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Abstract

In water chlorination for removing pathogens, trihalomethanes (THMs) are among the significant carcinogenic
by-products of drinking water chlorination. The conventional measurement means for these compounds is a
GC device with an ECD detector (GC-ECD) or GC/MS. A GC-ECD or a GC/MS is utilized for analyzing
THMs at the microgram per liter scale. Purchasing an ECD detector is not easy or cost-effective. This article
introduces a new concentration method using the headspace technique in a GC-FID device for measuring the
concentration of THMs. In this method, four compounds, chloroform (CHCIs), di-bromochloromethane
(CHCIBEr3), bromodichloromethane (CHCI,Br) and bromoform (CHBr3), are plotted on a 5-point calibration
chart after being measured on a microgram per liter scale. This method, designed in a laboratory, can be used
to measure concentrations, and analyze data in the laboratories of water and wastewater, environment,
petroleum and petrochemistry, etc. High accuracy of the method (ug/L) is the main feature of this method.
Here, the design method and advantages of this method are presented with diagrams and tables.

Keywords
Measurement accuracy; Preconcentration method; Water distribution network; Headspace technique;
Electron Capture Detector (GC-ECD).

1.INTRODUCTION 1). The common method for measuring THMs in

The use of precise instrumentation and techniques
is vital in many industries and research activities
[1-4]. One such area is the water industry, where
the analysis and identification of numerous
substances in drinking water at ppm and even ppb
levels is essential. Among these substances, the
measurement and identification of trihalomethanes
are of particular importance [5,6].

In this article, four main trihalomethanes (THMs)
compounds, including chloroform (CHCI; ),
bromodichloromethane (BDCM),
dibromochloromethane (DBCM), and bromoform
(CHBr; ), which are formed in the water
chlorination process, are investigated. These
compounds are identified in the text and diagrams
with numbers 1 to 4 and with their corresponding
scientific abbreviations (as their structures in Fig.
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water distribution networks is to apply a gas
chromatography device equipped with an ECD
detector. Due to the presence of radioactive nickel-
63 in this detector and its import restrictions, its use
is difficult in many laboratories in the country. In
this study, a new method based on the headspace
technique in a GC-FID device is introduced to
measure these four compounds at ug/L. First, a
brief review of the history of THMs monitoring in
the Iranian water network is presented, and then the
necessity and challenges of the methods available
in the country's laboratories are explained. Next,
while explaining the limitations of the current
methods, the proposed method is introduced, and
the results are analyzed with figures and tables.
Finally, a general conclusion of the research is
presented.
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Fig.1. A molecular structural of trihalomethanes [7, 8].

1.1. Preconcentrationof THMs in Iranian water
distribution networks and used analysis
devices

THMs include four compounds CHCI;, BDCM,

DBCM, and CHBr;, and are among the most

important byproducts of chlorinated disinfection in

water. Due to carcinogenic risks, the US

Environmental Protection Agency reduced the

total THMs limit to 100 pg/L in 1979 and to 80

pg/L in 1998 [9]. Common methods for measuring

these compounds are mainly based on GC-ECD or

GC-MS [10,11].

Several studies have also been conducted in Iran.

In the study of [12], THMs concentrations in

southern cities of the country were reported to be

higher than the permissible limit. Moreover, in

[13] was demonstrated that the amount of THMs in

the water distribution network of Ahvaz is

significantly higher in summer than in other
seasons. In the study of [14], the seasonal
difference and the difference between old and new
networks in the city of Maragheh were also
investigated. In northern Iran, strong seasonal
changes of THMs and HAA5S have also been

reported [15].

Factors affecting the formation of THMs include

the concentration of primary organic matter, pH,

temperature, residual chlorine and bromine
concentration [14, 16]. Despite the high sensitivity
of GC-ECD, its use is associated with safety and

import limitations due to the presence of a

radioactive source of Ni-63 [17-21]. This has

increased the need for alternative methods.

By reducing the electron flow in the ECD, organic

compounds such as CHCls, CHCIBr,, CHCI,Br,

and CHBr3 are detected [22, 23]. In this process, an
inert, dry carrier gas transports the sample from the
column to the ECD, where electrons are generated

by nitrogen or a methane/argon mixture [24, 25].

To determine the concentration, a standard mixture

with low amounts of organic compounds is first

measured, and then the sample results are
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compared with a calibration curve. In this study,
although the main detector of interest is the ECD,
due to practical limitations, the sample was
preconcentrated with the Hedaspace HS-20
method, and measured with a GC-FID at the pg/L
level.

ECD detector, by measuring the ion current
intensity, has very high sensitivity and very low
detection limit. In contrast, FID is a destructive
detector but has good sensitivity, wide line width,
low noise, simple operating conditions, and small
size. Furthermore, FID is one of the most common
detectors for organic compounds [26, 27]. Due to
these advantages, GC-FID is of great importance
in many laboratory applications, including water
and fatty acid samples [28,29].While FID is
capable of measuring a wide range of organic
compounds, ECD only detects a subset of analytes,
but the much higher selectivity and sensitivity of
ECD makes it in some cases several hundred times
more sensitive than FID, and detects much lower
concentrations [30-32].In this context, although
GC-FID is inherently insensitive to halogenated
compounds, its combination with the headspace
method can increase the response, and reduce
matrix errors. Therefore, it is necessary to develop
a reliable and low-cost GC-FID-based method for
the measurement of THMs at the pg/L scale. In the
present study, a headspace-GC-FID method is
introduced, and its characteristics including
accuracy, calibration, retention time, validation,
limit of detection, and limit of qualification are
presented.

2. RESEARCH METHOD

In this method, calibration levels of 5, 10, 20, 50,
and 100 pg/L of mixed THMs (each level
containing the four compounds: chloroform,
BDCM, DBCM, and bromoform) were prepared
and analyzed using headspace extraction coupled
to a GC-FID system. A Shimadzu GC-2030
equipped with a BPX-5 capillary column (30 m x
0.25 mm x 0.5 pm) and a Shimadzu HS-20
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autosampler was used. The injector operated in
split mode (1:50) with a carrier gas velocity of 1
mL/min, and the FID detector temperature was set
at 250 °C (H.: 30 mL/min, air: 50 mL/min).
Carbon tetrachloride (CCls) was employed as the
internal standard at a constant concentration of 50
pg/L. Quality control procedures were performed
according to ISO/IEC 17025, including midpoint
calibration verification.

For headspace sampling, 15.0 mL of each aqueous
standard or sample was transferred into 20-mL
amber crimp vials fitted with PTFE/silicone low-
bleed septa and sealed with aluminum caps. Vials
were incubated at 60 °C for 30 min with
continuous orbital agitation at 500 rpm, ensuring
equilibrium before sampling. A 1.0-mL headspace
loop was automatically withdrawn after
incubation. The transfer line and HS syringe were
maintained at 80 °C to prevent condensation. All
steps, from preparation to sealing, were performed
rapidly to minimize volatilization losses.

The primary THM stock standard (Techlab-
France, initial concentration 200 ppm) was diluted
with HPLC-grade methanol to obtain a 1000
pg/mL stock. Working solutions for calibration (5—
100 pg/L) were freshly prepared by serial dilution
with deionized water. Three replicate vials were
analyzed at each level. Stock and working
standards were stored in amber glass at 4 °C,
protected from light, and monitored weekly for
stability. Calibration curves for each THM were
constructed and evaluated individually. The
temperature and time settings for a 35-minute GC
cycle in HS-20 were as shown in Table 1.

Table 1.Temperature and time program of

headspace.
Type Value Type Value
Oven 60 Pressure 0.1
temperature equilibrium
time
Sample line 150 Load time 0.5
temperature
Transfer line 150 Load 0.1
temperature equilibrium
time
Sampling level - Needle flush 5
time
Multi injective 1 Injection time 0.1
count
Pressurize gas 50 Pressurize time 0.5
pressure
GC cycle time 35 Equilibrium 5
time

The units of t, T and P are minute, °C and kpa,
respectively.

In this method, CCIl, was used as the internal
standard. The selection of CCl, as the internal
standard for the Headspace-GC-FID method was
for the sake of chemical stability. CCl, is

chemically very stable, it is well transported in the
vapor phase, and its retention time in GC-FID is
such that it does not overlap with any of the four
THM compounds. Likewise, its structure
(halogenated tetrahydride) is close to THMs in
terms of volatility, and has a similar behavior in
Headspace technique.

Stability investigation results in Headspace
technique: the stability of CCl, was investigated
experimentally  through  three  steps (i)
measurement of its response after 10, 20 and 30
minutes of incubation, (ii) investigation of the
repeatability of successive injections, and (iii) no
decrease in signal observed in 5 successive
repetitions. The results showed that CCl, is stable
under Headspace extraction conditions.
Calculation of relative response factor (RRF): the
RRF values for all four compounds based on their
respective equations showed that the response
variations with respect to 1S were less than 5%.
The matrix effect control was carried out: (i) using
deionized water as the standard matrix, (ii) using
IS to eliminate injection variations and extraction
fluctuations, and (iii) keeping temperature and
headspace time constant for all experiments.
Despite these controls, the matrix effect remained
within acceptable limits.

The following three steps were presented in the
new Headspace-GC-FID preconcentration method
as follows:

1. Presenting the calculation of LOD and LOQ
based on 3o/m and 10c/m (o: standard deviation of
the blank signal, m: slope of the calibration curve).
2. Illustrating magnified chromatograms for low
concentrations to show that peaks at the 5ug/L
level are separated from the baseline. 3. Explaining
that headspace technique increases the
Signal/Noise compared to direct injection.

In this way, the conditions that enable our method
to achieve low detection limits were reported
clearly and quantitatively. Finally, in the sample
preconcentration method by headspace and FID
detector, THM was analyzed at the level of pg/L,
and the calibration curves yielded favorable
results.

2. DISCUSSION AND RESULTS

The important steps for a laboratory measurement
method are method of sampling and sample
preparation, instrument analysis conditions and
method standardization [28]. This section
describes the importance of GC method
development and validation in water analysis.In
this analysis, validation characteristics such as
recovery, precision/validation, LOD, LOQ, area
under the curve and retention time are presented as
important parameters in tables and graphs.

Before these conditions, the samples and standard
solutions were stored in a refrigerator at 2-4°C and
brought to an ambient temperature of 25°C before
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use. In each of the headspace vials, 15 mL of the
sample or standard solution was poured up to the
mark line. The upper space of headspace vials was
left empty and sealed with a septum for the vial cap
and placed in the device.

A PlainTest chlorimeter (England) was used to
determine the residual chlorine level and as such a
Hack device to determine the turbidity of the

samples. The standard method 6232:1 was used as
a template. Various affecting parameters such as
temperature, pH, residual chlorine and turbidity are
measured the same as the standard methods for
water and wastewater in Iranian laboratories. The
oven setting conditions are according to the
temperature program in Fig.2.

=l 30,
[~ 1.0

Fig.2. Oven temperature program versus time for THMs.

According to Fig.2 above, the maximum
temperature of the BPX-5 column with a length of
30 m, an internal diameter of 0.25 mm and a
membrane thickness of 0.50 microns is 340°C,
with an equilibrium time of 1 minute at 30°C. The
changes in the hold time with respect to

temperature for the entire program time of 25
minutes are given in this Fig.2. At a hold time of 1
minute, the peak resolution no longer changes,
meaning that after 24 minutes at 220°C, the figure
becomes a flat line.The headspace setting
conditions are according to the computer program
in Fig.3.

Fig.3. Headspace computer program settings for THMs.

In Fig. 3, the parameters are displayed in two rows
that depend on time and temperature. At 60°C the
sample line temperature, transfer line temperature,
and gas pressure are given. At 50 kPa, the sample
line and transfer line temperatures are both 150°C.
The equilibration time and pressurization time,

pressurization equilibrium time, load time, load
equilibrium time, injection time, and needle flush
time are shown for a GC cycle time of 35 min.
Sampling was performed when equilibration was
complete to obtain a regular peak, which is more
dependent on the sample size and temperature. In
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addition, the GC-230-FID device used, and the
peripheral equipment are given in Fig. 4 below.
The FID detector settings are at 220°C.

[
K

[ F i

T

Fig. 4.The images of GC-2030-FID with HS-20 headspace. A Shimadzu HS-20 headspace was used to extract the
samples, and a GC-2030-FID device from Shimadzu Japan was used to analyze THMs.

Four main compounds of THMs include CHCls,
CHCIBr;, CHCI:Br, and CHBrs. These 4
compounds are indicated in the text and diagrams
with the numbers 1 to 4, and with the abbreviations
and scientific symbols chloroform, DBCM,
BDCM, and bromoform, respectively.

To investigate the LOD and LOQ values, eight
replicates of THM solutions were prepared in
micrograms per liter. After using the calibration

replicates for each THM by adding THM to water
at a concentration of 20 ppb, and the results are
presented in Table 2. In the regression equations,
the linearity of the method (y = ax + b) was proven
for all four compounds with high R? values (R? >
0.995). This value indicated a very good linearity
of the method response in the concentration range
of 5-100 pg/L. Moreover, the complete calibration
data including mean measured concentrations,

curve, it was determined that the standard standard deviations (SD), and RSD% were
deviation decreases with increasing concentration. provided in Table 2.
Recovery and accuracy were performed with eight
Table 2. Recovery and precision results for THM compounds (with 8 repeats).
Compound Value Repeat %R %RS
Added D
(morL)
\ 2 3 4 5 6 7 8 95.8 2.5
Chloroform 20 18. 187 192 193 194 19.1 19.7 19.8
9
DBCM 20 20. 203 204 205 205 202 202 203 988 1.6
1 5
BDCM 20 18. 196 189 191 191 192 192 205 98.8 2.7
9 0
Bromoform 20 17. 189 193 194 195 198 199 194 949 2.8
9 5

%RSD = (SD/mean) x 100; %Bias= (Expected — Measured)/Expected x 100;
%Recovery= %R= 100 — %Bias; Recovery calculated from eight repeats.

Many high-boiling point substances may cause
problems in the absorption of the analyte in the
injection section or in the initial section of gas
chromatography and liquid chromatography
columns. This can subsequently cause negative
and positive errors in the “retention time” of the
analyte [26, 33].

In Table 3, the LOD was calculated with 7
replicates at an accuracy of 5 ppb. According to
Table3, the LOD and LOQ of THMs were
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4.8 and 14.42 respectively. In Table 4, the
compounds and the retention times (from 1 to 4)
for THMs are given, with the lowest and highest
retention times corresponding to chloroform and
bromoform, respectively.

In the new Headspace-GC-FID preconcentration
method for measuring THMs in the microgram per
liter range, the increased sensitivity was not due to
the inherent sensitivity of the FID to halogenated

compounds. Instead, this sensitivity was due to
headspace preconcentration and optimization of
extraction  conditions including incubation
temperature, equilibration time, and sample
volume. These steps resulted in the effective
concentration of THMs in the vapor phase being
significantly higher than the actual sample
concentration and the FID response, reaching a
detectable level.

Table 3.The determination of LOD, LOQ and standard deviation against concentration in THMs.

Compound  Conc. Repeat STDEV LOD LOQ
(o) 1 2 3 4 5 7
Chloroform 5 54 49 46 55 54 45 46 04061014 1.215304195 3.645912584
DBCM 5 46 55 54 47 53 46 54  0.3852179 1.15653804 3.46696141
BDCM 5 49 55 46 56 55 45 48 0.4309458 1.29283741 3.87851223
Bromoform 5 48 44 53 49 56 54 52 0.3807887 1.14265966 3.42797898
SUM 4.806161375 14.41648413

Table 4. Retention times of THM compounds.

Component name

Retention time

Chloroform 2.029
BDCM 2.256
DBCM 2.931

Bromoform 4.434

The retention time pattern is quite consistent with
the typical behavior of THMs in nonpolar columns.
The increase in retention time is associated with
the increase in halogen (bromine with higher molar
weight).  All  analytical  techniques  of
chromatography with different detectors such as
(RI, FID, ECD, ELSD, etc.) require

2 BDCM
Area(x100,000)

1.00

0.65

long analytical procedures. LOQ for sample must
be done by calibration curves [34]. For accurate
LOQ, calibration of the GC-FID system with
calibration standards for each analyte is essential
[35]. In fact, the good stability of GC-FID
facilitates the calibration curve and the linear range
improves the accuracy of operation. Figs.5 and 6
illustrate the variations of the calibration curves of
BDCM and DBCM, respectively.
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Fig.5. Calibration curve of BDCMby new preconcentration method based on Headspace-GC-FID.
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Fig.6. Calibration curve of DBCMby new preconcentration method based on Headspace-GC-FID.

Fig.7 illustrates the calibration curve of
bromoform. The bromoform calibration plot shows
the linear relationship between concentration and
GC-FID detector response for bromoform, and
completes the method linearity assessment section.
The chloroform calibration curve was most similar
to the BDCM calibration curve and was omitted
due to space limitations, and instead, comparative
curves were presented for comparing the
concentrations of 4 compounds of THM on the
calibration curve.

FID had very low sensitivity to chloroform, but it
had most sensitive to BDCM, with the lowest
bromine content among the three brominated
compounds. Therefore, its signal intensity
decreased less than DBCM and bromoform, and its

response behavior was closer to chloroform. When
comparing the slope of the calibration curve based
on the physical nature of the compounds, it was
observed that the more the number of bromine
atoms, the weaker the FID signal, and the lower the
slope of the calibration curve. Therefore, the slope
hierarchy was as follows:
Chloroform>BDCM>DBCM>Bromoform.
Additionally, due to the close linear behavior for
both chloroform and BDCM, a high R? value (>
0.995) of stable linearity was observed in the range
of 5-100 pg/L. In small gap between response
factors compared to the other two compounds,
BDCM had the most similar combustion pattern to
chloroform due to its two chlorine atoms.
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Fig.7. Calibration curve of bromoform by new preconcentration method based on Headspace-GC-FID.

Fig. 8 illustrates the chromatograms of the four
compounds chloroform, BDCM, DBCM, and
bromoform over a time period of 0-20 min and a
signal intensity range of 0—3500 uV. According to
this figure, each compound appears at a distinct
and unique retention time, allowing for complete
separation and selective identification of the
species. The peak of the first compound,
chloroform, appears at the shortest retention time
(about 2.0 min) and usually has one of the highest
signal intensities among the four compounds.
Moreover, chloroform usually creates a relatively
stronger response due to its lower molecular
weight and better combustion behavior in the FID.

The compound BDCM, which appears at a
retention time of about 2.2-2.3 min, also reveals a
relatively high intensity peak, and is most similar
to chloroform in terms of peak height. The order of
increasing retention time is also consistent with the
increasing degree of halogenation, increasing from
chloroform to BDCM, then DBCM, and finally
bromoform.  Furthermore, the DBCM and
bromoform peaks, with less intense than
chloroform and BDCM, can be clearly identified
and quantified due to their appropriate time
resolution and lack of overlap. The range created
for the x and y axes can allow for direct
comparison of the intensity of the responses and
complete resolution of the peaks.

In Fig. 8, the peaks of chromatogram of THM
standard mixture (5-50 pg/L) analyzed by HS-GC-

FID using a BPX5 (30 m x 0.25 mm x 0.5 um)
capillary column correspond to chloroform (Rt =
2.06 min), BDCM (Rt = 2.39 min), DBCM (Rt =
2.93 min), and bromoform (Rt =~ 4.48 min). Peak
intensity increases proportionally ~ with
concentration in the 5-50 pg/L range. The figure
shows clear separation of all THM species with
symmetric peak shapes and acceptable baseline
stability.

As Fig.8, all four THM species were efficiently
separated under the applied HS-GC-FID
conditions. Chloroform exhibited the earliest
retention time (Rt~ 2.06 min), followed by BDCM
(Rt = 2.39 min), DBCM (Rt ~ 2.93 min) and
bromoform (Rt ~ 4.48 min). The chromatographic
peaks display good resolution, proper symmetry,
and stable baseline behavior.

The peak height and area increased proportionally
with concentration, confirming linear detector
response in the examined range. Additionally, no
interfering peaks were observed in the retention
window of the target analytes, demonstrating
method selectivity and suitability for the
quantification of THMs in drinking water.

In general, it is observed that chloroform and
BDCM exhibits the highest peak height due to the
stronger FID response, while DBCM and
bromoform have lower intensity, which is
consistent with the increase in the number of
bromine atoms, and the decrease in ionization
efficiency in the FID.
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Fig.8. Chromatogram curves for four THM compounds of BDCM, DBCM, bromoform and chloroform, with the y-axis
showing signal intensity (0-3500 pV) and the x-axis showing retention time (0—22 min)by new preconcentration method

based on Headspace-GC-FID.

Fig. 9displays the chromatograms of four THM
compounds, including chloroform, BDCM,
DBCM, and bromoform, over a time period of 0 to
5.75 minutes and a signal intensity range of 0 to
2.75 puV. This plot has a higher magnification of
the small signal numbers compared to the original
plot to allow for a more accurate assessment of
peak separation, baseline, and noise levels.

All four compounds are visible on this short time
scale, with the largest peak appearing at
approximately 2.25 minutes. As expected, this
peak is associated with one of the two compounds,
chloroform or BDCM, which creates a higher
response than DBCM and bromoform in FID
devices. This compressed time period indicates
that the chromatographic separation is performed
with good efficiency, and that the maximum peaks
are detectable without overlap.

Moreover, a horizontal reference line is drawn in
Fig. 9 to represent the baseline or reference level
of signal intensity. The presence of this line allows

for a visual comparison between the actual peak
heights and the background noise. The significant
difference between the peak heights and this
reference line is a confirmation of the acceptable
signal-to-noise ratio, and the ability to detect
compounds even at low levels.

The scaled representation in Fig. 9 clearly
illustrates that, despite the lower response of the
FID device for compounds with low
concentrations, all peaks of the four compounds
are still separable, detectable, and distinguishable
from the baseline. Such a plot is a confirmation of
the resolution accuracy and stable quality of the
baseline in the proposed method. This plot, with
appropriate  magnification,  highlights  the
difference between the peak intensities and the
baseline, and indicates that the proposed method
has the necessary stability and resolution even at
low signal levels.
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Fig.9.Comparison of picks in the calibration curves of BDCM, DBCM, bromoform and chloroform by new

preconcentration method based on Headspace-GC-FID.

3.1. Comparison of proposed method with
reference method

Since GC-ECD was not available at the time of the
experiments or parallel runs were not possible, the
following steps were carried out in the new method
to address this concern:

1. Providing scientific justification for direct non-
comparability: the proposed method is based on a
headspace preconcentration step, while GC-ECD
typically uses direct injection, so it was not
possible to directly compare the raw signal values
(peak area) between the two instruments.

2. Indirect comparison based on literature data:
compared to commonly reported GC-ECD
methods, the proposed method is therefore not
intended to completely replace GC-ECD, but
rather to provide an acceptable method for
laboratories that do not have access to ECD.

3. Comparison based on performance
characteristics in analyzing volatile compounds: in
a direct comparison between two methods for
analyzing volatile compounds with a gas
chromatography device, the reference method uses
an electron absorption detector (GC-ECD), and the
proposed method combines static headspace (HS)
preconcentration with flame ionization detector
(GC-FID).

The GC-ECD method has very high sensitivity,
and is easily able to detect concentrations in the
ppb range and even lower. The setup of GC-ECD
and its maintenance costs are high, it requires
special and expensive calibration standards, and it
offers very good selectivity. In contrast, the
proposed method using FID, which is inherently
less sensitive than ECD, is at a medium to high
level in terms of sensitivity, but by using
headspace preconcentration, it has succeeded in
reaching the detection limit in the ppb range. The
biggest advantage of this new method is its very
low setup cost, complete elimination of the need
for special and expensive standards, and
acceptable selectivity for routine and everyday
laboratory applications.

Therefore, the proposed Headspace-GC-FID
preconcentration method, while maintaining
sufficient sensitivity for ppb level measurement, is
economically and practically much simpler,
cheaper, and more accessible than the reference
GC-ECD method, and is considered a more
suitable option for routine analyses.

4. CONCLUSION

For extraction of samples the Shimadzu HS-20
headspace and for analysis of THMs the GC-2030-
FID were applied. In this method, M-501-PAK
calibration with a standard length of 1 mL was used
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for THM mixture with a concentration of 200 ppm.
Solutions of 5 ppb, 10 ppb, 20 ppb, 50 ppb and 100
ppb were prepared using the above standard model
and diy distilled water. Samples and standard
solutions were extracted in a similar manner to the
HS-20 headspace device and analyzed by
Shimadzu GC-2030 device. After the method was
validated, THM was analyzed in the drinking water
distribution network of Shiraz city, and at all
points, the THM level was found to be lower than
the reported value or LOQ (14.42 ppb, according
to Table 2). The quality control of these cases was
carried out in accord with the 17025 standard and
acceptable results were obtained. In addition, by
sampling from the water network and the water
storage tanks of Shiraz and analyzing by the new
innovative method, the calibration curves were
checked at the midpoints of the curve. According
to Table 1, a deviation was observed less than 10%
and the method was conducted in daily tests at the
laboratory.

Acknowledgments

The authors thank all experts at the laboratory of
water and waste company (in Shiraz city) for their
technical support.

Conflicts of interest
There are no conflicts of interest to declare.

REFERENCES

[1] K. Shayesteh, P. Abbasi, V. Vahidfard and M.
Shahedi Asl, Simultaneous removal of nickel
and cadmium during the cold purification of
zinc sulfate solution, Arab. J. Sci. Eng. 45(2)
(2020) 587-598. DOI: 10.1007/s13369-019-
04320-9.

[2] G.K. Imanzadeh, M.R. Zamanloo, H.
Eskandari and K. Shayesteh, A new ring
bromination method for aromatic compounds
under  solvent-free  conditions  with
NBS/AI203, J. Chem. Res. 2006(3) (2006)
151-153. DOL:
10.3184/030823406776330657.

[3] K. Shayesteh, J. Moghaddas, M. Haghighi and
H. Eskandari, Development of a monitoring
method for oxidative coupling reaction of 2-
naphthol in solid state, Asian J. Chem. 22(3)
(2010) 2106.

[4] Z. Emamgholiloo, K. Shayesteh and F.
Zahmati, Synthesis of WL. nzZVI/GAC
adsorbent green for chromium removal from
aqueous solutions (Characterization, kinetics,
isotherms, and thermodynamics), Chem. Eng.
Sci. 297 (2024) 1202009. DOI:
10.1016/j.ces.2024.120209.

[5] K. Shayesteh, M. Khojasteh, N. Shayesteh,
M.J. Khani, F. Zahmati and V. Vahidfard, The

effect of mineral hot water springs on the
quality of the river based on toxicity indicators
(case study: the effect of Ghaynarjeh Nir hot
spring on the Balkhlichai river), J. Res.
Environ. Health. 9(2) (2023) 146-159. DOI:
10.22038/jreh.2023.66395.1524.

[6] M. Abdollahpour and K. Shayesteh,
Application of response surface methodology
(RSM) for modeling and optimizing
coagulation process for the removal of
bromide ions, J. Water Wastewater. 27(5)
(2016) 64-72.

[7] L.A. Wallace, Total exposure assessment
methodology (TEAM) study: Summary and
analysis, (EPA/600/6-87/002a), Vol. 1. U.S.
Environmental Protection Agency,
Washington, DC (1987a), NTIS # PB 88-
100060, 38 54 https://d1wqtxts1xzle7.
cloudfront.net/67363945/2000UC5T-libre.

[8] L.A. Wallace, Human exposure and body
burden  for  chloroform and  other
trihalomethanes, Crit. Rev. Environ. Sci.
Technol. 27 (1997b) 113-194. DOI:
10.1080/10643389.1997.10737059.

[91 U.S. Environmental Protection Agency
(USEPA), National primary drinking water
regulations: stage 2 disinfectants and
disinfection byproducts rule: final rule, Fed.
Regist. 71(2) (2006) 388-493.
https://www.govinfo.gov/content/pkg/FR-
2006-01-04/pdf/06-3.

[10] K.L.A. de Oliveira, G.M. Bousada, C.I.
Cerceau, A.F. de Oliveira and R.P. Lopes M.,
Efficient THM quantification in drinking
water for minimally-equipped water treatment
plants labs, Spectrochim. Acta A Mol. Biomol.
Spectrosc. 321 (2024) 124739. DOI:
10.1016/j.saa.2024.124739

[11] A. Mohammadpour, Z. Emadi, E. Berizi and
A. Kazemi, THMs in chlorinated drinking
water: seasonal variations and health risk
assessment in southern Iran, Groundw.
Sustain. Dev. 27 (2024) 101342. DOI:
10.1016/j.gsd.2024.101342.

[12] A. Torabian, An evaluation of THMs in
drinking water and a method of its removal,
Iran. J. Public Health 27(1-2) (1998) 35-42.
DOI:10.1093/chromsci/30.12.478.

[13] A.A. Babaei, L. Atari, M. Ahmadi
Moghadam, N. Alavi & K. Ahmadi Angali,
Determination of trihalomethanes
concentration in Ahvaz water distribution
network in 2011, Jentashapir Journal of Cell
& Molecular Biology, 3(4) (2012): e94052 .
http://journals.ajums.ac.ir/jentashapir.

[14] N. Jafari, A. Behnami, F. Ghayurd, A.
Soleimani, A. Mohammadi, M. Mojtaba
Pourakbar and A. Abdolahnejad, Analysis of
THM formation potential in drinking water

DOI: 10.30473/1JAC.2025.76092.1327



https://10.0.119.9/IJAC.2025.76239.1328
https://10.0.119.9/IJAC.2025.76239.1328

K.Shayesteh, et al / A analysis technique of trihalomethanes by GC-FID device ... | 120

networks: effects of network age, health risks,
and seasonal variations in northwest Iran,
Heliyon 10(14) (2024) e34563. DOI:
10.1016/j.heliyon.2024.e34563.

[15] L.R. Kalankesh, M.A. Zazouli, H. Susanto
and E. Babanezhad, Variability of TOC and
DBPs (THMs and HAAS) in drinking water
during drought season: North Iran case study,
Environ. Technol. 42(1) (2021) 100-113.
DOI: 10.1080/09593330.2019.1621952.

[16] K.M.S. Kaarsholm, A. Kokkoli, E. Keliri,
P.D. Mines, M.G. Antoniou, M.H. Jakobsen
and H.R. Andersen, Quantification of
hypochlorite in water using the nutritional
food additive pyridoxamine, Water 13(24)
(2021) 3616. DOI: 10.5194/jsss-6-381-2017.

[17] J.E. Lovelock and S.R. Lipsky, Electron
affinity spectroscopy — a new method for
identifying functional groups in compounds
separated by gas chromatography, J. Am.
Chem. Soc. 82 (1960) 431-433.DOI:
10.1021/ja01487a045

[18] R.J. Maggs, P.L. Joynes, A.J. Davies and J.E.
Lovelock, Electron capture detector: new
mode of operation, Anal. Chem. 43 (1971)
1966—1971.https://doi.org/10.1021 /ac 60308
a014.

[19] W.E. Wentworth, E.D. D’Sa, H. Cai and S.
Stearns, Environmental applications of the
pulsed-discharge electron capture detector, J.
Chromatogr. Sci. 30 (1992) 478-485.DOl:
10.1093/chromsci/30.12.478.

[20] E. Bunert, AT. Kirk, J. Oermann and S.
Zimmermann, Electron capture detector based
on a non-radioactive electron source:
operating parameters  Vs. analytical
performance, J. Sens. Sens. Syst. 6 (2017)
381-387. DOL: 10.5194/jsss-6-381-2017.

[21] A. Sandoval-Gonzalez, N.A. Lopez-Garcia,
E. Figueroa-Hernandez and J. Cérdenas-
Mijangos, Advances in analytical methods for
the monitoring of chemical pollutants in
industrial effluent water. In M.P. Shah (ed.),
Microbial ~Remediation of Hazardous
Chemicals from Water & Wastewater
Treatment Plant, Springer, Cham (2024) 20—
49 https://doi.org/10.1007/978-3-031-62898-
6 17.

[22] D. Svetlizky, H. Kazimierczak, B. Ovadia, A.
Sharoni and N. Eliaz, Electrochemical
processing and thermal properties of
functional  core/multi-shell ~ ZnAI/Ni/NiP
microparticles, Materials 14 (2021) 834. DOI:
10.3390/ma14040834.

[23]AJ. Bard, L.R. Faulkner and H.S. White,
Electrochemical Methods: Fundamentals and
Applications, 3 rd Edition, Wiley, Transition
Metal Chemistry 48(6) (2023).DOI:10.1007/s
11243-023-00555-6.

[24] D.K. Singh, M. Pradhan and A. Materny,
Modern Techniques of Spectroscopy: Basics,
Instrumentation, and Applications, Springer,
Singapore (2021) 30-110. DOI: 10.1007 /978-
981-33-6084-6.

[25] M. Passos and M.L. Saraiva, Detection in
UV-visible spectrophotometry: detectors,
detection systems, and detection strategies,
Measure. 135 (2019) 896-904. DOI:
10.1016/j.measurement.2018.11.066.

[26] J. Matyasi, G. Nyerges and J. Balla,
Increasing flame ionization detector response
by silylation: the effective carbon number of
carboxylic acids, Period. Polytech. Chem.
Eng. 67(4) (2023) 565-572. https://doi.org/
10.3311/PPch.22827.

[27] K. Wang, S. Kang, F. Li, X. Wang, Y. Xiao,
J. Wang and H. Xu, Relationship between fruit
density and physicochemical properties and
bioactive composition of mulberry at harvest,
J. Food Compos. Anal. 106 (2022) 104322.
DOI: 10.1016/j.jfca.2022.104322.

[28] G. Ntsomboh-Ntsefong, G.F. Ngando-
Ebongue, J.E. Maho-Yalen, E. Youmbi, J.M.
Bell, H. Ngalle-Bille, K. Tabi-Mbi, B.C.
Likeng-Li-Ngue and A. Nsimi-Mva, GC-FID
method  development and  validation
parameters for analysis of palm oil fatty acids
composition, J. Res. Plant Sci. 2(3) (2014) 53—
66.DOI: 10.12691/plant-2-3-2.

[29] S. Rasheed, I. Hashmi, Q. Zhou, et al., Central
composite rotatable design for optimization of
THM extraction and detection through gas
chromatography: a case study, Int. J. Environ.
Sci. Technol. 20 (2023) 1185-1198. DOI:
10.1007/s13762-022-04522-2.

[30] J.P. Swinley and P. De Coning, A Practical
Guide to Gas Analysis by Gas
Chromatography. Elsevier (2023) 80-98.
https://search.library.uq.edu.au/permalink/61
UQ_INST/I14uft/alma991014094127703131.

[31] Y. Zhu, T. Ariga, K. Nakano and Y.
Shikamori, Trends and advances in
inductively coupled plasma tandem quadruple
mass spectrometry (ICP-QMS/QMS) with
reaction cell, At. Spectrosc. 42 (2021) 299—
309. DOI: 10.46770/AS. 2021.42.299.

[32] G.A. Reineccius and M.C. Qian, Gas
chromatography. In B.P. Ismail and S.S.
Nielsen (eds), Nielsen’s Food Analysis.
Springer,  Cham  (2024).https://doi.org/
10.1007/978-3-031-50643-7_14.

[33] A. Bidari, M.R. Ganjali, P. Norouzi, M.R.
Milani Hosseini and Y. Assadi, Sample
preparation method for the analysis of some
organophosphorus  pesticides residues in
tomato by ultrasound-assisted  solvent
extraction followed by dispersive liquid—
liquid microextraction, Food Chem. 126

DOI: 10.30473/1JAC.2025.76092.1327



https://10.0.119.9/IJAC.2025.76239.1328
https://10.0.119.9/IJAC.2025.76239.1328
https://doi.org/10.1021%20/ac%2060308%20a014
https://doi.org/10.1021%20/ac%2060308%20a014
https://www.researchgate.net/journal/Transition-Metal-Chemistry-1572-901X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Transition-Metal-Chemistry-1572-901X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1007/s11243-023-00555-6
https://doi.org/10.1007/s11243-023-00555-6
https://doi.org/10.1007/978-981-33-6084-6
https://doi.org/10.1007/978-981-33-6084-6
https://doi.org/

Iranian Journal of Analytical Chemistry 12 (2025) 109-122 | 121

(2011)  1840-1844. DOI:  10.1016/j. development and validationparameters for
foodchem.2010.11.142. analysis of palm oil (Elaeis guineensis Jacqg.)

[34] A. Cristian, C.R. Ferretti, M. Apesteguia and fatty acids composition, Research in Plant
J.1. di Cosimo, Development and validation of Sciences  2(3) (2014): 53-66.  doi:
a gas chromatography method for the 10.12691/plant-2-3-2. DOIL: 10.12691/plant-2-
simultaneous determination of 3-2.

multicomponents  during  monoglyceride
synthesis by glycerolysis of methyl oleate, J.
Argent. Chem. Soc. 98 (2011) 16-28. https://
www.aqa.org.ar/images/anales/pdf98/98art3.
pdf.

[35] N.N. Godswill, N.E.Georges Frank,
M.Y Josian Edson, Y.E., B. J. Martin, N.B.
Hermine, T.M. Kingsley, L.L.N. Benoit
Constant, and N.M. Armand,GC-FIDmethod

COPYRIGHTS
© 2022 by the authors. Lisensee PNU, Tehran, Iran. This article is an open
B access article distributed under the terms and conditions of the Creative

Commons Attribution 4.0 International (CC BY4.0)
(http:/creativecommons.org/licenses/by/4.0)

DOI: 10.30473/1JAC.2025.76092.1327



https://10.0.119.9/IJAC.2025.76239.1328
https://10.0.119.9/IJAC.2025.76239.1328

K.Shayesteh, et al / A analysis technique of trihalomethanes by GC-FID device ... | 122

GC-FID ol b by liaglla g 5 50T gy SWiSS Sy

Y ols .Y ¥ s ) AN & o
d)ﬂaoa)h)c stwluy‘ G@‘;Mf* Ml.wu,%f
Ol edwd)l e o)l Bazee olSuisly ¢ pwiige 0aSUD ¢ coud wligo 05,5 . )
Ol Gl s OB g O 8 15 ¢ Bad g (plows dlge (clamolKiislojl . ¥

* E-mail: k.shayesteh@uma.ac.ir

VEF oloy31 10 2 g oy oo, U VEeF ooy WV 1L 3 &6

LRV
Wy ety (Faeldl ST G518 a8 liglbye (e @Y game ninte S (BTHM) boplioglais 5 dagjsily bl sl of (558 4218 5
el (535 (855195 L (GC-ECD) gyl G 5Lyl 44 oo 5315 (31,5 5log S ol8its Jl oalistol S 5 (ol (55031 Jglazo g,
5 2ol ol ECD o)l w3 gy JSae 2 52 p)595See oliie )3 lagyliogllacs 5 50UT (sl baolSios oyl .ol (GCIMS) oy
Osslisn SLoylSl b (58 (S 5leg)S olSius 53 1, (HEAASPACE) Luplin S5l Lalss i gy < dlio () s 4d oty o
Ol g o pomsy (S B (ygmsl 1S 13905 S (59 i 2 p595Sm oliie )3 (655031 31 g (CHBI3) 350, 5 (CHCLBI) liog S5 (6390
S 1y basye mlio ple 5 cowdyrn g b o) bao M5B 5 O (clmolRitylojl )3 o3kl bl sl o (b 2Bl @ )jgoa & 34,

Jsbie 5 Wylagas sl oslizal b g o (sbljo olyam 42 0ad 2L (g, Sl clie ol )3 29500 sladie o] (Shs cnimte (MO/L s 1) oy VL e
ol o5 )

o 5y S
(GC-ECD) (39Ul ol )T ¢ ol iS5 el @295 aSuib ol gy gy s 50310l

DOI: 10.30473/1JAC.2025.76092.1327



https://10.0.119.9/IJAC.2025.76239.1328
https://10.0.119.9/IJAC.2025.76239.1328

