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~ ASSESSMENT OF WATER QUALITY DUE TO MICROBIAL
GROWTH IN DRINKING WATER DISTRIBUTION
- SYSTEMS IN BASRAH CITY

A M R. Al-Taee ‘ ;
Maririe Sc:ence Centre Umver.szty of Basrah, Basrah IRAQ

ABSTRACT v

' Fifty-three drinking wate{r samples wem collected from 13
districts and 3 water treatme;nt plants around Basrah City, durmg
March-September  1999. The samples were distributed in
- accordance  with the | water treaiment plant supplying the
consequent districts. The\ resulis. obtained - from the water -
' treatment ' plants samples | were acceptablc from the micro-
'blologxcal view pomt‘ wlﬁu,reas 12 genera and 19 species of -
“bacteria and two genera a;: three si)emes of fungi, most of them'
are opportunistic pathbgeﬁs for human were identified from the

wa.ter distribution system&i rendeung the water unfit f01 human
consumptxon

iNTRODUCTION i

Mlcﬂoblologlcal growth in drmkmg water can degrade watcr quality and
bccomc a major arca of concern for affected utilitics. The tmm bloloplcally
“slable waler has been l)l()l)uobd to deseribe potable water that docs not
proxﬁotc the gxowth of micro- organisims Quung distribution (Rice, ef /.,
1991) The purpose: -of a water distribution systcm is to supply the consumer
"w1th§ potaolc ‘water and 10 ensure g,ood hygienic samtary condltlon
(Augoustmos etal., 1992). -1 = .
D;mkmg water contammatwn rcsultmg from a range of sources, such as
infiltration, bredk through at the treatment works or . from the b1oﬁ}m
' established w1thm the p1pe-worl< Recent chang,cs in the safe drinking water
“acts |a total coliform rule, in the U.S.A., require that all potable water Sampleb
positive for total coliforms be analyscd for fecal coliforms or Escherichia -
colij/(Rice er al,, 1993). The occurrence of E. coli is considered an acute rlsk

of pubhc health because its |presence is directly assoc1ated thh fe(:dl
contamination: | ST -
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t- The aims of the present study are as follows , Lok
' (1) To evalute dlfferent selective media for 1solat10n of E. coli from drmkmg .
' water ;\ ] |
(i) To | linsure the quahty of the, ﬁnal drmkmg, water and the ability of 1t‘s use
for human purposes. . ; | |
- (iiD) TO! conduct an m-depth study on the vpnatton of b'tctertal populatton m
R dnx}ktng water system in the mty of Basrah | |

MATERIALS AND METHODS | |
o i - : i
Fifty- three drmkmg water samples were qollepted from thtrteen dtstrlcts m,
- Basrah *c1ty during the period Maxch~Septemper 1999. These dtstrtcts were |

supphed mainly from Bradhaaya (;,1te D. Maakl (sxtc H) and IIartha (gtte III)
stations, S ) f

}

, The, samples were collected;
- flasks to which a eolutton of 2.}

25011‘4 I\Ialgene polycarbonate eomcal
w/v) sodium thtosulphate was addgbd as
| reducm,g agent for ‘any residu lormeO;The flasks 3 were autoclavec? at 1.

.~ bar for 15 min at 121 C’. Samples ¥ere collected in accbrdance thhE Standard

Methods for the Examination  of; ‘water and Wastewater (APHA 1989) and
analyzed in the laboratory within 1-2 h. following collection. | :
Microbiological analysis: water samples were analyzed for total plate
,'countsi (TPC), total coliform (TC), fecal coliform (FC), Pseudomonas
? aeruginosa and 'some fungi. The membrane; filtration technique (APHA,
1989) iwas used by filtering two replicates of each sample through Mthpore
WCN type filters (Whattman Corp., Japan). .
(‘%Htue medin used include plate count dpm (PCA), cosin methylene' ‘

;nvu

blue agar (LMB)’ m- l(,sbxoth (Al-Sulami et al.,: 1995), Mat,(";onkcy ag,;;;
(MA),| MacConkey broth (MB). (McFeters etal., 1982) voxlet red bile agar
(VRBA). S.8. dgar fand Pscudomonas agar r (I’AI‘) for 1solatton of |
Pseudomonas aeruginosa. o §g !

Alltotal of 185 colonies of bacterta and6c510mes of fungl (1solated op-
S.S. apar) .were | . picked ranhomly from the initial growth and éxamined by a4
mmphologtcal and thOhemxcal as followes: Gram stains, oxidase reactlon,% \
, IMV1CF tests, hydrogen suiphtde productton phenylalanme deammase, Urea
- hydroloysis, ~arginine - hydrolysxe lysine and ornithine decarboxylasc,;'_f
~ malonate utilization and fermentation of lactose sucrose, ' D-mannital ;¢
sahcmﬁ —sorbttczl L—arabmose ;rafﬁnose maltose D. xylose and. D(+)*

manngse. The fungi were “idéntified in the mycology laboratory college o?

o L ;
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. Their blochemlcal pxoﬁles were compared with tabulated data (Far;mer
“and kelly, 1991 and Holt et al., 1994). j

- Chemical / Physical’ analyms : Samples were collected in clean 250 ml |
Nalgene polycarbonute. flasks. Parameters tested included: PH, salinity (PH
meter, 'WTW, Germany), turbidity’ (turbldlty meter, Hana, smgapore) and

hardness (Gesamtharte test, Art. Nr. 10032), which determmed m the
laboratory at room temperature. ‘

RESULTS . ‘ - | o

During the first month of the study the samplcs collected from the threeg
. stations had showed no bactehal growth, Accordmgly water samples were §
" then collected from the districts Supphed by : these stations separately, and
. within a distance range of 500- BSOO}m frony each station. (o |
. Data obtained | from each d1 trlct were handeled in reference to th
- relevant station. | 3 “

1
‘ | | ; E
The isolation of total bacterxa in all dxbtmts wh1ch study (Table 1) weré

R

~ uncountable (UC) per 100 ml. z’»‘;;%l |
Total coliforms varied from ©@-UC colony formmg units (CFU) per 100
~ m! and were isolated from all dlsmcts using different media. I‘ccal cohforms,
- were also 0-UC CFU per 100 ml from all districts.

/- The number of bacteria isolated on S.S. agar varied duc to the site and
mcubatmn temperature, but in general, high numbers of bacteria were seen
~ especially on site I and II. On PAF the number of bacteria varied from 560 -
- CFU per 100 ml on site II to UC CFU per 100 ml on site I, while about 2950-
" UC CFU per 100 ml on site III.

‘ RL sults of the chemical / physical pummeiu 3 ArC UK uued m ldble}
- (2). There were no  differences in pll values bLtWLul the three sites, but the:
sahmty and turbidity -were found to vary from less than 0.5 g/l to 1.6 g/l and
- from 2,16 FTU t0 99.71 FTU rcspecuvely, while the hardness was more thanl
- 23dH for all sites, ]
, Identxﬁcatmn of 160 isolates as presumptive cntero- bacteriaceae (Table?
- 3) on different types of media shown wide range of bacteria including
Escherichia coli (6.25 %), Enterobacter aggylomerans (2.5 %), E. taylorae.
. (25 %), E gergoviae (2.5 %), E. asburiae (1.87 %), E. sakazaki (1.25 %),
- Alebsezlla ornithinolytica (3' 75 %), K pneumomae (2.5 %) Hafnia alvei
?e-if;l;' blogroap (3.12 %), Proteus'mirabilis (1.25 %), Rahnella aquatilis (0.62 %),
Serratia tonticola (1. 87%), S. zodonfera bxoéxoup 2 (2.5 %) Cztrobacter
dzverszls (1 25 %) C ﬁundu (1 25 %) Klu/vera ascorbala (0. 66 %), ‘ ‘3

i
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u, mEn 1: OaEmmﬁmam ﬁ. counts of presumptive 83; mna fecal coliform isolates m.cB aszuq water on &m.mwaﬁ

n
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gt

HmEa 2: A summary of a:w nrg:nmm\ physical mﬁ.ﬁ:n»ﬁﬁ of %m:w. mmEmFm no:mﬁmm

from wwmw&_ QQ . .
mwiwm,@ No.|. -~ ﬁm_\,, - lhm.w,_,u,m_ﬁ i m._HnnuEmQ mmwmmmwm )
‘Mean Range - Mean Range | Mean| Range
i} Sited-—.~ 125 1765 1744-79 | 1.02 0.6-1.6 21.55[2.16-76 | >23
Site Il 13 [7.45 | 7.39-7.56 | 0.64 | 0.5-0.96] 42.46 | 10.85-71 |>723~
Site I - 15 |7.60 | 7.39-7.85 | 0. ﬁ 10.5-1.6 |39.04]6.5-99.71 | >23

0

!
!
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*d m nmwﬁwuw mamno@ 1d m 10 mg OmO:m»mw.

E%E.a media. |
mwammn_ Noj PCA} m-FC5 : e MBe EMB VRBA SS PFA
site e SRS Sl ] ‘. .
— -1 - JFC _|TC TC_ TC |[FC |TC _|FC - |35C | 44.5C 5
i Site I 25 | *UC Hc.uqq@ 11688017440 UC |94 | 96-890] UC 0-UC| 640-586 UC——+
Site Hﬁ 113 ] UC [0-2380.1290 |160 " {ND==-pND |ND|ND | 0-10 |ND. 10 0-1390 | 560
Site III | 15] UC .muc-an +ND | 300-U(Q 1360-UQ ND | UC 166 | 72-UC| 1570-U( UC | 200-UCj 2950-U(
RUCT Gnnaaamv? L = o
+ZU 23533 B
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Table -

A

& LR

Idenuﬁcatxon of bactcua 1solatcs from dunkmg water usmg ‘
dxiferent types of medla

‘Specics : |

|
|

No. of isolates *

m-FC5

EMD

YRBA

MA

MB

PAF |

Escherichias coli . , \

6 i

1

2

55

Enterobacter agglomerans

30

1

Ent. taylorae . . '

§

Ent. gergoviae ' "

Ent. asburiae

i

Ent. sakazaki

Klebseilla ornithinolytica

SR RS 3 I

K. pneumoniae

Hafnia alvei biogroup 1

Proteus mirabilis .

Rahnella aquatilis

Serratia tonticola

B8 Lol 153 502

)

Serratia lodonfera biogroups 2

Citrobacter divrsus

C. frundii *

Kluyvera ascorbata

Buttiauxella agrestis

Budvicia aquatica

Total non-enteric bacteria

(o))

15

sofrofro]—=jrofroa] |

Pseudomonas euroginosa

12

Bacillus spp.

Aspergillus terrus
A flavas

D

Penicillium sp.
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Buttiauxe [la agerstzs (1 25 %), Budwcza aquat:ca (1.25 %) and ncm enteric f
bacteria ! (40 %). Wh,x.le Pseudomonas aerugmosa 'was (21.86 %)i as shown in |
- (Fig.1).
" The: percentage of detect1on of E colion m-F@S broth was 30 %, EMB
3.84 %, VRBA3.22 % and: MA 5.88 %. (Flg 2). While S.S. agar showed
ability to enumerate  fungi. Two genera were 1solatcd Aspergzllus terrus A
- flavus and Penicillium sp.
: Seventy-ﬁve 1solates on PAF were 1dent1ﬁed as 'presumptlve
" pseudompnad, most : 6f | these orgézmsms (80%) were later identified as
members of theg @,enus Baczllu.s bemg acrobic, Gram-posxtlve sﬁa,r&formmg
R bacﬂh The rest (20 %) wcre 1dent1ﬁe71 as Pseudomonas aerugingsa.

‘ ?-;, 4

DISCUSSION

% e g

1 rom da:ta obtamed m the pxese ts dy, there were a vauety m,;the numbers
. and types of bactena 1Solated drinkimg ‘water. These vanatxons came
~apparently from the presence of % teria in the distribution systéms Systems
that they' serye the size of pqpulatlon and
the dlstance the water is'carried from its souﬁce Dxffelences in thc size pf the
mmal water works, the source | ofgvater and in'the type of wa ér work, may
. affect the final: water quahty %:ugustmoj et al 1992). AlsQ ihe drmkmg

water distribution system is often ndt a totally cLosed or sealed entlty Duc to |
this, a posmbﬂxty iof external contar matmxtexxsts So the watar dlstnbunon !
‘system should be  designed té) prevent external contammatlon Pra*vious "
‘studies (Geledrexch et al., 1992, ;S ory and} Hclmes, 1997) had, geportéd that
‘the dlsmbuuon systems may become contammated from storm water ran-off
or .cwmga, infiltration.; /\llf\c,hmcnt of bacterial cells to a 'solid surfacc(‘:
v(bxoﬁlmf)« may pxovxdc a more ldvoumblc cnvironment for: buutuml u.Ji
growth (Allcn 1980; Touvinen e al., 1980). [
| A living orgamsm, such as bactemal cell, can produce. materlal to change
i 1ts surfa&ce propertles and the properties of material surface nearby (Lion et
| 1988) According to Tamper (1987) therg are several mechanigms or,
factors, which, enable bacteria to attach to surfaces, mcludmg, y Van der %’aal' “

- forces, ionic bmdmg, covelant coupling, cross -—:lmkmg, ingel, mlcrqca sules
and ﬁbers. G

Sartory and Holmes (1997) noticed that the bactena wluch aSsocxatedzl
- with distribution | 1pe biofilms were more protected than those in the bulk
water and more remstant to chlorination. Also the type of matcmal used in the |

~ system had affected the growth of mhcroorgams S.
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Augoushons et al. (1992) found that mild steel PVC and cement to be
the best support for bacterial growth in water distribution system and copper i

the best inhibitor. Basrahs distribution system is a combmg of the first three.
Phys1eal and chemmal parameters. showed no differences in pH values
between statlons and the system, which mdlcate a delicate balance between
‘bacterial growth in the distribution syFtem Martm et al. (1982) showed that
“the - increase in pH 'due to lime ‘addition was <highly effective; in .the
elimination of cohform growth P the water distribution system. . ‘i
- There were varlauons in sahimty V. lues recorded at the three sites and thls
. might be due to the dlfference in| wat?r sources esPecnally between site I and
III, - site I being the ‘highest 1.02 g/l Moreover the turb1d1ty level wasﬁ
~generally high at all sites. | o o
.~ Turbidity hasbeen used as a measure of water quahty for many years In
~ the United State a limit of .1 NTUthas been'set for water leaving the water |
plant (EPA 1976)./In the presq”nt tes showed high values 'of
. turbidity ‘and that usually 1is cortellgt epresence of nutrients m the
- system which may result in mxTr a1| g‘rowth§ and detenoranon of water ‘

 quality (EPA, 1976). ' o

- :Most ! workers CHerson etal ‘ LeChvaher et al 1984, Rxdgway,and
- Olson, 1982), showed ' that, n)cr

sed turbldlty relates to hlgh chlorine
‘demand :and decreased availability of resxdual disinfectant in the water
dlstnbutmn system. Moreover, they reported a close’ relationship between”
high Ievels of turbidity and increased bactenal growth. Increased turbidity :
~means ah availability of a matrix for the transport* of mleroorgamsms through .
t‘ne systefn or a way:of 1ntroducmg the m1croorgamsms
“In the present study hardness was measured usmg a kit to determmed the
caleium loxide iniwater, all sites gave more than 23 dH (> 230 mg/). The |
high pexeentage of calcium inereases the hdld}\bb‘) ol water anditelease badf;
odor and its precxpxtatlon may cause blockages in the distribution net,,
encouraging bacteria] growth on the i inner surface of the pipes. f :
Large numbers: of heterotrophw bacteria (table 3) were isolated from i
‘drinking] water  systems by using standard mxcroblologwal techniques. Many
of these bacteria had been shown'to be human secondary opportunistic,
’ pathogens (Augoustmos et al., 11992). Moreover the growth of fungi and:
bacteria; in water distribution systems had been shown to be of significance to;
human health. A part from direct health hazards, the growth of bacteria andg
fungi in the distmbutmn system can introduce another problem, as their
- presence ' may mask other mdlcqtor organisms resultmg ﬁ;om a real
| breakthj ough of the treatment process C o g:

i ! ; §‘f
H : Ll
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