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Abstract
Background: The use of chlorine to disinfect water, produces various disinfection byproducts such as
trihalomethanes (THMs). These compounds are formed when free available chlorine reacts with natural organic
matter in raw water during water disinfection. Epidemiologic studies have shown an association between longterm exposure to THMs and an increased risk of cancer, all of them are suspected of having carcinogenic effects.
Aim: The aim of this study was to determine the presence of THMs in the drinking tap water of Mostaganem
Province (Algeria) in order to assess the seasonal variation in trihalomethane levels in tap water and to identify
the season of high risk to the consumer.
Methods: This analytical study was conducted in Mostaganem Province, Algeria in March, July, September and
December 2015. Primarily, we proceeded to collect 30 samples from different areas of Mostaganem Province
which were marked with a higher level of residual chlorine for the year 2015; secondly, we utilised the HS-SPME
method for determination of trihalomethanes in drinking tap water over a period of four months. For comparison
of trihalomethanes values, we used ANOVA.
Results: The results obtained show variability in total THM concentrations from one district to another, with a
maximum of 198 μg/l recorded in the Achaacha district during July, but the lowest value 07.84 μ g/l is noted at
Salamandre city during the same period, noting that these values decrease progressively during the winter period.
Conclusion: Our drinking tap water samples include a large quantity of THMs with different concentrations,
where the dibromochloromethane and the bromoform constitute the major portion of THMs.
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1. Introduction
Chlorine is applied to drinking water in order to deactivate microorganisms and/or to ensure the residual
concentrations in drinking water distribution systems, thus protecting water from microorganisms’ regrowth (1). As
a result of disinfection of natural water, trihalomethanes (THMs) are a commonly monitored class of drinking water
disinfection by-products (DBPs). Trihalomethanes are formed when free available chlorine reacts with natural
organic matter in raw water when the water is being treated with disinfection (2, 3). They are all considered to be
possible carcinogens (4). Due to concerns regarding their possible health effects, the maximum contaminant levels
(MCL) for total THMs in drinking water has been set by the United States Environmental Protection Agency
(USEPA) at 100µg/L (1). Several standard methods that can be used to measure THM concentrations in drinking
water have been provided by USEPA. Numerous methods can be found in the literature for measuring THMs
concentrations in drinking water. Solid-phase microextraction (SPME) which was invented by Pawliszyn and coworkers (5) is a recent and very successful new approach to sample preparation. This technique has been
successfully applied to the analysis of THMs (6, 7) and volatile organic compounds in water samples (8).
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2. Material and Methods
Three company samples were taken at different areas of Mostaganem Province which had high concentration
markings of residual chlorine during the year 2015, sampling was done over several months, the first sampling was
in March, the second was in July, the third levy was in September and the last one was in December. All the samples
were collected in 22-ml amber glass vials and were capped with PTFE-faced silica septa. Before sampling, a sodium
sulphite (50 µl of a 1.5 g/l Na2SO3 solution) was added to bottles to eliminate any remaining residual chlorine and
to stop further chlorination by-products (CBP) formation. The vials were completely filled to avoid evaporation of
volatile compounds. The samples were transported to the laboratory, transferred to a refrigerator (set at 4 °C) and
analysed within 2 days of collection (9-11). The samples were collected in 22-ml amber glass vials which were
capped with PTFE-faced silica septa. To eliminate any remaining residual chlorine and to stop further chlorination
by-products (CBP) formation, sodium sulphite (50 µl of a 1.5 g/l Na2SO3 solution) was added to bottles before
sampling. In order to avoid evaporation of volatile compounds, the vials were completely filled. The samples were
then transported to the laboratory and placed into a refrigerator (set at 4 °C), and were analysed within 2 days of
collection (9-11). In this research, we have used a rapid and sensitive method for extraction and determination of
trihalomethanes in drinking water by headspace solid-phase microextraction (HS-SPME) combined with a capillary
gas chromatography-electron capture. Headspace solid-phase microextraction (HS-SPME) was performed using a
Supelco No. 5-7300 manual solid-phase microextraction fiber assembly fitted with a 100 µm poly
(dimethylsiloxane) fiber. The fiber was conditioned at 250 °C for 1 hour prior to use, and blank desorption were
performed. For SPME analysis, an aliquot of 2 ml of contaminated water was added in a 4-ml vial (Supelco). After
placing a 0.8-cm long stir bar in each vial and 25 w/v% sodium chloride salt, it was sealed with a headspace cap
with a PTFE-faced. The sampling times from 5 to 50 minutes were selected with constant stirring (750 rpm) to
speed up phase equilibrium. Once sampling was complete, the fiber was immediately retracted back into the needle
and transferred without delay to the injection port of the gas chromatograph injector for desorption. A desorption
time of 4 min at 250 °C was enough for a quantitative desorption of all the analytes studied (9-11).
3. Results and Discussion
The identification of the four analytes was deduced from their retention times and quantification was performed
using the peak area measurement as well comparison with responses of a mixed trihalomethanes standard based on
multi-level calibration from 5 to 100 µg/L; a typical chromatogram of the four standard THMs (50 ppm) is displayed
in Figure 1. Figure 2 shows the chromatogram obtained by solid phase micro extraction (SPME) for the analysis of
one sample water named (plateau area) at Mostaganem Province. This chromatogram, indicate clearly peak
saturation for the dibromochloromethane and bromoform, this phenomenon confirmed the richness of our drinking
water samples by bromide ions in the source. All samples analysed contained considerable and variable amounts of
trihalomethanes during the four months (March, July, September and December). The maximum value was
registered in July at 198 μg/l at Achaacha district, located at 10.000 meters, this value exceeds the norm which is
limited at (100 μg/l) (12-14). However, the lowest value was marked in December with only 6.94 μg/l in the region
of Salamandre, situated at 10 meters at the coastal location. This variability is due to several factors involved in the
formation of THMs such as water temperature, pH, organic matter rate, residual chlorine, turbidity, contact time and
other parameters of the quality of the drinking water; which have an essential role in the formation of these
compounds (15-18). The results of analyses of total trihalomethanes in drinking tap water at Mostaganem Province
are shown in Figure 3. According to the experimental results which have been presented in Table 1, the
concentration of THMs on the sample points vary from one month to another. In all samples and during the four
months of analysis of trihalomethanes in drinking water, Achaacha district had the greatest value respectively (198
µg/L, 179.56 µg/L, 134.4 µg/L and 126.65 µg/L), as a consequence of higher values of water temperature and
residual chlorine. Also, this region is known for its high rate of waterborne diseases, which can lead municipal
authorities to increase the chlorination rate above the permitted standard. This increase in the level of chlorine can
lead to the formation of chlorinated by-products such as trihalomethanes in the presence of organic matter, these
higher values on the mentioned sample points can also be the organic pollution which can penetrate into the drinking
water as a result of the outdated water supply system in this region, however, the lowest values were respectively
recorded in Pépinière city with 6.47 µg/L in December and Salamandre city with 6.94 µg/L in March. Depending on
trihalomethanes concentration evolution during all months for the year 2015, primarily, July shows the highest
concentration of total THMs in all sample points except in Beymouth city which scored a rate of 21.95 µg/L and
remains lower compared to other sampling sites; and secondly, the month of September which marked interesting
rates for all sample points; On the other hand, it was observed that in the month of March, the rate of total
trihalomethane is slightly higher than in December, with 134.4 µg/L and 126.65 µg/L respectively. Our results are in
accordance with those found in the United States, Europe and Egypt (17-20) indicating that the water temperature
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decreases in winter, which is a disadvantage in the production of the disinfection by-products while the
concentration of THMs increases in summer and autumn sees the temperature rise depending on the season and the
emissive use of chlorination to ensure safe water (21, 22). These results have proved the dominance of brominated
species in all the samples analyzed, whereas chlorinated species like chloroform (CHCl3) and
bromodichloromethane (CHBrCl2) were not detected on some of the sample points (0.00 µg/L) or have marked low
levels in others, which is illustrated in Table 1, for example the Achaacha sample had the highest total
trihalomethanes (198 μg/l) in July. The concentration of bromoform (CHBR3) was 98.69 μg/l, followed by
chlorodibromomethane (CHClBr2) with 62.34 μg /l; when, bromodichloromethane (CHBrCl2) and chloroform
(CHCl3) were 31.31 and 5.76 μg/l respectively. The dominance of bromine species than chlorinated species can be
explained by water vapors mixed with precipitation, as well as industrial and petroleum brine discharges which can
contaminate water sources with bromides (22-24). Sketchel et al. showed the dominance of bromoform (CHBR3)
and chlorodibromomethane (CHClBr2) in the Mediterranean regions (22, 25-27). Similar results are also observed
in the region of Bizerte (Tunisia) (10), in addition, the presence of bromide ions further favors the formation of
bromine THM products (24, 26). The presence of bromide causes the formation of THMs brominated (28); while the
concentrations of chloroform decrease proportionally (27, 28). Given the coastal location of our study site, this
translates into the dominance of bromides, which are mostly found in salt water. Sea water vapours and saltwater
mixed precipitation may increase the concentration of bromides in the soil, surface water and groundwater in coastal
areas (29). So, our samples of tap water ions are rich in bromides, the presence of brominated by-products depends
on the presence of bromides in the source (24, 26).

Figure 1. Chromatogram obtained for a 50 ppb THM standard. GC±MS was performed following headspace
sampling by SPME. Analytes in order of elution were: 1) ChCl3, 2) ChCl2Br, 3) ChClBr2, 4) ChBr3.

Figure 2. Chromatogram of Plateau area tap water sample by (HS-SPME)-CG-ECD; Peaks: 1) ChCl3, 2) ChCl2Br,
3) ChClBr2, 4) ChBr3.
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Figure 3. Concentration of total trihalomethanes in the tap water at Mostaganem Province during four months of
analysis.
Table 1. The variation in trihalomethane levels in tap water at Mostaganem Province during four months (March,
July, September and December) for the year 2015.
Sampling
points
(location)
Pépiniére
Elderb
Belvédére
Salamandre
Beymouth
S/Lakhdar
Achaacha

Trihalomethanes rate in μg/l
March
July
00
7.5
0.32
0.2
00
1
5.6

1.01
14.25
4.88
0.44
1.7
3.13
20.7

2.01
17.13
18.02
1.1
3.24
15.66
48

13.23
52.23
48.66
5.2
33.04
45
60.8

1.79
16.69
3.65
3.12
0.48
2.09
5.76

September
3.02
17.52
8.56
6.22
2.38
7.08
31.21

5.32
30.33
20.2
7
7.82
24.34
62.34

23.15
77.82
88.14
11.67
11.27
56.74
98.69

0.75
14.09
0.32
0.24
2.5
1.02
8.39

1.01
15.52
5.23
0.62
5.75
5.44
28.11

December
3.48
29.3
17.2
1.1
8.05
20.19
52.34

17.75
70.76
84.19
8.3
30.04
51.76
90.72

00
9.08
1
00
00
0.89
5.43

1
10. 06
2.4
00
2.02
2.39
14.48

2.03
17.3
11.02
0.75
3.25
16.48
41.51

3.44
46. 04
55.01
7.09
31.4
48.23
65.7

5. Conclusions
The presence of THMs in the drinking water has caused great concern since these components can cause cancer in
humans. The monitoring of the THMs formation is crucial in order to make sure that the drinking water remains at
the acceptable safety levels. The analysis of samples collected from various sources, shows a variability of our tap
water by total THMs during four months (March, July, September and December). Despite the results it appears
that the concentration of trihalomethanes decreases in winter, increasing in spring and fall season and usually
reaching a maximum in summer. All the samples analyzed show clearly the dominance of brominated species
(dibromochloromethane and bromoform) than chlorinated species in all seasons, this indicates the richness of our
source in bromides. We recommend that the relevant authorities take appropriate actions to prevent and keep the
THM concentrations within limits, especially in the hot months when their values are much higher, as long term
consumption can cause health problems.
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