
Introduction

Because of the rapid population growth as well as 
the increase of drought, getting the fresh water is a 
worldwide problem. Many coastal areas around the 
world are famous for by their large cities with high 

populations sometime excess 10 million [1]. Seas and 
oceans represented 96.5% of the earth’s water, thus, 
seawater desalination is a useful technology for solving 
water scarcity problems in coastal regions. For decades, 
many countries in Australia, United States (US) as 
well as the Middle East and the Mediterranean Basin 
depend on desalination operations to provided drinking 
water to their populations [2]. Arabian Gulf region has 
large number of water desalination plants which have  
11 million m3/day seawater desalination capacities [3]. 
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Abstract

The occurrences of Trihalomethanes (THMs) and heterotrophic bacteria were monitored in water 
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in distribution systems.
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we observed that, the increase the concentrations of the THMs in the water increased the percent  
of gamma- Proteobacteria classes. The highest THMs values were recorded at water samples collected 
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and Samta. We think that, there are many of yet-unknown bacterial strains “aerobic/anaerobic”  
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other mechanisms.
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Low costs of energy in the Middle East area as 
well as development of novel desalination technologies 
synchronized with highly increasing in freshwater 
demands in those regions encourage gulf countries  
to build up reverse osmosis desalination plants like  
El-Shocake plant [4].

In the recent years, chemicals have been used by 
diverse routes in our life, due to this continuous use 
through technology and industry around the world, 
many health risks appear and should be taken in 
consideration. Potable water for example, although it 
is safe or appears safe, may contain a wide variety of 
chemicals [5]. Tap water contains a lot of chemicals, 
not all of these chemicals are harmless, because 
some of them lead to the formation of disinfection  
by-products. Chemicals, such as disinfectants, in spite 
of treating and protecting water from pathogen, they 
also cause other carcinogenic toxic compounds.

Chlorine is the most common disinfectant used 
for pre-treatment and final disinfection to inactivate 
bacterial growth and reduce the biofouling formation 
in the intake structures as well as improve the 
performance of filters [6]. Chlorination process can be 
done using three forms which are chemically equivalent 
forms of chlorine “compressed gas, solid calcium 
hypochlorite or solutions of sodium hypochlorite” 
[7]. After water treatment two types of chlorine are  
present, free available chlorine and combined chlorine. 
The total chlorine is the sum of both free and  
combined chlorine. By no means, the disinfectant 
of free chlorine is more powerful than disinfecting 
by combined chlorine power [7]. [8] in his project 
mentioned that, major factors affecting the efficiency 
of chlorine disinfection power. Beside pH and 
temperature other factors have their effect like, 
chlorine concentration; the nature of the water under 
treatment as well as its exposure time to chlorine 
and type of microorganisms need to be killed and its 
concentration. Chlorine functioning as an antimicrobial 
agent and because it is non-selective oxidant, it 
reacts with both organic and inorganic substances in 
the water as well. The reactions with the inorganic 
substance may start with few seconds [8]. Ammonia, 
bromide, iron, manganese and sulphide are the most 
inorganic substances react with chlorine [9]. On the  
other hand, reactions with the organic substance 
may take long time depending on the type of organic 
particles. 

One of the most important consequences of the use 
of chlorine disinfectant is the production of disinfection 
by-products (DBPs) that affect public health and lead to 
an environmental risk. Disinfection by-products (DBPs) 
like THMs are the results of chlorine reactions with 
organic particles [10].

In drinking water supplies, scientists discovered 
more than 600 types of disinfection by products (DBPs) 
[6]. Trihalomethanes (THMs) represent the most 
important (DBPs) group because they are abundant, 
toxic and carcinogenic [11].

From historical point of view, Trihalomethanes 
(THMs) or Haloform compounds were discovered in 
1974 [10]. (THMs) are a group of four organic chemicals 
that are formed as disinfection by-products (DBPs) when 
chlorine is used to control microbial contaminants in 
drinking water reacts with naturally occurring organic 
matter in water. Balancing and regulations between 
the disinfection and disinfection by-product (DBPs) is 
a challenge for the drinking water plant [12]. The four 
THMs compounds are bromodichloromethane (BDCM), 
dibromochloromethane (DBCM), tribromomethane 
(bromoform) and trichloromethane (chloroform). 
All of these structures resulted from chlorination 
of water [13]. To avoid more formation of THMs, 
many water plants use combinations of chlorine and 
chloramines [14]. Formation of THMs compounds can 
occur within water treatment plants even during short 
periods of chlorination [15]. Therefore, attempts for 
minimizing the formation of DBPs like THMs, during 
drinking water treatment are potentially valuable. 
Water companies/plants cannot avoid the usage of 
chlorines as disinfectants because they are cheap, 
efficient at eliminating pathogens as well as providing 
residuals protecting water in distribution networks, 
thus removing them from the drinking water networks 
could increase the risk of getting waterborne diseases 
which constitutes a greater risk than getting cancer by 
chlorines (DBPs) [11].

In recent years, there have been attempts to find 
a way for biodegradation of all THM compounds. 
Seeking powerful microorganisms that can degrade 
THM directly or via a process called cometabolism 
of chlorinated solvents may be a promising research. 
Methanotrophic and nitrifying bacteria were used 
for biodegradation of THM(s) by cometabolism [16]. 
Nitrosomonas europaea (ATCC 19718) is an ammonia-
oxidizing bacterium showed biodegradation ability of 
the THMs in different concentrations (50 to 800 µg/L) 
[14]. The biodegradation of Halogenated Disinfection 
Byproducts like THMs in Water Distribution Systems  
is considered by many workers [17].  

Blending desalinated product waters with fresh 
waters drawn from treated surface water is a preferred 
operation prior to distribution in Jazan province. 
When reverse osmosis RO is mixed with treated 
surface water, more DBP/THM species will form in 
the distribution system because hydrophilic organic 
substances remaining after coagulation, flocculation 
and sedimentation process and can react with chlorine 
disinfectant even at low level of dissolved organic 
carbon (DOC) such as 1-2 mg C/L [18]. According to 
an international survey studies by [19], more than 60% 
of desalination plant operators blending desalinated 
water with treated surface water during post-treatment 
processes. In the past few decades, many publications 
have been conducted to understand the stabilization 
of desalinated water by adding corrosion inhibitors, 
adjusting the alkalinity and pH, blending with  
pre-treated water as well as studying the formation 
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and potential toxicity of DBPs/THMs in desalinated 
and blended waters [4]. About El-Shocake water plant, 
no research has been conducted to study the effect of 
THMs formed and/or present in water distribution 
pipes of Jazan province on the dynamics of bacterial 
communities.

Materials and Methods

Sample Collection

Drinking water samples (n = 24) were collected 
quarterly starting in Mrach of 2019 until February 2020 
from eight different areas (eight cities from north to 
south are: El-Shocake; El-Darb; Pish; Sabya; Jazan; El-
Ahad; El-Dagarer and Samtah), all of them follow Jazan 
province administratively and get their water from El-
Shocake water plant.

El-Shocake water plant is one of RO plant in KSA 
that supply fresh water to different areas in Jazan 
province, in specific point the fresh water stored in dam 
of the Pish city “90 Km from El-Shocake” mixed with 
the treated water comes from El-Shocake water plant. 
In spite of the water good quality from El-Shocake 
water plant, the water is mainly used only for domestic 
uses but not for drinking.

Water samples were collected in clean and sterilized 
500 mL glass screw caped bottles. After letting the tap 
run for a minute or more, water samples were collected 
directly in to the sterile bottles. The water samples were 
labeled and transported on ice box to the laboratory for 
analysis.

Some water quality parameters “Chemical 
parameters” were recorded as soon as possible. 
Ammonia, nitrate (NO3

-), nitrite (NO2
-), pH, sulfate 

(SO4
--) and total soluble salts concentrations in all 

water samples were measured according to [20].
Table 1 provides comprehensive information about 

water chemical parameters and samples information of 
each area.

In order to isolate bacteria, 100 µmL of the water 
samples was spread onto MacConkey agar and nutrient 

agar plates. Water samples were serially diluted and 100 
µmL of the 5 fold serial dilutions was spread on to the 
cultivation agar plates.

The plates were incubated at 37ºC. After incubation, 
the bacterial colonies were enumerated, characterized, 
and recorded. 

THMs levels in the water samples were taken in 
consideration when we analyzed bacterial community 
or in another word, bacterial community analyses were 
selected based on THMs levels in the water samples. 

THM Assay

In order to detect and measure the THMs in water 
samples, a total of 24 samples from the eight sites were 
taken by us and submitted to National Research Centre 
(NRC), Cairo,  Egypt, for measurement. Measuring 
the concentrations values of bromodichloromethane, 
bromoform, chlorodibromomethane and chloroform 
was represented. All these resulting values were 
collected together on a mass basis to represent total 
THM in water. THM was determined according to 
[21]. For THM samples collection during both the field 
and/or in laboratory work we follow the protocol of 
[8]. The equipment used by (NRC) for this procedure 
is gas chromatography–tandem quadrupole mass 
spectrometry.

Determination of free/total chlorine

Measuring of free chlorine in water for all collected 
samples was done by DPD (di-methylphenylene 
diamine) colorimetric method using Hach pocket 
colorimeters (Camlab, Cambridge), the determination 
of total chlorine was the same as the free chlorine with 
changing the DPD reagent (DPD No. 3) [22]. 

Measuring of TOC

All TOC samples were taken through the eight 
cities and their respective distribution systems. All 
samples were collected in clean, transparent one-liter 
plastic bottles. Samples were refrigerated until delivery  

Table 1. Comprehensive information about water chemical parameters and samples information of each area.

Chemical parameters
(standard unit) mg/l

Area
Shocake Darb Pish Sabya Jazan Ahad Dagarer Samata

pH (6.5-8.5) 7.26 7.52 7.29 7.52 7.56 7.53 7.62 7.63
Total soluble salts (1000) mg/l 118 124 160 155 170 185 163 190

Ammonia (1.5) 0.04 0.04 0.03 0.06 0.03 0.02 0.02 0.03
NO2

- (0.3) 0. 12 0. 1 0.21 0.06 0.02 0.08 0.014 0.02
NO3

- (50) 18.7 18.9 17 7 16 23 31.8 36
SO4

-- (250) 22 21 32 24 75 37 52 57.5
CL- (250) 42 42 50 40 73 56 56 60.35
Fe (0.3) 0.06 0.06 0.05 0.12 0.06 0.03 0.03 0.08
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to the NRC laboratories. Samples were prepared 
according to the manual of analytik jena company using 
(TOC analytik jena Multi N/C UV HS) instrument.

Bacterial Cultivation, Enumeration 
and Isolation

The isolation of bacteria was done by Filtration 
method according to [23].

The membrane filtration methods can be used 
with water [24], adequate volumes of the samples, or 
dilutions, are filtered through cellulose nitrate or acetate 
membrane filters (47 mm dia., 0.22-0.45 um pore 
size). The filters are placed onto the surface of plates 
of bacterial media. The plates are then inverted and 
incubated for 2-7 days at temperatures ranging from  
30-37ºC. 

Purification of Colonies

Bacterial biodiversity was observed and bacterial 
Colonies were purified by twice sub-culturing using 
the streaking plate method. Gram staining was carried 
out using young bacterial cultures. Also, the bacteria 
colonies were picked up for PCR purpose.

Extraction of Genomic DNA and Identification 
of PCR Products

To identify the culture species, DNA from the 
isolates was extracted using the PureLink Genomic 
DNA Kit (K182001), bacterial DNA extraction kit was 
done according to the manufacturer’s protocol. Also, 
the concentration of the extracted DNA was determined 
spectrophotometrically using (Nano Drop ND 1000, 
Thermo Scientific, USA). The purified DNA was 
confirmed by conventional agarose gel (1% w/v). 

PCR and Sequencing Work

Purification as well as standard sequencing for 
PCR products were carried out by Macrogen Company 
(Seoul, Korea). Sequencing reactions were done in  
a MJ Research PTC-225 Peltier Thermal Cycler using  
a ABI PRISM® BigDyeTM Terminator Cycle 
Sequencing Kits with AmpliTaq® DNA polymerase (FS 
enzyme) (Applied Biosystems), following the protocols 
supplied by the manufacturer. Single-pass sequencing 
was carried out on each template using the universal 
primers 27F (5’-AGAGTTTGATC(AC)TGCCTCAG-3’) 
(forward) primer. The fluorescent-labeled fragments 
were purified from the unincorporated terminators 
with Big Dye®X Terminator™ purification protocol. 
The samples were re-suspended in distilled water and 
subjected to electrophoresis in an ABI 3730xl sequencer 
(Applied Biosystems). The sequences were searched 
for sequence similarity through BLAST(www.ncbi.
nlm.nih.gov/BLAST/) [25] and compared to reference 
sequences of Dengue sero-types detected in BLAST 

and downloaded from GenBank (www.ncbi.nlm.nih.
gov/genbank/).

Results and Discussion

Water Chemical Parameters

According to Table 1, the pH in all samples did not 
exceed 7.63 and ranged between 7.26 and 7.63, and did 
not revealed a strong gradient with sample distance 
from El-Shocake to Samta city. This indicates that all 
microorganisms are in neutral range. 

It was mentioned that the higher pH facilitated 
THMs formation, and the positive relationship between 
higher pH and the increase in both rate and quantity of 
THMs formed was recorded by many workers [26].

Total soluble salts tend to increase from El-Shocake 
to Samatah, the deviation in Sabya and El-Dagarer 
values may refer to the type of storage tank used over 
house building. Even if the inorganic particles found 
in drinking waters are natural or from anthropogenic 
sources, they have particular significance concerning 
the formation of disinfection by-products [8]. The anion 
bromide (Br-) from geologic erosion and salt water 
intrusion plays a significant and concerning role in 
THMs formation [27, 28].

Ammonium concentrations ranged between  
0.02 mg/L-1 in El Ahad and Dagarer to 0.06 mg/L-1

in Sabya. Ammonium values in water samples were 
considerably low and below the maximum allowed level 
(0.5 mg/L-1). It is possible that nitrogen availability 
might not be high enough to support transforming 
populations in water [29].

The lower nitrate concentration was 7 mg/L-1 in 
Sabya and the maximum was 36 mg/L-1 in Samta. 
While, the lower nitrite concentration was 0.014 mg/L-1

in El-Dagarer and the maximum was 0.21 mg/L-1 in 
Pish. The lower Sulphate concentration was 22 mg/L-1 in 
El-Shoquic and the maximum was 75 mg/L-1 in Jazan. 
The lower Ferric ions concentration was 0.03 mg/L-1 
in El Ahad and the maximum was 0.12 in Sabya. The 
biodegradations and transformations of disinfecting by-
products like DCM are affected by electron acceptors 
[30]. The predominant electron acceptors like sulfate, 
nitrate or ferric iron play significant role in anaerobic 
biodegradation of disinfecting by-products [31]. In case 
of facultative anaerobic biodegradation of disinfecting 
by-products, bacteria could use both predominant 
electron acceptors and/or oxygen as terminal electron 
acceptors [31, 32].

Free Cl, Total Organic Carbon 
and Trihalomethane

Along the studied area, data in Table 2 showed 
that, the mean average values for Free Chlorine, 
Total Organic Carbon concentrations as well as 
Trihalomethane formation showed significant changes 
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in their values. For all three parameters the lower 
mean values were recorded in El-Shocake while, the 
higher mean values were recorded in Samata. From the 
general view, all values tended to increase from water 
source “El-Shocake water plant” to Samta city because 
the water travel for long distances, high temperature 
degrees in Jazan province during the year and the 
mixing of fresh water of Pish Dam with water from El-
Shocake water plant as well as the type of pipes used in 
water transfer. 

Tap water temperature measured revealed that, 44ºC 
was the maximum temperature recorded in summer 
while 32ºC was the minimum temperature in winter 
recorded in Jazan. This referred to the hot nature of 
Jazan weather along the year and tap water stored and 
supplied from a reservoir tank mainly lay on the top of 
the building direct to the sun light. [8] mentioned that, 
the total organic carbon (TOC) is the most widely used 
parameter for measuring the organic content in water 
and a number of researchers proposed models to find a 
linear relationship between the parameter and the bulk 
chlorine decay constant (KB) [33-35].

Many related water research projects revealed that, 
the increase in the organic carbon in the water increases 
both the rate and THMs formation [9, 36, 37].

The formation of THM inside the water pipes 
stared from El-Shocake plant and increased with the 
water move for a long distance. The results revealed 
that, formation of THM increased when rain fresh 
water mixed with RO treated water. The lower mean 
values were recorded in El-Shocake (9.87 µg/l) while, 
the higher mean values were recorded in Samata  
(61.43 µg/l). The reactions between chlorine and 
naturally occurring organic compounds leads to 
THMs formation via the “classical” haloform reaction 
mechanism, thus it is accepted that the THM formation 
increases with increasing both chlorine dose and TOC. 
THMs as a member of DBPs that have been quantified 
in drinking water are generally present at sub-μg/l (ppb) 
levels, and their concentrations will vary according to 
both water source and the treatment of the water [8]. 
According to many sources THMs, represent the largest 

fraction of disinfection by-products “DBP” to be found 
in treated water and close to 50% of all halogenated 
DBP in drinking water [38, 39]. In 2007 the European 
Union Communities for drinking water (Regulations 
(No. 2), 2007) determined the THMs value in the limit 
of 100 μg/l [9]. 

Depending on The European Standard for 
water analysis guidelines, the total organic carbon 
(TOC) represent the carbon content of dissolved 
and undissolved organic matter present in the water. 
Because TOC is heterogeneous substance, it does not 
give any information about the nature of the organic 
substance.

Also, according to UK Water Industry Research, 
THM levels may exceed 100 μg/l if the TOC more 
than 4.0 mg/l while the residence time in the network 
is 2-3 days and if the free residual chlorine is to be 
maintained at the tap [9]. Therefore, remedial works 
will be necessary if the levels of TOC are more than  
4.0 mg/l [40].

The United States Environmental Protection Agency 
(EPA) in its last edition of the Drinking Water Standards 
and Health Advisories Tables (DWSHA) as well as its 
Drinking Water Guidance on Disinfection By-Products, 
recommended that, the limit for the THMs value should 
not exceed 80 μg/l [40]. According to the (EPA) the 
THMs in Jazan water is within the safe limit.

Water Bacteria Counts

Bacterial count is one of the most important 
parameters used to assess drinking water quality. 
Bacterial enumeration revealed a characteristic 
parameter for the drinking water and assay reflects 
microbial environmental survival and resistance to 
treatment. A number of documents contain detailed 
information on bacterial count as an essential parameter 
[41, 42].

Data in Table 3 revealed that, the mean average 
values for bacterial counts showed significant changes. 
Depending upon the areas and their distance from 
the RO plant “with the exception of data we got from 
Dagarer area” there is a linear relationship between 
both bacterial count with the distance from RO plant. 
In other word, the more the distance we travel from the 
RO plant the more the increase in bacterial number.

According to bacterial media used, the blood 
agar and the nutrient agar media showed the highest 
bacterial numbers in contrast to MacConkey agar 
medium composition of each medium. The blood agar 
and nutrient agar media mainly contain many gradients 
that enhance and support the bacterial growth of both 
Gram positive and Gram negative bacterial type, while 
MacConkey agar medium support the growth of some 
Gram negative bacteria. 

Family Enterobacteriaceae “enteric bacteria” and the 
genus  Pseudomonas are non-fastidious gram-negative 
bacteria can be grown on selective and differential 
media like MacConkey agar (MAC) [43].

Table 2. Free Cl, Total Organic Carbon and Trihalomethane. 

Area (TOC) 
mg/l

CL
(mg/l)

TTHM tap water 
(µg/l)

Shoc 1.10±0.31 0.18±0.13 9.87±2.89

Darb 1.4±0.31 0.18±0.13 12.54±2.58

Pish 2.74±0.18 0.20±0.22 24.17±1.16

Sabya 4.63±0.11 0.26±0.21 40.98±0.90

Jazan 4.71±0.19 0.19±0.15 41.48±1.90

Ahad 5.54±0.28 0.29±0.13 48.60±2.74

Dagar 6.00±0.11 0.22±0.21 54.12±3.67

Samtah 6.84±0.16 0.27±0.20 61.43±2.71
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In the traditional laboratory work for water quality 
assurance, the use of MacConkey agar is not enough 
and it is presumptive medium for bacterial identification 
process, thus other differential media should be used. 
Also, it is important to carry out some biochemical 
tests as confirmation experimental tests for final 
identification [44].

From Table 3, Samples from areas (El-Shocake, 
El-Darb and Pish) did not show any bacterial growth 
on MacConkey agar. The appearance of bacterial 
colonies on MacConkey agar started with exponential 
relationship at areas of (Sabya, Jazan, El-Ahad and El-
Dagarer).

In general, the more the distance from El-Shocake 
RO plant the more the appearance of bacterial colonies 
on all media used. 

It is well known that, the standard total bacterial 
count should not exceed 50 cm at 37ºC within 24 h 
or not exceed 50 cm at 22ºC within 48 h. Also,  
E. coli; Faecal bacteria and Faecal Streptococci should 
not appear in water drinking samples. The dramatic 
increase in total bacterial count in water samples 
after jazan area may referred to the appearance of 
some bacterial species with high resistance to chlorine  
or old water pipes as well as the type of pipes used.  
The correlation between the increasing of bacterial 
number in cities far away from the RO plant may be  
due to treatment problems, risks pointing to 
recontamination in distribution or lack of residual 
chlorine [41].

The bacterial cells can be recovered using a 
membrane filter or directly cultured on differential and 
selective solid media in order to detect and assay via 
the developing bacterial colonies. Then the bacterial 
colonies are further characterized to confirm their 
identity. Mainly, the cultured bacteria must be confirmed 
by one or more of several methods, using other 
differential and selective media; biochemical, metabolic 
and other phenotypic analyses; immunological analyses 
and nucleic acid analysis like 16sDNA sequencing [45, 
46, 47]. 

Although, many bacterial organisms can be cultured 
form long time ago, culturing them from water still 
underdeveloped from technologically point of view [48].

Distribution of Major Taxonomic 
Bacterial groups

It was observed that, the structure of the microbial 
community changed under the influence of distance 
and THMs. Table 4 showed that, all the culture-able 
bacterial isolated strains lay under two main bacterial 
phyla Firmicutes (≈46.3%) and Proteobacteria (≈53.7%). 
Also, the phylum Firmicutes was the dominant and 
the only phylum in water samples collected from the 
north areas. While, the phylum Proteobacteria was the 
dominant phylum in water samples collected from the 
south areas. Phylum Proteobacteria was detected as a 
dominant group of bacteria in the fresh water by many 
workers [29, 49].

The phylum Firmicutes was represented by only one 
class which is class bacilli. Class bacilli was represented 
by two orders Bacillales (≈44.5%) and Lactobacillales 
(≈1.8%). On the other hand, the phylum Proteobacteria 
was represented by three classes alpha-Proteobacteria 
(≈10.3%), beta-Proteobacteria (≈16.7%) and gamma-
Proteobacteria (≈26.7%).

Phylum Firmicutes with its order Bacillales was the 
most dominant bacterial group and was represented 
in all water samples. The Firmicutes may play an 
important role in reductive dechlorination of THMs as 
well as other related by-products. 

Although alpha-Proteobacteria was the only class 
of phylum Proteobacteria appeared in water samples 
from the north areas, alpha-Proteobacteria showed the 
lower percent bacterial isolates comparing with beta 
and gamma Proteobacteria classes. In general phylum 
Proteobacteria members increased with increasing in 
distance from RO water plant and increasing in THMs 
concentration in water.

Guo and his coworkers found that, Betaproteobacteria 
and Alphaproteobacteria were the most abundant 
bacterial groups when studied the bacterial community 
compositions of two neighboring freshwater lakes in 
China, their studied revealed that, Betaproteobacteria 
was represented by (24.1%) and Alphaproteobacteria 
was (11.3%) [50]. In contrast, Alphaproteobacteria was 
recorded as a dominant class of Proteobacteria in some 
water research projects [51, 52].

Despite of the differences in temperature degrees 
throughout the study areas north and south were not 
high, we cannot exclude the effect of temperature on 
bacterial distribution and diversity, specially some 
bacteria are sensitive to temperature changes. The 
temperature may effect directly on the bacterial growth 
and their presence in drinking water system [29] or 
indirectly via affecting and changing the disinfectant 
levels in the water disruption system [53].

The class beta-Proteobacteria occupied a significant 
percent and made up a noticeable fraction of the bacterial 

Table 3. Bacteria number with different media.

Area
Blood Agar  Mac Conkey agar Nutrient agar

(mean) (mean) (mean)

Shoc 5.00±0.82 0.00±0.00 4±0.00

Darb 17.00±2.95 0.00±0.00 14±2.65

Pish 41.00±7.12 0.00±0.00 35±6.25

Sabya 47.00±3.75 12.00±1.73 49±4.58

Jazan 47.00±4.97 16.00±1.41 49±2.00

Ahad 88.00±8.54 15.00±0.00 72±5.29

Dagar 104.00±11.27 40.00±3.61 98±8.66

Samtah 102.00±27.19 20.00±1.74 83±2.65
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isolates from south areas (≈16.7%) of the total identified 
isolates and 25.5% if we consider the south areas 
only “El-Ahad, El-Dagarer and Samta”. All bacteria 
in the class beta-Proteobacteria were in the order 
Burkholderiales, this order mostly included bacteria 
with aerobic metabolism such as genus Alcaligenes. 
Bacterial group in this order may encourage the ability 
for aerobic biodegradation of THMs and/or related 
chlorine by-products. similar results were detected 
by [29]. Polaromonas sp. an aerobic bacterial species 
belonging to order Burkholderiales capable of growth 

on chlorine compound like cis-dichloroethene as a sole 
carbon and energy source was isolated by [54, 55].

Gamma -Proteobacteria the most important class of 
bacteria in the bacterial isolates from south area was 
(≈26.7%) of the total bacterial isolates and 40.8% if 
we consider the south areas only “El-Ahad, El-Dagarer 
and Samta”. (Table 4). Gamma -Proteobacteria as the 
dominant group in isolates of the south area contains 
two orders Enterobacterales and Xanthomonadales 
both are Gram-negative, aerobic, rod-shaped bacterium 
especially Xanthomonadales is strictly aerobic [56].

Area Phylum class Order – (ales) Family – 
(aceae) Gram Reaction n/Tn

Shoc Firmicutes Bacilli Bacill- Bacill- ve+ (Bacillus sp. AER315-1) 5/(5)

Darb
Firmicutes Bacilli Bacill- Bacill- ve+ (Bacillus sp. BS3(2011) 6/(17)

Firmicutes Bacilli Lactobacill- Aerococc- ve+ Aerococcus viridans 8/(17)

Pish
Firmicutes Bacilli Bacill- Bacill- ve+ (Bacillus sp. BS3(2011) 24/(33)

Firmicutes Bacilli Bacill- Bacill- ve+ Bacillus sp. strain HK17 9/(33)

Sab

Firmicutes Bacilli Bacill- Bacill- ve+ (Bacillus sp. BS3(2011) 24/(47)

Firmicutes Bacilli Bacill- Bacill- ve+ Bacillus sp. strain HK17 19/(47)

Proteobacteria A-Proteobacteria Rhodobacter- Rhodobacter- ve- Pannonibacter 4/(47)

Jaz

Firmicutes Bacilli Bacill- Bacill- ve+ Bacillus sp. strain HK17 16/(47)

Firmicutes Bacilli Bacill- Bacill- V+cocii (Jeotgalicoccus nanhaiensis) 8/(47)

Firmicutes Bacilli Bacill- Bacill- ve+ (Bacillus sp. BS3(2011) 20/(47)

Ahad

Firmicutes Bacilli Bacill - Bacill- ve+ (Bacillus sp. BS3(2011) 19/(88)

Firmicutes Bacilli Bacill- Bacill- V+cocii (J. nanhaiensis) 10/(88)

Proteobacteria A- Proteobacteria Unclassified Unclassified Ve- Uncultured bacterium 11/(88)

Proteobacteria B-Proteobacteria Burkholderi- Alcaligen- ve- (Alcaligenes faecalis strain) 19/(88)

Proteobacteria G- Proteobacteria Xanthomonad- Xanthomonad- ve- Pseudoxanthomonas sp. B14 7/(88)

Proteobacteria G- Proteobacteria Enterobacter- Morganell- Proteus mirabilis 22/(88)

Dagar

Firmicutes Bacilli Bacill- Bacill- V+ cocci (J. nanhaiensis) 7/(104)

Firmicutes Bacilli Bacill - Bacill- ve+ (Bacillus sp. BS3(2011) 18/(104)

Proteobacteria A- Proteobacteria Unclassified Unclassified ve- Uncultured bacterium 13/(104)

Proteobacteria B-Proteobacteria Burkholderi- Alcaligen- ve- (Alcaligenes faecalis strain) 11/(104)

Proteobacteria G- Proteobacteria Enterobacter- Morganell- Proteus sp. 26/(104)

Proteobacteria G- Proteobacteria Enterobacter- Morganell- Proteus mirabilis 23/(104)

Proteobacteria G- Proteobacteria Xanthomonad- Xanthomonad- Stenotrophomonas 11/(104)

Samt

Firmicutes Bacilli Bacill - Bacill- ve+ (Bacillus sp. BS3 (2011) 9/(102)

Proteobacteria A- Proteobacteria Unclassified Unclassified ve- Uncultured bacterium 18/(102)

Proteobacteria B-Proteobacteria Burkholderi- Alcaligen- ve- (Alcaligenes faecalis strain) 23/(102)

Proteobacteria B-Proteobacteria Burkholderi- Alcaligen- Ve- Paenalcaligenes suwonensis 22/(102)

Proteobacteria G- Proteobacteria Enterobacter- Morganell- Proteus sp. 31/(102)

n/Tn (bacterial number/ total bacterial number) El-Shocake; El-Darb; Pish; Sabya; Jazan; El-Ahad; El-Dagarer and Samtah

Table 4. Distribution of major taxonomic bacterial groups in relation with different cities of jazan province. 
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present in these bacterial isolates which enable them to 
tolerate/degrade THMs compounds. 

A superfamily of enzymes contains glutathione 
transferases enzymes “GST” that play a key role in 
cellular detoxification and widely distributed in bacteria. 
Bacterial GST enzymes are involved in different 
important processes like reductive dechlorination, 
antimicrobial drug resistance, biodegradation 
of xenobiotics compounds, biotransformation of 
dichloromethane, degradation of lignin and atrazine 
and protection against chemical and oxidative stresses 
beside detoxification process [61, 62]. 

[63] detected more than 10 GST genes in 
Pseudomonads species. While three different forms of 
GSTs were identified in Proteus mirabilis [64]. 

Proteus mirabilis is a facultative anaerobic, 
Gram-negative, rod-shaped, motile bacterium and 
widely distributed in soil and water [65]. Genera  
like Proteus and Providencia, are so close in the 
taxonomic position and both are lying under class 
Proteobacteria. 

The transferase enzymes have important role in 
antibiotic resistance of Providencia stuartii [66]. [63] 
suggested that, when there are changes in growth 
conditions, GSTs play regulatory roles in the adaptation 
of Proteobacteria. This might explain the increase of 
Proteobacteria members in water samples from south 
areas with increase THMs concentration.

Chlorinated methanes could be undergoing 
aerobic bio-degradable processes and compounds like 
chloroform and dichloromethane may be degraded 
under aerobic conditions [61]. An aerobic biodegradation 
of Chloroform was recorded [67, 68]. Aerobic 
biodegradation of dichloromethane via dechlorination 
process and transformed to formaldehyde was studied 
[69]. Microorganisms such as Pseudomonas mendocina 
KR1 could degrade Chloroform and could use toluene 
as carbon and energy sources. A wide variety of 
methylotrophic bacteria such as Bacillus sp., have 
been shown to degrade dichloromethane with growth 
[61, 67, 69]. Bacterial species like Rhodococcus sp. 
considered as a degrader for multiple volatile organic 
compounds, these bacterial type could degrade hexane, 
dichloromethane and other recalcitrant hydrocarbons 
[70, 71]. Biodegradation of dichloromethane is 
associated with dichloromethane dehalogenase enzyme 
which is a type of GST enzymes [61]. The identification 
revealed that, some identified bacterial isolates with 
no publications associated with biodegradation of the 
THM(s), but they might play a role or implicated by 
any way in the biodegradation process. For example, 
it was considered that Methylobacterium extorquens 
DM4 acquired the dcmA gene through horizontal gene 
transfer [72, 73]. The acquired dcmA gene participated 
in metabolic pathways, such as stress responses, 
regulations, cell structure adjustments and chloride 
export [74, 75]. Microbes have the ability to degrade 
DCM as non-growth substrates have also been isolated. 
Methylosinus trichosporium OB3b that degrade DCM 

The class alpha-Proteobacteria was represented 
by two orders, one is Rhodobacterales (≈0.89%) and 
three unclassified order (≈9.4%). While, the class beta-
Proteobacteria was represented by only one order which 
is Burkholderiales (≈16.7%). The third class gamma-
Proteobacteria was represented by two orders, order 
Xanthomonadales (≈4%) and the order Enterobacteriales 
(≈22.7%).

On the family level, the most predominant 
family Bacillaceae (≈44.5%) followed by families  
Morganellaceae and Alcaligenaceae represented by 
(≈22.7% and ≈16.7%) respectively. The unclassified 
family and the Xanthomonadaceae family were 
represented by (≈9.4% and ≈4%) respectively. 
the remaining families Aerococcaceae and 
Rhodobacteraceae were represented by only (≈1.8% 
and ≈0.9) respectively. The families Bacillaceae and 
Morganellaceae showed the highest percent in total 
bacterial count followed by families Alcaligenaceae and 
Xanthomonadaceae.

All the identified bacterial isolates were under nine 
Genera and the tenth is unclassified genus. The most 
predominate genera were Bacillus (≈38.9%); Proteus 
(≈22.7%); Alcaligenes (≈11.8%); Jeotgalicoccus (≈5.5%) 
and Paenalcaligenes (≈4.9%) respectively. While, the 
known remaining genera were Stenotrophomonas 
(≈2.5%); Aerococcus (≈1.8%); Pseudoxanthomonas 
(≈1.6%) and Pannonibacter (≈0.9%). The tenth 
unclassified Genus was represented by (≈9.4%). 

Many genera related to gamma -Proteobacteria 
showed the ability to oxidize aromatic hydrocarbons [57, 
58], couple oxidation of organic substrates with metal 
reduction as well as reduction of tetrachloroethene and 
triclorethene to dicloroethene [29, 59]. Therefore, the 
presence of gamma-Proteobacteria as dominant genera 
in south areas may suggest suitable conditions for 
reductive dechlorination reactions.

The genus Pseudoxanthomonas was represented by 
(≈7.9%) and (≈10.5%) in two cities only “El-Ahad and 
El-Dagarer” respectively. The genus may play a role 
in THMs degradation. Only a few bacterial strains 
were reported for their ability to degrade all BTEX 
compounds, a bacterial strain belonging to genus 
Pseudoxanthomonas, the strain was able to degrade 
(BTEX) compounds, and it was the first time for the 
genus Pseudoxanthomonas to be recorded as a (BTEX) 
degrader [60, 61]. 

When we considered the relation between THMs 
and all identified culture-able bacterial isolates we 
observed that, the increase in the concentrations of the 
THMs in the water the increase the percent of gamma- 
Proteobacteria classes. The highest THMs values were 
recorded at water samples collected from the south 
region of Jazan province which included three main 
cities El-Ahad, El-Dagarer and Samta. 

More specifically, Bacterial isolates classified as 
Proteus sp., Pseudoxanthomonas sp., Bacillus sp. and 
Jeotgalicoccus sp. were the most dominant bacterial 
isolates. This might be due to a specific mechanism(s) 
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used a methane monooxygenase was recorded as 
promising bacteria for environmental remediation 
[76, 77]. While, Nitrosomonas europaea could 
degrade DCM and oxidize methane using ammonia 
monooxygenase enzymes [14]. 

[78] purified a DCM dehalogenase enzyme from 
a dichloromethane (DCM)-degrading bacterial strain 
called WZ-12, the strain was classified as Bacillus 
circulans. Compering 16sDNA “length ≥1400 bp” of 
the different Bacillus strains we isolated with that of 
Bacillus circulans strain, there were similarity between 
92.85-93.82%.

There was an inverse relationship between 
Firmicutes and Proteobacteria, the enrichment the 
Firmicutes group the depleted the Proteobacteria group 
and vice versa. Depending on the factor of time and 
distance and other environmental factors, THMs as well 
as any chlorine by-products have been recorded in the 
water as complex mixtures of varying chlorine content, 
there is not a single process that, by itself, could totally 
remove THMs from the environment. This may be due 
to some chemical and environmental conditions but 
finally all these bacterial genera may accomplish the 
ultimate goal of complete degradation of THMs and/or 
other related chlorine by-products in the environment 
[79, 80].

Depending upon the classical cultivation bacterial 
media, only two bacterial phyla were revealed, maybe 
if we use another selective media we will get additional 
types of bacteria. Also, we think that, we need another 
approach like advanced molecular tools that may give 
estimation for the real microbial populations in the 
water.

Conclusion

We need another discovery journey to detect 
the reasons of bacterial increasing number. From 
microbiological point of view and according to the 
preliminary data in Table 3 and identified bacterial 
samples in Table 4 water samples from areas of  
El-Shocake; El-Darb; Pish; Sabya and Jazan are totally 
safe and can be used for drinking. Bacteria or some 
bacterial species as well as THMs can change after 
treatment and through the distribution system [59].

There is a significant need to change some daily 
human activities and change old pipes that increase the 
potential for microbial or chemical contamination of 
drinking-water while traveling from the sources to the 
Consumers’ taps.

However, water quality can vary rapidly, and all 
systems are at risk of occasional failure. For example, 
rainfall can greatly increase the levels of microbial 
contamination in source waters, and waterborne 
outbreaks often occur following rainfall. Results of 
analytical testing must be interpreted taking this into 
account. 
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