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Abstract

Physicochemical and microbiolagical analysis of fifteen (15} saimples of sachet-packagedl drinking

water procured from threc states (Oyo, Lagos and Ogun) of South West of Nigeria werc carﬁgg out to

cvaluate their suitability for drinking, Phystochemical analysis [or metals concentration; hardnéss, pH,

acidity, alkalinity and conductivity determined showed that some of the samples were not within the

recornmended limits. Generally, the metal content of the samples was high as shown by iron in excess

ot 0.3mg/L in all the samples and lead in excess of 0.05mg/L in two of the samples. MicrobiologicalA
examination for total counts of bacteria and fungi, the presence of faccal coliform, Escherichia coli’”
Fibrio sp. Salmonella .sp. Shigella sp.” streptococei - and Staphylococeus aureus was performed.

Coliforns counts 10-200cfu/ml; E. coli 0.2-8.0cfuw/ml; Staph.aureus 10-2000 clivml and total plate

count >100cfi/ml; were detected in 11, 4, 8 and 10 samples respectively out of the 15 tested: Using

the standards supplied by National Agency for Food and Drug - Administration and . Control

(NAFDACY) in Nigerfa and as specified by World Health Organjsation (WHO), only 13% of the water

samples were suitable for drinking. The research confirms the speculations about the impure state of

{he sachet packaged drinking water sold in Migeria as “pure water”, about 50% of which had

NAFDAC registration nurrbers.

Introduction

Due to the outbreaks of water-borne diseases like dysentery, gastroenterifis, typhoid fever, cholera
and so on, reported some years back, national health authorities, in conjunction with World"Health
Organization (WHOQ) have set processing and quality standards for drinking water, - Furiher,
occasional chemical poisonings have been reported as coniributing to morbidity and mortality
worldwide as a result of drinking contaminated water (Medwick, 1990, WHO, 1996; Hunter, 199N,
In Nigeria, there has been a shortage in public piped water supplies that made the populace 6 depend
on open dug wells, strearns and bore-holes as sources of portable water, However, an increaged
outbreak of typhoid, cholera and ofher water-bore diseases has Ied to the emergence of sachst-
packed water popularly called ‘pure water’ — so called to give an assurance of safefy., '

As the regulatory body in Nigeria, National Agency for Food and Drug Administration and Contra]
(NAFDAC) has set up limits of physicochemical and microbiological standards ag guidelines on the
qualily of water suitable for drinking purposes (NARDAC, 2000). The metallic composition of water
Is important because of ‘the potentjal health hazards of chemical contaminants like copper, arsenic,
phenol and aluminium, and loss of acsthetic quality due to altered physica_I characteristics. However,

more emphasis is laid on the microbiological standards because of serious health impHeations of
ingesting microbial pathogens in waier, '

WHO and NAFDAC permit <100cfia/ml as total count and no faccal coliform contaminants (WHOQ,
1996; NAFDAC, 2000). As E. eoli is the most numerous facultative organism in the gut which can be
detected at very low dilution, this makks it a sensitive tadicator of faecal contamination, The
Euterobacteriacene: Salmonella, Shigella and Escherichia, along with other organisms like Fibrio
cholerae, faccal streptococe, Staph. aureiis and fungi represent the major pathogens causing watcr-
horne diseases worldwide (Lewis, 1991; Richards and Batram, 1993, WHO,199¢; Hunter, .1997,
Kirkwood, 1999), For the purpose of this work the 15 samples of drinking water from Oyo, Lagos and
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Ogur States of Nigeria were procured 1'31id01111y; and subjected fo Taboratory examination to -vcrify
their extent of purity and suitability for drinking. ' )

ifatierlals and Melhods

Water Samples: ¢ o

Fiftecn samples of sachet-packaged drinking water were procured vaidowly from different locetions
in Oyo, Lagbs and Ogun States of Nigeria. Five samples from cach siate were laheled according o the
comumercial names on the water sachets, nimely: Oyo State (DL, KB, RT, GY, RX), Jagos (VF, PT,

o

KN, Y8, GD) and Ogun (BR, AS, BO, PZ, GO),

Media: o ; : L
For microbiology assay, MacConkey agar (MA), Salt mutrienl agar {SMNA), Nutricat agar (NA),
Alkaline peptone water (APW), Sabourand dextrose agar (SDA), salmonella-Shigella agar (SSA),
MacConkey broth (MB) and Cetriwide nutrient agar (CNA) were the media used,

Physicochemical Analysis i S : .
Total harduess was determined by cowplexometric method. of Disodiwn EDTA tu measure the
calcium and magnesium ions. Acidity, atkalinity and carbondioxide were determined by Utrimetric

- methods using 0.1M NaOH,-0.01M HC1 asd 0.02M Na2('03 respectively. The pH was measured using

" Total viable counts:

.

a digital pH weter standardized with buffers 4 and 9, while the conductivity was measured with 2

conductometer (Cambridge). Metal analysis was done with a flame photowmeter (Jenway) with values

for Ma, . and Ca deteroined. at thefr chavacteristic wavelengths using the meter readings 1.111.:lfip1icd
by average gradient as patt per million (ppm) for. each metal. An Atomic  alisorption
spectrophotometer (AAS) model Buck 200 was unsed to test each water sawmples for e, Zn, Mg, Cu,
ivin, and Pb measuwring the absorbance wavelengths divectly in ppm at the correspondent cathode lany
of the metal inserted. All determinations were carried out following standards procedures (Olaniyi and
Ogungbainila, 1991; Reynolds et al, 1996; B.P. 1998). '

Microbiological Analysis :
Bach sample was diluted 1 in 10° in Nutrient broth {(Oxoid) for bacterial counts and Subouraud
dextrose broth (Oxoid) for fungal counts. From the ditution, duplicate pour-plates were prepared in
MA and SDA. for bacteria and fungi respectively. The bacterial cultures were incubated at 37°C {or 24
(o 48 brs and the fungal cultures at 30°C for 2 to 5 days, both under aerobic condition, Bacteria and

3

fungl were estimated as colony forming units per milliliter (cfu/ml). The sainples were also cullured

- using four differential/selective culture media nainely: MCA, SSA, CAN and'SNA. T he plates were

incubated " at 37°C for 24 to 48 lus, and bacteria- were estimated as colony forming wmits per ml
(cfml) (Harrigan, 1976; Adeleke ef af, 2000). -

Bacteria] and fungal izolates;

Representative bacterial colonies on the plates for total visbie count were Geam stained and later
subcultured into. sterile Nutrient broth of Sml per test-tnbe. Lsolaled colonies resulting from plate
culiures un N4, were subjected to conventional biochemical tests specifically to identily Escherichia
coli, Staphyloéoceus aureus and Psendomonags ueruginose. The fungal isolates observed on dhe lotal
viable conat plates were identified by their cultural characteristics such as colow, consistency und
growth pattern of mycelia (Cowan, 1974 and Harrigan, 1976). :

Presumbptive coliform test (PCTY:

This test gave an estimate of most prubable number (MPN) of coliform bacilli per 100mi. of each
water saumple. Bach sample was diluted Yin 100ml. of sterile distilled water and subjected to multiple
tube technique of PCT, The bile-based medium used was MacConkey broth (DIFCQ) in double und
single-sirength concentrations appropriately. Tests that showed acid and gas production afler 48 lus of
incubation at 37?C were considered positive for coliform bacilli (Lewis, 199]).
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Faecal coliferms and Detection of . coli b T -
All the positive tests in the PCT and an overnight broth culture of B, coli NCTC 97001, were
subcultured in loop-full, each into MacConkey;i broth{ and incubated at 44°C to 45°C in an
electrotherimal water-hath for .4!8 ‘hr, The subcultires that ﬁroducif:’d acid and gas as evidence of faecal
coliforms were streaked each on MacConkey agar plate and incubated at 37°C for 24 hr. Reddish pink
colonics that stained Gram-negative rods as the E. coli control culfure were subjected to Indole |
Methyl Red, Voges-Proskauer and Citrate (IMViC} tests for differentiating the enteric coliforms. F.
coli was detected as indole and methyi-red posilive but Voges-Proskauer and. citrates test negative
(Harrigan, 1976; Richards and Barfram, 1993). : -

Results and Discussion

All the aesfhetic requirements of gobd appearance, colour, cdour and {aste were satis'factofff in afl the
waler samples as stipulated by WHO. The actual volume of content of each water satple was in
excess of the 500ml printed ;on the sachets. None :of the sarple had a batch numiber, which nieans one
cannet be sure of the processing period and data in case of a need for product recall. Only eight of the
fitteen samples had NAFDAC mumbers, which is an indication that only 53% of the processing
facilities were NAFDAC approved. Since NAFDAC is the regulatory body responsible for ensuring.

»

the safety of commercial drinking water in Nigeria, lack of NAFDAC number may be implicating. = -

Based on the result of physicochemical analysis obtained (Table 1), clectrical conductivity of all the
waler samples were higher than normal (>5 x IO‘ﬁuohm/cm), which is an indication of presence of
high metallic content. Iron levels (0.4 = 3.1 mg/L) were found to be generally high (0.4 ~ 3.1 mg/L),
in all the semples WHO limits 0.3mg/L 4.6). However, the values werce lower than that implicated in
iron poisoning, but may enhance redox reactions in the water samples which may lead to
discoloration. Toxic metals liks copper ard lead which may constitute a danger (o health if present in
exeess of the recommended concenirations were found to be within Hmits in all the samples except
two that had 0.06mg/L of lead instead of WHO limit of 0.05mg/L. This however presents no special
health fmplication (WHO, 1993; Reynolds e al 1996). Total allalinity was in excess of 200mg/L n
six of the samples while free CO, of fwo samples was in excess of 10mg/L.

The results of microbioldgical analysis (Table 2) showed that E. coli was detected in 4 samples
whereas total coliforms were detected in'11 samples out of a total of 15 saroples, and (his cut across
the three states. Shigella and Fibro sp. were absent in alf the samples, but the presence of Salngnelly
in samples RT, GY and VF from Oyo State is a serious indictment. Salmonella sp. has been
implicated in gastroenteritis, typhoid and paratyphoid fevers. Similarly, the plate counts for Staph.
aureus showed that the pathogen was present in 8 samples while total plate count revealed excess of
microbes (120-2000cfu/ml) in 10 samples.

In conclusion, it is evident, based on the tested samles thai most sachel-packaged drinking w.atcr, 50
called “pure water” in Nigeria are below standards as per purity. Therefore compliance mon{toring for
approved standards of drinking water must be enforced for sachet packaged drinking water samples,
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Tuble 1: Physicochemical Analysis of the Saghet Packaged Water Saumpies from Three State in Wostern

" Dipexia

‘Oyr} Slate : Lugas St Ogun Stale
'Surnptes of pure DL RB RT GY RX \l;F PT ‘KN . ¥Ys GD B8R AS -BD PZ GO NAFDAC
wa.ual
« Limils
Declare: 50 50 . - 500 0 60 60 - 50 . 55 50 - . -
conlem(CL) .
Net Gontent,GI. 52 6 64 §2 . 84 62 63 65 58 G5 60 67 62 81 59
HATDAC Ro. ¥ YN Y N Y N Yy owoh oy NN on
Bateh No, . . - - - . - . - - . . . - .
Conductivity s 245 270 280 {70 120 190 160 528 470 120 BI5 58 47 120 35x00°
pohmicm
pH TH6 772 748 735 BT6 17 74 68 74 58 JAT 742 734 745 681 65502
. Free Co, 12 13 41 18 3 5 ! 8 s s 7 § s 4 4 10
Sulphale mgll <10 ) <10 <10 <10 <10 <0 1 <0 <10 <10 <0 <0 <10 <10 <10 <10 200
Tutai h;idnass 7.0 29 2z 2.8 2.1 1.1 24 1.6 0.8 2.0 1.0 30 i4 1.9 1.1 100
Tatal efedlully 276 252 144 - 384 252 72 204. 132 132 246 228 180 1200 156 a2 a0
Folal Acidity HD  MD  ND WD CND MD WD ND D R MDD MDD ND OND WD. WD
Sadium mgfl 16.5 36 136B 395 "15_43 1227 117 126 79 22 06 52 50 50 13.9 100
I'-J!u:llgr:nﬁ.se 0.03  0RS 003 004 003 005 002 004 005 003 001 006 009 005 008 450
gl .
Calclum mgil 264 686 1885 12 588 39 78 69 08 67 88 38 19 &g 7.8 70
Folassimmgl. 7.8 58 164 7.2  54. 34 :3.2 36 08 22 28 04 6 30 32 100
Gopper mgil, 002 062 03§ 026 - 10z 007 008 066 02 02 07 04 02 07 03 10
iron mgil. 040 08O 070 480 080 0B 18 42 15 07 24 22 iz 3 15 04
Lead mgil. 608 000 000 - 002 008 000 001 000 000 00F 000 000 00D 000 u.nu. 0,05
Zing myfl 008 046 026 015 044 048 018 G803 02 82 02 02 63 02 15
Mlagnesium 081 073 087 081 0F2 03 ' 06 07 07 06 023 080 040 092 022 20
mgil
-Phosphate mgll. 015 2742 2742 3654 2280 183 193 208 157 420 38 94 {8 . 185 8%
ums. UNS UNS UNS UNS "UNS UNS. UNS UNS UMS UNS UNS UNS UNS' uu#
UNS:  Unsalisfactory: Y Yos " N: Na. :
.";
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Table 2: Microbiclogicdl Examination of the Sachet Pa ckaged Water Samples from
Three State in Western Nigeria, - i
) : : . if
: OYO STATE - LAGOS STATE ot i CGUNSTATE
Samples al purewaler  BL RB RT GY RX VE PT KH Y5 GO R AS BD PZ Go NAFDAC
- Lhnlis

Coltt eisfrml, NI M 50 N 10 50 2000 800 320 1260w 20 24 10 30 Myt
slnﬁﬂﬁéntf" ! WEOopR NIt 0.2 e tir il Nil il Ny 4 2 il MiE il
Feacal streplococci N i Nit Wit N Ml N N (a1l N Hil Bl Ha 1
elimd, -
(sm;:h J'.]un:-u: ME ML e 100 10 60 2000 {oo0 M 500 a9 0 M nik it N
fefyiml,
snﬁ;:nihfnpsmn NI Mg e v * it Wit wit Bl it bl WE_ it Nil NIl Nit
Shrgelia in 25mi_ MM i it il Wit il Nil i My il Nt Hil Mt bt
Vitseity (il ) NI N Ml Wil o il i Ml NY il wil Ni Wit Wit Nij
Yaaslcmmuldsichui, ) MM zoons i 20/20 OGO MVIOD  Nip Hir WIVIO  NIVTZ 10T e g /s
Tetal piale count 0 20 20 120 a0 760 000 1000 400 2000 140 agp 20 0 120 100
clu'ml,, - .
%emnn#s 2 S AN UNS  UNS  UNS s uws UNS UNS UNS  UNs  uNs  ung Uz

{MAFDAC, 2000),
Recerdad values nra ovarago of irfplicata sxpariments.

* R
»

S = Satisfaclory UNS = Unsallsfactony cfllfng. = Colony Forming Unil par midiktar, . b= Present
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