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Abstract

Aim: Understanding the dissipation kinetics of the picloram herbicide is crucial for assessing its environmental 
impacts and persistence in aquatic ecosystems. Materials and Methods: An experiment was conducted to 
observe the dissipation behavior of picloram in lake water by introducing uniform concentrations: T0 – Untreated 
Control, T1 – picloram 24% soluble liquid (SL) at 1 µg/mL, and T2 – picloram 24% SL at 2 µg/mL. The spiked 
samples were exposed to sunlight. Water samples were collected at various intervals (0.5, 1, 3, 5, 10, 15, and 
30 days). All samples were analyzed until the residues fell below the detectable level. The quantification of 
picloram residues was performed using a validated high-performance liquid chromatography with a photodiode 
array detector (HPLC-PDA) at a wavelength of 235 nm. Results and Discussion: The method’s limit of detection 
was 0.015 µg/mL, and the limit of quantification (LOQ) was 0.05 µg/mL based on recovery. The DT50 (Half-
Life) of picloram was calculated through regression analysis of the dissipation data, yielding a DT50 value of 
6.63 days for the T1 dose and 6.60 days for the T2 dose. Conclusion: This study outlines a rapid HPLC-PDA 
method for quantifying picloram residues in buffers, utilizing a mobile phase of acetonitrile and 0.1% ortho-
phosphoric acid for separation in about 10 min. Validation followed South African National Civic Organization 
and Environmental Protection Agency guidelines, ensuring satisfactory parameters such as linearity, recovery, 
precision, and LOQ. The method is applicable for routine monitoring in crops, water, and soil.
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INTRODUCTION

The kinetics of pesticide dissipation in 
water pertain to the rate and processes by 
which they decompose or are eliminated 

from aquatic systems.[1] Key mechanisms of 
dissipation encompass hydrolysis, photolysis, 
microbial degradation, sorption, and 
volatilization. Environmental factors include 
temperature, pH, oxygen concentration, 
sediment interactions, and the presence of 
biofilms and macrophytes.[2] The chemical 
characteristics of pesticides involve solubility, 
formulation, and stability. Pesticides that 
are hydrophilic tend to undergo microbial 
degradation more readily, while the type 

of formulation – granular or liquid – can influence 
dispersion and degradation rates. Modeling the kinetics 
of dissipation requires the application of first-order 
kinetics, half-life (t1/2), and sophisticated models that 
consider environmental factors and compound-specific 
isotope analysis. Grasping these processes is essential for 
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developing effective pesticide management strategies and 
assessing environmental risks.[3-5]

Common pesticides demonstrate considerable dissipation 
in both water and soil environments as a result of their 
chemical composition and interactions with the environment. 
Examples of prevalent pesticides include bentazone, 
carbofuran, oxamyl, ametryn, deltamethrin, chlorpyrifos, and 
cartap hydrochloride. Factors that contribute to accelerated 
dissipation encompass soil type, temperature and moisture 
levels, sunlight exposure, and the formulation of the 
pesticide.[6,7] Sandy soils exhibit a more rapid dissipation 
rate compared to clay soils due to their lower adsorption 
capacity. Warmer and more humid conditions promote 
increased microbial activity and hydrolysis processes.[8] 
Sunlight facilitates photolysis, particularly for pesticides that 
are applied to the surface.[9,10] Liquid formulations tend to 
dissipate more quickly than their granular counterparts. 
Understanding these dissipation patterns is essential for 
assessing residue levels, ensuring environmental safety, and 
determining appropriate reapplication intervals.[11-13]

Picloram is a systemic herbicide utilized for the management 
of broadleaf weeds and woody plants.[14] It is chemically 
identified as 4-amino-3,5,6-trichloropyridine-2-carboxylic 
acid and is frequently marketed under brand names such as 
Tordon and Grazon. Picloram functions as an auxin mimic, 
interfering with plant development by inducing uncontrolled 
cell division and elongation.[15] It exhibits high persistence 
in soil and has the potential to leach into groundwater. Its 
environmental characteristics include tendencies for leaching, 
degradation, and selective targeting of broadleaf species.[16] It 
poses mild toxicity to skin and eyes and can be administered 
through spraying, injection, or cutting surfaces.[17] The use 
of picloram has sparked controversy, particularly due to its 
application in military defoliants like Agent White during 
the Vietnam War. When contemplating its use or assessing 
its environmental impact in Telangana, it is advisable to 
establish a monitoring plan or consider safer alternatives.[18]

Picloram is a highly soluble herbicide that has a considerable 
environmental impact owing to its significant mobility 
and persistence. It poses risks of soil and groundwater 
contamination, threatens surface water, and can adversely 
affect non-target plants. As a systemic herbicide, it imitates 
plant hormones, rendering even minimal quantities 
detrimental. Picloram exhibits moderate toxicity to freshwater 
fish and slight toxicity to aquatic invertebrates.[19] However, 
it is virtually non-toxic to birds, mammals, and bees, which 
makes it less of a concern for terrestrial wildlife.[20] Due to 
its environmental risks, it is categorized as a restricted-use 
pesticide in numerous areas.[21] Its application in Telangana, 
particularly during the monsoon season, carries a high level 
of risk. Long-term studies on picloram’s environmental and 
ecological effects highlight its persistence in soil, impact on 
plant communities, and residue behavior.[22] Examples include 
a Montana study demonstrating strong herbicidal efficacy 

against spotted knapweed and a Canadian grain production 
study showing slow dissipation of residue levels.[23]

The current study sought to explore the behavior of picloram 
residues in lake water when exposed to sunlight.

MATERIALS AND METHODS

Materials

The reference analytical standard for picloram (purity 97.92% 
[g/g]) was sourced from Ehrenstorfer. The test item, picloram 
24% soluble liquid (SL), was acquired from the local 
market in Hyderabad. Acetonitrile, high-performance liquid 
chromatography (HPLC) grade water, and ortho-phosphoric 
acid of analytical reagent grade were procured from Merck 
India Limited. Lake water samples were collected from 
Shamirpet Lake in Telangana.

Standard stock solution

Precisely 10.22 mg of picloram reference standard, with a 
purity of 97.92%, was measured into a 10 mL volumetric 
flask. The substance was dissolved in 5 mL of acetonitrile, 
sonicated, and then brought up to the mark with the same 
solvent. This resulted in a concentration of 1000.74 µg/
mL solution, which was subsequently stored in a freezer 
at −18°C. The stock standard solutions remained viable 
for use for up to 3 months. Appropriate concentrations of 
working standards were created from the stock solutions 
through dilution with acetonitrile, just before the sample 
preparation.

Sample stock solution

Precisely 85.03 mg of the test substance (purity 24.12%) 
of picloram was placed into a 20 mL volumetric flask. 
The substance was dissolved in 10 mL of acetonitrile, 
subjected to sonication, and then brought up to the mark 
with additional acetonitrile. This resulted in a concentration 
of 1025.46 µg/mL solution. The stock sample solution was 
utilized for the preparation of dose samples (T1 and T2) in 
lake water.

Application data

Three replication doses were prepared in lake water utilizing 
a picloram sample stock solution. The first dose was the 
untreated control, referred to as T0. The second dose, T1, 
contains a concentration of 1 µg/mL, achieved by fortifying 
1.0 mL of the test item stock solution in 1,000 mL of lake 
water. The third dose, T2, has a concentration of 2 µg/mL, 
accomplished by fortifying 2.0 mL of the test item stock 
solution in 1,000 mL of lake water.
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Sampling data

The samples were exposed to direct sunlight, and they were 
prepared by thoroughly mixing and then subsampling 20 mL 
with a pipette. Water samples were collected on specific days: 
0, 1, 3, 5, 7, 10, 15, 20, and 30. The laboratory environment 
was kept at a temperature ranging from 20°C to 25°C.

Instrument conditions

The HPLC with a photodiode array detector (HPLC-PDA) 
Waters system, featuring the e2695 separation module 
and the 2998 PDA detector, was integrated with Empower 
software. It utilized a reversed-phase C18 analytical column 
measuring 250 mm × 4.6 mm with a particle size of 5 µm 
(Phenomenex-C18). The column oven temperature was set at 
30°C. A sample volume of 10 µL was injected. Mobile Phases 
A and B consisted of Acetonitrile and 0.1% ortho-phosphoric 
acid in a 50:50 (v/v) ratio. The flow rate was maintained at 
1.0 mL/min, with the detector operating at a wavelength of 
235 nm. The total run time was 10 min, and the retention 
time for picloram was approximately 4.0 min. This analysis 
employed the external standard method of calibration.

Method validation

Method validation is essential for ensuring the credibility of 
analyses. This study focused on the parameters of linearity, 
recovery, repeatability, limits of detection (LOD), and 
limit of quantification (LOQ). The method’s accuracy was 
assessed through recovery tests, utilizing samples spiked at 
concentration levels of 0.05, 0.5, and 3.0 µg/mL. Linearity 
was evaluated using various known concentrations (0.015, 
0.5, 1.0, 10.0, 50.0, and 100.0 µg/mL), which were prepared 
by diluting the stock solution. The LOD (LOD, µg/mL) 
was established as the lowest concentration that produced a 
response of 3.3 times the baseline noise, as defined by the 
analysis of a control sample. The LOQ (LOQ, µg/mL) was 
determined based on recovery.

Dissipation kinetics studies

To investigate the dissipation kinetics of picloram residues 
in water, we utilized concentrations of 1.0 µg/mL (T1) 
and 2.0 µg/mL (T2) with triplicate replications, alongside 
control samples for comparative analysis. The samples were 
subjected to direct sunlight exposure. Aliquots were collected 
at specified intervals. Throughout the study, water samples 
were gathered, with temperatures ranging from 25 to 43°C. 
A 0.45 mm polytetrafluoroethylene (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 HPLC 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 LOQ. After completing 
the analysis based on the occasions and concentrations, we 
calculated the half-life (DT50) of picloram using the provided 
formula.

The first-order kinetics form is:

Ct
-ln ---- = k

C0

                         ln2     0.6931
t1/2 = DT50 = ---- = ---------

                      k          k

Where,
C0 - Herbicide concentration at time 0
Ct - Herbicide concentration at time t,
k - The rate constant.

Sample process

The representative amalgamated 5 mL from each concentration 
of water samples, concentrating them to dryness through a 
vacuum rotary evaporator, and subsequently diluted with 
acetonitrile to the designated mark. The prepared solution 
was then injected into the HPLC.

RESULTS AND DISCUSSION

Specificity

Specificity was established by the injection of Mobile phase 
solvents, specifically acetonitrile and 0.1% orthophosphoric 
acid, along with the sample solution, standard solution, and 
Lake Water. The chromatograms did not reveal any matrix 
peaks that would interfere with the analysis of picloram 
residues, as depicted in Figure 1. Moreover, the retention 
time for picloram was consistently recorded at 3.9 ± 0.2 min.

Figure 1: Representative specificity chromatogram of picloram
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Linearity

Different known concentrations of fungicides (0.015, 0.5, 
1.0, 10.0, 50.0, and 100.0 µg/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 1. These standard solutions were injected directly 
into an HPLC. The representative chromatograms are 
shown in Figure 2. A calibration curve was plotted to 
show the relationship between the concentration of the 
injected standards and the observed area and the linearity 
of the method was evaluated by analyzing six standard 
concentration solutions. The peak areas obtained from the 
different concentrations of standards were used to calculate 
the linear regression equation, which is Y = 16225.93× + 
16.37, with a correlation coefficient of 0.9999. A calibration 
curve is shown in Figure 3.

Recovery and repeatability

The analytical method was validated for the recovery of the 
test item at three concentration levels with acidic, neutral, 
and basic water.

Preparation of test item stock solution

Accurately 5.17 mg of test item (purity 24.12%) of picloram 
was taken into a 50 mL volumetric flask. The content was 
dissolved in 20 mL of acetonitrile, sonicated, and made up 
to the mark with the same solvent. This concentration was a 
24.94 µg/mL solution.

Preparation of 0.05 µg/mL fortification level

A 20 µL aliquot of 24.94 µg/mL test item stock solution 
was fortified into 10 mL of lake water. This was done in 6 
replications.

Preparation of 0.5 µg/mL fortification level

A 200 µL aliquot of 24.94 µg/mL test item stock solution 
was fortified into 10 mL of lake water. This was done in 6 
replications.

Preparation of 2.5 µg/mL fortification level

1.0 mL aliquot of 24.94 µg/mL test item stock solution 
was fortified into 10 mL of lake water. This was done in 6 
replications.

The samples were assayed for accuracy and repeatability 
in HPLC. Accuracy was calculated as % recovery and 
repeatability as % relative standard deviation and the results 

Table 1: Serial dilutions for linearity standard solutions and their response
Standard stock (µg/mL) Volume taken (mL) Final volume (mL) Final concentration (µg/mL) Standard area
1.00 0.150 10 0.015 246

1.00 0.500 10 0.05 874

100.07 0.100 10 1.00 16524

1000.74 0.100 10 10.01 168541

1000.74 0.500 10 50.04 800254

1000.74 1.000 10 100.07 1629022

Figure 2: Representative linearity chromatograms of picloram

Figure 3: Calibration curve of picloram standard
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are mentioned in Table 2. The representative chromatograms 
are shown in Figure 4.

Detection and quantification limits

The LOQ has been set at 0.05 µg/mL. It is defined as the 
lowest fortification level tested that yields acceptable 
average recoveries (82–87%, RSD <2%). In addition, this 
quantification limit signifies the fortification level at which 
an analyte peak is consistently observed at approximately 
10 times the baseline noise in the chromatogram. The LOD 
was identified as 0.015 µg/mL, which corresponds to a level 
of around 3 times the background of the control injection at 
the retention time of the peak of interest.

Table 2: Recovery and repeatability of 
picloram 24% SL

Fortification 
concentration 
in µg/mL

Replication Recovery % and 
repeatability in lake 

water
0.05 R1 82.24

R2 84.17

R3 81.65

R4 84.31

R5 83.74

R6 86.07

Mean 83.70

SD 1.58

RSD 1.89

0.5 R1 89.79

R2 91.26

R3 92.45

R4 90.63

R5 92.37

R6 90.85

Mean 91.23

SD 1.04

RSD 1.14

2.5 R1 95.22

R2 95.78

R3 96.05

R4 97.14

R5 96.39

R6 95.58

Mean 96.03

SD 0.68

RSD 0.70

RSD: Relative standard deviation, SD: Standard deviation, 
SL: Soluble liquid

Figure 4: Representative recovery and repeatability 
chromatograms of picloram 24% soluble liquid

Figure 5: Representative day 0 occasion chromatograms of 
picloram in lake water

Dissipation details of picloram in lake water

The initial concentration of picloram in acidic water (day 0) 
was 0.952 µg/mL and 1.895 µg/mL in T1 and T2 dosages, 
respectively. The representative chromatograms presented 
in Figure 5, which on day 1 dissipated to 0.819 µg/mL 
and 1.626 µg/mL. The day 3 samples showed the residues 
0.623 µg/mL (T1) and 1.348 µg/mL (T2), day 5 samples 
showed 0.517 µg/mL (T1) and 1.121 µg/mL (T2), day 
10 samples showed 0.312 µg/mL (T1) and 0.662 µg/mL 
(T2), and day 20 samples showed 0.113 µg/mL (T1) and 
0.227 µg/mL (T2). A complete dissipation of residues 
to below the detectable level was observed on day 30 in 
both the tested dosages (T1) and (T2). The representative 
chromatograms are presented in Figure 6.

The dissipation curve plotted between the concentration of 
the analyte and sampling occasions is presented in Figure 7 
DT50 was calculated using the following formula.
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DT50 = ln 2/(k)

Where,

“k” is the slope of the curve obtained from the dissipation 
data.

The calculated DT 50 (Time required to degrade 50% of 
residues) values are presented in Table 3. The rate constant 
value was calculated by a linear regression equation from the 
first-order rate equation.

K = ln a/a-x/dt

Where, dt is the time interval between t1 and t2 and a, x is 
the concentration of pesticides at times t1 and t2, respectively. 
A plot of concentration of the residues and rate with the R2 
indicates first-order kinetics in the dissipation of both the 
fungicides. The DT50 (Half Life) of picloram was calculated 

by regression analysis from the dissipation data. The results 
were presented in Table 3.

CONCLUSION

This study details a rapid and efficient analytical method 
using HPLC-PDA to quantify picloram residues in three 
types of buffers. The mobile phase, comprising acetonitrile 
and 0.1% ortho-phosphoric acid, achieved good separation 
and resolution, with a very short analysis time of about 
10 min for each chromatographic run.

Validation parameters, including linearity, recovery, 
precision, and LOQ, along with DT 50 values, were 
established satisfactorily by following the guidelines of 
the South African National Civic Organization and the 
Environmental Protection Agency. Therefore, the proposed 
analytical method and dissipation data could be advantageous 
for routine monitoring, residue laboratories, and researchers 
in assessing picloram residues in various commodities such 
as crops, water, and soil samples. The study also investigates 
the dissipation kinetics of the picloram herbicide in lake 
water, evaluating its environmental effects and persistence in 
aquatic ecosystems. The results indicate that the DT50 (Half-
Life) of picloram is 6.63 days for the T1 dose and 6.60 days 
for the T2 dose.
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