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Abstract

The process of water chlorination to the water contains a considerable amount of TOC
can lead to the figuration of some z-products that are highly harmful to human health.
Among all the chlorination m-products, trihalomethanes (THMs) is exhibit highly
carcinogenic activity. This study tries to identify the main factors that play a critical
role in the THM formation and control its mechanisms at different stages. (WHO)
usually measure free residual chlorine values at levels less than the recommended
values. The concentrations of THMs formed in the water network vary depending on
the concentration of TOC in the discharged spring water, and the chlorine dose plays an
important role in this process by increasing the contact time. The THM levels in the tap
water of Jericho and Agbat Jabber camp are at levels below the USEPA limit of
80ug/L, as well as the WHO limit of 100 ug/L. CHBr; was found to be the major
contributor to the total THMs. CHCI; found to be the dominant sort detected after the
chlorination of each sample in the experiment. The THM detected at high-temperature
incubation were higher than the low-temperature ones for all of the samples.
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1. Introduction

Groundwater quality could be influenced by many factors, including climate, topography, aquifer lithology, the zone
of recharge, and human activities (Abu-Khalaf N. et al., 2013). TOC is considered an indicator of natural organic
matter (NOM) in groundwater such as humic acid, fulvic acid. The process of water chlorination to the water contains
a considerable amount of TOC can lead to the formation of many by-products that are potentially harmful to human
health (Reckhow D.A. et al., 1990). Among all the chlorination by-products, trihalomethanes (THMs) is exhibit
carcinogenic activity. Classical trihalomethanes consist of CHCI3, CHCI,Br, CHBr,Cl and CHBTrs. They are produced
via reactions of HOCI with (NOM) natural organic matter in the absence or presence, of Br" (Gallard H. and von
Gunten U., 2002). In the past 3 decades, many studies have been performed on the health effects of Disinfection By-
Products (DBPs) in drinking water supplies (Morris R.D. et al., 1992). Although THMs are, suspected probable
carcinogenic and their concentration in water should be monitored. Surrogate parameters such as TOC, UV (A) 254
nm, and THMFP are used to predict or monitor them. In 1999 TOC was selected by (US.EPA) as a surrogate
measurement to control (DBPs) in drinking water, to protect consumers from the potentially carcinogenic by-product
of disinfection processes of drinking water. To minimize the formation of such harmful (DBPs), the parameters
affecting their formation should be understood. THM formation is a function of many water quality parameters,
including TOC, pH of chlorination, temperature, and contact time, as well as Bromide and chlorine dose. In the
Jericho area, spring water is the major source of drinking and agricultural use. Ein-Sultan Spring is the main source of
drinking water in Jericho. High concentrations of TOC were measured in the water from Sultan and Dyouk springs
(Khayat S. et al., 2008; Marei A. et al., 2013). No further studies, in this study area, were performed to study the effect
of chlorination on the formation potential of THM and related factors that play a role in the process of its formation in
the distribution system. Chlorine doses, and concentration of free chlorine residues, nature of NOM (mainly humic
substances), contact time, pH, the temperature of the water and the presence of inorganic ion like bromide (Amy G.L.
et al.,1987; Golfinopoulos S.K., 2000). The previously mentioned studies show that: the presence of bromide ion shifts
the speciation of DBPs to more brominated analogs. Moreover, chlorination, which is a widely used disinfection
process, in 1972, was first reported by Rook to cause the formation of (THMs) (Rook J., 1972). In this study, the
potential of THMs formation (THMFP) in the water networks drained from Jericho springs and related factors are
evaluated in term of availability, mechanism, and stage of interaction. These factors include:

Natural Organic Matter and UV Absorbance at 254nm: The general equation for the formation of DBPs is

HOCI + Br- + NOM—DBPs

Where NOM is the primary precursors of DBPs, NOM is composed of hydrophilic and hydrophobic organic materials
found by the decay of vegetation in the watershed surrounding the water source (Singer P.C., 1994).

Bromide Concentration: is the second factor, where the presence of bromide ion during water treatment disinfection
can lead to the formation of DBPs, such as brominated organics and bromate ion. Brominated compounds may occur
in the drinking water source, as a result of pollution and saltwater intrusion that has been reported as common
phenomena in previous studies (Khayat S. et al., 2010), in addition to bromide from a natural source. The impact of
bromide on the speciation of DBPs within a class of compound such as THMs and HAAs has been also discussed by
many previous studies (Amy G.L. et al., 1987; Rook J.J. et al., 1978) .

Temperature: is the third factor, so the formations of THM and HAAs have been shown to increase with temperature

(Amy G.L. etal., 1987). On a conceptual basis, it may be that rapidly forming compounds are more reactive and form
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DBPs, regardless of temperature. (Golfinopoulos S.K., 2000) reported that DBPs concentrations are higher in summer
than in winter. In winter months and in some cases where ice covers surface raw waters, the THM concentration is
lower due to lower water temperature and lower NOM.

Effect of Chlorine Dose: is a fourth factor, where studies have shown that, as the disinfectant concentration increases,
DBPs formation also increases (Singer P.C. et al., 1995).

Effect of pH: is a five-factor when the pH of the water greatly influences both the rate and equilibrium set point of
THM formation. The higher the water pH is, the greater the THM formation (Krasner S.W. et al., 1989; Singer P.C.,
1994; Urano K. et al.,1983) .

Effect of Reaction Time: is a six-factor, where the residence time affects DBPs. Studies have shown that as residence
time increases, the concentration of TTHMs increases, and the concentration of HAAs decreases (Chen W. & Weisel
C., 1998; LeBel G.L. et al.,1997) .

2. Study Area

Jericho city locates in the Jordan Rift Valley, which is situated 250 m below sea level and is the lowest living town on
the earth. Located on the eastern boundary of the West Bank, Recharge area of the spring groups located in the
western mountains of Jerusalem -Ramallah (HWE, 2007) (Figure 1). The area within the municipality borders extends
over 45 km” with an estimated population of 43.620 (PCBS, 2006). While it has a semiarid climate, Jericho is
considered an oasis since it is watered by many springs. This characteristic makes it an important agricultural area,
especially for fruits and vegetables (Isaac J. et al., 1995) . The climate of Jericho district is classified as arid, with hot
summer and warm winters. The average maximum temperature during January (the coldest month) and August (the
hottest month) are around 19° Cand 38° C respectively. According to Jericho weather station, the mean annual rainfall
of Jericho city is 259 mm; it has little rain and a short rainy season ranging between 20-25 rainy days per year
(Ministry of Transportation, 2018). Domestic water resources in Jericho city is mainly water from Jericho spring
group (Sultan and Duk), with a monthly average discharge of 2MCM/Yr. Agbat Jaber Refugee Camp, that locates to
the southwest of the city use water from Wadi Quilt Spring group (Fara, Fawae, Quilt Springs). The average monthly
discharge for Wadi Quilt group is about 146,775 m*® (PWA, 2010). Both spring groups drain water from the Upper
aquifer system of the Mountain aquifer, that compost of Upper Cretaceous carbonate rock. The main recharge area for
this aquifer locates in the mountain area (Ramallah-Jerusalem mountain ridges) as well as through flooding water, and
wastewater that infiltrates in the upper part of the catchment area (Khayat S. et al., 2008; Marie A. and Vengosh A.,
2001). The groundwater flow in the Eastern Basin of the Mountain Aquifer is generally to the east and southeast, in
the direction of the Jordan River and the Dead Sea (Rofe and Raffety, 1963). Domestic uses consume about 30% of
the spring water in Jericho group, and 10 % of Wadi Quilt group (Jericho Municipality, 2010). The main water source
is the spring Ein-Sultan, with an average discharge of 700 m3/h. Over 95% of the population is connected to the water
supply network (Sturm C. et al., 1996). Part of the network was constructed in 1963 (steel pipes), the other in 1972
(asbestos-cement pipes). Total losses of both networks, due to leakage, are 60% of the abstracted water (Sturm C. et
al., 1996). The length of the distribution network in Jericho is about 45 km. Chlorination is the only technique used for
the disinfection of drinking water. Liquid chlorine-sodium hypochlorite with concentration about 12% is the form by
which chlorine is added to the system continues at the spring niche. Raw spring water pumped in the network and the

total chlorine residual range between 0.3 and 0.5 mg/L (Isaac J. et al., 1995; Marei A. et al., 2010; Sturm C. et al.,
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1996). The last study done by (Hdaidoun L., 2011) shows that the concentration of DOC fluctuated depending on
recharge conditions in the upper mountains area, where the concentration reaches up to 18.4 mg/L in Ein Sultan and
5.2 mg/L in the channel before sand filter and still have the same value arround5.mg/L even after the filter treatment
(Hdaidoun L., 2011; Marei A. et al., 2013). In all cases, the study shows that all of these maximum values appear
shortly after a thunderstorm event that flushes out all aquifer pollutants including organics as a big shock. However,
the potential of DOC reaction with added chloride and the factors that influenced this potential may exceed the amount
of DOC in the water resources. Therefore, this study tries to identify the main factors that play a role in the formation
of the THM and control its mechanisms at different stages.
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Figure 1: Location map of the studied area.

3. Methodology:

Trihalomethanes formation potential test is conducted to determine the maximum potential of the sample to form
trihalomethanes under several conditions. For this purpose, untreated water samples were collected from Ein Sultan
spring and Al Quilt canal during October 2018. To perform the THMFP test, some seasonal variable conditions; such
as the pH, and water temperature were fixed and one of them was studied at different variable values. The test was
started by estimating the chlorine demand of each sample, then the samples were chlorinated with an excess of free
chlorine of sodium hypochlorite stock solution (NaOCI). The chlorine demand after 24h incubation, for Ein Sultan and
Al Quilt before and after sand filtration, were (13 mg/L), (16 mg/L) and (17 mg/L), respectively. Accordingly, the
volumes of chlorine dose, which added for each sample were (130 ml for Sultan water), (160 ml for Al Quilt before
sand filtration) and (170 ml for Al Quilt after sand filtration). To study the effect of temperature in THMSP, the
chlorinated samples were put in an incubator under different temperatures (250C, 380C, and 190C) to simulate the
same conditions in the water networks, and the consequent sampling at the incremental time was carried out for each
temperature. At the end of a seven-day reaction period, the free chlorine residual concentrations were found between
(4 and 5 mg/L) for the examined samples at all temperatures.

4. Results and Discussion
The results for the THMFP in Ein Sultan and also Al Quilt canal (before and after sand filtration), are shown in (Table
1, 2 and 3), respectively. In most cases, the total Trihalomethanes are exceeded the WHO guideline (100ug/L), and the
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maximum contamination level of USEPA (80ug/L) at different periods, for incubation temperature for each sample.
For example, for Ein Sultan the TTHMs exceeded the limit of 100 pg/L concentration after (72h at 19°C) and after
(24h at 25°C and38°C) of incubation.. Al Quilt canal water (before and after sand filtration), all water samples were
exceeded the guideline value after (6h at 19°C and 25°C), and after (2h at 38°C) of incubation, taking into account that
previous study for (Hdaidoun L., 2011) shows relatively an enrichment of DOC concentration after sand filter with a
value of 3.3 mg/L in April. It was expected that the reaction rates are mainly depending on several factors; these are
the type and concentration of organic precursors, pH, chlorine dose, temperature, and bromide concentration. The rates
of THMs formation are plotted for the three sampling points (Ein Sultan, Quilt canal before and after) over seven days
at different temperature degrees. The results for each sample are shown in (Figures 2 - 5). The THMs were formed
rapidly under the chlorine saturated condition. The THMFP formed at a high rate after two days and then the rate of
their formation increased then it became constant as time proceeding when organic material is consumed.

Table 1: THMFP in Ein Sultan spring samples at different temperature degree of incubations.

Incubation Temperature 19°C Incubation Temperature 25°C Incubation Temperature 38°C
Time (hr) CHCI; CHCI,Br CHCIBr, CHBrz; TTHMs|CHCl; CHCL,Br CHCIBr, CHBr; TTHMs | CHCl; CHCLBr CHCIBr, CHBr; TTHMs

0 4.1 1.1 <MRL <MRL 5.2 125 2.2 <MRL <MRL 14.7 20.1 35 <MRL <MRL 236
20.1 2.1 <MRL <MRL 222 25.9 39 <MRL <MRL 298 40.8 2 <MRL <MRL 428

30.2 2.3 <MRL <MRL 325 36.1 4 <MRL <MRL 40.1 434 11 <MRL <MRL 445

24 54.7 17 <MRL <MRL 564 85.9 4.06 <MRL <MRL 89.9 96 12 <MRL <MRL 972

48 66.1 2.2 <MRL <MRL 683 99.9 451 <MRL 7.79 112.2 102 21 <MRL <MRL 104

72 95.9 2.8 <MRL <MRL 987 212 3.62 <MRL <MRL 2156 223 31 <MRL <MRL 226
168 109 51 <MRL <MRL 1141 | 1218 7.79 <MRL 5.7 136.3 126 31 <MRL 5.7 134.8

MRL: minimal reporting limit.

Table 2: THMFP in Al Quilt canal samples before sand filtration at different temperature degree of incubations.
Incubation Temperature 19°C Incubation Temperature 25°C Incubation Temperature 38°C

Time (hr) CHCl; CHCLBr CHCIBr, CHBrz TTHMs|CHCl; CHCIBr CHCIBr, CHBrg TTHMs | CHCl; CHCLBr CHCIBr, CHBr; TTHMs

0 20.1 1.9 <MRL <MRL 22 106 3.2 <MRL <MRL 436 41.2 8.7 <MRL <MRL 499
44.2 29 <MRL <MRL 471 106 4.7 <MRL <MRL 776 107 11.2 <MRL <MRL 1182
106.5 5.7 <MRL <MRL 1122 | 106 6.2 <MRL <MRL 1122 | 2073 75 <MRL <MRL 2147
24 151.4 3.6 <MRL <MRL 1549 | 106 6.9 <MRL <MRL 1529 250 6.5 <MRL <MRL 256.6
48 138.7 45 <MRL <MRL 1432 | 106 3.9 <MRL <MRL 2459 | 2783 5.2 <MRL <MRL 2835
72 285.3 29 <MRL 6.6 2919 | 106 45 <MRL 4.9 318.4 439 6.7 <MRL <MRL 4457

168 321.9 6.3 <MRL <MRL 3282 | 106 5.2 <MRL <MRL 3392 | 4348 6.3 <MRL 115 446.3

MRL: minimal reporting limit.

Table 3: THMFP in Al Quilt canal samples after sand filtration at different temperature degree of incubations.

Incubation Temperature 19°C Incubation Temperature 25°C Incubation Temperature 38°C
Time (hr) CHCI;  CHCILBr CHCIBr, CHBrz TTHMs|CHCIl; CHCLBr CHCIBr, CHBrz TTHMs | CHCl; CHCL,Br CHCIBr, CHBrz; TTHMs

304 5.7 <MRL <MRL 361 | 129 21 <MRL <MRL 15 40.3 21 <MRL <MRL 424

71.2 4 <MRL <MRL 75.2 | 771 24 <MRL <MRL 795 127 12 <MRL <MRL 1282

6 101 34 <MRL <MRL 1044 103 33 <MRL <MRL 106.3 181 11 <MRL <MRL 1821

24 112 7.1 <MRL <MRL 1191 | 276 6 <MRL <MRL 282 219 25 <MRL <MRL 2215

48 141 27 <MRL <MRL 1437 283 28 <MRL <MRL 2858 296 4.2 <MRL <MRL 3002

72 271 7.3 <MRL <MRL 2783 292 29 <MRL <MRL 2949 336 53 <MRL <MRL 3413
168 322 49 <MRL <MRL 3269 | 398 49 <MRL <MRL 4029 439 6.3 <MRL <MRL 4453

MRL: minimal reporting limit.
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In this study, the results reveal an increase in chloroform (CHCIs) over time comparing to other THM species in all
samples (Figures 6 - 14). The dominant species of brominated THM was bromodichloromethane (CHCI,Br) while
dibromochloromethane (CHCIBr,) was not detected in all samples at any temperature or any period. The Bromoform
(CHBr3) which was the dominant species formed in the distribution system, was also present only at two temperature
degrees of 25°C, 38°C, (24h at 25° C and 72h at 38°C) in Ein Sultan and after (48h at 25°C and after 48h at 38°C) in Al
Quilt before sand filtration. (Symon et al., 1993), found that the ratio of bromide to average chlorine (Br’/Cl,) controls
the percentage of brominated THMs. This indicates that chlorine substitution predominates (more chlorinated THM
species) in case of high chlorine dosage. These same results were also shown in this study. This could be due to
competition kinetics of chlorine reaction with bromide, simply because the concentration of Cl;, is normally greater

than Br,.
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Figure 2: TTHMPFP in Ein Sultan at different temperature degrees and periods.

Figure 3: TTHMFP in Al Quilt canal before sand filtration at different temperature degrees and periods.

Figure 4: TTHMFP in Al Quilt canal after sand filtration at different temperature degrees and periods.
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The results of this study also show that THM formation increases with increasing temperature and contact time. THM
formation rate is more likely influenced by temperature more than any other species (Figures 2, 3, and 4). The THM
formation is increased also with increasing time and/or higher chlorine dose (Tables 1-3). In this context, reaction time
plays an important role that affecting their formation. Further, investigation of the influence of reaction time on THMs
formation is critical and not easy, to determine the exact final concentrations to which people could be exposed.

4000
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ug/L 20001
1000+
OTEin sut
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oTOC 2200 2900 3300
@ TTHMs 110.8 310 402.9

Figure 5: Organic carbon concentration effects on trihalomethane formation (TTHMs at 25 °C).
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Figure 6: THMFP rate in Ein Sultan spring at 19°C incubation.

The results were compared with the DOC concentrations from sampling points at the previous study of (Hdaidoun
L.,2011). It was noticed that the high organic matter content the higher chlorine demands, and consequently high
THM formation potential. The effect of the organic matter content of the sampled water on the potential formation of
trihalomethanes is shown in (Figure 5). The high formation potential of trihalomethanes measured in Al Quilt after
sand filtration is explained by the high organic material content accumulates within the sand filter (Table 3) since the
organic material is the precursor of the trihalomethane formation after the process of water chlorination. The results
reveal also that the THM reaction is slow, taking place over several hours and, in some cases, resulting in a significant
increase after 24 hours of contact time. (Figure 7 and 8) show the concentration of each THM compound (chloroform
and bromodichloromethane) and TTHMs, all of them increases with running time and temperature. However, the same
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figures show that they tend to accelerate the formation of THMs and CHCI; at a temperature more than 25°C, then the
rate of both product formations decrease due to the rapid consumption of either organic matter and/or free chlorine in
the samples. This THMFP test was conducted within a seven-day test which determines the THMFP in water sample
after a reaction time of seven days. This time is believed to allow the reaction to approach completion with a steady
temperature of 19°C. This period was different from the results of study who founded that formations of THMs were
completed within 24h reaction (Nikolaou A. et al., 2004) .
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Figure 7: THMFP rate in Ein Sultan spring at 25°C incubation.
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Figure 8: THMFP rate in Ein Sultan spring at 38°C incubation.
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Figure 9: THMFP rate in Al Quilt canal before sand filtration at 19°C incubation.
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Figure 10: THMFP rate in Al Quilt canal before sand filtration at 25°C incubation.
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Figure 11: THMFP rate in Al Quilt canal before sand filtration at 38°C incubation.
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Figure 12: THMFP rate in Al Quilt canal after sand filtration 19°C incubation.
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Figure 13: THMFP rate in Al Quilt canal after sand filtration 25°C incubation.
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Figure 14: THMFP rate in Al Quilt canal after sand filtration 38°C incubation.
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5. Conclusion

Water from springs and Qilt channel have shown a variable level of TOC and TN, along the hydrological year
2018/2019, when THM formed. High levels of TOC and TN in the spring water during the sampling period were
closely related to rainfall/runoff events. In addition, the TOC levels were highly variable and were found in response
to change from season to season as well as from sampling point to another. Water chlorination is the only treatment
measure that takes place before the distribution of water. Within this study, it was reported that the free residual
chlorine values are usually measured at levels less than the recommended values required for efficient drinking water
disinfection (WHO). The average concentrations for residual free chlorine during the sampling periods (summer and
winter), in Jericho were (0.09 and 0.19 mg/L) respectively, while that for Agbat jabber camp were (0.18 and 0.09
mg/L) respectively. Such low concentrations show that the chlorine dose added to the network through a process of
disinfection is not sufficiently effective for disinfection process. High-temperature conditions in Jericho area may
properly promote the accelerated depletion of residual chlorine, which mitigates THM formation. The concentrations
of THMs formed in the water network vary depending on the concentration of TOC in the discharged spring water,
and the chlorine dose plays an important role in this process with increasing the contact time. The study shows that the
THM levels in the tap water of Jericho and Agbat Jabber camp are at levels below the USEPA limit of 80ug/L, as well
as the WHO limit of 100 pg/L. In most samples analyzed, CHBr; was found to be the major contributor to the total
THMSs. As a summary, the experimental data of THMFP test performed on Ein Sultan spring and Al Quilt canal water
show that: The high TOC content leads to a high chlorine demand and, simultaneously, high THM formation potential
in Al Quilt canal water more than those values in Sultan spring water. A good observation system should be installed
all over the year to mitigate the effect of high TOC content that flushed out 2-3 times along the hydrological year.
Chloroform was the dominant species observed after the chlorination of each sample in the experiment. Therefore,
special attention must be drawn for observation of the Chloroform concentration in water network along the year.

As the temperature increased, more THMs are formed. The THM values measured at high-temperature incubation
were always higher than the ones measured at low-temperature incubation for all of the samples. This must be
controlled by careful observation for temperature and dose of chlorine in the summertime where the temperatures in
the Jericho area reach its maximum values.
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