
STDEV 1.24 1.33
% of RSD 1.49 1.43

Detection and Quantification Limits

The quantification limit has been established at 0.03 pg/mL. This limit is characterised as the minimum
fortification level evaluated that produces acceptable average recoveries (82-85%, RSD<2%).
Furthermore, this quantification threshold indicates the fortification level at which an analyte peak is
reliably detected at roughly 10 times the baseline noise in the chromatogram. The detection limit was
determined to be 0.01 pg/mL, which is equivalent to a level of about three times the background of the
control injection at the retention time of the peak of interest.

Dissipation Details of Pretilachlor in Groundwater
On day 0, the initial concentration of Pretilachlor in acidic water was 0.4980 ug/mL for T1 and 0.9970
ug/mL for T2. As shown in the representative chromatograms in Fig.-4, by day 1, the concentrations had
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reduced to 0.4074 pg/mL for T1 and 0.8062 pg/mL for T2. The samples from day 2 revealed residue
levels of 0.3029 ug/mL for T1 and 0.6105 pg/mL for T2. On day 5, the concentrations were recorded at
0.2171 pg/mL for T1 and 0.4218 pg/mL for T2. By day 10, the samples indicated concentrations of
0.1758 pg/mL for T1 and 0.3485 pg/mL for T2. The day 20 samples showed levels of 0.1113 pg/mL for
T1 and 0.2202 pg/mL for T2. On day 30, the concentrations were 0.0852 pg/mL for T1 and 0.1712
ug/mL for T2. The day 40 samples indicated 0.0605 pg/mL for T1 and 0.1209 ug/mL for T2. A complete
dissipation of residues to below the detectable level (BDL) was noted on day 50 for both dosages (T1 and
T2). The representative chromatograms are shown in Fig.-5.
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Fig.-4: Representative Day 0 Ccasion Chromatograms of Pretilachlor in Ground Water
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Fig.-5: Representative Day 50 Occasion Chromatograms of Pretilachlor in Ground Water

The dissipation curve, which is plotted to show the correlation between the concentration of the analyte
and the sampling occasions, is illustrated in Fig.-6. The DT50 was computed using the following formula:
DT50=1In2/ (k)

Where k' denotes the slope of the curve obtained from the dissipation data. The DT50 values, which
represent the time required to degrade 50% of the residues, are detailed in Table-3. The rate constant was
calculated using a linear regression equation derived from the first-order rate equation.
K=Ina/(a-x)/dt

In this equation, dt refers to the time interval between t1 and t2, while a and x represent the concentrations
of pesticides at times t1 and t2, respectively. A plot of the concentration of residues against the rate, with
an R2 value, indicates that first-order kinetics govern the dissipation of both fungicides. The DT50 (Half-
Life) for Pretilachlor was determined through regression analysis of the dissipation data, with results
presented in Table-4.
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Table-4: Regression Analysis of Pretilachlor in Ground Water

Occasion T1 Concentration T2 Concentration Log T1 Concentration Log T2'
(Days) (ng/mL) (ug/mL) Concentration
0 0.4980 0.9970 -0.3028 -0.0013
1 0.4074 0.8062 -0.3900 -0.0936
2 0.3029 0.6105 -0.5187 -0.2143
5 0.2171 0.4218 -0.6633 -0.3749
10 0.1758 0.3485 -0.7550 -0.4578
20 0.1113 0.2202 -0.9535 -0.6572
30 0.0852 0.1712 -1.0696 -0.7665
40 0.0605 0.1209 -1.2182 -0.9176
50 0.0000 0.0000 0.0000 0.0000
Intercept -0.4512 -0.1538
CcC -0.9579 -0.9553
slope -0.0209 -0.0209
Rate Constant (k) 0.0482 0.0480
t1/2 (DT50) in Days 14.37 14.42
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Fig.-6: Dissipation Curve of Pretilachlor in Ground Water

CONCLUSION

This research details a fast and efficient analytical method that employs GC-FID to quantify Pretilachlor
residues in groundwater. By using nitrogen as the carrier gas, the method achieved excellent separation
and resolution, with a very short analysis time of about 6 minutes for each chromatographic run.
Validation parameters, including linearity, recovery, precision, and LOQ, along with DT 50 values, were
satisfactorily established by following the guidelines from the Directorate-General for Health and
Consumers (DG SANCO) and the Environmental Protection Agency (EPA). As a result, the proposed
analytical method and dissipation data could be advantageous for routine monitoring, residue laboratories,
and researchers evaluating Pretilachlor residues in various products such as crops, water, and soil samples.
The study also investigates the dissipation kinetics of the Pretilachlor herbicide in groundwater, assessing
its environmental impact and persistence in aquatic ecosystems. The findings indicate that the DT50
(Half-Life) of Pretilachlor is 14.37 days for the T1 dose and 14.42 days for the T2 dose.
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