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ABSTRACT Asimple, sensitive, rapid and accurate spectrophotometric method was developed for determination of parts per million

levels of widely used Carbamate pesticide carbofuran. The proposed method is based on the direct determination
of Carbofuran residue in environmental water samples with and without alkalin medium. Carbofuran shows an
absorption maximum at a wave length of 279 nm with apparent molar absorptivity is 5.5 x104 L mol-1cm-1 and obeyed Beer’s law in the
concentration range of (0- 20ug/ml) In alkaline medium Carbofuran shows an absorption maximum at a wave length of 290 nm with apparent
molar absorptivity is 1.5 X104 L mol-1cm-1 and obeyed Beer’s law in the concentration range of (0- 20ug/ml) A simple procedure was employed
for the spectrophotometric determination of the presence of trace quantities of carbofuran in environment water samples. Particularly in the

river, tap, Rain and underground water samples.

Introduction:

Carbofuran (2, 3-dihydro-2, 2-dimethyl-7- benzofuranol N-methylcar-
bamate),also known as furadan , an anticholinesterase carbamate,
is commonly used as an insecticide, nematicide, and acaricide in ag-
ricultural practice throughout the world (™ The toxicity of pesticides
and their degradation products is making these chemical substances
a potential hazard by contaminating our environment (? , Risks from
exposure to carbofuran are especially high for persons with asthma,
diabetes, cardiovascular disease, mechanical obstruction of the gas-
trointestinal or urogenital tracts ©
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Figure (1) The structure of carbofuran'®

Carbofuran

is a broad spectrum carbamate pesticide that kills insects, mites and
nematodes on contact or after ingestion. It is used against soil and
foliar pests of field, fruit, vegetable and forest crops. Carbofuran is
available in liquid and granular formulations®. Carbamate pesticides
are extensively used in agriculture due to their rapid degradability and
low toxicity to non-target species. Their widespread and indiscriminate
application poses serious health hazard to humans and animals ©). Car-
bamates have been reported to have high mammalian toxicity, and the
main target organs are brain, liver, skeletal muscles, and heart ?. The
most sensitive and appropriate effect associated with the use of carbo-
furan is its toxicity following acute exposure® It is high water solubility
and low adsorption coefficient'® Due to its high toxicity, carbofuran
has already been banned in many countries''® Commonly used analyti-
cal methods for the determination of carbofuran are high performance
liquid chromatography ,gas chromatography coupled to mass spec-
trometry ,and spectrophotometry!'"
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2.Experimental Parts
2.1.Materials and Methods:
Apparatus

o

x4 UV-Visible recording spectrophotometer  (1986) Shimadzu
Model (160A) (Japan) with a response time of 0.1s ,was used
for spectrophotomatric determination A quartz cell of 5 ml inter-
nal volume and 1cm path length was used for absorbance meas-
urements

Hotplate Stirrer ( Hotplate stirrer Model L-81 Labinco bv )
Electric Balance ( Sartorius, 4digitals, made in Germany )

Oven (Memmert, maximum temperature 250,made in western
Germany. )
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2.2.Chemicals and Reagent

X3

S

A Standard Carbofuran (99% purity) was purchased from USA
( AccuStandard) and Carbofuran-3-hydroxy (98.8% purity) was
purchased from Sigma-Aldrich.

% All other chemicals used in the study were of analytical reagent
(AR) grade. All glassware was used cleaned with distilled water
and dried at 50°C for 30 minute prior to use. Batch experiments
were carried out in to ensure the reproducibility of results and
the average value. All reagents used were of the highest puri-
ty and most solutions were prepared in ultra pure water and
Dieonize water.

< A standard stock solution of 250 ug ml"of carbofuran was pre-
pared by dissolving 0.25g of the pesticide in 1000ml| Dieonize
water. This solution was kept in referigetor to prevent any hydrol-
ysis or exposing to sun light and solution stable more than two
months.

% Astandard stock solution of sodium carbonate Na,CO, (1M) was

prepared by dissolving (29 g) of the solid product in 250ml of

deionized water.
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2.3.Real water sample collection

Real water samples of river were taken from different parts
of tigers river ,Baghdad in Irag and mixed together to form a
homogenous representative sample .Three underground water
samples were taken from three well from different regions and
mixed together to obtain a representative water sample. Tap
water sample was taken from tap. The three real water samples
were kept in brown glass containers and kept in refrigerator at
8 °C.
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2.4.Procedure for direct determination of carbofuran in neu-
tral environmental water

UV-spectrum of Carbofuran in dieonize water which presents The
absorbance at 279 nm This was done by carrying out a calibration
graph through the preparation of a series of standard solutions of 0
,2,4, 6,810,12 and 14 pg ml" of carbofuran in volumetric flasks of
25 ml diluting to the mark with dieonize water.

2.5.Procedure for direct determination of carbofuran in al-
kaline medium

the Hydrolysis in alkaline medium with Sodium Carbonate Which indi-
cate that carbofuran is readily hydrolysis and yields The absorbance at
290 nm . This was done by carrying out a calibration graph through the
preparation of a series of standard solutions of 0, 2, 4,6,8,10,12, and 14
ug ml" of carbofuran in volumetric flasks of 25 ml diluting to the mark
with different water and determination of concentration

3.Results and Discussion

3.1. UV-Spectram of carbofuran in distilled water

The spectrum (200-800nm) 10 ppm of Carbofuran shows an absorption
wavelength at 279 nm with an absorbance of 0.248 . From the Chem-
ical The molar absorpitivity value is 5.5x10*L mol™ cm™ which means
that the electronic transitions are due to the n to n*. This value of molar
absorpitivity enables to carry out the quantitative analysis of carbofu-
ran in environmental water sample directly as shown in the figure 2.
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Figure 2: UV- absorption spectrum of 10 ppm of carbo-
furan in dieonize water.

Calibration carve in neutral deionzed water

A series of solutions were prepared by using known concentration of car-
bofuran (0,2,4,6,8,10 ppm) in to a 25ml volumetric flask and filled to the
mark with deionised water and the measurements were carried at 279 nm
in triplicate manner The absorbance measurements are illustrated in table 1.

Table 1: The absorbance measurements of standard

3.2.0ptical characteristics Features of the calibration curve.

Table 2 shows the main features of the calibration curve and measur-
ing the absorbance at 279 nm

Table 2: Optical characteristic features of calibration
curve

Parameter Values

Color Colorless

Wave length A (nm) 279

Beer’s Law limit a (ug ml™") 0-20

Molar absorpitivity (mol"cm' L) 5.5 x10* L mol" cm™
regression coefficient (r) 0.9993

Sand ell’s sensitivity (ug cm?) 0.00401

Slope (m) 0.0259

Intercept (C) 0.0022

Regression equation (Y = mX + C) y = 0.0259x + 0.0022
Correlation coefficient (r?) 0.9987

Variation coefficient (%) 99.87

Limit of detection( ug ml) 0.3800

Limit of quantization ( mg mL™) 1.2667

Average recovery (%) 99.28

From the above data in table (2) can see that the method in suitable
for the direct determination of carbofuran in environmental water
samples.

3.3.Direct determination of carbofuran in spiked neutral water sam-
ples.

A series of solution were prepared by spiking of different environ-
mental water samples with a known concentration of carbofuran (
0,2,4,6,8,10 ppm) into 25ml volumetric flasks and filled to the mark
with real water of tap water , underground water , river water and
Rain water to form a spiked samples. The absorbance measurements
were carried out at a wavelength at 279 nm the concentrations were
obtained from the calibration curve for the spiked solutions and the
absorbance measurements and recovery percentages of carbofuran
obtained are shown in the table 3.

Table 3. Recovery of carbofuran in the spiked (Tap, Un-
derground, River and Rain )water sample solutions.

solutions of carbofuran Type water [()?)II]If Ahl:l::rll])an e RSD% Found Recovery%
Conc. ppm [ Mean Absorbance RSD% |Found |Recovery% 2 0.048 2.083 1.768 88
2 0.049 2.040 |1.806 |90 0.101 2.619 3.814 95
4 0.110 1.801 [4.162 |104 Tap water
6 0.158 1265 [6.015 100 6 |0.153 2848 82 |97
8 0.215 0.465 [8.216 |102 8 0.189 1.907 7.212 90
12 0.315 0.676 [12.077 [100
14 0.358 0323 [13.73 |98 Underground |* 0.112 1785 4239 105
The calibration curve was draw by using the mean absorbance as a 6 0.167 2610 6.362 106
function of concentration (ppm) as shown in figure 3. 8 0.219 1.646 8370 104
w4 2 0.058 1.886 1.961 98
1
g 03 e 4 015 2.608 4355 (108
G Riverwater 1o 19155 1706 589 |98
< "; 8 [0201 0.497 7675 |95
0 1 1 & N T T 2 0.045 2222 1.652 82
concaAtaton pan Rain water 4 0.103 4.231 3.891 97
6 0.178 1.486 6.787 113
Figure 3: Calibration curve of carbofuran in deionized 3 0.234 1.540 8.949 m

water
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From the above table shows quite obviously that the recovery percent
is from 88to 97% for tap water, 104 to 107 % for underground wa-
ter, 95to 108 % for River water and 82 to 113 % for Rain water .Which
means that the method is suitable for direct determination of carbo-
furan in natural environmental water samples .

3.4.UV-Spectram of carbofuran in Alkaline Medium.
Carbofuran hydrolised in alkaline medium producing phenolate ac-
cording to the following equation ('

Carbafuran Plenal dersative

carbhedilian

The hydrolysis product Phenol derivative carbofuran shows an ab-
sorption maxima at 290 nm and the molar absorpitivity of 10 ppm
is( 1.5 10“L mol" cm™) Which means that the method can be used
for dire&t determination of carbofuran depending on the absorption
measurements of the hydrolysis product of carbofuran.
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Figure 4. UV-absorption spectrum of 10 pg ml"' carbofu-
ranin 0. 1M of Na,CO,

3.5.0ptimization of alkaline concentration

Figure 5 shows the effect of alkaline concentration on hydrolysis of
carbofuran which demonstrates that the best concentration of Na,CO,
is 0. T M. The absorbance of 10 ppm of carbofuran is (0.126) and the
molar absorpitivity is 1.5 x10%L mol" cm™ )

] 008 1.1 0.1% 02 025 03 035

Figure 5. Optimization of the concentration of Na,CO,
3.6.0bamization of hydrolysis of carbofuran with
Time.

Hydrolysis of carbofuran in alkaline medium used Na,CO, produce the
phenolate .Figure 6. shows that on increasing the time of residence
of carbofuran in alkaline medium causes a decreasing in absorbance
values due to the further hydrolysis effects and the losing the carba-
mate group from the compound as illustrated in figure 6.
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Figure 6: Optimization hydrolysis of 10 ppm carbofuranin 0.1 M Na-
,CO, solution as a function of time

3.7.Calibration Carve of Carbofuran in Alkaline Medium of Na,CO,.

A series of solution were prepared by spiking of different carbofu-
ran (0,2,4,6 ,8,10,12 ppm) into 25ml volumetric flasks and added
0.5M from Na,CO, and filled to the mark with distilled water to form
a spiked samples. The absorbance measurements were carried out at
a wavelength at 290 nm .The concentrations were obtained from the
calibration curve for the spiked solutions are shown in the table 4.

Table 4: The absorbance measurements of standard
solutions of Carbofuran in alkaline medium in distilled
water.

Conc. ppm |Mean Absorbance RSD% |found Recovery%
2 0.194 2.246 (2.269 (113

4 0.335 0.789 (4119 102

6 0.477 0913 (5982 (99

8 0.630 0.572 |7.990 (99

10 0.774 0.465 |9.880 |98

12 0.937 0.213 |12.019 100

The calibration curve was drawn by using the mean absorbance as a
function of concentration (ppm) as shown in figure 6
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Figure 7: Calibration curve of carbofuran in deionized
water in alkaline medium of Na,CO,

3.8.0ptical Characteristic features of the calibration
carve
Table 5 Show the main features of mart of the calibration curve car-

ried out by using the optimum conditions.

Table 5: Optical characteristic features of calibration
curve

Parameter Values
Color Colorless
Wave length A _ (nm) 290
Beer’s Law limit a (ug ml™") 0-20
Molar absorpitivity (mol'cm' L) 1.5 x10*
regression coefficient (r) 0.9991
Sand ell’s sensitivity (ug cm?) 0.00142
Slope (m) 0.0762
Intercept (C) 0.0211
Regression equation (Y =mX + C) y =0.0762 x + 0.0211
Correlation coefficient (r?) 0.9984
Variation coefficient (%) 99.84
Limit of detection( ug ml™") 0.029
Limit of quantization ( mg mL™) 0.096
Average recovery (%) 101.83
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From the above data in table 5 one can see that the method in suita-
ble for the direct determination of carbofuran in environmental water
samples.

3.9.Dericat determination of carbofuran in Alkaline Me-
dium by using neutral water samples.

A series of solution were prepared by spiking of different environ-
mental water samples with a known concentration of carbofuran (
0,2,4,6,8,10,12 ppm) into 25ml volumetric flasks and added 5 ml of
1 M Na,CO, and filled to the mark with (tap ,underground river and
rain )water to form a spiked samples. The absorbance measurements
were carried out at a wavelength at 290 nm .The concentrations were
obtained from the calibration curve for the spiked solutions in differ-
ent natural water and the absorbance measurements and recovery
percentages of carbofuran obtained as shown in the table 6.

Table 6: Recovery carbofuran of the spiked solutions in
different natural water

Type of water ‘C)glpnc %gfc;ban ce |RSD% |Found |Recovery%
2 0.161 0.621 | 1.84 |92
0.287 0.921 |3.48 |87
Tap water
6 0.417 1.045 [5.19 86
8 0.600 1.013 |759 |94
2 0.185 1.948 | 2.16 108
Underground |4 |0.340 0294 | 418 |104
water 6 0.479 0.417 |6.00 100
8 0.627 0318 |7.95 99
2 0.154 0.649 [1.84 |92
. 4 0.292 0.684 |[3.55 88
River water
6 0.439 0.227 |5.48 91
8 0.587 0.170 |7.42 92
2 0.176 2.048 |2.032 |101
. 4 0.298 0.887 |[3.633 (90
Rain water
0.456 0.580 [5.707 |95
8 0.611 0.590 |(7.741 |96

The above results show the recovery percentages of the added carbo-
furan quantities of 86 to 94 % for tap water, 99to108 % for under-
ground water, 88t091 % for river water and 95 to 101 % for rain water
which means that the proposed method is validated for measuring
this compound directly in environmental water samples

4.Conclusion

The proposed method shows quite obviously two practical facts, the
first one proves that environmental water samples (tap, River and
country side water are not contaminated and can be used for drink-
ing or River and the second fact is that the proposed method can be
used to direct determination of carbofuran with high accuracy as well
as the method is fast, economic and accurate.

REFEREN 1-1-Jeyapragasam. Tharini.,Saraswathi. Ramiah.,( 2014) Electrochemical biosensing of carbofuran based on acetylcholinesterase immobilized
onto iron oxide —chitosan nanocomposite.sensor and Actuators B chemical ,681-687 | 2-Salman.J.M., Abd.F.M., and Muhammed.A.A.( 2011) “
Adsorption of carbofuran insecticide from aqueous solution using commercial activated ” Int. J. Chem. Sci.: 9(2),, 557-564 | 3-Nagaraja. P.and
Bhaskar .B. L.,( 2006) “Sensitive spectrophotometric assessment of carbofuran using dapsone as a new chromogenic reagent in formulations and environmental samples " Ecl.
Quim., S&o Paulo, 31(4): 43-48 | 4-Trotter.D.Kent.R..and Wong.M.,(1991). “Aquatic Fate and Effect of Carbofuran”Crit Rev in Environ Cont.21(2)137-176 | 5- KumarK .S., Suvard-
han.K.Rekha.D. Krishnaiah.L..and Chiranjeevi.P, ( 2005) New Reagents for Facile and Sensitive Spectrophotometric Determination of carbofuran in Its Formulation and Environ-
mental Samples jouranal of Analytical chemistry, vol,61 . No,6.pp 560-565 | 6- Whyatt RM, Barr DB, Camann DE, Kinney PL, Barr JR, Andrews HF, et al. Contemporary use pesticides
in personal air samples during pregnancy and blood samples at delivery among urban minority mothers and newborns. Environ Health Perspect 2003; 111: 749-56. | 7- Devendra.
K. Rai., Prashant. Kumar. Rai ., Aradhna. Gupta., Geeta. Watal., and Bechan. Sharma.,( 2009) “ Cartap and carbofuran induced alterations in serum lipid profile of wistar rats” Indian
Journal of Clinical Biochemistry, 24 (2) 198-201 | 8-Perveen F.,(2012) “ Insecticides-pest Engineering” In Tech,pp.520-538 | 9- Jayatillake.B.A. ., Wijesinghe.M.R., , Ratnasooriya.W.D
.and Lakraj G.P,(2011) “ Toxic effects of Carbofuran on Duttaphrynus Melanostictus Larvae” Int.J.Environmental .Sci., Volume 2, No 2 | 10- Mohamed. B., Rachid.M..and Amina. A., (
2013)“ Dissipation processes of 14C-carbofuran in soil from Northwest Morocco as influenced by soil water content, temperature and microbial activity” Journal of Environmental
Chemistry and Ecotoxicology, Vol. 5(5), pp. 119-128 . | 11-Samphao . A,, Suebsanoh . P,Wongsa.Y., Pekec . B., Jitchareon. J,, and Kalcher. K.,( 2013) “ Alkalin Phosphatase Inhibition
-Based Amperometric Biosensor for the Detection of Carbofuran ”Int.J.Electrochem.Sci., 8 .3254-3264. | 12-Sao . Aruna ., Pillai . Ajai . K ., and Gupta . V. K.,( 2008) “Spectrophotometric
determination of carbosulfan in environmental samples”Journal of Scientific &ndustrial Research . Vol 67,pp.1088-1091. |

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS &= 95




