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Abstract .
Physicochemical and microbiological analysis of fifteen (15) samples of sachet-packagedl drinking
waler procured fram three states (Oyo, Lagos and Ogun) of South West of Nigeria were carried out to
cvaluate their suitability for drinking. Physiochemical analysis for metals concentr ation; hardnéss, pH,
acidity, alkalinity and conductivity determined showed that some of the samples were not within the
recommended limits. Generally, the metal content of the sa.mplcs was high as shown by iron in excess
of 0.3rag/L in all the samples and lead in excess of 0.05mg/L in two of the samples. Microbiological
examination for total counts of bacteria and fungi, the presence of faccal coliform, Escherichia coli,”
Vibrio sp. Salmonella .sp. Shigella sp.’ streptococci-and Staphylococcus aureus was performed.
Coliforms counts -10-200cfw/ml; E. coli 0.2-8.0ctw/ml; Staph.aureus 10-2000 cfivml and total plate
count >100cf/mi; 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
(MAFDAC) in Nigeria and as specified by World Health Organisation (WHO), only 13% of the water
samples were suitable for drinking. The research confirms the speculations about the iinpure state of
the sachet packaged drinking water sold in Nigeria as “pure water”, about 50% of which had
NAFDAC registration numbers.

Intyoduction

Due to the outbreaks of water-borne diseases like dysentery, gastroenteritis, typhoid fever, chiolera
and so on, veported some- years back, national health authorities, in conjunction with World Health
Organization (WHO) have set processing and quality standards for drinking water. - Furlher,
occasional chemical poisonings have been reported as contributing to morbidity and mortality
worldwide as a result of drinking contaminated water (Medwick, 1990; WHO, 1996; Hunter, 1997).

In Nigeria, there has been a shortage in public piped water supplies that made the populace t6 depend

on open dug wells, sirears and bore-holes as sources of portable water. However, an increased
outbreak of typhoid, cholera and ofher water-bome diseases has led to the emergence of sachst-
packed water popularly called ‘pure water’ — so called to give an assurance of safety.,

As the regulatory body in Nigeria, National Agency for Food and Drug Administration and Control
(NAFDAC) has set up limits of physwochcmlcal and microbiological standards as guidelines on the
thly of water suitable for drinking purposes (NAFRDAC, 2000). The wmetallic composition of water
is important because of the potential health hazards of chemical contaminants tike copper, assenic,
phenol and aluminium, and loss of aesthetic quality due to altered ph yswa] characteristics. However,

more emphasis is laid on the microbiological standards because of serious hicalth fwplications of
ingesting microbial pathogens in water.

WHO and NAFDAC permit <100cfu/ml as total count and no faccal coliform contaminants (WHO,
1996; NAT'DAC, 2000). As E. coli is the most numerous facultative organism in the gut which can be
detected at very low dilution, this makks it a sensitive indicator of faecal contamination. The
Enterobacteriaceae: Salmonella, Shzgella and Lscherichia, along with other organisms like Vibrio

cholerae, faccal streptococci, Staph. aureis and fungi represent the major pathogens causing watcr-
borne diseases worldwide (Lewis,1991; Richards and Batram, 1993; WHO, 1996; Hunter, .1997;

Kivkwood, 1999). For the purpose of tlns worlc the 15 samples ot drmldﬂg water from Oyo, Lagos and
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Og,ur Sldtc., of I‘hgeua. were pxocmed 1:111domly and’ subjectcd fo 1ab01dt01 y esamination to venty
the1r extent-of punty and suitability for drinking.

Iaterials and Methods ,
Waler Samples: ¢

~ Fiftecn samples of sachel-packaged drinking wau.r WETC plur‘lutd vandomly from different locstions

in Oyo, Lagbs and Ogun States of Migeria. Five samples from cach state were labeled accosding (o the

. comunercial names on the water sachets, mmclv Oyo State (D Ly KB, RT, GY, RX), .agos (VE, T,
KN, Y8, GD) and Ogun (BR A&. BO, PZ, GO). .

s:‘.

I\'.lcaid.
For microbiology assay, MacConkL.y aga{n (MA), Salt nutrient agar (SNA) Nutricut agar (NA),
Atkaline peptone water (APW), Sabowrand dextrose agar (SDA), Salmonella-Shigella agar (SSA),
MacConkey broth (MB) and C‘ehxmtde uutrient agat (CNA) were the media used,

Physicochemical Analysis - : .
Total harduess was determined by compl Lomctmc method. of Disodiun BDTA to measure the
calcium and magnesium ions. Acidity, alkalinity and carbondioxide. were determined b y ltrimetric

- methods using 0.1M Ma0H,-0.01M HCl aud 0.02M Na2C03 respectively. The pH was measured using
- a digital pH weter standardized with buﬁ s 4 and 9, while the conductivity was measured with a

" Total viable counts:

.

conductometer (Cambridge). Metal analysis was dons with a flame pholumctm (Jenway) with values

for Ma, ¥ and Ca determined: at their chavacteristic wavelengths usiog the meter readings nw diiplied

by average gradient as part per million (ppm) for each imetal. An Atomic abisorption
spectrophotometer (AAS) wmodel Buck 200 was used to test each water satoples for-Fe, Zn, Mg, Cu,
i1, and Pb measuring the absorbance wavelengths directly in ppim at dhe correspondent cathods Tatup
of the metal inserted. All determinations were carried out following standards procodures ({)ldmyl and
Ogun;,bamla, 1991; Reynolds et al 1996 B P. 1998)

Microbiolo gmal Analysis

?:

Rach sample was diluted 1 in 10° in Nuuicm broth (O.tmd) for bacterial counts and Subouraud
dextrose broth (Oxoid) for fungal couais. From the ditution, duplicate pour-plates were prepared in
MA and SDA for bacteria and fungi respectively. The bacterial cidlwres were incubated at 37°C for 24
10 48 ls and the fungal cultures at 30°C for 2 to 5 days, both under acrobic condition. Bacteria and
fungi were estimated as colony forming upits per milliliter (cf/ml). The saiples were also cultured

using four differential/selective culture media namely: MCA, SSA, CAN and SNA. The plates werc

incubated at 37°C for 24 to 48 lws, and. bacteria- were estimated as colony forming vmits per ml
(cfwml) (Harrigan, 1976; Adeleke ef af, 2000). 3

Bacterial and ﬁmgal izolates:

Representative bacterial colonies on the plates for total viabie count were Gram stained aud later
subcultured into. sterile Nutrient broth of Sml per test-fube. Isuiated colonies resuiting from plate
culiures an N4, were subjected to convenlional biochemical tests specitically to identity Escherichia
coli, Stuphyldioccus aureus and Pseudomonas aeruginosa. The Tungal isolates observed on4he (olal
viable conat plates were identified by their cultural chdmctei,usm,s such as colow, consistency ang
growth paftern of mycelia (Cowan, 1974 and Harrigan, 1976). '
Presumptive coliform test (PCTY: -
This test gave an estivoaie of most probable number (MPN) of cohfo: n1. bacilli per 100ml. of each
water sauiple. Bach sample was diluted 1in 100ml of sterile distilled water and suojer,ted to multiple
tube technique of PCT, The bile-based medium used was MacConkey broth (DIFCQ) in double and
single-strength ccucenﬁ'mons a,ppmpn'uely Tests that showed acid and gas production afier 48 s of
incubation at 3 l C were considered posmvc for coliform bacilli (Lewis, 199]).
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All the positive tests in the PCT and an ovenught bloth cullure of B. coli NCTC 97001, were
subcpltured in loop-fu.ll each into MacConkey; broth| and incubatcd at 44°C to 45°C in an
electtother mal water-bath for 48 ‘hr. The subcultures that produced acid and gas as cvldence of faecal
coliforms were streaked each on MacConkey agar plate and incubated at 37°C for 24 hr. Reddish pink
colonies that stained Gram-negative rods as the Z. coli control culture were subjected to Indo'le >
Methyl Red, Voges-Proskauer and Citrate (IMVIC) tests for differentiating the enteric coliforms.
coli was detected as indole and methyl-red positive but Voges-Proskauer and citrates test neganve
(Harrigan, 1976; Richards and Bartram, 1993)

Resulis and Discussion

ATl the aesthetic requirements of good appearance, colour, odour and taste were satisfactory in all the

water samples as stipulated by WHO. The actual volume of content of each water sample was in

excess of the 500ml printed on the sachets. None of the sample had a batch number, which nieans one

cannot be sure of the processing period and data in case of a need for product recall. Only cight of the

fifteen samples had NAFDAC numbers, 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 obtamcd (Table 1), clectrical conductivity of all the
water samples were higher than normal (>5 x 10°pohm/cm), which is an indication of presence of
lngh 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 samplcs WHO timits 0.3mg/L 4.6). However, the values were lower than that n‘nphcated in
iron poisoning, but may enhance redox reactions in the water samples which thay lead to
discoloration. Toxic metals like copper and lead which may constitute a dangf‘r to health if prisent in
excess of (he recommended concentrations, were found to be within Hmits in all the samples except
two that had 0.06mg/L of lead instcad of WHO limit of 0.05m0g/T.. This however presents no speclal
health fmplication (WHO, 1993; Reynolds et al 1996) Total alkalinity was in excess of 200mg/L in
six of the samples while free COz of two scm'\ples was in excess of 10mg/L.

The results of micr oblologlcaI analysis (Tab]e 2) showed that E. coli was detected Tn 4 samples
whereas total coliforms were detected in'11 samples out of a total of 15 sawaples, and this cut across
the three states. Shigella and Vibro sp. were absent in all the samples, but the presence of Salmdnella
in samples RT, GY and VF from Oyo Stale is a serious indictment. Salmonella sp. has been
implicated in gastroenteritis, typhoid and paxatyphmd fevers. Similarly, the plate counts for Staph.

aureis showed that the pathogen was present in'8 samples while total plate count revealed excess of
microbes (120-2000cfuw/ml) in 10 samples

In conclusion, it is evident, based on the teafcd samles thal most sachel-packaged drinking ‘Jd.tel 50
called “pure water” in Nigeria are below standards as per purity. Therefore compliance momtormg for
approved standards of drinking water nmist be enforced for sachet packaged drinking water samplcs.
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Table L Ihysicocheaieal Anaiysis of the Sagiet Packaged Water Samples from ‘Three State in Wostern

_Nigexia . . , . v v .
. ‘OyGS‘!!v.'t.&‘v o i : ’l..ngas Stale : : Qgun Stale

‘Bamples of pure L RB RT GY  RX VF PT KN Ys GD BR AS ABO PZ GO NAFDAC
Vol R . .

i v ' » Limits
Dectared 50 50 . - 50" . 60 60 60 - 50 . 55 S0 - . .

conlcnt(f}t) : : .

Net Gontent,Gl. si e . 64 82 . 54 62 63 65 S8 65 60 67 62 61 59
MATDACRe. Y v Ny KoY N Y Yy ow on Yy Tuow o

Baleh No, - - - - - - . - - - - - - .

Conductivity s 245 270 280 . 170 120 190 160 520 170 120  BI5 58 47 120 38x10°
pohmicm '

oH TH6 772 749 735 676 77 74 69 74 56 JA7 742 734 745 691 6592
. Free Co, 12 13 41 18 3 5 g 8 s s 7 & 5 . 4 4 10

Sulphale mgiL <10 <10 <10 <0 <10 <0} <0 <0 <10 <fo <0 <10 <10 <10 <10 200

-

Totai hardness 7.0 28 2.2 28 24 1.1 24 18 0.8 2.0 1.0 30 14 1.9 1.1 00

Tatal alledinity 276 252 i4d - 384 252 72 204 132 - 132 216 228 180 120 186 132 200

Tulal .t"\f.idilf HD HD ND WD ND MD i ND  ND KD ND ND N ND ND » ND
Fodium mgA. 16.5 386 1368 396 1548 122 {17 1286 7.9 12.2 06 52 50 - 50 13.9 100
fdangeness 003 005 003 004 003 0.05 ‘ 002 004 005 003 001 0066 008 003 009 150
mgil, . .

Calcium mgil 2G4 6.86 16.68 1274 5.88 3.9 78 5.9 0.8 G.7 3.8 3.9 1.9 5.9 7.8 70

Polassiuimgl. 7.8 58 164 7.2 54. a4 :3.2 36 08 22 28 04 40 20 32 100
Goppormgl. - 002 062 035 026 - 10z 007 Cogs 086 025 024 07 04 02 07 03 10
tran mght, 040 0ED 070 180 0B 63 19 12 15 0F 24 22 42 31 15 o3
leadmglh. . 006 000 000 - 002 . 005 080 001 000 000 00I 000 000 000 000 g.c;; 0.05
Zine myit. 618 046 026 048 044 048 049 048 043 02 82 02 02 03 02 15
Maguestum . 081 073 087 081 072 03 ' 06 07 07 05 023 080 08 002 032 %0
. mg .

-Phosphate mg/l. 915 2742 2742 3854 2298 183 193 2089 157 420 36 94 1‘I.Bl- 185 89

UNS UNS UNS UNS - UNS "UNS UNS. UNS UNS UNS UNS UNS UNS UNS UNs

UNS:  Unsalisfactory: ;\_’i Yos © Ni No.
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Table 2: chrobmloglcﬁl Examination of the Sachet chk,wed Waler Samples from
Three State in Western nger:a G
« . i ¢
’ oYO STATE I AGOS STATE . ! 3 CGUM STATE
Samples of pure waler DL BB RT ‘GY RX PT K Ys GO 8R AS 80 274 GO E{\TDAC
. nlls

Coliforms {cheml, ) NI MU SO Nt 10 50 2000 800 20 1200 it 20 24 10 30 it
& eaft (shivmL ) NIE e M NIt 0.2 g e (i) P i Ny 4 2 NI Mt Nil
reacal streptococci N& i Nt Nit N NIl NH NI Nit T Nt e NI N il Ha i
gy, -

‘Sf:-r::b A)umus ME N NS {00 A1y} 80 2000 fvoo NIt 500 19 10 [t Wi it ]
fehiral,

sa'fmnnllh i 25m), FUT ' + + Mit Lkt it il it il Wy i Nit Ml Nit
Shrgola in 25mt NN Wl Ni it Wil Nit Wi Nil N M b~ Nit Hu Bt i
Vibao (fml ) [N T 1T o} ™ NiL M il Ni Nit Nt HMil Wit Nl Wit Wit Nil
vaasistmulds{chivr..) NN Zoo/me MU 20/20 5000 NVAGS  NiVAD R Nit WIVIO  NIVi2  TO/NIT MiVi6 N di6s

Total plale count 20 20 240 120 A0 760 20a0 1au0 400 2000 140 800 20 a0 120 100
{clu'ml, ) : .
REMAKS S S UNS UNS UNS UNS UNS UNS . UNS UNS UNS UNS UNS UNS Ubls

e,
(NAFDAC, 2000}, "
. Recerdod values arp averngo of triplicata axperimants,

S = Salistaclnry UNS = Unsallsfactaty fu'ml. = Colony Forming Unil per miilliter, I = Present
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