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Abstract. Chlorination disinfection is a standard disinfection method for rural
drinking water. Low residual chlorine can lead to the proliferation of
microorganisms, while high residual chlorine threatens human health. To
accurately determine the residual chlorine concentration, this study explores
optimizing the inkjet printing process parameters of flexible electrodes to
improve electrode impedance performance. Conduct single-factor experiments to
assess the control level ranges of six main parameters: post-sintering temperature,
printing layers, post-sintering time, inkjet hole spacing, the flexible substrate
surface treatment, and printing nozzle count. Response surface analysis (RSM)
was employed to obtain optimized parameters, and conduct feasibility
verification. The experimental results show that the key influencing factors for
preparing flexible electrodes include post-sintering temperature, printing layers,
post-sintering time, and inkjet hole spacing, with decreasing influence in that
order. The preparation parameters of printing layers, post-sintering temperature,
post-sintering time, and inkjet hole spacing are four layers, 127 °C, 26 minutes,
and 30 pum, respectively. The impedance performance of the printed electrodes is
under optimal status, with a resistance of 169.8 Q and a relative standard
deviation of less than 3.0%. The electrochemical behavior of chloride ions on the
optimized flexible electrodes was studied, and the results show that the decrease
in differential pulse oxidation peak current is linearly related to the logarithm of
the chloride ion concentration in the 10~ to 10 mol/L range. The verification
results validate the flexible electrodes' feasibility in measuring residual chlorine
content in rural drinking water, providing a prospective method for monitoring
rural drinking water quality.

Keywords: Flexible electrode, Response surface method, Inkjet printing,
Residual chlorine, Rural drinking water quality.

1 Introduction

The development of rural water supply projects is crucial for revitalizing of rural areas.
Strengthening water quality assurance is a critical factor in advancing the construction
of rural water supply projects. At present, rural water supply projects
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have achieved breakthrough successes. A national water resources department
meeting pointed out that by 2023, China’s rural tap water penetration rate in China
has reached 90%, and the proportion of the rural population covered by large-scale
water supply projects has reached 60%. However, the water supply quality and
guarantee rate still need to be improved. Due to geographical and economic
conditions, the issue of drinking water quality monitoring in some rural areas has yet
to be effectively resolved[1]. As one of the primary means to ensure the safety of
rural water quality in China, Chlorination disinfection is widely used in the
purification process of rural tap water due to its low cost and convenient operation. A
certain amount of residual chlorine should be maintained in the tap water to inhibit
the regrowth of microorganisms and ensure the complete disinfection of drinking
water. However, excessive or insufficient residual chlorine can affect water quality
and harm human health[2-3].

Given the limited resources and technology in rural areas, water quality monitoring
technology should have the advantages of low cost, easy operation, and high
sensitivity. Microbial monitoring technology[4-5] is a principle means of water
quality monitoring, which uses the characteristic reactions between microorganisms
and water pollutants to monitor water quality. Due to the sensitivity of
microorganisms, microbial monitoring technology has the advantage of high
sensitivity. The advent of PCR technology has made up for the shortcomings of the
long measurement cycle of traditional technology, making monitoring more efficient.
PCR technology can selectively amplify target microorganisms’ DNA or RNA
sequences of using specific primers, which is more accurate than traditional
technology[6-7]. However, microbial activity measurement and expression are
relatively complex, and chlorination disinfection technology will inhibit the
reproduction of microorganisms. The application effect of this technology in rural
water quality monitoring could be better.

Electrochemical measurement technology has the advantages of easy operation,
high sensitivity, and low cost. Also, it has real-time monitoring and a wide working
range[8-9], making it an ideal choice for real-time monitoring of residual chlorine in
rural drinking water. Traditional electrochemical measurements often use rigid
electrodes[10], whose fixed shape and structure often limit experimental conditions
and lead to poor resistance to stretching and easy damage[11]. With the development
of material science, flexible electrodes[12-14] have attracted widespread attention.
Flexible electrodes can adapt to irregular surface shapes and curved surfaces, fit the
target object more closely, have strong adaptability, and are usually made of soft and
rigid materials with good contact and resist damage. Flexible electrodes are often
combined with sensor technology to achieve high-sensitivity detection of different
analytes[15].

This study uses inkjet printing technology to prepare flexible electrodes. Inkjet
printing technology is a direct patterning, non-contact thin-film deposition
technology. It uses additive manufacturing, with little material loss and low cost; it
can directly pattern conductive materials on the substrate, and the efficiency is
high[16-17]. Previous studies have shown that factors such as post-printing sintering
temperature and time, printing layers, inkjet hole spacing, number of printing
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nozzles[18-21], and surface treatment of the flexible substrate[22-23] during the
inkjet printing preparation of flexible electrodes will affect the impedance
performance of the electrodes, thereby affecting the sensitivity of the electrodes.
Given the complex coupling effect between preparation parameters, how to
effectively obtain the optimal preparation parameters of flexible electrodes and
perform feasibility evaluation has become a hot issue in current flexible electrode
research. This study uses the response surface method to investigate the interaction
between influencing factors and obtain the optimal analytical solution. Response
surface method[24] (RSM) is a comprehensive optimization method of experimental
design and mathematical modeling, which describes the relationship between factors
and response variables through the establishment of a mathematical model to achieve
optimal control of the response variable and is widely used in chemical engineering,
bioengineering, food industry, and other fields[25-27].

In summary, research on the preparation and feasibility evaluation of flexible bare
silver electrodes is needed to achieve in-situ monitoring of rural drinking water
quality. This paper first explores the law of the influence of preparation parameters on
the impedance performance of flexible electrodes through single-factor influence
factor experiments and analysis and then further studies the quantitative influence of
various parameters on the impedance performance of flexible electrodes using the
response surface method, trying to establish a multiple regression model between test
factors and evaluation indicators, in order to obtain the analytical solution of the
optimized parameters. Finally, the optimized flexible electrode is evaluated, and its
application feasibility is verified.

2 Materials and Methods

2.1 Instruments and Materials

The experimental instruments required for the preparation and performance testing of
electrodes include: a flexible micro-electronics printer (Scientific2, Shanghai
Zhongbin Technology Co., Ltd.), which supports a variety of printing and
semiconductor engineering processes. PET substrates (0.125 mm*210 mmx=148 mm,
Shanghai Power Tech Co., Ltd.). Nanosilver printing ink (BASE-CP12, Shanghai
Power Tech Co., Ltd.), which can be patterned on the film substrate through inkjet
printing process and obtain high conductivity circuits after sintering at appropriate
temperatures. A box (01RC, Hangzhou Lingzhi Technology Co., Ltd.) capable of
real-time and accurate data measurement, and data transmission to mobile apps via
Bluetooth for real-time display, storage, and sharing, with fast response and high
resolution. UV cleaning machine (CCI250GF-TC, Shanghai Zhongbin Technology
Co., Ltd.), with an effective cleaning area of 256 mmXx 256mm. Laboratory
nano-heater (HTL-300E, Shenzhen Broad Precision Biotechnology Co., Ltd.), with a
temperature setting range from RT to 450 ‘C and a temperature control accuracy of
0.1 ‘C. An electrochemical workstation (CHI660D, Shanghai Chenhua Instruments
Co., Ltd.) for the preparation of flexible electrodes and their electrochemical
performance testing using a three-electrode system. A precision balance (BN-ES1200,



Optimization and Evaluation of Flexible Electrode Preparation for 835

Shanghai Zhongbin Technology Co., Ltd.) for weighing the reagents required for the
experiment.

The Ag ink used in the experiment was purchased from Shanghai Power
Electronics Technology Co., Ltd. Phosphate buffer solution was purchased from
Shanghai Yuanye Biotechnology Co., Ltd. Chloride ion solution was prepared using a
standard sodium chloride solution, dissolved in phosphate buffer and made up to 100
ml volumetric flask to make a 0.1 mol/L solution, which was diluted stepwise as
needed.

2.2 Preparation of Flexible Electrodes

The preparation of flexible electrodes mainly includes the inkjet printing of Ag
electrode layers and post-printing sintering, as shown in Figure la. The optimization
study of the impedance performance of bare silver electrodes based on response
surface analysis includes single-factor influence analysis, multivariate nonlinear
fitting, and optimal parameter acquisition, as shown in Figure 1b. To verify the
performance effect of the optimized flexible electrodes, a test was designed to
monitor the concentration of chloride ion solution using the optimized electrodes, as
shown in Figure lc.
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Fig.1. Study on preparation and effect evaluation of flexible electrode

2.3  Experimental Methods

Optimization of Electrode Fabrication Process. Main Influence Analysis. The test
parameters and parameter ranges for single-factor experiments were determined
through literature research[18-24]. This experiment first tested the impact and trend of
the impedance performance of flexible electrodes under the action of single factors,
determining the main influencing parameters, including: post-sintering temperature,
printing layers, post-sintering time, inkjet hole spacing, flexible substrate surface
treatment, and the number of printing nozzles. The post-sintering temperature was
tested at three levels: 90 C, 120 C, and 150 °C. During the experiment, the printing
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layers were set to 3, the post-sintering time was 20 minutes, and the inkjet hole
spacing was 30 um, with flexible substrate surface treatment time set to 0, and the
number of printing nozzles was 2. Three electrodes were prepared under each
parameter, and each electrode was repeated three times, with the average value
recorded, to analyze the influence of post-sintering temperature on the impedance
performance of flexible electrodes. Similarly, the influence of printing layers (1, 3, 5
layers), post-sintering time (5, 20, 35 minutes), inkjet hole spacing (20, 30, 40 um),
flexible substrate surface treatment time (5, 15, 30 minutes), and the number of
printing nozzles (1, 3, 5) on the impedance performance of flexible electrodes was
discussed. Each group of single-factor experiments was repeated three times, and the
average value was presented.

Coupled Factors Influence and Modeling. Based on the results of single-factor
experiments, key influencing parameters and boundary constraints were determined.
The multi-factor coupled test design based on response surface analysis was carried
out according to the Box-Behnken principle[25-20]. The main influencing parameters
determined by single-factor experiments were used to analyze the significance level
of influencing factors, determine the coupled factors and their effects, perform
multivariate nonlinear fitting, and obtain the fitting equation of key influencing
parameters on the impedance performance of flexible electrodes, and evaluate the
detection performance of flexible electrodes at the optimal solution of the model
corresponding to the preparation parameters. Each group of response surface
experiments was repeated three times, and the average value was taken. The
experimental results were analyzed, and a regression equation was constructed.

Testing and Evaluation. Drinking water residual chlorine monitoring experiments
were conducted to verify the feasibility of application based on flexible electrodes.
The experimental method involved: at room temperature, using a 0.1 mol/L phosphate
buffer solution at pH 6.0 as the supporting electrolyte, the bare silver electrode was
cycled between -0.60 to 1.00 V for 6 cycles at a scan rate of 50 mV/s, repeated 3
times. Subsequently, the signals of the blank solution and the chloride-containing
solution were determined using differential pulse voltammetry (DPV) between 0 and
0.60 V.

Evaluation Parameters and Indicators. Assessment of the Impedance Performance
of Flexible Electrodes. The inkjet-printed flexible electrodes were sintered thermally,
and their resistance values were measured using a box meter. The resistance value
was used to gauge the impedance performance of the flexible electrodes, with each
electrode's resistance value tested 3 times. The lower the resistance value, the better
the performance.

Evaluation of Optimized Flexible Electrode Fabrication Parameters. Three flexible
electrodes were prepared using the optimized parameters, and their impedance values
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were measured 3 times, the average was taken, and the relative standard deviation
RSD was calculated as shown in Equation (1).

\/(Rl R +(R—R)’ +(R:—R)’
Rsp =

2 x100%
R (1)
Where:
R1,R2,R3—— Individual resistance measurements, in ohms (Q);
R—— Average of the three resistance measurements, in ohms (Q).

3 Results and Analysis

3.1 Single-Factor Influence Analysis

The effects of various factors on the stability of the flexible electrodes are shown in
Figure 2. The post-sintering temperature, with the horizontal axis ranging from 1 to 3,
corresponds to 90, 120 and 150 C respectively; the printing layer number, with the
horizontal axis ranging from 1 to 3, corresponds to 1, 3 and 5 layers respectively; the
post-sintering time, with the horizontal axis ranging from 1 to 3, corresponds to 5, 20
and 35 minutes respectively; the inkjet hole spacing, with the horizontal axis ranging
from 1 to 3, corresponds to 20, 30 and 40 um respectively; the flexible substrate
surface treatment time, with the horizontal axis ranging from 1 to 3, corresponds to 0,
15 and 30 minutes respectively; the number of printing nozzles, with the horizontal
axis ranging from 1 to 3, corresponds to 1, 3 and 5 nozzles respectively.

During the process of adjusting the post-sintering time, post-sintering temperature,
printing layer number, and inkjet hole spacing, the resistance value showed a trend of
decreasing first and then increasing. Within the range of 5 to 35 minutes for
post-sintering time, the resistance value decreased from 838.17 Q to 234.43 Q, then
increased to 273.03 Q, with a change difference of 603.74 Q, a relative percentage
change of 72.0%; within the range of 90 to 150 °C for post-sintering temperature, the
resistance value decreased from 932.18 Q to 234.43 Q, then increased to 277.48 Q,
with a change difference of 697.75 Q, a relative percentage change of 74.9%; within
the range of 1 to 5 layers for the printing layer number, the resistance value decreased
from 1794.35 Q to 234.43 Q, then increased to 419.41 Q, with a change difference of
1559.92 Q, a relative percentage change of 86.9%; within the range of 20 to 40 um
for inkjet hole spacing, the resistance value decreased from 427.4 Q to 234.43 Q, then
increased to 709.56 Q, with a change difference of 475.13 Q, a relative percentage
change of 67.0%.
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Fig.2. Effects of post-sintering time, post-sintering temperature, printing layer count, inkjet
hole spacing, flexible substrate surface treatment time, and printing nozzle quantity on the
impedance performance of flexible electrodes.

The resistance value changed only by 83.6 Q within the range of 5 to 30 minutes for
the flexible substrate surface treatment time, showing no significant effect on the
impedance of the flexible electrodes; the number of printing nozzles, ranging from 1
to 5, exhibited strong randomness, and no clear pattern was observed. Therefore, in
the coupled factor influence experiment, the flexible substrate surface treatment time
and the number of printing nozzles were not designed.

Based on the results of the single-factor tests, the surface treatment time for the
flexible substrate in subsequent experiments was set to 0, and the number of printing
nozzles was set to 2. The key influencing parameters were determined to be
post-sintering temperature, number of printing layers, post-sintering time, and inkjet
hole spacing, and a multi-factor coupled test design based on response surface
analysis was conducted.

3.2 Response Surface Modeling

Taking post-sintering time (X1), post-sintering temperature (X2), number of printing
layers (X3), and inkjet hole spacing (X4) as independent variables, with the resistance
value (R) as the response variable, three factors, five levels central composite
response surface design and the results are shown in Table 1.

A multivariate regression fit analysis was performed on the relationship between
the test factors and the evaluation indicators based on the experimental results. A
second-order regression model of the resistance value with respect to X1, X2, X3 and
X4 was established, and the model was subjected to analysis of variance and
significance testing. The results are shown in Table 2.
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The ANOVA results indicate that the constructed quadratic regression model is
extremely significant (P<0.0001); the model's adjusted determination coefficient
R2=0.9468, indicating a significant linear relationship; the lack of fit P=0.0685>0.05,
indicating no significant lack of fit, and the residuals are mainly caused by random
error, thus the model can be used for the analysis and prediction of the effects of
parameters on impedance values.

Table 1. Experimental design and results of RSM

1 35 120 3 20 1063.84
2 20 120 5 40 1189.36
3 5 90 3 30 2099.6
4 20 150 5 30 535.126
5 20 90 5 30 1063.43
6 35 120 1 30 1020.58
7 20 120 5 20 1075.44
8 5 120 3 40 1578.08
9 20 150 3 20 1098.02
10 20 120 3 30 237.369
11 20 120 3 30 274.827
12 35 150 3 30 805.075
13 5 120 5 30 797.115
14 35 90 3 30 1035.61
15 35 120 5 30 378.979
16 20 120 1 40 1978.03
17 35 120 3 40 939.867
18 5 120 1 30 1268.12
19 20 150 1 30 815.229
20 5 120 3 20 1401.3
21 20 90 3 40 2046.33
22 20 90 1 30 2189.76
23 20 90 3 20 1904.46
24 20 120 1 20 1221.01
25 20 120 3 30 345.325
26 20 150 3 40 921.32
27 5 150 3 30 1173.92

In the above experiments, X1, X2 and X3 have extremely significant effects, X2X3
has a significant effect (0.01<P<0.05), and other terms are not significant. The order
of influence of each factor on the impedance performance of the flexible electrode
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from greatest to least is: X2, X3, X1, X4. Therefore, the regression prediction model
for the resistance value R can be represented as:

R =19346.8806 -100.8343 * X1-180.1329 * X>

-770.3329 * X5+332.1315 *X4+0.3862 * X1X>

-1.4217 *XuX5-0.5013 * X1Xa + 3.5260 * X2X3
-0.2655 * X2X4-8.0387 *X3Xa+1.4179 * X’
+0.6498 * X»® +78.8212 * X3* +6.7590 * X4*

2

Table 2. ANOVA of quadratic model of 4-factor-3-level Box-Behnken experimental design

Source of

Sum of

Freedom

Variation Squares Degrees Mean Square F Value P Value
Model 7.593E+06 14 5.423E+05 15.25 <0.0001**
Xi 7.875E+05 1 7.875E+05 22.15 0.0005 **
X> 2.075E+06 1 2.075E+06 58.37 <0.0001 **
X3 9.938E+05 1 9.938E+05 27.95 0.0002 **
X4 65847.98 1 65847.98 1.85 0.1986N
XX 1.208E+05 1 1.208E+05 3.40 0.0901N
XiX;3 7276.18 1 7276.18 0.2046 0.6591N
X1 X4 22612.60 1 22612.60 0.6360 0.4407N
XoX3 1.790E+05 1 1.790E+05 5.04 0.0445 *
XoX4 25371.23 1 25371.23 0.7136 0.4148N
X3X4 1.034E+05 1 1.034E+05 291 0.1139N
X2 5.428E+05 1 5.428E+05 15.27 0.0021 **
X2 1.824E+06 1 1.824E+06 51.29 <0.0001 **
X3? 5.302E+05 1 5.302E+05 14.91 0.0023 **
Xy? 2.436E+06 1 2.436E+06 68.53 <0.0001 **
Residual 4.267E+05 12 35554.88
Lack of Fit 4.206E+05 10 42064.94 14.00 0.0685N
Pure Error 6009.19 2 3004.59
Total 8.019E+06 26
R?=0.9468 Adj R?>=0.8847  Adeq Precision=13.0225

Note:**indicates extremely significant effect, P<0.01;*indicates significant effect, P<0.05;N indicates not
significant effect, P>0.05.

3.3  Analysis of the Coupling Effect of Factors

Based on the results of the regression model's ANOVA, the significant coupling
effect between X> and X3 is analyzed. With X; and X4 set to their optimal levels,
which are 25.548 minutes and 30.285 pm respectively, the coupling effect of X
and X3 factors on the resistance value is shown in Figure 3.
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Fig.3. Response Surface and Contour Plots of Resistance Value R with X2 and X3

The three-dimensional response surface of the coupling effect of post-sintering
temperature X2 and print layer number X3 is shown in Figure 3a, showing a
continuous concave trend. The resistance value R first decreases and then increases
with the increase of both X and X3, reaching the lowest at X» of 126.849 ‘C and X3
of 3.825 layers; the reason may be: if the post-sintering temperature X» is too low, the
organic solvent in the ink will not fully volatilize in the air, resulting in an increased
impedance value of the electrode, but if X> is too high, it will cause cracks on the film
surface, affecting the impedance performance; if the print layer number X3 is too
small, the film is prone to gaps, and if X3 is too large, it may lead to excessive ink
accumulation, affecting the impedance performance.

Figure 3b shows the contour plot trend reflecting that the resistance change range
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is from 237.369 to 2189.76 Q. When the resistance is at its minimum, the
corresponding factors of post-sintering time, post-sintering temperature, print layer
number and inkjet hole spacing are 25.548 minutes, 126.849 C, 3.825 layers and
30.285 um, respectively.

3.4  Verification of Optimized Flexible Electrode Parameters

Considering practical operations, the predicted values of the optimized parameters
from Section 2.3 were adjusted to: a printing layer number of 4 layers, a
post-sintering temperature of 127 “C, a post-sintering time of 26 minutes, and a inkjet
hole spacing of 30 um. Under the optimized conditions, the impedance values and the
relative standard deviation Rsp analysis results of the verification set of three samples
are statistically shown in Table 3.

As can be seen from Table 3, the resistance values of each verification sample are
all less than 172 Q, and the RSD is controlled within 3.0%. Compared with the better
results of Experiments 10 and 11 in Table 1, the average resistance value of the three
groups under the optimized conditions is 169.78 Q, all less than the resistance values
of Experiments 10 and 11, indicating that the impedance performance of the flexible
electrode is good under the optimized parameters.

Table3. Verification of Optimization for Flexible Electrode Parameters

Serial Number Resistance Value /Q Rsp
1 170.76 2.08%
2 171.68 2.43%
3 166.89 2.56%
Mean 169.78 2.36%

3.5 Feasibility Determination of Flexible Electrodes

Electrochemical Behavior of Chloride lons on the Modified Electrode. The
electrochemical behavior of chloride ions on the modified electrode was studied using
cyclic voltammetry and differential pulse voltammetry, as shown in Figures 4 and
Figures 5. After the addition of chloride ions, the oxidation peak current decreased,
and the oxidation peak potential shifted towards the negative potential direction,
indicating that the nano silver was more easily oxidized after the addition of chloride
ions. The experimental results showed that as the concentration of chloride ions
increased, the oxidation peak current gradually decreased. The reason for the decrease
may be that the formation of silver chloride upon the addition of chloride ions
precipitates on the surface of the nano silver, preventing further oxidation of the nano
silver. Therefore, it is manifested as a decrease in the anodic peak current with the
increase in chloride ion concentration.
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Fig.5. Differential pulse voltammetry with different chloride ion concentrations

Standard Curve. The anodic peak current decrease values were determined for a
series of chlorinated standard solutions according to the experimental method, and the
relationship with chloride ion concentration is shown in Figure 6. The experimental
results indicate that within the range of 10 to 102 mol/L, the decrease in anodic peak
current is directly proportional to the logarithm of the chloride ion concentration. The
linear fitting equation is(Ai: 10°A,C: mol-L!): Ai=3.89x10gC+22.34, with an adjusted
correlation coefficient R>=0.99276.
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Fig.6. The relationship between the decrease in anode peak current and the concentration of
chloride ions.

Analytical Application. The optimized flexible electrode was used to measure
solutions with known concentrations of chloride ions, and the results were compared
with the standard additions, as shown in Table 4.

Table 4 shows that the relative standard deviation (Rsp) of the determination results
is controlled within 2.2%. The relative error (Rg) is within 5%, indicating that the
measurement results are credible.

Table 4. Determination of chloride ion concentration in solution

Serial Number 1 2 3
Standard Value/(mol/L) 5%107 5%104 5%107
Determined Value/(mol/L) 4.85*10° 4.76*10* 5.13*1073
Rsp 2.11% 1.98% 1.68%
RE 3.07% 4.73% 2.67%

4 Conclusions

(1) The study has identified post-sintering temperature, print layer number,
post-sintering time, and inkjet hole spacing as the key factors affecting the impedance
performance of flexible electrodes. Using the response surface method, a
4-factor-3-level Box-Behnken regression model was established for the primary
influential parameters. The model has a high degree of fit and a significant linear
relationship. It clarifies the importance order of the four factors from largest to
smallest as post-sintering temperature, print layer number, post-sintering time, and
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inkjet hole spacing. The coupling effect of post-sintering temperature and print layer
number is significant. The optimal preparation parameter combination was obtained
as a print layer number of 4 layers, a post-sintering temperature of 127 C, a
post-sintering time of 26 minutes, and a inkjet hole spacing of 30 pm.

(2) Under the optimized preparation parameters, the self-made flexible electrode
exhibits good impedance performance, with a value of only 169.8 Q, and has good
stability, with a relative standard deviation (Rsp) less than 3.0%, meeting the
requirements for the use of electrochemical flexible electrodes.

(3) The study validated the electrochemical behavior of chloride ions on flexible
electrodes and can be relied upon in electrochemical drinking water Chloride
detection. The anodic peak current and anodic peak potential gradually decreased with
the addition of chloride. Between 103 and 10 mol/L, the decrease in anodic peak
current is directly proportional to the logarithm of the chloride ion concentration. The
optimized flexible electrode was used to measure solutions with known
concentrations of chloride ions, and the measurement results showed a relative
standard deviation (Rsp) controlled within 2.2% and a relative error (Rg) within 5%,
verifying its feasibility in the detection of residual chlorine in rural drinking water.
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