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BACTERIOLOGICAL AND CHEMICAL QUALITY OF SOME
SOURCES OF DRINKING WATER IN AKWA IBOM STATE,

NIGERIA - I. R. Udotong '

Abstract

Thiee sources of drinking waler namely: stream, tap and Direclorate of Foods, Roads and Rural

Infrastiucture (DFRRI) bore holes waler were analysed for their bacleriological an

</ chemical quality
in four lL.ocal Government Arcas of Akwa Ibom State. Ragolis waler was usod

as a conlrol having
been found in preliminary experiments to meel the world Health Organization (WHO) standards.

Total bacterial and coliform counts were determined using standard plate count, most Probable

Number (MPN) and membrane filler (MF) lechniques. The resulls obtained from the MF lechnique
indicated that apart lrom Ragolis waler (conltrol), other waler sources sampled were heavily polluted
with laccal coliform above the WHO standard for drinking waler. Using the MF tcchnique, while the
tolal faecal caliform (CFU/100mi) ranged from 40 lo 120 in stream, 5 to 15 in tap c:nd 3 to 12 in bore
hole, the total coliform (CFU/100m) ranged from 216 lo 500 in stream, 6 to 100 i lap and 10 to 70
in borohole. The feacal coliform isolated w;as Eschericia coli biotype 1. Non-[:ccé_l coliform and
non-coliform organisms isolaled were Entérobacler aerogenes, Bacillus sp., i’seudomonas sp.,
Proteus sp., Staphylococcus aurcus and Micrococcus sp. Bacleriologically, it can be concluded that
the presence of these organisms constitute a health hazard lo consumers. Of .he 20 paramelers
assayed, 3 exceeded lhe WHO standard in all the samples with values (in mg/L) >f 1.2 for lead, 0.8
foriron and 1.1 for copper. Chemically, the risk of toxicity due to the metal contar:iination from 'long-

term consumption cannot be ignored.

Introduction

Walcer

recreation, manufacturing processes in industries and the production of food and fibre
(Sangodoyin and Osuji, 1990). In Akwa Ibom Slatc, Nigcria, the government has
olten promised a conventional waler supply systcm for urban and rural arcas.
Unlortunately however, communitics are still without adequate supply of potable
water. Consequent upon the government's inability to provide sulficient potable watcr
for all needs especially for drinking purposce, residents in mosi com:nunitics resort (o
the available sources of drinking water. Somc of the vaiious sgurees of drinking watcr

i Akwa Ibom State arc strcam water, well watcer, Dircclorate of I'oods, Roads and

Rural Infrastructure (DIFRRI) assisted bore hole walter, rain water, and public pipe-
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is essential for a varicty of human activitics including drinking, sanitation,
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¢

borne water supplics.  In order to mect the high demand of waler, people enpaypc

conunercialisation ol untrea

in private
ted water in areas where tap water is not readily
. :

available i
Nigeria and sold under various brand names in the state.  Few studies sugpest that the
microbiolopical quality of tap walcer supply to most of the communities in Nigceria is poor
(Agbu et al, 1988). To date, no information is availuble on the bnclcriq_lbgicul quality of
water in Akwa Tbom State, using the acceplabic standard methods. Alsé no in formation is
available on the chemical quality and heavy metal concentration in water destined for

human consumption in the State; and there are no previous studics on the quality of some

other sources of drinking water (apart from tap water) available to the rural dweilers in the
State.

After the United Nations declaration, in its 1980 General Assembly of 1981 ~ 1991

as the United Nations Water and Simitation decade, it was important to asscss the cxtent of
.
suceess in Akwa Ibdm State in particular, and Nigeria as a whole; and also to documeci

bascline data on bacteriological and chemical quality of some sources of drinking water in
AKwa [bom Siate.

Materials and Mcethods

Swapling and sample collection i
Four (4) out of the 24 Local Government Arcas in Akwa Ibom State were sclected at
rindom 1o represent the 3 Senatorial districts and the State Capital, Uyo. At cach of the 4
sampling (Local Government Arcas) points, 1 litre cach of the foliowing water samples
were aseplically colleeted in sterile bottles and taken to the luboratory within 1 hour for
analyses: (1) Slrc;in; waler (1) Tap waler (Irom the State Water Board) (iii) DFRRI —
assisted bore-hole water (iv) Ragolis (bottled spring water).  Each of these water samp’

were randomly obtained from 10 different sources in the Local Government Arca betweein

August and March, a period representing the fater part of the rainy scason and the heginning

ol the dry scason in Nigeria.

Bacteriological analysis

(1) Total bacterial count

)

The total bacterial count per milhilitre of the samples were determined using the

standard plate count techmque (Harrigan and McCance, 1976). Inoculated plates were

incubated acrobically for 24 — 48h at 37'C. A colony counter (Gallenkamp, England)

td
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was used tor couniing and the result was expressed as colony forming units (CFU) per
milthire of samples, The methods according to Colhing and Lync (i970) were employed in
the identification ol the bacterial isolates.

(ii) Total colilorm bacteria

(1) The mcmhrm}c llter (Ml"’).lcchniquc as described by Lechevalier ct al. (1983) was
cmployed for the detection and enumeration of total coliform bactlciian. MF = cndo medium
(Difco, USA) was used and inoculated plates were incubated at 37°C for 18 — 24N, Colonics
with green or gold metallic sheen on the ME pliates were counted as total coliforms and
expressed per 100ml ol water saumiple (Wolf, 1972).

(b) Multiple tube fermentation technique:  The most probable number (MPN) of total

coliform bacteria present in the samples were determined using the MPN techniquc according
o Harrigan and McCance (1976). ; :
(iii) Total feacal coliform | "

A stmilar procedure to that cmploycd for the detection and enumeration of total coliforms by
M technique was emiployed for the detection of faceal coliforms. lere, FC- medium’(Difco,
USA) was used and inoculated plates were incubated at clevated lempeiature of 44.5°C in a

witter bath (Gallenkamp, England) for 18 - 24h. Liglt bluc to dark-green colonics werc

counted as faccal coliforms and expressed per 100ml of water sample (Wolf, 1972).

Chiemical analysis

Samples were analysed for the various paramclers using the rccommendcd standard mcthods
(APHIA, 1975). The pll of samples were determined using the digital | 11 meter (Corning,
England) while clectrolyte conductivity determinations were donc using a comluclivi(y scl
(NModel NMC-1, Electronie S\\'ilcl'lgcar Lwl., London). The pyc Unicam 919 Atomic
Absorption Spectrophotometer with air - acclylenc flame was used for the detection of
mctalsy whereas, the alkali metals (sodium and potassium) were determinacd using a [lame

photometer (Jemway Lid., England),

Results

Bacteriological Analysis

Results of bacteriological analysis of various sources of water samples using standard
plate count, most probable number and Mif tcchniques-are presented in Table 1. There

-
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was no bacterial isolate from the Ragolis walter (control). The total coliform count oblained
using the MPN technique ranged from 425 to 2620 MPN/100m! in stream water, 9 to 20
MPN/ZLOOmI in tap water and 24 1o 350 MPN/100ml in DIFRRI - assisted bore-hole water.,
The towal coliformy count using the MFE technique r;m'gcd from 2106 to 500 CFU/100m! in
stream water, 6 to 100 CFU/100ml i tap water and 10 1o 70 CFU/100ml in bore-hole waler.
No coliform orgamism was isolated from Ragolis water using both the MPN and MF
techniques. Based on the total coliform count using the MPN and MF techniques, »strcam

waler samples from lkot Ekpence were found to be the most polluted with human faccal
wastes,

Table 1. Bacteriological count of various water sources using standard plate Count,
(M PN M techniques).

Source L.G.A Standard MPN Mcmbranc Filter
platc  Count Technique (MF) Technique
(CrFUMmI) Coliform
(MPN/100ml)
X107 Total Faccal
caliform coliform
P CFU/100ml  (CFU/100ml)
Stream Uyo 40 425 216 40
Like 33 1,600 300 120
Uruah 13 1,800 400 90
kot Ekpene 35 2,620 500 S0
Tap "~ Uyo 2] 10 6 5
like 49 : 25 100 15
Uruun 33 9 9 ¢
kot Likpene 30 12 10 9
Bore-hole Uyo 18 350 70 12
ke 10 25 16 5
Uruan 10 24 20 3
R IKot Ekpene 12 70 10 3
L. G. A: Local Government Arca ‘

On the basis of their morphological and biochemical characteristics, the bacteria

isolated were members of 7 gencra:  Escherichia coli biotype 1, Enterobacter

carogenes, Pscudomonas sp., Bacillus sp., Proteus sp., Micrococcus sp., and

Staphvlococus aurcus. The frequency of occurrence of the isolates is presented in
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Table 2. F coli ll)iulypc Fand N awrens occurted in all the stieam waler samples
analysed (100%,). While £ acrogenes, Protens sp., and Bacillus §., occunied in 0% of the
stream water samples, only £, acrogenes occurred in §0% of the tap watcei analyscd, Also,
while scudimonas ap., Micrococeus sp., vecurred in 50% of the sucaia water samplcs,
Bucillus sp. occurred in S0% of (he tap and bore-hole water samples. Stre:

N owalder was the
most polluted with all the b

aclerial isolates occurring. . coli biotype | ind £

- acrogences
were the only coliform bacleria isolated from strcam, tap and DFRR] a:sisted bore-hole

waler samples,

_Table 2. Frequency of occurrence of isolates from various water s -urces.
Source Organigms Occurrence Number Percentage of
sampled  occurrence

Streaam Escherichia coli biotype | 10 10 100
Enterobacter acrogencs 8 10 SO
Bacillus sp. 8 10 SO
Pscudomonas sp. 5 10 50
Proteus sp. 8 10 S0
Micrococcus sp. ’ 5 10 50

Tap Ixcherichia coli biotype | 2 10 20
Enterobacter acrogenes S 10 S0
Bacillus sp. 3 10 50
Pscudomonas sp. S 10 50
Proteus sp. 2 10 20

Bore-hole Lscherichia coli biolype 1 2 10 20
Bacillias sp. 5 10 50
S, aurcus 2 10 20
2. ucrogencs 2 10 020

Control - No. bacterial isolate 0 0 0

ARagolis)

Chemical Analysis

Table 3 shows the data on chemieal analysis ol water samples from the 4 sources in

cach sampling point (Local Government Arca).  Average values of the paramectcers

assayed ool the water samples from the various sampling points were found to be

within tolerable limits as specilicd by WITO (1971) with the cxception of iran, lead
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and copper, whose values were found to be in excess of the WIHO standards. No

residual chlorine was detected in any of the water samples analysed.

Discussion '

The bacteriological examination ol strecam, tap and bore-hole water from Uyo, Lket, Uruan
and kot Ekpene Local Government Arcas in Akwa Ibom State, showed coliform counts that
far cxcecded the 2.2 coliform per 100ml recommended for potable water by the United
States Environmental i’rolcclion /I\gcncy. USEPA (Frecedman, 1977) and the zero coliform
per 100ml reccommended by the WHO, (WHO 1971). It ié cvident, therefore that none of
the sources of drinking walter available to residents in these Local Government Arcas in
Akwa bom State is considered fit for human consumption for bacteriological rcasons.
Also, the fact that all the water samples from the (three) sources in the 4 Local Govcrnmcn;l

Arcas were contaminated with faccak coliforms suggests that these may have been

contaminated by facces.
]

It is however, interesting to nole that the gross contamination of all the sources of
drinking water in ARwa 1bom State with Esclierichia coli hiotype 1 is in agreement with the
report of Olutiola ¢t al. (1988). The results of the present study also agree with similar
studics on private wells in Katsina (Adesiyun ef «f,1983) and Samaru and Zaria Citics
(Aebu er al,, 1988). -Thc prevalence of 2. coli biotype 1 and Enterobacter acrogenes in tap
water may have been due 1o the fuct lh}tl most sanitary scwer lines arc located in close
proximity to water supply lines which pass the septic tank absorption ficld. The sewer and
the cast iron pipe used for transferring waler are subjeet to leakages and somcetimes, there
may be accidental back flow or back siphonage of contaminated water from toilet and wash
bowls into the water supply pipe through leakages in supply lines passing through the drain
ield (Uraih and [zuagbe, 1990).

Also, location [ the borc-holc‘in closc proximity to pit latrines in the rural arcas
may have been responsible for the presence of these coliform organisms in bore-hole
water. Morcover, the waler lrom DERRI - assisted bore-hole has been shown to be at
the same water level, in some arcas, with pit latrines and somctimes the facces in pit
latrines may percolate through the soil to the bore-hole watcr, thus contzuﬁinzuing it
(Uraih and Tzuagbe; 1990). The high prevalence of these coliform organisms as well

as Staphylococeus aureus, Proteus, sp., Pseudomonas sp. and Micrococcus sp. in

¢
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stream: water may have been duce to the fact that the streams are located in arcas
caposed to domestic activitics such as washing of dirly clothes, bathing and dumping of
houschold refuse. Adcisyun ef al. (1983) has attributed (hese factors amongst others to
the contimination of private and publie well water in Katsina.  The fact that all the
samples analysed were sources of drinking water available to the residents in the arcus
under study is of cpidemiological significance as water-borne discase outbreaks may
result from their consumption.  This is because of the large population they sérvc

compared to those that drink the Regolis water (control) which has been found in

preliminary experiments and this study o meet the USEPA and WHO standards for

potable walcer. '

The results of chemical analysis of (he samples of some sources of drinking
water in Akwa Ibom State showed that apart from lcud, iron and copper whose
concentrations slightly exceeded the recommended levels for potable water (WHO,
1971), all other paramcters were within acceptable limits. It has bcen shown that
consumption of water contaminated by metals like lead, even in low concentration, may
result i cumulative poisoning (Freedman, 1977). With incrcascd coﬁccnlrution's of
these metals (lead, wron and copper), the risk of chemical poisoning, which may result
[rom the loxicity of these metals from leng-term consumption cannot be ignored. Also,
the fact that no residual chlorine was detectabic in tap water indicated that tap water in
the State is not chibrinated, hence the presence of the micro-organisms in the water
samples. .

1t can be concluded therefore, that after the United Nations declaration of the
1981 = 1991 as the United Nations Water Sanitation decade, little or no impact has been
made on the quality of the sources of drinking water in Akwa Ibom State, in particular
and Nigeria in general. - Strict adherence to the recommendations of the W10 and (he
US Environmental Protection Agency, as regards provision of potable water and the
strict implementation of the recommenditions of the UN General Asscmbly on the

mprovement of water and sanitation standards will help to climinate the possible clTcct

ol consumption of substandard watcr.

2
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