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Analysis of Cypermethrin Using an Electrode Solid
Copper Amalgams Developed as a Working
Electrode in Differential Pulse Voltammetry

Compared with Gas Chromatography Methods

Pirim Setiarso® and |. Gusti Made Sanjaya
Department of Chemistry, Faculty of Mathemalical and Nalural Science, State University of Surabaya, Surabaya 60231, Indonesia

Cypermethrin determination has been conducted for agricultural soil samples of some districts in Nganjuk, East
Java, using an electrode solid copper amalgams (CuSAE) in differential pulse voltammetry (DPV) compared
with gas chromatographic (GC) methods. 100 g sample of agricultural soil which is smoothed with a size of
100 mesh, were extracted using 100 ml of acetone. Extraction is performed using extractor soxhlet with 10 times
circulations. Most of the extraction is added with SDS surfactant for voltammetric analysis using CuSAE as the
working electrode, Pt as the auxiliary electrode, and Ag/AgCl as the reference electrode. Partly the result of
extraction were analyzed using GC. Voltammetry analysis carried out at pH 8 with supporting electrolyte CaCl,
using a standard addition, while the chromatographic analysis using a standard graph. Based on voltammogram
and chromatogram data which have been processed with origin 7.0 program generates a recovery of the average
of cypermethrin determination with DPV is (96.04 + 2.4338)% and GC is (100.77 +4.5076)%. Comparison of
DPV and GC methods performed by I-test result (f calculated = 0.6529 < { table = 2.31). There is no difference
between the two methods for the analysis of cypermethrin.
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1. INTRODUCTION
Pesticide analysis of various samples like in water or living
organism generally performed using chromatographic technigues,
such as gas chromatography, high performance liquid chromatog-
raphy, and gas chromatography coupled with mass spectroscopy.’
Another technique of pesticide analysis is using biosensor based
on enzyme linked immunosorbent assay, ELISA, used to monitor
sticides in the envir 4 Gankin (1995) has conducted an

y. GC, Ch graphy,

Cypermethrin,

Pesticides analysis by HPLC and GC is used relatvely fre-
quently compared to spectrometry and electrometry technigues.'?
Pesticides analysis using GC is dered fast and reqy only
a sample of size in ul. dimension, especially when used GC-
MS equipped with a catalog of compounds, the type and molec-
ular structures of pesticides can be determined in a one-time
execution.

In chr grap analysis, ples are treated physically

chr

and chemically in order for the samples can be read by chro-

analysis of pesticide using a col grag
ing an XAD-2resin, followed by GC-MS techniques to determine
pesticide compounds in water and aquatic animal of Catfish.

Analysis of pesticides is necessary 10 monitor its presence in
the environment, which can be toxic to living things if the thresh-
old exceeds the allowable limit.* Threshold of allowable pesti-
cides on the environment, is different in various countries. For
P i | Council for the Environment have a
threshold 50 pg-L"") on the waste water, while the Environmen-
tal Protection Agency of the United States certified 10 pg-L-Y
in natural water.'” Indonesia provides 2 mg-L!"" for pesticides
threshold.
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matography. Physical treatment is not complicated but the chem-
ical treatment may be very complicated because through several
steps such as extraction, distillation, complexation, or created
derivatives that can be read by the detectors used in chromatog-
raphy equipment, Each step is certainly has errors, thus resulting
in accumulation of errors in the overall analysis process. It was
not expected to occur in the analysis by voltammetry method
because it has a job step thal is not as complicated as the steps
above. Measurements can be done directly so it does not required
a lot of chemical reagents, cheaper, and with a detection limit of
the same or even better.

On this , i8 on pesticides analysis
by voltammetry using copper solid amalgam electrode (CuSAE)
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Fig. 1. Voltammogram of DPV of 10-* M cypermethrin to the pH {3-10).
is made simpler than the previous CuSAE. Electrodes that had
been used carlier were made by mixing powders of copper and
mercury. Copper and mercury mixture is heated at a lemperature
80 ° C:nannnmplﬂtnfsulfuncmdmfmmmdml
Based on prelimi is led that the formation
ofama]smnofﬂicabm:mmrtunmpufect It is evident that
there was still some copper metal which does not form amalgam.
In addition, color of the mixture remains black which estimated
from the oxide of mercury and copper. Physically, the amal-
gam resulting does not adhere well to the electrode. This will
affect the clectrode response to the analyte.® The amalgam elec-
trode CuHg in this research was made of copper wire that has
undergone the process of electro-deposition using a solution of
0.1 M CuSO, with time variation. Conductor of copper wires
that have been deposited with Cu, then formed amalgam using a
saturated solution of Hg(NO,),. This method is d to be
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2. METHODS
2.1. Materials

Materials used in this research are: acetone, cypermethrin, SDS
98%, CaCly, Hg(NO,);, CuSO, 0.1 M, conductor wire with a
length of 4.0 em and a diameter of 1.2 mm, buffer Briton Robin-
son, agricultural soil samples, and distilled water.

2.2, Instrumentation

Instruments used in this research are epsilon potentiostat, Gas
Chromatography, soxhlet extracior, Buchi evaporator, Ag/AgCl
reference electrode, Pt electrode, CuSAE working electrode.

2.3. Procedure
CnSAEmld:ofmdumwwluwuhllmgﬂloficmmd
nlemmwhlchuclecuo-dquwdwnmCuunng

simpler and faster.

CuSAE product is chemically characterized to analyze the pes-
ticide cypermthrin of the pyrethroid group with voltammetry.
Cypermethrin pesticide was chosen as a sample on the grounds
that pestmdcs are used widely in agricultural pest control in
Ind Therefore, the use of pesticid needmpmrmm.w
mn:hcmnudncsnupolluwlhemmm»d I

a solution of CuSO, 0.1 M for 25 ds by control p
electrolysis at a potential of 400 mV and the current 100 pA.
This was made amalgam by dipping into a saturated solution of
Hg(NO,), for | minute.

Optimization of CuSAF_ wuh cypemwﬂmn was performed by
differential pulse le of pesticide is taken from
the uflw;u\famwlnnlm[mmmoﬂwmhu

In the final mgc'lhcwwkmgckxuod:oﬂbemeuSAEmU
be tested for pesticide residuc analysis at real samples in the arca
of agriculture.

which was added 20 ml cypermethrin 10~ M in acetone.
Cypermethrin analysis of agricultural soil extraction is done by
DPV using standard addition method.* In the analysis arc used
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Fig. 2. Voltammogram CV and DPV of 10°* M cyp

with
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Table L g of cyp on the of con- Table Il. The of cyperme-
centration and pH. thrin from Nganjuk agricultural soil umphi.

pH Regression equation R Ctn:lr:hllm Recovery
3 ¥ = 4 462667 + 1.449333X 0osgipy  ooation PNmm—an Spaion {07in %)

4 ¥ =0.334 2.301636X 0.995721 Kundir ¥ = 2.253625 + B.568685X 3354 858

5 Y =3.022+ 2.226182X 0986618 Loceret Y = 0.143653 + 0.676896.X 3.268 B34

] Y = 1801333+ 1.481212X 0.980681 Pace Y = 0.789447 + 0.723448X 3z 935

7 Y =085242.121838X 0.991685 Rejoso ¥ = 1.008361 + 0.868223X 3488 1]
8 ¥ = —4.402667 + 4,128848X 0997103 Warulayeng Y =0.135547 + 1.186282X 3428 a7.8

8 ¥ = ~1.567333 + 3.834242X 0.990784

10 ¥ = 1.050867 + 2.243152X% 0.080728

Table Il. The peaks current of DPV of 10-* M cypermethrin on the
supporting electrofyte variations,

statement, consider the table of the following regression
equation.

Data in Table T supports the pH B as working pH for cyperme-
llum hectuse it 51"'!!! the highest peak of correlation coefficient

Current 10~ (A) pporting lyte w!uch lected to be used in mea-
= — of cypermethrin are KCl, CaCl,, and AICl,. The
caCl, 3,40 following figures show the voltammogram of CV and DPV
Ay 346 respectively.

Briton Robinson buffer pH 8, the supporting electrolyte 10~ M
CaCly, and SDS 107% M. The conditions of ephsilon potentiostat
instrument on analysis of cyp hrin are the p jal range
(—400-400) mV, potential step 4 mV/s, amplitude 50, the current
100 uA, CuSAE as working clectrode, Ag/AgCl as reference
electrode, and Pt as auxiliary electrode.

Validation of cypermethrin analysis of the extraction of agri-
cultural soil that is done by DPV is compared with the result
of GC. The(.mdmonoIGlehemllymotcypemmhmm
Ar-air carrier gas, Flow rate | mb/mi of
20 pl, RP 18 column type, length 20 cm, dmuewrﬂ-i mm, the
injection temperature of 275 *C, column temperature of 250 *C,
and FID detector.

3. RESULTS AND DISCUSSION
OpnmmnmorCnSAEmcypummufuamuyde
is done by of cyf thrin 1073 M with
pH (3-10). Here is ‘the resulting voltammogram.

Based on the voltammogram, pH 8 gave the highest cur-
rent that was chosen as the working pH. To support that
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The resulting of peaks current of DPV on the supporting elec-
trolyte variations can be seen in the following Table I1.

The peak current of DPV of the supporting electrolyte CaCl,
was chosen because it gives the best vollammogram for DPV
and CV.

Validati

of cyp hrin analysis was performed with
voltammetry and then compared to the ch graphy. Valida-
tion is performed as is done within cypermethrin by using stan-
dard addition.”*

Agricultural soil samples were taken from five districts in
Nganjuk Regency, East Java. 100 g mashed agricultural soil plus
20 ml cypermethrin 10°* M extracted in soxlet using 100 ml ace-
tone at temperatures of 80 °C. Exiraction is performed 10 times.
‘The result of extraction is evaporated and added 5 ml Brinton
Robinson buffer solution, 2 ml of SDS surfactant 107" M.
The result is further deluted to 20 ml and used to determine

the con of cyp with DPV. In Figure 3 is
shown one of g from the addition curve
of cypermethrin.

The concentration of cypermethrin which determined is 3.5 x
105 M. In Table 111, indicated cypermethrin recovery from the
extraction of the samples of agricultural soil from Nganjuk, East
Java.

-

s Konsentrasi cypermethnn
Y= 2283028+ 0500098
R =0.982937

sampal = 3.384/3.8 = 58 8%
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Fig. 3. DPV voltammograms and standard addition curve of cy of
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Fig. 5. Standard curve of cypermethrin.

The result of cypermethrin analysis with DPV are compared
with the results of the analysis by GC. Standard chromatograms
of cypermethrinis shown in Figure 4. From the chromatograms
in Figure 4 can be made the following standard curve. Stan-
dard curve in Figure 5 is used 1o determine the concentrations of
cypermethrin which extracted of agricultural soil samples from
several districts of Nganjuk, East Java. The result of the determi-
nation of cypermethri ions can be seen in Table IV.

Table IV. Cor ion of cyp thrin which d of agricul-
tural soll samples from Nganjuk, East Java.

Location Concentration (10-5) M Recovery (%)
Kuncir 2.389 95.58
Loceret 2.586 103.46
Pace 2.380 95.20
Rejoso 2586 103.46
WaruJayang 2654 106.47
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of the d nation cyp ions on
Tables T and IV were evaluated statisticaly with f-test to find
out that both results significantly different. Based on the result of
t-count 0.6529 which smaller than (-table 2.31 for the number of
degrees of freedom 8 and P = (.05, then it can be said determi-
nation of cy ions which extracted from the
agncultural soil samples from several district in Nganjuk deter-
mined using voltammetry method DPV and GC method, is not
statistically different

s
in ¢

4. CONCLUSIONS

The working pH and supporting electrolyte for cypermethnin
analysis is pH 8 and CaCl,. There is no significant difference
between cypernmethrin determination using DPV method and GC
method, which is shown by using the 1-test (r-count = 0.6529 <
1-table = 2.31).
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