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ABSTRACT 

The physico-chemical parameter and microbiological quality of the supply water 

from municipal distribution system is monitored closely in most developed countries. 

This research work aims to find out physico-chemical and viable bacterial risk 

factors present in the water supplied by Dhaka Water and Sewage Authority 

(DWASA). Water samples were collected in triplicates from seven distinct points of 

the water distribution network of Dhaka south locality, starting from the source 

(Shitalakhya River, Narayanganj) till the point-of-use in Jagannath University, 

Dhaka. Water samples yielded total heterotrophic count of 2.3×10
8
 CFU/ml. The 

dominant taxonomic units from these five points with sufficient abundance were 

isolated with standard culture techniques, identified presumptively with biochemical 

tests and PCR/16s rRNA sequencing. Analysis of the physicochemical parameter of 

the point-of-use indicated the supply water had a pH 7.5, conductivity 622 μS/cm, 

total dissolved solid of 210 NTU, salinity of 230 mg/L. Presumptive identification of 

the most abundant taxonomic units from the natural source of the supply network 

revealed presence of Escherichia coli, Staphylococcus lentus, Micrococcus luteus, 

Bacillus timonensis, Enterococcus faecalis, Klebsiellea quasipneumoniae and 

Pseudomonus hutmensis. E. coli, S. lentus and M. luteus which could form biofilms 

individually as well as synergistically with each other, adding to the quality 

deteriorating potential of drinking water. 

Keywords: Municipal water, Dhaka South, risk assessment 

Introduction 

Availability of safe and adequate drinking water is a basic human right and a global development 

goal to be fulfilled by 2030 by the United Nations. Chemical and biological safety of municipal 

drinking water need to be assayed by modern analytical method since urbanization, pollution, 

surface interaction between water and supply system as well as emergence and re-emergence of 

waterborne pathogens, changing susceptibility of water supply system by 

compromise/contamination introduced risk factors, hazards and compromise the safety and 

quality of drinking water (Acharjee et al., 2012; Falkinham et al., 2015). In addition, infiltration 
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of toxic/carcinogenic chemicals pose a potential threat to consumers (Khan et al., 2016). Bacterial 

biofilms in the supply pipelines also might contribute to infectious diseases (Hall-Stoodley, et al. 

2004). Therefore periodic assessment of microbiologic and chemical quality of drinking water is 

necessary. In some cases, a low-level potentially repeated contamination of water may lead to 

significant sporadic disease, but public health surveillance is unlikely to identify contaminated 

drinking-water as a source. Diseases caused by pathogenic bacteria, viruses, protozoa and 

helminths are the most common and a widespread health risk associated with drinking-water 

(WHO 2004 and 2011). 

About 10-15 percent of Dhaka city’s land areas comprise of surface water including a number of 

rivers, canals and lakes (Islam et al., 2010). The evaluation of pathogen concentrations in source 

water is needed to assess the ability of a drinking water treatment plant (DWTP) and distribution 

system to provide safe drinking water.  

This research was carried out with the aim to identify and evaluate the quality the bacterial load in 

the water distribution system of Dhaka WASA that exists between Shitalakshya River, 

Narayanganj and Jagannath University area, Dhaka. 

The objectives of the study were to evaluate the physico-chemical parameter of water from 

different points of the water distribution network of Dhaka WASA between Shitalakshya River 

and Jagannath University, Dhaka. To determine the total heterotrophic count from different points 

of distribution network, identification of the dominant bacterial species and determination of the 

probable nature of microbial interaction among these species focusing health risk. 

Materials and Methods 

Collections of Water Samples 

Water samples were collected at around Jagannath University, it’s overhead tank and from the 

Shitalakhya River from where Dhaka WASA collects water for its treatment plant for purification 

and disinfection. Another set of samples was collected from the Jatrabari water pump, Jatrabari, 

Dhaka from where the water is transported to the Jagannath University area. 

Water samples were collected aseptically at regular interval from different points during the 

period of March to August, 2018 and were transported in a  ice box to the laboratory within one 

hour of collection for physico-chemical and microbiological assessment (Guardabassi et al., 

2000).  

Approximately 100-200 ml of water was collected in sterile reagent bottles and was tightly 

wrapped with sterile aluminum foil in each time of sample collection. Serial 10 fold dilutions of 

samples were prepared in physiological saline, and 0.1 ml aliquots were poured on plate for 

desired colony isolation (Guardabassi et al., 2000). 

Measurement of Physico-chemical Parameters of the Water Sample 

The pH and conductivity of sampled waters were quantified immediately upon sample collection 

with a portable salinity/conductivity meter (Labforce, Thermo Scientific, USA). The 

environmental temperatures of the samples were measured with digital thermometer (Horiba, 

South Korea). The salinity and total dissolved solid in water samples was measured with bench-

top salinity/TDS meter (Sper Scientific, USA). 
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Presumptive Identification by Cultural Techniques 

For total viable count (TVC), enteric pathogen, Staphylococcus, fecal coliform and Pseudomonas, 

different types of media such as Nutrient agar (NA), MacConkey agar, Xylose lysine deoxycolate 

(XLD) agar, MFC agar, Cetrimide agar, Mannitol salt agar (MSA), Thiosulfate-citrate-bile salt 

sucrose agar (TCBS) and Eosin-Methylene Blue (EMB) agar (Oxoid, UK) were used (Al Sulami 

et al., 2010; Culloti et al., 2014). 

Polymerase Chain Reaction 

The isolates were identified with 16s rRNA sequencing according to protocol described below. 

Total nucleic acid was isolated from each pure culture (10
6
/ml) grown overnight in Luria Broth 

(Hi-Media, India) using MagMax
TM

 Total Nucleic Acid Isolation Kit (Thermo Fisher Scientific, 

USA) following manufacturers instruction. The reaction was carried out in a conventional 

thermocycler (ABI Systems). PCR reaction used the following primers: 

27F (5′-AGAGTTTGATCMTGGCTCAG-3′) and 1492R (5'-GGTTACCTTGTTACGACTT-3') 

These primers amplify almost full-length bacterial 16s rRNA gene in the 15µl PCR reaction 

(Mastermix [2×]- [Promega Go-Taq, USA] 2.5 µl; MgCl2 [50mM] 2.5 µl; Primer F [10 µM] 2.0 

µl;  Primer R [10 µM] 2.0 µl; Template [3.5 ng/µl] 1.5 µl) with the following PCR program 

(initial denaturation at 95
o 
C for 5 min, cycling denaturation at 95

o 
C for 30 sec, annealing at 50

o 
C 

for 60 sec, elongation at72
o 

C for 60 sec and run for 35 cycles followed by a final elongation at 

72
o 

C for 10 min). A positive control employed was the purified total nucleic acid of E. coli 

ATCC 25922 and a negative control was PCR-grade water. 

16s rRNA Sequencing of Bacterial Isolates 

The PCR products were purified from the agarose gel with AMPure DNA Purification Kit 

(Promega, USA). The purified products were cycle sequenced with labeled terminators (Big 

Dye, Applied Biosystem Inc. USA) using either primers 27F (5′-AGRGTTTGAT 

CMTGGCTCAG-3′) or 519R (5′-GTNTTACNGCGGCKGCTG-3′). The cycle-sequenced 

amplicons (450bp) were analyzed in an ABI Genetic Analyzer 3100 (ABI Inc. USA) and the 

chromatograms were cleaned, edited with BioEdit software, v.9). The sequences were BLAST-

checked to identify the isolates. 

Biofilm Assay 

The overnight culture was diluted 1:100 into fresh medium for biofilm assay. A standard biofilm 

assay medium was M63 minimal medium supplemented with magnesium sulfate, glucose and 

casamino acid. 100 µl of the diluted culture per well was added in a 96 well microtiter plate. For 

quantitative assay, we typically used 4-8 replicate wells for each sample and incubated for 4-24 

hours at 37°C. After incubation, excess cells were dumped out by shaking the liquid and turning 

the plate over. The plates were gently submerged in a small tub of water.  Then 125 µl of a 0.1% 

solution of crystal violet was added to each well of the microtiter plate (Adam et al., 2002) to 

evaluate the biofilm formation.  
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Results  

Physical Parameters 

Though water samples were collected from 7 different points of the water supply and distribution 

system, physico-chemical parameters were analyzed from the latest point-of-use, i.e. the tap water 

from the laboratory, Department of Microbiology, Jagannath University, Dhaka. The physical 

parameters of the water were compared with reference to the permitted values set by The 

Department of Public Health Engineering (DPHE), Government of Bangladesh, (Khan et al., 

2016).  

Chemical Oxygen Demand (COD) of the sampled water was determined with dichromate method 

(APHA 5220) and spectrophotometry. Total Organic Carbon was measured with persulphate 

method (APHA 5310C) (American Public Health Association, 23
rd

 edition) (Table 1). 

Table 1. Physical parameter of water sample collected from point-of-use water-tap, 

Jagannath University, Dhaka.  

Parameter Value Reference  

pH 7.5 7 

Conductivity 622 μS/cm 500 μS/cm 

TDS 210 NTU 100 NTU 

Salinity 230 mg/L 200 mg/L 

COD 3 mg/L 4mg/L 

TOC 12.19 mg/L 0.2mg/L 

TN <5 mg/L 1mg/L 

Arsenic <0.005mg/L 0.05mg/L 

Total Heterotrophic Count  

The total heterotrophic count (THC) of the water sample from Shitalakhya river was 1.69×10
4
 

CFU/ml and those from ShonirAkhra water treatment plant, Jatrabari pump, LaxmiBazar 

Overhead tank, Jagannath University underground reservoir, overhead tank and the point-of-use 

tap in Department of Microbiology showed 8x10
4
 CFU/ml, 7.5×10

5
 CFU/ml, 2.4×10

8
CFU/ml, 

3.5×10
7
 CFU/ml, 6.4x10

7
 CFU/ml and 2.3×10

8
 CFU/ml respectively. It was noteworthy that the 

THC from tap water was higher than the recommended THC in drinking water (3.5×10
6 
CFU/ml) 

(Khan et al., 2016). 

Microbial Culture Identification 

We could isolate 14 bacterial isolates culturally from different points of the water supply system, 

7 of them were Gram-positive and the rest were Gram-negative. The Gram-negative and -positive 

isolates were profiled separately with biochemical reactions directed in Bergey’s Manual in 

Determinative Bacteriology (Holt et al., 1994). A total of 7 Gram-negative isolates and 7 Gram-

positive isolates were identified presumptively, summarized in Table 2 and 3 respectively. 
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The major Gram-negative isolates detected from the municipal supply water were Citrobacter, E. 

coli, Enterobacter, Klebsiella, Shigella, Pseudomonas and Alcaligenes (Fig. 1 and Table 2), all 

opportunistic pathogens with biofilm-forming potentials. Occurrence of fecal pathogens like E. 

coli, Klebsiella pneumoniae, Enterobacter aerogenes and Citrobacter also indicated hygienic 

quality of the water and its potability.   
 

 
 

 

Fig. 1. Biochemical test panel for Gram-negative bacteria for representative isolate T2.  (A) (left 

to right- Simmon’s Citrate Medium, Voges-Proskeur Medium, Triple Sugar Iron Agar, Methyl-

Red Medium, Motility Agar), (B) Simmon’s Citrate Agar and negative control, (C) Methyl Red 

Test and Negative Control, (D) Voges-Proskeur Test and Negative Control, (E) Nitrate Test and 

Negative Control. 

 

The major aerobic Gram-positive bacterial genera found in municipal water were Staphylococcus 

aureus, Listeria, Enterococcus faecalis, Lactococcus, Micrococcus luteus, Bacillus and 

Streptococcus pyogenes (Fig. 2 and Table 3). Among these bacteria S. aureus, S. pyogenes and 

Listeria are human pathogens, and M. luteus & E. faecalis are opportunistic pathogens. 

Occurrence of spore-formers such as Bacillus insinuated inefficacy of ‘Chlorine treatment’ in 

eliminating resistant bacterial types from supply water. Biofilm formers like Staphylococcus 

aureus and Enterococcus faecalis might require periodic use of biofilm-disruptors/quorum- 

quenchers in potable water supply network in tropical weather conditions, because biofilm 

interactions are reported to be one of the determinants of deteriorating water quality in modern 

urban areas.  

 

 

 

 

 

                      A                                 B                     C                     D                         E 
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Table 2. Biochemical profile of Gram-negative isolates. 

Isolate ID T1 T2 T3 T4 T5 T6 T7 

Lactose No AG AG AG No No No 

Glucose AG AG AG AG A No No 

Sucrose No A A AG A+ No No 

Alkalification No No No No No No No 

H2S Yes No No No No No No 

NO3 Yes Yes Yes Yes Yes Yes Yes 

Indole No Yes No No Yes No No 

MR Yes Yes No Yes Yes No No 

VP No No Yes No No No No 

Citrate Yes Yes Yes Yes No Yes Yes 

Urease No No No Yes No No Yes 

Oxidase Yes No No No No Yes Yes 

Catalase Yes Yes Yes Yes Yes Yes Yes 

Gelatin Yes No No No No Yes No 

Motility Yes Yes Yes Yes Yes Yes Yes 

McConkey  Colorless Pink White Light pink Faint pink Light pink White 

Presumptive 

Identity of 

isolate 

Citrobacter 
Escherichia 

coli 

Enterbacter 

aerogenes 

Klebsiella 

pneumoniae 

Shigella  

dysenteriae 

Pseudomonas 

aeruginosa 

Alcaligenes 

faecalis 

 

 

Fig. 2. Biochemical test for Gram-positive bacteria showing representative isolate T10. (A) 

Mannitol salt agar, (B) Bile Esculin Medium with hydrolysis, (C) Blood Agar Medium with 

optochin (top) and Bacitracin (bottom) and (D) Starch Agar. 
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Table 3. Biochemical profile used to identify Gram-positive isolates. 

Isolate ID T8 T9 T 10 T11 T12 T13 T14 

Arrangement of 

cells  
cluster Rod Cluster chain tetrad Chain chain 

Catalase + + - - + + - 

Coagulase + - - - + - - 

MSA Yellow No Yellow No colorless No colorless 

Hemolysis Beta Beta Beta Gamma Gamma Beta Beta 

Optochin 

sensitivity 
- - - - - - + 

Bacitracin 

sensitivity 
- + - - - - + 

Bile esculin 

hydrolysis 
- - + - - - - 

Nitrate 

reduction 
+ - + - + + - 

Lipase - + + - - - - 

Amylase - + + - - + - 

Motility + + + - - + + 

 S. 

aureus 
Listeria 

E. 

faecalis 
Lactococcus M. luteus Bacillus 

S. 

pyogenes 
 

PCR Identification  

The 16s rRNA analysis with conventional PCR revealed 1.49kb amplicons from 14 isolates 

indifferent points from the municipal piped water distribution system (Fig. 3). The forward primer 

was used for this amplification targets consensus sequences at the 5′-end of 16s rRNA in bacteria, 

and the reverse primer attaches to the 3′-end, allowing amplification of the entire 1492+120 bp 

length of 16s rRNA, which serves as the identifier of prokaryotes up to species level (Woese, 

1998). Then 440bp from the hyper variable region of the 1492bp 16s rRNA was sequenced and 

analysed for ease of sequencing and downstream analysis according to approved protocols 

(Santos et. al., 2019).  
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Fig. 3. PCR targeting 16s rRNA from isolates collected from municipal water supply system at 

different points, (M= Ladder, P= Positive Control, N= Negative Control, and 1-14=Test samples). 

The Sanger sequencing of 16s rRNA confirmed identity of 8 isolates (T2- E. coli, T4-K. 

quasipneumoniae, T6-Pseudomonas hutmensis, T8-Staphylococcus lentus, T10- Enterococcus 

faecalis, T11-Lacotococcus piscium, T12-Micrococcus luteus,  T13-Bacillus timonensis) and 

around 90-98%  identity was observed in the isolates with BLAST analysis (Fig. 4, Table 4).  

 

Fig. 4. Sanger sequencing of 16s rRNA of representative isolates (top to bottom) of isolate T2 (E. coli T1), 

isolate T4 (Klebsiella pneumoniae), T6 (Pseudomonus hutmensis), T8 (Staphylococcus lentus), T10 

(Enterococcus faecalis), T11 (Lactococcus), T12 (Micrococcus luteus) and T13 (Bacillus timonensis). 
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Table 4. BLAST analysis of 16s rRNA sequences from representative isolates. 

Isolate Sequence BLAST Homology 
Query 

Coverage 
E Value 

Percent 

Identity 

T2 

Gtcgaacggtaacagtaagaagcttgctgct

ttgctgacgagtggcggacgggtgagtatgt

ctGggaaactgcctgatggagggggataact

actGgaaacggtagctaataccgcaatgtcg

caagAccgaaagagggggaccttcgggcctc

ttgccAtcggatgtgcccagagggattagct

agtaggTggggtaacggctcacctaggcgac

gatccctagctggtctgag 

Escherichia coli 

E4746 
93% 2e^-7 98% 

T4 

ctcgggtgacgagcggcggacgggtgagtaa

tgtctgggaaactgcctgatggagggggata

actactggaaacggtagctaataccgcataa

tgtcgcaagaccaaagtgggggacctcgggc

ctcatgccatcagatgtgcccagatgggatt

agctagtaggtggggtaacggctacctaggc

gacgatccctagctggtctgagaggatgacc

agccacactggaactgagaca 

Klebsielle 

quasipneumoniae 
89% 2e^-6 93% 

T6 

gtcgagcggatgagaagagcttgctcttcga

ttcagcggcggacgggtgagtaatacctgga

atctgcctggtagtgggggacaacgtttcga

aaggaacgctaataccgcatacgtctacggg

agaaagcaggggaccttcgggccttgcgcta

tcagatgagcctaggtcggattgctagttgg

tgaggtaatggctcaccaaggcgacgatccg

taactggtctgagaggatga 

Pseudomonus 

donghuensis 
95% 2e^-8 98% 

T8 

cttctctgatgttagcggcggacgggtgagt

aacacgtgggtaacctacctataagactggg

ataactccgggaaaccggggctaataccgga

taatatattgaaccgcatggttcaatgttga

aagacggtttcggctgtcacttatagatgga

cccgcgccgtattagctagttggtaaggtaa

cggcttaccaaggcaacgatacgtagccgac

ctgagagggtgatcggccacac 

Staphylococcus 

lentus 

AYO352 

94% 2e^-7 

 

95% 

 

T10 

gcttctttcctcccgagtgcttgcactcaat

tggaaagaggagtggcggacgggtgagtaac

acgtgggtaacctacccatcagagggggata

acacttggaaacaggtgctaataccgcataa

cagtttatgccgcatggcataagagtgaaag

gcgctttcgggtgtcgctgatggaggacccg

Enterococcus 

faecalis 

Strain N52 

97% 2e^-6 89% 
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Isolate Sequence BLAST Homology 
Query 

Coverage 
E Value 

Percent 

Identity 

cggtgcattagctagttggtgaggtaacggc

tcaccaaggccacgatgcatag 

T11 

gtcgagcggatgagaagagcttgctcttcga

ttcagcggcggacgggtgagtaatacctgga

atctgcctggtagtgggggacaacgtttcga

aaggaacgctaataccgcatacgtcctacgg

gagaaagcaggggaccttcgggccttgcgct

atcagatgagcctaggtcggattgctagttg

gtgaggtaatggctcaccaaggcgacgatcc

gtaactggtctgagaggatga 

Lectococcus 

piscium 
90% 2e^-4 90% 

T12 

cgcatggtgggtgttggaaagatttatcggt

tttggatggactcgcggcctatcagcttttg

gtgaggtaatggctcaccaaggcgacgacgg

gtagccggcctgagagggtgaccggctctac

tgggactgagacacggcccatcttcatacgg

gaggcagcagtggggaatattgcacaatggg

cgcaagcctgatgcagcgacgccgcgtgagg

gatgacggccttcgggttgtaa 

Micrococcus luteus 

Strain MA 41 
92% 2e^-2 91% 

T13 

ccaaaggttagcggcggacgggtgagtaaca

cgtgggcaacctgcctgtaagactgggataa

cttcgggaaaccggagctaataccggataat

ataagagaccacatggtctcctattaaaaga

tggcttttcgctatcacttacagatgggccc

gcggcgcattagctagttggtgaggtaacgg

ctcaccaaggcracgatgcgtagccgacctg

agagggtgatcggccacactggg 

Bacillus timonensis 

Strain DB21 
91% 2e^-9 94% 

 

Biofilm-forming Potential 

The isolates identified with biochemical test were cultured singly and together with another 

identified isolates in the microtiter plate (Fig. 5). E. coli, Staphylococcus lentus and Micrococcus 

luteus exhibited commendable biofilm-formation in microtiter wells within 48 hours as recorded 

in vitro after crystal violet staining. The relative thickness of biofilms would generate much more 

information on how the persistence and growth of biofilms correlate to health hazards to public 

health from biofilms inside the pipelines of water supply system (Hall-Stoodley, et al. 2004). As 

visible in Fig. 5, well number 1 (M. luteus), well number 2 (S.lentus), well number 3 (E. coli), 

well number 1+2 (co-culture of M. luteus and S. lentus), well number 2+3 (co-culture of S. lentus 

and E. coli), well number 1+2 (co-culture of M. luteus and E. coli) and well number 1+2+3 (co-

culture of M. luteus, S. lentus and E. coli) showed higher retention of crystal violet compared to 
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wells without any bacterial culture (well number N). This experiment referred to the ability of 3 

of the identified isolates to form biofilm individually as well as in co-culture with one another.  

 

Fig. 5. Biofilm-forming potential of representative isolates from municipal supply water, Dhaka. 

(N=Negative Control, and 1, 2 & 3=Isolate number). 

Discussion 

Physico-chemical parameters of the municipal supply water showed few parameters which were 

beyond the reference value for safe human consumption (Table 1). The Department of Public 

Health Engineering, Government of Bangladesh, has defined a set of values of physico-chemical 

parameters that can be ensured by Dhaka WASA, which serve as the reference values for 

Bangladesh (Annual report of Dhaka WASA, 2012-2013 and 2015-2016). The result clearly 

showed higher levels of conductivity, salinity and hardness in the test samples. 

Occurrence of opportunistic pathogens such as Enterobacter, E. coli, Pseudomonas, Bacillus 

indicated that the supply water was not suitable for infants and immune-compromised people. 

Any treatment process (filtering, reverse osmosis, boiling) prior to use of potable water might be 

necessary. However, as evidenced from Table 2, 3 and 4, biochemical test might not be a reliable 

determinant for identification of random genera from environmental samples because isolates 

identified as Enterobacter and Alcaligenes were misidentified, and revealed later by molecular 

techniques as well as isolate T8 that was presumed to be S. aureus was finally identified as S. 

lentus. This discrepancy calls for application of molecular techniques in analysis of water quality 

for public supply and an update of water testing protocol might be employed for populous cities 

of Bangladesh in adherence to the latest guidelines from the World Health Organization (2004 

and 2011 and Bodini et al. (2018).  

The natural water source for municipal supply in Dhaka South (Shitalakhya river) receives 

industrial influent, agricultural influent and municipal treated wastewater from various sources 

(Gupta et al., 2009), which contributes to chemical pollutants in natural surface water. The 

modern urban planning and validation assays indicate the growth of microbes inside the piped 

water supply network in cities contribute to trapping of protozoa, release of toxins and weathering 

of inner surface of water supply pipes.  These risk factors have not been included in the quality 
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control process of Dhaka WASA, but these are included in the guidelines of the World Health 

Organization as well as in the developed world. The risk factors arising from microbial 

interactions inside the piped distribution system are included in all advanced water supply 

systems, which implement molecular microbiology techniques and metagenomic techniques for 

routine quality control of the supply water that is intended for drinking (Akhter et al., 2009; 

Andrew et al., 2012; Santos et al., 2019). Dhaka WASA was advised by the WHO to upgrade the 

water supply system so that all known threats to the public health can be eliminated (Haq et al., 

2006; Kinsey et al., 2017).  

Since the particular types of the pollutant are not known, the type of damage on public health 

cannot be predicted with a specified model. The economic benefits of preventing large-scale 

health risks are enormous and have been shown to contribute to national development in low- and 

middle-income economies (Harriet et al., 2014).  

The presence of biofilm formers (Fig. 5) indicated that there was a chance of potential deterioration 

in quality of drinking water, spread of virulence genes from the microbial consortium, trapping and 

reproduction of protozoal pathogens (Hageskal et al., 2006; Hall-Stoodley et al. 2004). There is 

room for extensive research to identify and predict the health hazards from water supply network 

and be prepared to prevent them effectively (Giao et al., 2011; CDC 2015).  

Conclusion 

Based on the above discussion it may be concluded that different types of microorganism are 

capable of forming biofilm in the potable water distribution pipe lines. It might contribute to the 

deterioration of water quality and in turn might pose potential risk to the public health. Hence, 

suitable molecular techniques must be implemented to identify routinely the specific potential 

microorganisms in the water distribution system and necessary measures must be taken in place for 

good quality of potable water. 
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