International Journal of GEOMATE, Sept., 2017, Vol. 13, Issue 37, pp. 40-43
Special Issue on Science, Engineering & Environment, ISSN: 2186-2990, Japan
DOI: http://dx.doi.org/10.21660/2017.37.2672

ELECTROCHEMICAL TECHNIQUE FOR
1, 3-DICHLORO-2-PROPANOL ANALYSIS
*Kanokwan Rudisirisak and Nittaya Ngowattana
Faculty of Science and Technology, Rajamangala University of Technology, Thunyaburi, Pathumthani,
Thailand.
*Corresponding Author, Received: 16 May 2016, Revised: 14 July 2016, Accepted: 9 Feb. 2017
ABSTRACT: Soy sauce is widely used as a seasoning for many kinds of food. 1,3 Dichloro-2-propanol (1,3DCP) is a toxic, semi-volatile organic liquid that is soluble in water and organic solvent. It is used in a large
quantity as an intermediate in epichlorohydrin production. 1,3-DCP is a major raw material in the chemical
paper industry, but it is a problem in the production of foods, such as soy sauces and other acid-hydrolyzed
vegetable proteins. The normal method to analyze 1,3-DCP is an expensive and time-consuming GC-MS
technique using a highly purified sample. Our purpose was to reduce the expense and time of the analysis.
Therefore, this research focused on improvement of 1,3-DCP analysis methodology by using an
electrochemical technique. We produced a carbon paste electrode, which was used as the working electrode.
We studied the suitable conditions for analysis by using a voltammetry technique; electric potential and
NaOH in oxidation reaction of 1,3-DCP and an amperometry technique; interval time of reaction at electrode
surface (5 and 10 minutes), stirring rate (100, 300 and 500 rpm). It was found that the electric potential and
the interval time of oxidation reaction for 1,3-DCP analysis were 1.3 V. and 5 minute intervals, respectively.
Moreover, we found that 4.0 M NaOH and 100 rpm stirring rate were suitable for this analysis. The result of
our research were 0.02 mg/dm3 detection limit, 81.27 % recovery, 13.339 ppm sensitivity, 0.67-4.67 ppm
linear range, 6.95 % RSD of solution preparation, 3.95 % RSD of injection and 5.15 % RSD of the carbon
paste working electrode.
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1. INTRODUCTION
1,3-Dichloropropanol (1,3-DCP) 98 % and
other reagent were purchased from Aldrich. All
the solutions were prepared with analytical grade
reagents and Milli-Q water.

Seasoning sauce is produced from acid
hydrolyzed vegetable protein [1] that is defatted
using hydrochloric acid at high temperature. The
production process results in chloropropanol
compounds, for example 3-monocholropropane 1,2diol (3-MCPD) and 1,3-Di-chloropropanol (1,3DCP), that are toxic and carcinogen [6]. 1,3-DCP
is formed from reaction of 3-MCPD and has been
found in soy sauce and other seasoning sauce.
When both 3-MCPD and 1,3-DCP are found in
sauce, the amount of 3-MCPD is always higher
than 1,3-DCP by a ratio of 20:1. Therefore, if we
can determine the 1,3-DCP concentration in sauce,
we can determine the 3-MCPD concentration too.
Although 1,3-DCP is usually analyzed by an
expensive and time-consuming GC-MS technique
using a highly purified sample [4], the purpose of
this research was to reduce the analysis expense
and time. Therefore, we focused on developing an
electrochemical technique to analyze 1,3-DCP.
This required producing a carbon paste electrode
to use as the working electrode for examining the
reaction capacity.

2.2 Electrode preparation
The working electrode was prepared by
thoroughly hand-mixing 5 g graphite powder and
1mL of silicone oil in a mortar with pestle. This
paste was placed in a cavity on electrode body
(glass tube φ 5 mm) in contact with a copper wire
and smoothed on clean paper until it had a shiny
appearance.
2.3 Apparatus
All voltammetric measurements were performed
using a VA Stand 663 Voltametric analyzer
(Metrohm,Herisau,Switzerland) and a Potentiostat
(Autolab model PGSTAT 20). The three electrode
assembly cell consisted of the following : carbon
paste electrode as working electrode, Ag/AgCl in
3 mole/L KCl as a reference electrode and
platinum wire as an auxiliary electrode.

2. EXPERIMENT
2.1 Reagent and Materials
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2.4 Procedure
NaOH
+

2.4.1 Cyclic voltammetry of 1,3-DCP
Suitable electric potential in the reductionoxidation (redox) reaction and effect and
concentration of sodium hydroxide to oxidation
current.

x-

+ NaOH

2.4.2 Amperometric Determination of 1,3-DCP
+ NaCl

Effect of reaction time and rotation rate in 1,3DCP analysis.

Reaction of halohydrin and NaOH

2.4.3 Analytical parameters for 1,3-DCP
determinations

3.1.2 The effect and concentration of sodium
hydroxide to oxidation current

Detection limit, % recovery, sensitivity, linear
range, % RSD of injection and % RSD of the
working electrode.

As shown in Fig. 2 below, the cyclic
voltammogram of 2,000 ppm 1,3-DCP in 0.1 M
NaOH solution showed an anodic current peak at
about 1.45 V [3].

3. RESULTS AND DISCUSSION
3.1 Cyclic voltammetry of 1,3-DCP
3.1.1 The suitable potential in oxidation-reduction

----2,000 ppm 1,3-DCP in 0.1 M NaOH

As shown in Fig. 1 below, the cyclic
voltammogram of 2,000 ppm of 1,3-DCP did not
show an oxidation and reduction peak. Therefore,
we tried to activate the redox reaction of 1.3-DCP
using NaOH.

----2,000 ppm 1,3-DCP in aqueous solution

Fig.2 Cyclic voltammogram of 2,000 ppm 1,3DCP on carbon paste electrode with condition :
scan range from -0.5 to 2.0 V,Scan rate of 1 V/sec,
with NaOH (red line) and without NaOH (Blue
line).
As shown in Fig. 3(a) cyclic voltammograms
of 2,000 ppm.1,3-DCP in various concentrations
of NaOH, the oxidation peaks occurred in the
range of 1.3-1.5 V.

Fig. 1 Cyclic voltammogram of 2,000 ppm 1,3DCP in water using carbon paste electrode with
scan range from -0.5 to 2.0 V and scan rate of 1
V/sec.

Figure 3(b) showed that the peak anodic
current increased as NaOH concentration was
increased from 0.1 to 4.0 M, but decreased at 8.0
M. Therefore, a sodium hydroxide concentration of
4.0 M produced the highest peak anodic current.
Electric potential was fixed at 1.3 V throughout
this amperometric experiment.
.

A halohydrin reacts with sodium hydroxide
solution to produce an epoxide [9]. 1,3-DCP is a
halohydrin compound, so it can react with sodium
hydroxide to produce epichlorohydrin, sodium
chloride and water. This reaction is shown in the
following equation [10].
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a. 2,000 ppm1,3-DCP in aqueous
b. 2,000 ppm 1,3-DCP in 0.1 M NaOH
c. 2,000 ppm 1,3-DCP in 0.5 M NaOH
d. 2,000 ppm1,3-DCP in 1.0 M NaOH
e. 2,000 ppm1,3-DCP in 2.0 M NaOH
f. 2,000 ppm1,3-DCP in 4.0 M NaOH
g. 2,000 ppm1,3-DCP in 8.0 M NaOH

g

e

f
c

d
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Fig.4(a) 5 min interval

Potential (V)

(a.)
Fig.3 (a) The cyclic voltammograms of 2,000 ppm
1,3-DCP in different concentrations of NaOH
using carbon paste electrode with scan range from
-0.5 to 2.0 V and scan rate of 1 V/sec.

Fig.4(b) 10 min interval
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R² = 0.9263
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Fig. 3(b) The peak anodic current at NaOH
concentrations from 0.1 to 8.0 M
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Fig.4(c)

3.2 Amperometric Determination of 1,3-DCP

Fig.4(a,b,c)Amperometric response and analytical
curve for addition of 2000 ppm 1,3-DCP at 5 and
10 minute intervals. Experimental conditions: E =
1.3 V, rotation speed 100 rpm

Figures 4(a and b) showed the amperometric
response obtained by continuous addition of 10
µL 20,000 ppm of 1,3-DCP in 4.0 M NaOH at 5
and 10 minute intervals, respectively. We found
that the sensitivity of the two intervals was nearly
equivalent, but that R2 of the 5 minute interval was
higher than R2 of the 10 minute interval as shown
in Fig 4(c). Therefore, we selected the 5 interval
for the next experiment in which rotation speed
was varied.
Figures 5(a, b, and c) showed the amperometric
response obtained by continuous addition of
20,000 ppm 1,3-DCP at 5 minute intervals using
100, 200 and 300 rpm rotation speeds. We found
that a rotation speed of 100 rpm gave the highest
sensitivity as shown in Fig. 5(d).

Fig,5(a) rotation speed 100 rpm
3.3 Analytical parameters for 1,3-DCP
determinations
Optimal conditions of this experiment
were addition of 1,3-DCP into 4 M NaOH at 5
minute intervals with 1.3 V applied electric
potential and 100 rpm rotation speed. These
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using other materials, such as glassy carbon, as the
working electrode.

conditions resulted in 0.02 ppm detection limit,
81.27% recovery, 13.339 ppm sensitivity, 0.674.67 ppm linear range, 6.95% RSD of solution
preparation, 3.95% RSD of injection, and 5.15%
RSD of the carbon paste working electrode.

4. CONCLUSION
This research showed that 1,3-DCP can be
analyzed using an electrochemical technique to
detect the anodic current produced from the
reaction of a halohydrin with NaOH solution.
Detailed observation was found that the electric
potential and the interval time of oxidation
reaction for 1,3-DCP analysis were 1.3 V. and 5
minute intervals, respectively. The suitable stirring
rate were 4.0 M NaOH and 100 rpm. Finally, the
research presented here showed the 0.02 mg/dm3
detection limit, 81.27 % recovery, 13.339 ppm
sensitivity, 0.67-4.67 ppm linear range, 6.95 %
RSD of solution preparation, 3.95 % RSD of
injection and 5.15 % RSD of the carbon paste
working electrode.

Fig.5(b) rotation speed 200 rpm

5. REFERENCES
[1] Wenzl et al.(2007) “1,3-dichloro-2-propanol”,
IARC monographs, 375-390.
[2] Eduardo Vicente, et al. “Level of 3-monochloropropane-1,2-diol (3-MCPD) in selected
processed food from the Brazilian market”, Food
Research International.77 (2015)310-314.
[3] Kwok Onn Wong,et al..3-monochloprpane-1,2-diol
(3-MCPD) in soy and oyster sauces: Occurrence
and dietary in take assessment.
doi:10.1016/i.foodcont.005.01.010.
[4] Jeong,JH,Sin et al.(2007).1,3-dichloro-2-pro-panol
induced cell damage.J Environ Sci (China),16:229225.
[5] Abu-EI-Haj S., Bogusz Mj, Ibrahim Z et al.(2007).
Rapid and simple determination of chloropropanols
(3-MCPD and 1,3-DCP) in food products using
isotope dilution GC-MS.Food Contr,18 :81-90.
[6] Scott A. “ 1,3-Dichloro -2-propanol Review of
Toxicology”. Interated Laboratory System, Inc.
Research Triangle Park. North Carolina,2005.
[7] Hasnip S. et al. “ Determination of 1,3Dichloropropanol in soy sauce and related products
by headspace gas chromatography with mass
spectrometric detection inter-laboratory study J
AOAC Int. 2005 Sep-Oct;88(5):1404-12.
[8]
Food
and
drug
administration,Thailand,
(25
http://www.smelawservice.com/service/128/
January 2013).
[9] William H.Brown,Brent L.lverson,Eric Anslyn,
Chistopher
S.
Foote.organic
chemistry.ForoMac.com ISBN:1285426509.
[10] Naoya Kansai, Toshio Suzuki, Yoshiro
Furukawa. “Chira C3 epoxides and halohydrin:
Their
preparation
and
synthetic
application. Journal of Molecular Catalysis
B:Enzymatic. 1998, vol.4(5) :237-352.

Current (µA)

Fug.5(c) rotation speed 300 rpm
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Fig.5(d)
Fig.5(a, b, c, d) Amperometric response of
continuous addition 1,3-DCP 20,000 ppm at 5
minutes interval, E=1.3 V using 100 200 and 300
rpm rotation speeds.
The detection limit (LOD) of 0.02 ppm
for 1, 3-DCP using this experimental method can
be used to analyze for 1,3-DCP because the
maximum contamination amount of 1,3-DCP
allowed in Thailand is 1 ppm. The concentration of
3-MCPD is always 20 times greater than 1,3-DCP.
and 3-MCPD. Therefore, we deduced that our
experimental method can be used to analyze 1,3DCP and 3-MCPD in other samples. However, the
detection of 1,3-DCP by GC-MS Headspace is the
ppb level [7] So, we expect to improve results by
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