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Electrochemical-Based Measurements Of
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Abstract: Chemical Oxygen Demand (COD) is referring to the total amount of oxygen used for a chemical oxidation of organic compounds in a water
sample. COD stands as an important tool for water safety and water quality standard. Fast-scan cyclic voltammetry (FSCV) has been reported as a
simple and a rapid method for electrochemical measurements, particularly for neurotransmitter compounds in brain and in biological systems. The
explicit characteristics of FSCV comes from the ability to measure small volumes of the analyte by adapting carbon-fiber microelectrode as a working
electrode at a scan rate of milliseconds. In this research project, FSCV has shown promising results as an alternative method that correlates with the
traditional measurementsof COD. Traditionally, COD was more often estimated using oxidizing agents and toxic chemical reagents that have a serious
impact on our environment. Unlike traditional oxidation methods, FSCV has been utilized as a powerful an electrochemical tool that allows for measuring
COD of Iceberg lettuce washing water samples in a few minutes, without using any oxidizing or toxic reagents. In addition, FSCV measurements showed
a high recovery percentage for all washing water samples of the two batches, low organic materials, and high organic materials. Thus, FSCV provides a
fast and reliable platform to measure all chemically oxidizable organic compounds in lettuce washing water samples that is directly related to COD, butas
an environmentally friendly model based on the oxidation potential.
Index Terms: Environmentally Friendly,Cyclic Voltammetry, Fast-scan,Organic Compounds, Oxidation, Traditional COD,Washing Water

————————————————————

1 INTRODUCTION
Xxygen demanding (OD) is used to measure the quantity of
oxygen-consumed by organic substances in solutions. There
are two types of OD, the biochemical oxygen demand (BOD)
and chemical oxygen demand (COD) [1]. BOD determines the
relative oxygen required by aqueous microbes for the
ingestion of organic materials in natural water, and
wastewater, or any given water sample [2].During the process
of BOD test, organic matter is converted by microorganisms to
microbial biomass, eventual transformation products of
biodegradation reaction (compounds derived from the initial
organic matter). These products are mainly CO2 and H2O [3,
4].Technically,BOD is difficult to be standardized because it
needs a long period of time to be completed (five days) at
certain temperature. In addition, it does not provide any details
about the oxidation of organic materials. In contrast, COD test
can be used to resolve the limitations of BOD In terms of
incubation time and inclusive oxidation [5].
COD is referring to the amount of oxygen used for oxidation of
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organic compounds using two oxidizing agents (potassium
dichromate K2Cr2O7 or potassium permanganate KMnO4).
COD is one of the important tests for wastewater treatment
and for general water quality standard[6-12]. The standard
methods of COD determination are widely adopted by
numerous industries, whether as environmental monitoring or
as an indicator in wastewater treatment. However, these
methods have several disadvantages as they take long time
(digestion nearly 2hr), low sensitivity, high toxicity, and costly
effective due to silver sulphate Ag2SO4 consumption [10].
Recently, COD was determined at a detection limit of 20.3 mg
L −1 by using copper electrode, as an electrocatalytic sensor
based on oxidation current of organic compounds in the
wastewater. The results showed analytical linear range of
53.0-2,801.4 mg L−1[13]. In another study, ion chromatography
coupled with nano TiO2-K2S2O8 co-existing system has been
established to measure COD. Moreover, the photocatalytic
oxidation system and nano TiO2-K2S2O8 co-existing system
can degrade the organic compounds in water. The data
revealed an application range of 10.0-300.0 mg/L and a limit of
detection recorded at 3.5 mg/L [14]. In the same line, UV rays
and ozone were used jointly as a powerful COD degradation
platform in treating complex organic streams, such as herbal
waste, tofu, and fertilizers. The COD degradation of tofu
wastewater was at 1308 to 942 ppm range, herbal wastewater
was at 1011 to 414 ppm range, and fertilizer wastewater was
at 510 to 89 ppm range by applying the 4 hours UV/ozone
method as seen in scheme 1[15].
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Scheme 1
Mark Wightman and Julian Millar with others have developed
an electroanalytical method called Fast scan cyclic
voltammetry (FSCV) [16], which primarily uses carbon-fiber
microelectrodes. FSCV scan speeds, usually about 400 V s-1,
are one thousand times faster than traditional CV. These scan
rates enable FSCV measurements to be made with subsecond temporal resolution [17]. They also have several
advantages in the field of neuroscience due to the
straightforward sensor fabrication, simplicity of the
instrumentation, great ability to miniaturize and multiplex the
components, and ability to follow neurochemical dynamics in
real time [18]. FSCV has been used to determine several
organic compounds, such as 4-hydroxyphenylacetic acid and
dopamine [19], octopamine in Drosophila melanogaster ventral
nerve cord [20]. A microelectrode has a limited time constant
for quick capacitive charging to be used in FSCV [21]. In 1979,
carbon fiber electrodes (CFEs) were first described. The longexposed carbon tips (200 mm) of these electrodes were
designed for sensitive oxidation of catecholamines using
normal pulse polarography [22]. CFEs have a high specific
surface area and an excellent electric conductivity that gives
this type of electrodes an advantage over other types [5, 11].
Furthermore, CFEs can be used at a sub-second timeframe
and in real time unit. Given their micrometer size, they can be
applicable for very small environments and adjustable at small
scales, such as a single cell where other devices cannot be
relevant. Besides sensitivity and selectivity, the size of the
electrode plays a crucial role in developing a suitable sensor
for in vivo and in-situ applications. Furthermore, CFEs provide
a wider range of detectable species [23]. In the same line, an
excellent device for greater sensitivity and selectivity should
be selected and subsequently utilized for the analyte of
interest. In this work, FSCV is used as a fast and reliable tool
to measure all chemically oxidizable organic compounds in
lettuce washing water, which is directly related to the true
oxygen demand that is known as COD. Unlike other methods
with time consuming and toxic reagents, we have established
an
alternative
rapid
and
environmentally
friendly
electrochemical technique as a COD evaluation method for
the determination of organic compounds in two different
batches of Iceberg lettuce washing water samples.

2 MATERIALS AND METHODS
Sodium hydroxide (NaOH) was purchased as solid pellets
from Thomas scientific. HEPES Buffer was obtained from
sigma Aldrich (USA). All Iceberg lettuce washing water
samples were prepared using deionized water (Corning MegaPure TM System D2). COD tubes purchased from Lovibond
company.
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2.1 Washing water samples preparation
Two batches of washing water samples were prepared by
using two types of fresh Iceberg lettuce, Ocean Mist Farms for
batch 1 and Dole for batch 2. Both types of Iceberg lettuce
were cut into thin slices, then adding 50 g of the lettuce slices
to 1000 mL of water where the submersed lettuce was stirring
for 1 min at 2000 RPM. The collected washing water was
tested for COD using the traditional COD method and by using
our new-established method of FSCV measurements. The
whole process was repeated for both types of Iceberg lettuce
using five different weights of lettuce samples (ranged from 50
g to 250g).
2.2 Chemical Oxygen Demand Measurements Using
Traditional Method
Thermo reactor Lovibond RD 125 COD MD100 was used to
measure COD by adding 2 ml of washing water samples into
the COD tubes (contain potassium dichromate and mercury)
then the tubes were shaken well on a shaker for 1 min, and
then the tubes were kept for two hours in a thermo reactor at
150 oC. After taken the COD tubes out of the thermo reactor,
the tubes had been left to cool without shaking or touching the
tube sides. HEPES was prepared by weighing 2.38 g of
HEPES into a beaker (100-200 ml) and then adding 80 ml of
deionized water with stirring until it was completely dissolved.
pH was measured by Accumet pH meter model AB200 and
maintained at 5 in the beginning, which was raised gradually to
7.4 by sodium hydroxide solution of 2.5 M (prepared by adding
1 pellet to 3 ml of water)and adding 50 ml syringe filled with
buffer solution. All the COD measurements of the washing
water samples were recorded in mg/L.
2.3 Chemical Oxygen Demand Measurements Using FSCV
technique
Fast-scan cyclic voltammograms were collected using flow
injection cell (Ag/AgCl reference,EI-400 Bipotentiostat,
Cypress Systems) with custom electronics and software
(Tarheel CV,Chapel Hill, NC). CFEs were used as our working
electrodes; they were purchased with custom design from Basi
company (MF-2007) with 11µm (±2 µm) diameter. Reference
electrode of silver/silver chloride electrode was also obtained
from Basi Company (MF-2052) RE-5B (3M NaCl) with flexible
connection. All working electrodes of CFEs should be
sonicated for 15 minutes prior to each experiment. For
cleaning purpose, they were polished gently on sanding paper,
and then washed with deionizing water followed by
isopropanol, and finally dried under nitrogen stream. The
washing water sample of 1ml was injected into syringe pump
of 1mL/min injection rate with a potential range of -0.4 to 1.4 V
for 10 average scans.

3 RESULTS AND DISCUSSION
3.1 Chemical Oxygen Demand Measurements
The traditional COD test measures only carbon and hydrogen
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in the organic compounds but does not measure nitrogenous
compounds. In addition, COD does not differentiate between
biologically stable and unstable compounds that present in
wastewater or water samples. Since COD test is an effective
tool for determining industrial wastewater discharges and for
quality controlling of wastewater treatment, it needs to be
handled correctly and most efficiently by a fast and reliable
electrochemical method rather the traditional one. Thus, FSCV
provides a feasible method to measure the COD at short time
without using oxidizing agents.
3.1.1. Batch 1
Ocean Mist Farms Iceberg lettuce was labeled as batch 1. The
washing water of this batch showed 18.33 mg/L COD of total
oxidized organic compounds per 50 g of lettuce sample. Fig. 1
has shown the typical average of COD at various weights, the
maximum measured COD value was recorded at 143.67 mg/L
for 250g of lettuce sample, while the minimum value was listed
at 18.33 mg/L for 50 g lettuce sample. A linear relation was
found between the lettuce weight and the corresponding
measured COD, which illustrates that the total COD value
increases with increasing of organic compounds in the
washing water samples at a standard deviation range of
±0.58-5.86.
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Fig. 2. Traditional Chemical Oxygen Demand (COD) of three identical
lettuce washing water samples (Batch 2) using Dole Iceberg lettuce.

3.2. Fast Scan Cyclic Voltammetry Measurements
The traditional COD measurements of the two batches of
lettuce washing water samples were repeated using FSCV.
Organic compounds in washing water samples were
completely oxidized electrochemically by the carbon fiber
working electrode in few seconds. An oxidation waveform was
shown between -0.4 V and +1.4 V at a scan rate of 400 V/s
and a frequency of 10 Hz. The maximum oxidation peak of
organic compound was observed at 1.37 V. The Complete
oxidation of total organic compounds was achieved by
applying a positive potential of +1.4 V. The COD can be
described by the oxidation reaction of organic compounds with
oxygen as shown in scheme 2.

Scheme 2

Fig. 1. Traditional Chemical Oxygen Demand (COD) of three
identical lettuce washing water samples (Batch 1) using Ocean Mist
Farms Iceberg lettuce.

3.1.2. Batch 2
Dole Iceberg lettuce was listed as our second batch. The
washing water of batch 2 was prepared with similar
procedures as of batch 1, by soaking a weight of 50 g of
Iceberg lettuce into a 1000 mL of water. Interestingly, the
washing water samples of batch 2 had more organic materials
than batch 1, which resulted in more COD measurement
values in mg/L. Batch 2 recorded 28 mg/L of COD in its first
washing water sample with approximately 10 mg/L higher than
batch 1. We found that by increasing the weight of the lettuce,
the concentration of total organic compounds increases
accordingly, until the COD value reached the maximum value
of 320.78 mg/L per 250 g of Iceberg lettuce at a standard
deviation range of ± 3.06-9.29, as shown in Fig. 2.

Unlike the traditional COD, FSCV was more convenient as of
its working carbon fiber electrode. CFEs are suitable for
simultaneous oxidation of the organic materials in washing
water Iceberg lettuce samples that is proportional to the
traditional COD measurements. FSCV provides an
environmentally friendly correlated method for COD estimation
compared to the traditional COD method that requires toxic
reagents for the oxidation process of organic compounds in
washing water samples. Instead of toxic reagents, a positive
potential is proved to be a clean source of oxidation as shown
in the current research study using FSCV. In addition, it has
been reported that hydroxyl radicals (•OH) can be generated at
the carbon fiber electrode surface during anodic water
decomposition with high current eﬃciency, which help for a
complete and a successful oxidation of organic compounds.
The hydroxyl radical has high ability on oxidation of organic
compounds to carbon dioxide as shown below in scheme 3
(Min et al., 2020; Kondo et al., 2014).
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Scheme 3
3.2.1. Batch1
As shown in Fig. 3, a spontaneous release event of organic
compounds from batch 1 was measured in HEPES buffer
solution at 10 second window using the three electrodes setup
electrochemical system of FSCV measurements. FSCV
waveform was swept from -0.4 V to +1.4 V with a scan rate of
400 V/s and a frequency of 10 Hz. The organic compound
square peak was observed at 1.369 V that showed an average
of two measurements current for two identical samples. The
broad square peak showed an increase in the current from
8.22 nA to 24.22 nA by adding more weight of lettuce, which
reflects the rise of organic compounds.
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experimental test can be conducted. Samples for the COD test
may be stored for up to 48 hours at low temperatures (4 °C or
below). In washing water, organic preservatives should not be
added because they will be interfered with COD analysis.
Untreated samples of washing water for the COD test should
be collected and immediately analyzed in glass containers.
COD samples may be kept for up to 28 days at a temperature
≤ 4 °C only if they are acidified with distilled mineral acid
(sulfuric acid) at a pH ≤ 2.0. We measured three random
samples for each batch using two Iceberg lettuce brands as
shown in Table 1. From the recorded current of the measured
samples of both batches, 1 and 2. COD values were predicted
using the linear equation of calibration curves. For Batch 1,
recovery percentages were 89.04, 96.98, and 94.38for sample
1, 2, and 3, respectively. For Batch 2, recovery percentages
were recorded at 99.53, 90.73and 97.35for sample 1, 2 and 3,
respectively. Therefore, the electrochemical measurements
can replace the traditional COD method as it will save time
and provide an environmentally friendly tool.

TABLE 1
Fig. 3. Fast scan cyclic voltammetry measurements for Batch 1 using
Ocean Mist Farms Iceberg lettuce

3.2.2. Batch 2
Fig.4showed a linear plot that depicts one spontaneous
release pattern of organic compounds of batch 2 washing
water samples in HEPES buffer solution in a 10 second
window using CFE as working electrode and silver/silver
chloride as reference electrode. fast scan cyclic voltammetry
waveform is ranged from -0.4 V to +1.4 V with a scan rate of
400 V/s and a frequency of 10 Hz. The organic compound
peak was observed at the same potential as batch 1 at 1.369
V. The average current of the oxidation of washing water
samples of subsequent additions of lettuce weights were
ranged from14.37 to 40.99 nA with a standard deviation
ranged from ±3.06-9.29.

THE ELECTROCHEMICAL MEASUREMENTS OF WASHING WATER
SAMPLES

Current (nA)

Batch1

Batch2

11.63
15.75
24.22
15.9961
20.09765
32.92

COD (mg/L)
by Traditional
Method
37.67
53.67
143.67
55
126
206.67

COD (mg/L)
using FSCV

Recovery%

33.68
52.05
135.59
54.74
114.32
201.19

89.04
96.98
94.38
99.53
90.73
97.35

3.4. Comparison between traditional COD and FSCV
Electrochemical measurements
The comparison between electrochemical measurements and
COD values showed that current is increasing with the COD
values increase and as the concentration of organic
compounds increases in the samples. As shown in Fig. 5 and
Fig. 6,batch 1 and batch 2 were depicted a linear relation with
R2 value of 0.9546 and 0.96, respectively.

3.3 Sampling and Handling
Fig. 4. Fast scan cyclic voltammetry for Batch 2 using Dole Iceberg
lettuce

Washing water samples of Iceberg lettuce were used for the
assessment of COD, whether by the traditional method or
FSCV correlation technique. For both methods, samples
should be tested as quickly as possible or otherwise kept
under adequately monitored conditions before the

Fig. 5. Typical calibration curve between FSCV measurements and
traditional COD measurements using different samples of Batch 1
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Fig. 6. show comparison between Electrochemical measurements
and COD measurements using different samples of Batch 2.

4 CONCLUSION
Fast scan cyclic voltammetry has been reported as a simple
and a rapid method for the estimation of COD of the organic
compounds in lettuce washing water samples. It provides a
promising platform as an alternative method that can replace
the toxic traditional methods of COD. In addition to its userfriendly, it allows for measuring COD samples in few minutes
instead of hours of oxidative traditional methods. Our data
showed high recovery percentage for both batches of washing
water samples, at values around 90% and the most near to
100%.
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