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Abstract: Amperometric experiments conducted with commercial samples of 
Propanil a t  Fe(II1)TPPCl-modified glassy carbon electrodes in 1:3 CH,CN/H,O result 
in smooth ampemgrams producing linear calibration curves. The amount of Propanil 
present in effluent water leached through soil of a model rice cultivation in a 
polytunnel can be accurately determined using this method. The concentration of 
Propanil in water samples collected within a period of 8 h decreased from (6.70 + 
0.06)~10-~ mol dm-$ to (8.10 + 0.08)x1O4 mol dm3. No detectable levels of Propanil 
were found in samples obtained after 8 h within the capability of the method. A 
preconcentration step that had potential to further enhance the sensitivity and 
decrease the lower detection limit of electrochemical detection of Propanil was also 
investigated. 
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Electrochemical detection finds widespread applications in the determination of 
simple, inorganic cations and as well as complex organic substances, 
including many  pesticide^.^-^ Electroanalytical techniques provide unique 
advantages for the determination of analytes of interest due to their excellent 
detection capabilities with relatively low-cost instrumentation. Consequently, they 
can compete with other modern detection systems, which require expensive 
instrumentation. Depending on the desired limit of detection, one can conveniently 
use a method of choice among many electrochemical techniques, from voltammetry 
which is sensitive in the mol dm-3 to  mol dm-3 range, to stripping analysis 
which is able to detect even at  mol  level^.^,^ 

Although electrochemical methods were traditionally employed for the 
detection of electroactive substances, this situation has now changed with the 
introduction of catalytic methods. Since the activity of a catalyst is specific for a 
molecule or a class of molecules, selection of an appropriate electrocatalyst may be 
the most demanding task. Heterogeneous electrocatalysis, where the catalyst is 
usually in the solid phase, as an external thin coating on the surface of bare 
e lect rode~,~J~ or alternatively, by incorporating the catalyst to the bulk of a solid 
electrode for intimate contact, has been attractive.".12 In the earlier situation, the 
stability of the catalyst can be improved by introducing electroinactive, stabilizing 
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agents into the coating.13 In many instances, the substance of interest has been 
made electroactive a t  the potential a t  which the catalyst is reducedfoxidized, 
qualifying for the catalytic-electrochemical-chemical (catalytic EC) mechanism.14, l6 

Electrochemical detection, however, has its limitations, especially in real 
sample analysis, where undesirable matrix effects offset the actual result. This 
situation has been successfully addressed when electrochemical detection is 
performed after liquid chromatographic separation (i.e., liquid chromatography in 
conjunction with electrochemistry or LCEC).16-l8 Detection of some pesticides at  
low levels by reversed phase LCEC methods has been recently rep~ r ted . l~ -~ l  
Nevertheless, with most cases, which involve real analysis, a prior clean-up step 
would be highly desirable. Furthermore, necessity of large amounts of organic 
solvents, and economical factors have limited further advancement of such methods. 

In this research, we report an amperometric method, based on the catalytic 
electrochemistry of 5,10,15,20-tetraphenylporphyrinatoiron(II1) chloride, for the 
detection of Propanil, a heavily used herbicide on rice, in a simulated rice cultivation 
environment, where Propanil-contaminated water is leached out from a model rice 
bed after application of the recommended dose of this pesticide. When Propanil is 
applied to the crop, a fraction of it is absorbed into soil, and subsequently leaches 
out and may reach ground and surface water resources. Propanil and its principal 
metabolic degradate, 3,4-dichloroaniline (3,4-DPA) are the residues of concern for 
drinking water risk a s ~ e s s m e n t . ~ ~ - ~ ~  Therefore, understanding of the fate of Propanil 
in the environment is of considerable interest, and the simulated rice bed used in 
this research would be an ideal model to study this aspect. Further, this study 
mimics the real environmental analysis of Propanil by an electroanalytical method 
based on electrocatalysis. 

METHODS AND MATERIALS 

A commercial sample of Propanil (Mackwoods Marunil, 36% 3,4-DPA) was purchased 
from the local market, which was used throughout all experiments without any 
purification. Analytical grade KCl, 5,10,15,20-tetraphenylporphyrinatoiron(II1) 
chloride Fe(III)TPPCl], and HPLC grade CH3CN and CH,Cl, were purchased from 
Aldrich, USA. All the solutions were prepared using distilled deionized water, and 
the standard solutions were prepared daily. 

A 10 cm3 solution of the Fe(II1)TPPCl catalyst was prepared, and glassy 
carbon (GC) electrodes were modified with the catalyst according to the procedure 
published e l s e ~ h e r e . ~ ~  

Instrumentation: A CV-1B cyclic voltammograph and an X-Y recorder, .both 
purchased from Bioanalytical Systems Inc., USA, were used for all cyclic 
voltammetric and amperometric experiments. The three-electrode cell consisted of 
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a bare or Fe(II1)TPPCl-modified GC working electrode, a platinum counter electrode 
and a saturated calomel reference electrode (SCE). All potentials were reported 
with respect to SCE, and all experiments were conducted under N, saturated 
conditions. 

Preparation of rice cultivation and collection of samples for analysis: A model rice 
bed was constructed in a polytunnel (Figure la), about 0.5 m above ground level, 
using a flat-bottomed aluminum basin of dimensions 2.0 m x 1.0 m and 0.5 m in 
height. The bed was filled with paddy field soil, which was free of any pesticides, 
up to a height of 15 cm. Outlet tubes with taps were fitted at the bottom of the bed 
to collect water. A cross-section of the bed is shown in Figure lb. 
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Figure 1: (a) A picture of the model rice bed prepared in the polytu~inel 
and (b) Schematic representation of the cross-section of the model rice 
bed. 
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Rice plants grown in a nursery up to an age of 25 d were transplanted in 
the bed. Echinochloa and other weed species were also allowed to grow together 
with rice (Figure 2). The spraying solution of Propanil was prepared in water 
according to the published guidelines, giving a final concentration of approximately 
0.0314 rnol dm-3.26 The solution was sprayed evenly on weeds after 12 d of 
transplanting. The field was well drained out before the herbicide was sprayed in 
order to expose weeds. 

Figure 2: Rice cultivation i n  t he  model r ice bed. 

After 3 d of pesticide introduction, the bed was watered up to a level of 2.0 
cm, and water drained through soil was collected at  the bottom at  time intervals of 
0.00 h, 0.50 h, 1.00 h, 2.00 h, 4.00 h, 6.00 h and 8.00 h. 

Electrochemical detection of Propanil: A stock solution of 5.0 x rnol dm-3 Propanil 
was prepared in 0.1 rnol dm3 KC1 using the commercial formulation, and dilutions 
were made to prepare standard solutions of 1.0 x103 rnol dm-3 and 5.0 x lo4 rnol 
dm-3. The solvent composition of 1:3 CH3CN/H20 was always used to maintain 
adequate solubility of Propanil. 

Water samples collected from the rice bed were initially filtered to remove 
any solid particles. Aliquots of 0.5 cm3 of the filtered effluent were then introduced 
to the 10.00 cm3 electrolyte solution, and amperometric current responses were 
recorded for quantification of Propanil. 

Preconcentration of leachates: A volume of 1 dm3 standard solution of Propanil of 
1.0 x rnol dm-3 concentration was prepared in distilled water. It was passed 
through a column packed with silica gel 60 (230 - 400 mesh) at a flow rate of 5 cm3 
min-l. The column was then flushed with 100 cm3 of 5% ethanol:acetone, and the 
eluent was evaporated to dryness. The dry residue was dissolved in 2 cm3 of 1:3 
CH3CN/H20, and tested amperometrically for Propanil. 
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RESULTS AND DISCUSSION 

Development of the method 

A catalytic wave was observed for the reduction of Propanil a t  the Fe(II1)TPPCl- 
modified GC electrode at  a potential of -0.3 V, as expected.25 Amperometric 
responses obtained under optimized experimental conditions at  this potential are 
shown in Figure 3, where each step corresponds to a successive addition of 0.2 cm3 
of 5 x lQ3 mol dm3 Propanil standard solution. 

As reported earlier, the electrochemical response of this sensor is based on 
the catalytic EC mechanism, which involves the reductive dehalogenation of the 
carbon -chlorine bond of Propanil, forming an adduct with the reduced form of the 
metalloporhyrin, [Fe(II)TPPl . l4 This reduced form of the metalloporphyrin, produced 
in-situ, is the active form of the catalyst. The stable form, Fe(III)TPPCl, is believed 
to be regenerated together with the decomposition of the adduct, as the last step of 
the reaction. 

Direct proportionality between the bulk concentration of Propanil in the 
solution and the corresponding amperometric current generated at the electrode 
surface is the analytically useful aspect of this detection scheme. This enables the 
determination of the concentration of Propanil in water samples, leached out from 
the soil in the rice bed. Another important feature of the sensor is that its 
electrocatalytic response mechanism, based on the C-C1 bond cleavage, allows the 
reduction of 3,4-dichloroaniline, the principal degradate of Propanil, at the same 
operational potential. Thus, the determination of the total Propanil concentration, 
Propanil in its molecular form and in the form of 3,4-dichloroaniline, is possible 
with this method. The analytical result obtained through amperometric calibration 
curves would therefore account for any 3,4-dichloroanilne, decomposed in the soil 
under the simulated conditions employed. 

Amperograms reported in Figure 3 produce nonlinear calibration curves, 
as shown in Figure 4, which is a typical result in many amperometric analyses, in 
particular at chemically modified electrodes. This can be attributed to many factors, 
such as limited mass transfer through the coating, and loading the coating with 
the analyte and/or i ts products. These factors would complicate diffusion 
characteristics of the analyte toward the electrode surface. Although increase in 
convective mass transfer is one option to mitigate this issue, i t  usually ,produces 
noisy amperograms, which subsequentially yields erroneous results a t  low 
concentrations. A logical solution to this problem would be the decrease in the 
concentration of the standard solution used for sequential additions of Propanil. 

The calibration curve of the amperogram obtained with sequential additions 
of 0.2 cm3 of 5.0 x mol dm-3 standard solution of Propanil is shown in Figure 5. 
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Figure 3: Steady-state amperometric responses for Propanil  a t  
Fe(II1)TPPCl-modified GC electrode at - 0.30 V in 1:3 CH3CN/H,0 under 
N, saturated with concentration increments of 8.0 x 10" mol dm-3. 

Figure 4: Calibration curve for the amperogram shown in Figure 3. 

Figure 5: Calibration curve for the steady- state amperometric responses 
for Propanil at Fe(II1)TPPCl-modified GC electrode at - 0.30 V in 1:3 CH3CN/ 
H,O under N2 saturated with concentration increments of 1.0 x mol 
dm-3. 

This calibration curve can be expressed in the linear form of i = 0.0068 C + 0.0023 
(where i is the amperometric current in p.A and C is the bulk concentration of 
Fropanil in the mol dms3 scale), with a regression coefficient (R2) of 0.9957, 
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which clearly shows the linearity of the curve. The sensitivity of detection, and the 
minimum detection limit based on the signal-to-noise (SIN) ratio of three, have 
been determined to be 0.0068 pA mol-I dm3 and 1.0 x mol dm3, respectively. 
The linear dynamic range of the proposed detection is (1.0 - 6.9) x mol dm3, 
which suggests that Propanil present in aqueous medium within these limits can 
be detected with high accuracy. 

As indicated earlier, a small positive intercept of 0.0023 pA is associated 
with the calibration curve. This can be attributed to the background current a t  the 
potential of -0.3 V. However, it is not necessary to do background correction as the 
concentrations can directly be obtained from the calibration curve. 

Analysis of effluent water 

The water leached out from the model rice bed, after application of Propanil on 
rice cultivation, was collected at regular intervals, as stated in the Experimental 
section. When these Propanil-contaminated water samples were introduced to the 
electrochemical cell, amperometric currents were generated at  -0.3 V, at  which 
elecrtrocatalytic reduction of Propanil and 3,4-dichloroaniline occurs. Eight samples 
were taken at each time from different locations of the rice bed, and each sample 
was analyzed in triplicate using the amperometric method developed. Concentration 
of Propanil for each trial was determined by the calibration curve shown in Figure 
5 ,  and the Q-test a t  95% confidence level was applied to reject any outlying results. 
The average total concentration of Propanil of the effluent water collected at  each 
time, and the associated standard deviation are given in Table 1. The low standard 
deviation is indicative of high precision of the amperometric method. 

Table 1: Concentration of Propanil in soil-leached effluent water collected 
from the model rice bed at different time intervals. 

According to Table 1, there is a decreasing pattern of the concentration of 
Propanil with time, as expected. Additionally, Propanil was not detected in the 
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samples collected after 8 h. This could be due to the fact that the concentration of 
Propanil in these samples is below the minimum detection limit of the amperometric 
method. The importance of these results is that they demonstrate applicability of a 
rapid electrochemical technique for the analysis of effluent water for pesticide 
pollution. 

Preconcentration method 

Amperometry provides excellent detection technology, which is not incorporated 
with any preconcentration step prior to analysis. The sensitivity of amperometric 
detection can be further enhanced by conjunction with a suitable preconcentration 
step. Although chromatographic methods such as GC and HPLC can be coupled 
with electrochemical detection, the use of such techniques would lead to increase 
in the cost of analysis. 

During this study, the concept of preconcentration was demonstrated using 
a simple column chromatographic experiment. A solution of 1.0 x 10-"01 dm3 
Propanil was undetectable using the amperometric method alone. This solution 
was successfully preconcentrated, and possibly cleaned-up by passing it through a 
silica gel packed column, followed by evaporation to dryness. According to the 
amperometric determination, the final solution prepared from the dry residue 
showed a concentration of 3.7 x lo4 mol dm-3, with a percent recovery of 74%. The 
concentration of this solution has been increased by a factor of 370, suggesting 
that Propanil-contaminated water of concentrations well below the lower detection 
limit of the amperometric method be accurately detected, if this preconcentration 
method is employed. 

The importance of this preconcentration step is its simplicity and low-cost. 
The efficiency of this method can be enhanced, by optimizing the solvent system, 
flow rate and the sorbent. In order to enhance the percent recovery further, washing 
the column with more solvent may be recommended. 

Conclusions 

As the method developed was based on a catalytic process specific for organo- 
chlorines, no interference problems were expected from other types of substances 
unlike with bare electrodes, under the conditions used for amperometry, except 
from other organo-chlrorine pesticides in the sample. 

In order to justify this argument, the effluent water drained out from the 
rice bed, before introduction of Propanil, was tested in a similar manner. The rice 
field water did not produce any significant amperometric response, indicating that 
other constituents of the soil-leached water would not lead to any interference in 
the detection of Propanil. 
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Applicability of an electrocatalytic detection scheme based on Fe(II1)TPPCl 
for the detection of Propanil in water samples leached out from soil in a simulated 
rice bed is demonstrated in th is study. This rice bed provides an  ideal 
microenvironment to understand the fate of Propanil after it is sprayed on rice 
cultivation. These results could mimic the levels of the pesticide present in large- 
scale rice fields. As the run off and leach out of this pesticide into ground water 
and surface water pose a serious health hazard, this type of investigation would be 
important to create baseline data, as well as to monitor Propanil residues and its 
degraded products, mainly 3,4-DPA, the major residue of Propanil, in the total 
environment. 
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