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Abstract—The excessive use of glufosinate˗ammonium herbicide and carbofuran insecticide in agriculture
leaves residues on agricultural samples and contaminates groundwater and surface water bodies through sur-
face runoff and through leaching. To monitor pollution from the use of these pesticides, two simple, accurate
and precise optical methods for their determination have been developed and validated in the commercial for-
mulation and agricultural samples, viz., water, grains and vegetables. The first method is based on the reac-
tion of the amino function of both pesticides with carbon disulfide and Ni(II) acetate in an aqueous acetoni-
trile medium and the measurement of color developed at 380 and 365 nm for glufosinate˗ammonium and car-
bofuran, respectively. Beer’s law was valid within a concentration range of 0.4–8 and 0.4–9 μg/mL for
glufosinate˗ammonium and carbofuran, respectively. The second spectrofluorimetric method is based on the
condensation of the primary amino group of glufosinate˗ammonium and carbofuran with acetylacetone and
formaldehyde (Hantzsch reaction) in the presence of buffer of pH 5.5 producing a yellow˗colored product.
The fluorescence intensity of the reaction products was measured at an emission wavelength of 470 nm after exci-
tation at a wavelength of 380 nm for glufosinate-ammonium and 388 nm for carbofuran. The linearity range found
was 0.13–5 and 0.14–6 μg/ mL for glufosinate˗ammonium and carbofuran respectively. All the variables affecting
the reactions, such as hydrolysis time, heating time, pH, concentration and volume of reagent were carefully
studied and optimized. The high recoveries of glufosinate-ammonium and carbofuran from spiked water,
grain and vegetable samples in both methods indicate good accuracy and precision of the methods.
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Carbamate and organophosphorus pesticides (OP)
constitute a large class of synthetic compounds that
have become increasingly important due to their
broad-spectrum activity and extensive use. These
compounds are used to increase agricultural produc-
tivity, as therapeutic agents to protect public health
from insect-borne diseases, and as insecticides to pro-
tect agricultural, residential and non-residential areas
[1]. Despite their enormous benefits, these chemicals
are extremely toxic, and their extensive use poses a
serious threat to the environment and leads to adverse
effects on human health as well as on non-target spe-
cies [1–3]. Among OP and carbamate pesticides, glu-
fosinate-ammonium and carbofuran are widely used
pesticides due to their broad applications.

Glufosinate˗ammonium, ammonium-2-amino-4-
(hydroxymethylphosphinyl) butanoate (Scheme 1), is

a broad-spectrum, non-selective, contact organo-
phosphate herbicide [4, 5]. It is used globally to con-
trol a wide range of weeds and to desiccate crops
before harvesting [4, 5]. Besides its wide applications,
its acute exposure can cause toxicities of the central
nervous system and respiratory system [6]. Glufos-
inate˗ammonium is highly soluble in water (>500 g/L
at pH 5–9, 20°C) [7] and hence can permeate the soil
surface through leaching, which leads to contamina-
tion of water bodies, and its vast consumption leaves
its residues on agricultural products [8].

Carbofuran, 2, 3-dihydro-2, 2-dimethyl-7-benzo-
furanyl methyl-carbamate (Scheme 1), is a broad-
spectrum and systemic insecticide belonging to the
carbamate family [9, 10]. It is used worldwide for the
control of leaf-eating and soil-dwelling insects in agri-
culture and for domestic and industrial purposes [9–
1511
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11]. Besides its enormous applications, carbofuran is
toxic and causes negative effects on human health and
also poses threat to non-target species [9–13]. It is also

classified as a “Toxicity Category-I” compound via
inhalation and oral exposure routes, by Environmental
Protection Agency (EPA) [11].

Scheme 1. Chemical structures of glufosinate˗ammonium (I) and carbofuran (II).

Being water-soluble (solubility of 351 mg/L at
25°C), it finds its way into water sources and leads to
contamination [14] of groundwater resources and
raises health concerns due to its toxic effects.

Therefore, there is a need for the judicious use of
these pesticides to restrict their concentration in soil,
water and agricultural samples. This necessitates the
development and validation of simple, reliable and
rapid methods of wide applicability for the determina-
tion of glufosinate˗ammonium herbicide and carbofu-
ran insecticide to monitor their pollution and health
hazards.

Several analytical approaches to glufosinate˗am-
monium and carbofuran detection have been devel-
oped, based on chromatography [4, 5, 15–18], voltam-
metry [19, 20], chemiluminescence [21], sensor [22],
fluorescence [23–25] and spectrophotometry [26–30].

Most of these analytical methods are of high preci-
sion and accuracy, but the high cost of instruments
and the requirement of skilled technicians limit their
wide application. Therefore, in laboratories of limited
means, methods based on spectrophotometry and
spectrofluorimetry become the techniques of choice
due to their low cost and less time of analysis. In case
of carbofuran, most of the spectrophotometric meth-
ods reported in literature are complex due to require-
ment of colored reagents and chemical derivatization
[26–30], and very less work is reported by spectroflu-
orimetric methods [23–25]. However, in case of glu-
fosinate˗ammonium, no optical methods have been
reported for its determination to the best of our knowl-
edge. Therefore, there is a demand for a cost-effective,
simple and accurate analytical method for their detec-
tion. In view to fulfill the above objective, two new,
simple and sensitive spectrophotometric and spectro-
fluorimetric methods have been developed for the
determination of glufosinate˗ammonium and carbo-
furan in the environmental samples. In the proposed
spectrophotometric analysis, the advantage of the col-
ored complex formed due to the formation of Ni(II)
dithiocarbamate complex has been taken. The colored
complex was formed by the reaction of the amino

function of glufosinate˗ammonium and carbofuran
with CS2 and Ni(II) acetate in an aqueous acetonitrile
medium, and its measurement at 380 and 365 nm for
glufosinate˗ammonium and carbofuran, respectively,
has been the basis of spectrophotometric analysis. The
proposed spectrophotometric method offers high sen-
sitivity and involves a non˗extraction procedure. The
spectrofluorimetric method involves the measure-
ment of f luorescence intensity of a colored product at
470 nm for both the pesticides. The colored product
formed is due to condensation of the primary amino
group of glufosinate˗ammonium and carbofuran with
acetylacetone and formaldehyde in the presence of
buffer of pH 5.5. The main advantages of the proposed
methods are their simplicity, rapidity, cost˗effective-
ness and a non˗extraction procedure. The methods
have been successfully validated for the determination
of glufosinate˗ammonium and carbofuran in com-
mercial formulations to ensure the quality of the mar-
keted samples of the pesticides and were also success-
fully applied on spiked water samples and agricultural
products to get reliable residue data.

EXPERIMENTAL
Apparatus. A Perkin Elmer LS 55 f luorescence

spectrometer (Perkin Elmer, United Kingdom) with
1 cm matched quartz cells was used for f luorescence
intensity measurements. All spectral measurements
were processed by FL-WinLab software. The spectro-
photometric measurements were made on a Carry 100
Bio UV-Vis spectrophotometer (Varian Australia,
Mulgrave-Victoria, Australia). A domestic microwave
oven, (Samsung electronics, New Delhi, India) was
used to carry out hydrolysis. The pH measurements
were made on a Cyber Scam 2500 pH meter (Eutech
instruments, Singapore). A Lab pro 113 15 L water
bath was used for heating.

Reagents and samples. The analytical standards of
glufosinate˗ammonium, 95% and carbofuran, 98%
procured from Sigma-Aldrich, Bangalore were used.
Nickel(II) acetate (Central Drug House, Delhi, India,
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Fig. 1. Absorption maximum for glufosinate˗ammonium
and carbofuran.
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Glufosinate-ammonium
LR) was used to was used to prepare, its 0.001 M solu-
tion in distilled water. Acetonitrile (Merck, Mumbai,
India), carbon disulfide (AR grade, Merck, India),
sodium bicarbonate (Merck, LR), sodium sulfate
anhydrous (Merck, Mumbai, India, AR), sodium
chloride (Merck, Mumbai, India, AR), acetylacetone
(LR, Laboratory Rasayan), glacial acetic acid (Merck,
GR) and formaldehyde (AR, HIMEDIA) were used
as supplied. Glacial acetic acid (Merck, GR) with the
concentration of ~1 M, was prepared in distilled water.
Sodium hydroxide (Merck, AR), 1 N solution, was
used. A buffer of pH ~ 5.5 (50 mL of 1 M sodium
hydroxide was mixed with 57.4 mL of, 1 M acetic acid
and diluted to 500 mL with distilled water) was used
[31]. The pH of the above buffer was checked and
adjusted by a pH meter before use. A reagent solution
for spectrofluorimetric analysis was prepared daily by
mixing 0.8 mL of acetylacetone and 2 mL of formalde-
hyde in 27.2 mL of distilled water. A herbicide formu-
lation “Basta” containing 13.5% glufosinate-ammo-
nium and a formulation of carbofuran “Furadan”
containing a 3% active ingredient were procured from
the local market.

Preparation of calibration graph for pure compound
by spectrophotometric method. Aliquots (0.1–2 mL) of
a standard solution of glufosinate-ammonium
(0.2 mM in distilled water) and 0.1–2 mL of the stan-
dard solution of carbofuran (0.2 mM in acetonitrile)
were taken separately in 10 mL measuring f lasks, and
the volume was made to 2 mL with distilled water and
acetonitrile for glufosinate˗ammonium and carbofu-
ran, respectively. Each solution was mixed with 1.0 mL
of CS2 (10% in acetonitrile followed by 1.0 mL of
aqueous sodium bicarbonate (1 M), and then the vol-
ume was made to 5 mL with distilled water in glufos-
inate˗ammonium and with acetonitrile in carbofuran
and kept in a microwave oven for 60 s (1000 W). Then,
the solution was treated with 1 drop of acetic acid and
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N

Table 1. Calibration characteristics for spectrophotometric 
colored [Ni (DTC)2] complex

Optical characteristics
glufosinate-

λmax, nm 38
Beer’s law range, μg/mL 0.4
Molar absorptivity, L/mol cm 10.53

Sandell’s sensitivity, μg/ cm2 0.0

Stability, h 3
Slope 0.0
Intercept 0.0

Determination coefficient (r2) 0.9

LOD, μg/mL 0
LOQ, μg/mL 1.
1 mL of 0.001 M nickel (II) acetate solution, and the
total volume was made to 10.0 mL with distilled water
for glufosinate˗ammonium and with acetonitrile for
carbofuran. The absorbance of yellow˗colored solu-
tion was measured at 380 and 365 nm for glufos-
inate˗ammonium and carbofuran, respectively,
against a reagent blank (Fig. 1). The calibration curve
was prepared by plotting absorbance values against
concentration of the pesticides. The calibration char-
acteristics are given in Table 1.

Preparation of calibration graph for pure compound
by spectrofluorimetric method. Aliquots (0.1–4 mL) of
a standard solution of glufosinate-ammonium
(0.1 mM in distilled water) and 0.1–4 mL of a stan-
dard solution of carbofuran (0.1 mM in acetonitrile)
were taken separately in 25 mL measuring f lasks, and
the volume was made to 4 mL with distilled water for
o. 11  2023

determination of glufosinate─ammonium and carbofuran as

Corresponding value

ammonium carbofuran

0 365
−8 0.4−9

 × 103 8.83 × 103

188 0.0250

3
44 0.033
32 0.027
97 0.996

.4 0.6
4 1.8
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Fig. 2. Fluorescence spectra for glufosinate˗ammonium
and carbofuran.
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glufosinate˗ammonium and with acetonitrile for car-
bofuran. Each solution was mixed with aqueous
sodium hydroxide (1 mL, ~0.2 M) and kept in a
microwave oven for 90 s. Then, the solution was mixed
with 3 mL of the buffer of pH ~5.5 followed by the
addition of 5 mL of reagent solution (0.8 mL of acety-
lacetone and 2 mL of formaldehyde in 27.2 mL of dis-
tilled water). The mixture was heated in a water bath
for 45 min, and the final volume of the colored solu-
tion was made to 15 mL with distilled water for glufos-
inate˗ammonium and with acetonitrile for carbofuran.
The emission intensity of the solution was measured at
470 nm with an excitation at 380 and 388 nm for glu-
fosinate˗ammonium and carbofuran, respectively.
The typical excitation˗emission spectrum observed is
shown in Fig. 2. The calibration curves were prepared
by plotting f luorescence intensity values against the
concentration of the pesticides, and the calibration
characteristics are given in Table 2.

Formulation analysis. A formulation “Basta” con-
taining 13.5% active ingredient of glufosinate˗ammo-
JOURNAL OF

Table 2. Calibration characteristics for spectrofluorimetric d

Optical characteristics
glufosinate-

λexcitation, nm 38
λemission, nm 47
Linearity range, μg/mL 0.13
Stability, h 5
Slope 112
Intercept 18

Determination coefficient (r2) 0.9

LOD, μg/mL 0.
LOQ, μg/mL 0
nium and a formulation of carbofuran “Furadan”
containing 3% active ingredient procured from an
authorized pesticide dealer were used. A single large
sample of glufosinate˗ammonium formulation equiv-
alent to 10 mg of the active ingredient was dissolved
and shaken with 10 mL of distilled water and filtered.
The residue was washed 2–3 times with distilled water,
and the filtrate and washings were diluted to a known
volume of 25 mL with distilled water. 2.5 mL of this
solution was taken and further diluted to 100 mL. A
similar procedure was followed for carbofuran formu-
lation by taking acetonitrile as a solvent. Suitable ali-
quots of the above solution were taken for analysis and
processed in the same manner as described for pure
compounds. The assay results are given in Table 3.

Determination of glufosinate˗ammonium and carbo-
furan in grains, vegetable and water samples. Suitable
aliquots of a standard solution of glufosinate˗ammo-
nium and carbofuran having a concentration of
10 μg/mL were added separately to a known weight
(5 g) of grains (wheat and rice), vegetables (carrot,
potato and caulif lower) and water sample (25 mL).
The samples (grains and water) were well mixed and
extracted with 2–3 portions of chloroform (5 mL).
The combined extracts were shaken for 5 min and fil-
tered. In the case of vegetables after thorough mixing,
each sample was blended with 50 mL of chloroform in
the same containers according to the general proce-
dure of Schenk et al. [32]. The samples were filtered
through coarse filter paper (Whatman Grade no. 4),
and each filtrate was transferred into 250 mL separat-
ing funnels. Sodium chloride (5 g) was added to each
sample, the contents were shaken for one minute, and
the phases were allowed to separate for 15 min. The
lower aqueous phase and any emulsion were dis-
carded. Anhydrous sodium sulphate (4 g) was added,
and the funnel was shaken for 30 s. The dried extract
was filtered through coarse filter paper. The solvent
from the filtrate (grains, vegetables and water) was
removed by heating at 40°C in a water bath. The resi-
due was dissolved in distilled water in glufosinate˗am-
 ANALYTICAL CHEMISTRY  Vol. 78  No. 11  2023

etermination of glufosinate-ammonium and carbofuran

Corresponding value

ammonium carbofuran

0 388
0 470
−5 0.14−6

5
.7 76.8

9.7 192.7
99 0.997

18 0.4
.6 1.1
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Table 3. Assay results of commercial formulation of glufosinate-ammonium “Basta” and carbofuran “Furadan” by spec-
trophotometric and spectrofluorimetric procedures

a Values are the mean of five determinations with standard deviation.

Method
Glufosinate ammonium Carbofuran

amount taken, μg amount found, μg recovery, % a amount taken, μg amount found, μg recovery, %a

Spectrophoto-
metric

1.0 0.98 ± 0.01 98.0 ± 0.8 1.0 0.97 ± 0.02 97.0 ± 1.7
2.0 1.97 ± 0.01 98.5 ± 0.7 2.0 1.95 ± 0.03 97.5 ± 1.3
3.0 2.95 ± 0.02 98.3 ± 0.6 4.0 3.88 ± 0.05 97.0 ± 1.1
5.0 4.95 ± 0.02 99.0 ± 0.5 6.0 5.81 ± 0.05 96.8 ± 0.9
7.0 6.89 ± 0.03 98.4 ± 0.4 8.0 7.84 ± 0.06 98.1 ± 0.7

Spectrofluori-
metric

1.0 0.97 ± 0.01 97.0 ± 1.0 1.0 0.97 ± 0.02 97.0 ± 1.5
2.0 1.96 ± 0.01 98.0 ± 0.7 2.0 1.94 ± 0.02 97.1 ± 1.2
3.0 2.96 ± 0.02 98.7 ± 0.6 3.0 2.95 ± 0.03 98.3 ± 0.9
4.0 3.94 ± 0.02 98.5 ± 0.5 4.0 3.94 ± 0.03 98.5 ± 0.7
5.0 4.89 ± 0.02 97.8 ± 0.4 5.0 4.93 ± 0.03 98.6 ± 0.6

Table 4. Recovery (%)a of glufosinate˗ammonium from fortified grains, vegetables and water samples by spectrophotomet-
ric procedure

a Values are the mean of five determinations with standard deviation.

Amount 
taken, μg

Wheat Rice Water Carrot Caulif lower

found, μg recovery found, μg recovery found, μg recovery found, μg recovery found, μg recovery

1.0 0.93 ± 0.02 93.0 ± 1.5 0.90 ± 0.01 90.0 ± 1.3 0.95 ± 0.01 95.0 ± 1.0 0.95 ± 0.01 95.0 ± 1.3 0.94 ± 0.01 94.0 ± 1.1
2.0 1.86 ± 0.02 93.0 ± 1.1 1.83 ± 0.02 91.5 ± 1.2 1.91 ± 0.02 95.5 ± 0.9 1.89 ± 0.02 94.5 ± 0.9 1.87 ± 0.02 93.5 ± 1.0
3.0 2.78 ± 0.03 92.7 ± 0.8 2.71 ± 0.03 92.7 ± 1.0 2.90 ± 0.02 96.7 ± 0.8 2.83 ± 0.03 94.3 ± 0.8 2.81 ± 0.03 93.7 ± 0.9
5.0 4.58 ± 0.03 91.6 ± 0.6 4.50 ± 0.04 90.0 ± 0.8 4.73 ± 0.03 94.6 ± 0.6 4.68 ± 0.03 93.6 ± 0.6 4.47 ± 0.03 89.4 ± 0.7
7.0 6.40 ± 0.04 91.4 ± 0.5 6.56 ± 0.05 93.7 ± 0.7 6.70 ± 0.04 95.7 ± 0.6 6.70 ± 0.04 95.7 ± 0.6 6.68 ± 0.04 95.4 ± 0.5
monium and in acetonitrile for carbofuran and pro-
cessed for analysis as above by spectrophotometric and
spectrofluorimetric methods. The amounts of glufos-
inate˗ammonium herbicide and carbofuran insecti-
cide were calculated based on calibration graphs, and
the results of recovery experiments are presented in
Tables 4–7.

Interference studies. Various aliquots of diverse
ions, amines (5 mM) and pesticides solution (0.5 mM)
were added to the standard solution containing 5 μg of
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N

Table 5. Recovery (%)a of carbofuran from fortified grains, ve

a Values are the mean of five determinations with standard deviation

Amount 
taken, μg

Wheat Rice

found, μg recovery found, μg recovery foun

1.0 0.92 ± 0.02 92.0 ± 1.6 0.93 ± 0.02 93.0 ± 1.5 0.94 ±
2.0 1.85 ± 0.02 92.5 ± 1.1 1.80 ± 0.03 90.0 ± 1.4 1.87 ±
4.0 3.68 ± 0.04 92.0 ± 0.9 3.74 ± 0.04 93.5 ± 1.1 3.72 ±
6.0 5.34 ± 0.05 89.0 ± 0.8 5.57 ± 0.06 92.8 ± 0.9 5.69 ±
8.0 7.28 ± 0.05 91.0 ± 0.7 7.36 ± 0.07 92.0 ± 0.9 7.45 ±
glufosinate˗ammonium and carbofuran separately
prior to hydrolysis. Each solution was processed for
analysis in the same manner as described for both pes-
ticides by spectrophotometric and spectrofluorimetric
methods.

RESULTS AND DISCUSSION
Standardization of the reaction conditions for the

spectrophotometric method. The proposed method has
been studied under the optimized experimental condi-
o. 11  2023

getables and water samples by spectrophotometric procedure

.

Water Potato Caulif lower

d, μg recovery found, μg recovery found, μg recovery

 0.02 94.0 ± 1.7 0.91 ± 0.02 91.0 ± 1.7 0.92 ± 0.02 90.5 ± 1.6
 0.03 93.5 ± 1.5 1.80 ± 0.03 90.6 ± 1.4 1.81 ± 0.03 90.0 ± 1.6
 0.05 93.0 ± 1.2 3.60 ± 0.05 90.0 ± 1.3 3.74 ± 0.04 93.5 ± 1.1
 0.06 94.8 ± 1.0 5.45 ± 0.06 90.8 ± 1.0 5.61 ± 0.05 93.5 ± 0.9
 0.07 93.1 ± 0.9 7.29 ± 0.07 91.1 ± 0.9 7.40 ± 0.06 92.5 ± 0.8
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Table 6. Recovery (%)a of glufosinate˗ammonium from fortified grains, vegetables and water samples by spectrofluorimet-
ric procedure

a Values are the mean of five determinations with standard deviation.

Amount 
taken, μg

Wheat Rice Water Carrot Caulif lower

found, μg recovery found, μg recovery found, μg recovery found, μg recovery found, μg recovery

0.5 0.47 ± 0.01 94.0 ± 1.6 0.46 ± 0.01 92.0 ± 1.8 0.47 ± 0.01 94.0 ± 1.0 0.48 ± 0.01 96.0 ± 1.6 0.47 ± 0.01 94.0 ± 1.8
1.0 0.96 ± 0.01 96.0 ± 1.4 0.90 ± 0.01 90.0 ± 1.4 0.98 ± 0.01 98.0 ± 0.9 0.95 ± 0.01 95.0 ± 1.4 0.93 ± 0.02 93.0 ± 1.6
2.0 1.87 ± 0.02 93.5 ± 1.2 1.84 ± 0.02 92.0 ± 0.8 1.97 ± 0.02 98.6 ± 0.7 1.93 ± 0.02 96.5 ± 0.9 1.80 ± 0.02 90.0 ± 1.0
3.0 2.81 ± 0.03 93.7 ± 0.9 2.77 ± 0.02 92.3 ± 0.7 2.95 ± 0.02 98.3 ± 0.6 2.77 ± 0.02 92.3 ± 0.7 2.75 ± 0.02 91.7 ± 0.7
4.0 3.80 ± 0.03 95.0 ± 0.7 3.66 ± 0.02 91.5 ± 0.5 3.94 ± 0.02 98.5 ± 0.5 3.78 ± 0.03 94.5 ± 0.6 3.68 ± 0.03 92.0 ± 0.6
5.0 4.73 ± 0.03 94.7 ± 0.5 4.53 ± 0.02 90.6 ± 0.4 4.87 ± 0.02 97.4 ± 0.3 4.77 ± 0.03 95.4 ± 0.5 4.63 ± 0.03 92.6 ± 0.6

Table 7. Recovery (%)a of carbofuran from fortified grains, vegetables and water samples by spectrofluorimetric procedure

a Values are the mean of five determinations with standard deviation.

Amount 
taken, μg

Wheat Rice Water Potato Caulif lower

found, μg recovery found, μg recovery found, μg recovery found, μg recovery found, μg recovery

0.5 0.45 ± 0.01 90.0 ± 1.8 0.45 ± 0.01 90.0 ± 1.8 0.47 ± 0.01 94.0 ± 1.7 0.45 ± 0.01 90.0 ± 1.6 0.46 ± 0.01 92.0 ± 1.6

1.0 0.92 ± 0.02 92.0 ± 1.8 0.92 ± 0.02 92.0 ± 1.5 0.94 ± 0.02 94.0 ± 1.6 0.89 ± 0.01 89.0 ± 1.3 0.92 ± 0.02 92.0 ± 1.5

2.0 1.85 ± 0.03 92.5 ± 1.3 1.85 ± 0.03 92.5 ± 1.4 1.86 ± 0.02 93.0 ± 1.1 1.82 ± 0.02 91.0 ± 1.2 1.85 ± 0.03 92.5 ± 1.4

3.0 2.75 ± 0.03 91.7 ± 1.1 2.75 ± 0.03 91.7 ± 1.0 2.77 ± 0.03 92.3 ± 0.9 2.74 ± 0.03 91.3 ± 0.8 2.73 ± 0.03 91.0 ± 1.0

4.0 3.62 ± 0.04 90.5 ± 0.9 3.59 ± 0.03 89.7 ± 0.8 3.75 ± 0.03 93.7 ± 0.8 3.60 ± 0.03 90.0 ± 0.8 3.62 ± 0.04 90.5 ± 0.8

5.0 4.55 ± 0.04 91.0 ± 0.8 4.54 ± 0.04 90.8 ± 0.7 4.70 ± 0.04 94.1 ± 0.7 4.54 ± 0.04 90.8 ± 0.7 4.55 ± 0.04 91.0 ± 0.8
tions to achieve maximum absorbance and stability of
colored complex before its application to the determi-
nation of glufosinate˗ammonium and carbofuran in
commercial formulation, grains, vegetables and water.

Effect of time of hydrolysis. To achieve the maximum
color intensity, the hydrolysis time in the microwave
was varied from 10 to100 s. A hydrolysis time of 60 s
JOURNAL OF

Fig. 3. Effect of hydrolysis time in microwave on the absor-
bance value of glufosinate˗ ammonium and carbofuran (as
nickel(II) dithiocarbamate) complex (amount of 5 μg).
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Glufosinate ammonium
gave the maximum color intensity and stability of the
complex formed (Fig. 3). Hydrolysis time of less than
60 s gives less intensity of the color, indicating non-
completion of the reaction.

Effect of solvent. The effect of different diluting sol-
vents such as water, ethanol, methanol, acetonitrile and
acetone was studied. The maximum stability of the com-
plex was observed to be obtained by taking water as a sol-
vent for glufosinate˗ammonium herbicide, and aceto-
nitrile as a solvent for carbofuran insecticide.

Effect of carbon disulfide variation. The effect of dif-
ferent CS2 concentrations has been studied, and it has
been found that with an increase in the concentration
of CS2 the color intensity increases. When the concen-
tration is increased beyond 10%, the solution becomes
turbid (Fig. 4).

Quantification. Under the optimized experimental
conditions, the proposed spectrophotometric method
obeys Beer’s law in the range of 0.4–8 and 0.4–
9 μg/mL for glufosinate˗ammonium and carbofuran,
respectively. The complex formed is stable for 3 h for
both the pesticides. The method is quite sensitive with
molar absorptivity (ε) and Sandell’s sensitivity values
of 10.53 × 103 L/(mol cm) and 0.0188 μg/cm2 for glu-
fosinate˗ammonium at 380 nm and 8.83 × 103 L/(mol cm)
and 0.0250 μg/cm2 for carbofuran at 365 nm. The
limit of detection (LOD) and limit of quantification
 ANALYTICAL CHEMISTRY  Vol. 78  No. 11  2023
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Fig. 4. Effect of variation of carbon disulfide concentration on the absorbance value of glufosinate-ammonium (a) and carbofuran (b).
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Fig. 5. Photometric titration curves of glufosinate˗ammo-
nium and carbofuran as nickel(II)dithiocarbamate complex.

0 0.5 1.0 1.5 2.0 2.5
0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

A
bs

or
ba

nc
e

Volume of nickel(II) acetate added, mL 

Carbofuran
Glufosinate ammonium
(LOQ) are 0.4 and 1.4 μg/mL for glufosinate˗ammo-
nium and 0.6 and 1.8 μg/mL for carbofuran.

To find the validity of the above method, it has sub-
sequently been applied to the determination of glufos-
inate˗ammonium herbicide and carbofuran insecti-
cide in commercial formulation, grains, vegetables
and spiked water samples. The recoveries of glufos-
inate˗ammonium herbicide from commercial formu-
lation were 98.0–99.0% of the nominal content with
relative standard deviations (RSDs) in the range of
0.4–0.8 and 96.8–98.1% with relative standard devia-
tions in the range of 0.7–1.7% for carbofuran
(Table 3). The recoveries of glufosinate˗ammonium
herbicide from grains, vegetables and spiked water
samples were good, ranging from 89.4 to 96.7% with
RSDs in the range of 0.5–1.5 and 89.0–94.8% for car-
bofuran with RSDs of 0.7–1.7%. The recoveries of
glufosinate˗ammonium and carbofuran from vegeta-
ble and water samples are given in Tables 4 and 5.

Proposed mechanism for the spectrophotometric
method for glufosinate-ammonium and carbofuran. The
proposed spectrophotometric method is based on the
color reaction of the amino function of glufos-
inate˗ammonium and carbofuran with carbon disul-
fide to form corresponding dithiocarbamate which
reacts with nickel(II) acetate in an aqueous medium to
form yellow˗colored nickel dithiocarbamate
[Ni(DTC)2] complex (Scheme 2). The colored com-
plex is measured under optimized conditions at 380
and 365 nm for glufosinate˗ammonium and carbofu-
ran, respectively (Fig. 1). That amino function of glu-
fosinate˗ammonium and methyl amine formed from
the alkaline hydrolysis of carbofuran [28] reacts
smoothly and quantitatively with carbon disulfide and
nickel-(II) acetate (in a 2 : 1 molar ratio) forming
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
metallic complex nickel(II) dithiocarbamate,
[Ni(DTC)2] is quite well known and thoroughly estab-
lished in our laboratory [33, 34]. The reaction pro-
ceeding in a 2 : 1 molar ratio has also been established
by photometric titration of glufosinate˗ammonium
and carbofuran with nickel(II) acetate in aqueous ace-
tonitrile medium. In this titration performed at 380
and 365 nm for glufosinate˗ammonium and carbofu-
ran (λmax of colored complex, Fig. 1), the absorbance
increases till glufosinate-ammonium and carbofuran
to nickel(II) molar ratio of 2 : 1 is achieved indicating
the formation of yellow˗colored complex, and thereaf-
ter it attains almost constant values indicating no more
formation of the colored complex (Fig. 5).
o. 11  2023



1518 NISHA SHARMA et al.
Scheme 2. Proposed mechanism for the spectrophotometric method.

Interference studies. To assess the validity of the
proposed spectrophotometric method, the effect of
various amines, common ions and pesticides was stud-
ied. Known aliquots of diverse ions, amines (5 mM)
and various pesticides (0.5 mM) were added to the
standard solution containing 5 μg of glufosinate˗am-
monium and carbofuran separately and were analyzed
by the proposed method. The method was found to be
free from interferences due to added organic nitrogen
compounds including tertiary amines, aromatic
amines, pesticides and common ions. These com-
pounds did not affect the accuracy of the determina-
tion of the above pesticides. The proposed method can
also be applied for the determination of primary and
secondary amines in other systems and, hence, their
interference in absorbance is possible. The tolerance
limit of added foreign species is given in Table 8.

Comparison of the proposed spectrophotometric
method with other reported methods. The parameters
obtained from the proposed spectrophotometric
method have been compared with other reported
spectrophotometric methods, and details are given in
Table 9. The current method is more sensitive than the

reported methods in terms of its simplicity, rapidity
and the instantaneous development of the color with
nickel (II) acetate reagent.

Standardization of the reaction conditions for the
spectrofluorimetric method. The proposed spectroflu-
orimetric method was standardized under optimized
experimental conditions of heating time, hydrolysis
time, pH, solvents and reagent concentration.

Effect of heating time. The optimum time required
for the complete reaction was calculated by varying
heating time from 20 to 60 min at 55°C. The results
indicate that maximum fluorescence intensity was
obtained corresponding to 45 min of heating (Fig. 6).
Heating time less than 45 min gives less f luorescence
intensity of the complex thus indicating non-comple-
tion of reaction, and after 45 min the f luorescence
intensity slightly decreases.

Effect of time of hydrolysis. The optimum time
required for complete hydrolysis (in the microwave) of
carbofuran to methylamine was obtained by varying
the time of hydrolysis from 30 to 140 s. The results indi-
cate that maximum fluorescence intensity was obtained
corresponding to hydrolysis time of 90 s (Fig. 7).

R1

NH

R2

+  CS2 + NaHCO3

R1

N

R2

C SNa

S

+  H2O  +  CO2

P OH

COONH2

O

CH CH2CH2

CH3

2 R1R2N.CS.SNa  +  Ni(OAc)2 [( R1R2N.CS.S)2 Ni] + 2 NaOAc

R1 = H      and          R2 =         �CH3For Carbofuran

R1 = H      and     R2 =For   Glufosinate
 ammonium
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  No. 11  2023

Table 8. Effect of foreign species on the determination of glufosinate-ammonium and carbofuran pesticides by spectropho-
tometric method

a The amount causing an error of 2.0 ± 1.5%.

Foreign species Tolerance limita, μg/mL Foreign species Tolerance limita, μg/mL

Triethylamine 300 Na+ , K+ 250

Tributylamine 300 Mg2+ , Ca2+ 200

Diphenylamine 200 Zn2+ 150

Dimethylaniline 250 200

Benomyl 50 Pb2+ 50

Captafol 20 Al3+ 100

Imazethapyr 150 150

Chloropyrifos 300 200

3
4OAc , PO− −

2 2
4 3SO , CO− −

3 2Cl ,  NO ,  NO− − −
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Table 9. Comparison of the proposed spectrophotometric method for glufosinate˗ammonium and carbofuran with
reported methods

Method Linear range, 
μg/mL

LOD, μg/mL/
LOQ, μg/mL Analytical reagent λ, nm Sample

Spectrophotometric [28] 2─20 0.804/2.68 Sodium nitroprusside 530 Commercial formulations

Spectrophotometric [29] 1─20 0.2813/0.9376 p-Amino phenol 637 Aqueous samples

Spectrophotometric [26] 1─10 0.004/– p-Aminoantipyrine 470 Vegetable, fruit, soil, and 
water samples

Spectrophotometric [30] 0.5 ─16 0.645/3.065 4-Bromoaniline 478 Formulations, water and 
grain samples0.4─14 0.564/2.678 4-Methylaniline 465

0.2─10.0 0.355/1.355 4-Aminobenzaldehyde 471

Proposed method for 
glufosinate˗ammonium 0.4─8 0.4/1.4 Carbon disulfide-

nickel(II) acetate
380 Formulations, vegetables, 

grains and water samples

Proposed method for 
carbofuran 0.4─9 0.6/1.8 Carbon disulfide-

nickel(II) acetate
365 Formulations, vegetables, 

grains and water samples

Fig. 6. Effect of heating time on the f luorescence intensity
of glufosinate˗ammonium and carbofuran at 470 nm
(amount of 3 μg).
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Effect of pH. The effect of pH on the sensitivity and
stability of the complex was determined by varying pH
from 3.8 to 6.3. Different acetic˗acetate buffers were
prepared by mixing certain volumes of 1 N acetic acid
and 1 N sodium hydroxide and diluting the mixture
with distilled water [31]. It was observed that maxi-
mum yellow color and sensitivity were achieved by a
buffer of pH ~5.5 (Fig. 8).

Effect of diluting solvents. The effect of different
diluting solvents as water, ethanol, acetonitrile,
dimethyl formamide, dimethyl sulfoxide and acetone
on the stability of colored product was studied. Aceto-
nitrile is the solvent of choice for carbofuran and water
for glufosinate-ammonium, as they clear and stabilize
the colored product quantitatively.

Effect of reagent concentration. Different volumes of
mixture of acetylacetone and formaldehyde solutions
were investigated for maximum fluorescence intensity.
The maximum fluorescence intensities were observed
upon using 5 mL of reagent solution (prepared by mix-
ing 0.8 mL of acetylacetone and 2 mL of formaldehyde
in 27.2 mL of distilled water).

Quantification. The proposed spectrofluorimetric
method obeys the linearity range of 0.13–5 and 0.14–
6 μg/ mL for glufosinate˗ammonium and carbofuran,
respectively, under the standardized experimental
conditions. The complex formed is stable for 5 h for
both the pesticides. The limit of detection and limit of
quantification for glufosinate˗ammonium are 0.18 and
0.6, and 0.4 and 1.1 μg/mL for carbofuran. The
method has been subsequently applied to the determi-
nation of glufosinate˗ammonium herbicide and car-
bofuran insecticide in commercial formulations, vege-
tables and spiked water samples. The recoveries from
the commercial formulation were 97.0–98.7% of the
nominal content with RSDs in the range of 0.4–1.0
and 97.0–98.6% with RSDs in the range of 0.6–1.5%
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
for carbofuran (Table 3). The high recoveries of glu-
fosinate˗ammonium and carbofuran from spiked
water, grain and vegetable samples in the range of
90.0–98.6% with RSDs of 0.3–1.8% for glufos-
inate˗ammonium and 89.0–94.1% with RSD’s of
0.7–1.8% for carbofuran indicate good accuracy and
precision of the method (Tables 6 and 7).

Proposed mechanism for the spectrofluorimetric
method. The proposed spectrofluorimetric method is
based on Hantzsch reaction which is a known conden-
sation reaction for the synthesis of dihydropyridine
and pyridine [35, 36]. Therefore, the advantage of
Hantzsch condensation reaction has been utilized
using acetylacetone as β-diketone and formaldehyde
as an aldehyde which forms a colored condensation
product (Scheme 3) with the primary amino function
o. 11  2023
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Fig. 7. Effect of hydrolysis time in microwave on the f luorescence intensity of glufosinate˗ammonium and carbofuran at 470 nm
(amount of 3 μg).
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of glufosinate˗ammonium and methyl amine of car-
bofuran. The reaction product dihydropyridine deriv-
ative formed exhibited strong f luorescence at λemission

of 470 nm after excitation at λexcitation of 380 nm for glu-
fosinate˗ammonium and at λexcitation of 388 nm for car-
bofuran (Fig. 2).

Scheme 3. Proposed mechanism for the spectrofluorimetric method for glufosinate˗ammonium and carbofuran.

Interference studies. To assess the validity of the
proposed spectrofluorimetric method, effect of vari-
ous amines and pesticides was studied. Known ali-
quots of the diverse foreign species amines (5 mM)
and pesticides (0.5 mM) were added to the standard
solution containing 5 μg of glufosinate˗ammonium
and carbofuran separately and were analyzed by the
proposed method. The method was found to be free
from interferences due to various organic nitrogen

compounds including secondary and tertiary amines.
It was found that these compounds did not affect the
accuracy of the determination of the above pesticides
indicating that the method is selective for the determi-
nation of compounds containing the primary amino
group. The method can also be applied for the deter-
mination of primary amino group in other systems.
The tolerance limit of these added foreign species is
given in Table 10.

RNH2   +  2CH3

N CH3

H H

C

O

CH3
C
O

R

�3H2O

OO O

H3C

For   Carbofuran               R  =    CH3

For   Glufosinate               R  =
         ammonium
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Table 10. Effect of foreign species on the determination of glufosinate-ammonium and carbofuran pesticides by spectro-
fluorimetric method

a The amount causing an error of 2.0 ± 1.5%.

Foreign species Tolerance limita, μg /mL Foreign species Tolerance limita, μg/mL

Triethyl amine 200 Carbendazim 75

Tributyl amine 300 Benomyl 200

Diethylamine 180 Captafol 150

Diphenylamine 250 Imazethapyr 500

Dimethylaniline 200 Thiophanate-methyl 100

Dibutyl amine 250 Chloropyrifos 350

Methomyl 60 Mancozeb 150

Acephate 100
Comparison of the proposed spectrofluorimetric
method with other reported methods. A comparison of
some parameters obtained from the proposed spectro-
fluorimetric method for the determination of glufos-
inate-ammonium and carbofuran with some reported
spectrofluorimetric methods has been done and
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N

Fig. 8. Effect of pH on the f luorescence intensity and stability o
3 μg).
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described in Table 11. The proposed spectrofluori-
metric method has superior sensitivity to other
reported methods with the use of low-cost reagents.
The spectrofluorimetric method is more sensitive
than spectrophotometric analysis so can be applied at
a lower concentration range.
o. 11  2023
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CONCLUSIONS
The proposed spectrophotometric and spectroflu-

orimetric methods are simple, sensitive, reliable and
economical, allowing the determination of glufos-
inate-ammonium herbicide and carbofuran insecti-
cide in bulk as well as in commercial formulations
without any interference from inert carriers commonly
present in their formulations. The instantaneous
development of color, stability of the colored prod-
ucts, with the omission of an extraction step are some
added advantages of the proposed methods. The high
recoveries of glufosinate˗ammonium herbicide and
carbofuran insecticide in formulation and residue
analysis, with low relative standard deviation values
show good accuracy and precision of the methods.
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