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Abstract - The purpose of this study was to determine the
sanitary quality of potable water by estimating the
concentration of total coliform (TC) and faecal coliform
(FC) bacteria as pollution indicators. All samples from the
all sites were found contaminated with total coliform and
faecal coliform bacteria and the counts were higher than
the maximum microbial contaminant level established by
the World Health Organization (WHO). The results imply
that the reticulated water supply was heavily polluted by
bacteria of faecal origin suggesting that this water supply
was a potential source of health hazards which is
important from a public health perspective.
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I. INTRODUCTION

Water is essential to sustain life. Safe and accessible
supply must be available to all. It is well known that the
quality and safety of the drinking water continues to be an
important public health [1],[2]because its contamination has
been frequently described as responsible for the transmission
of infectious diseases that have caused serious illnesses and
associated mortality worldwide [3]. Clearly, point-of-use
water quality is a critical public health indicator [4]. The
severity of the typhoid problem in Samoa has been reiterated
by a representative of the World Health Organisation (WHO)
to the local media [4].The National University of Samoa
(NUS) is the only national university of Samoa established in
1984 by an act of parliament. Since the opening of the
National University of Samoa (NUS) Campus, water quality
has been taken for granted to safe for drinking and washing
hands. Since then, no study has attempted to confirm the
microbiological quality of water on NUS campus. The NUS
drinking water is intermittently supplied by the Samoa Water
Authority (SWA) which is also responsible for monitoring of
water quality. Although there have been known cases of
intestinal infections within the staff and student population of
NUS no study has been conducted to determine its source and
since SWA is reluctant to release information on water quality
(microbiological), it pertinent that this study undertakes this
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exercise to establish the microbiological quality of water used
for drinking and hand washing. To determine the
microbiological quality of water consumed and used for
sanitary purposes on NUS campus and to create a regular
monitoring scheme to ensure that water supplies for
consumption and sanitary use meets the national water quality
standards. The main objective of this study is to determine the
absence/presence of Heterotrophic, total and faecal coliforms
in drinking and hand washing water supplies at Building A
block, on NUS campus and compare to National Drinking
Water Standards to create a microbiological testing regime for
regular monitoring of water supplies.

Il. METHODOLOGY
2.1 Site Selection

The National University of Samoa campus (Figure 1,
Figure 2, Figure 3), has more than 100 faucets and taps from
which potable water can be obtained. Considering the amount
of materials and man hours required to sample each it was
decided that since they all fed by a common water line a
selection of faucets and taps would be sufficient for our
investigative purpose. The West Wing of Building A (on IHE
campus) together with the Biology and Chemistry
Laboratories were selected. Faucets from the boiler room and
the left most faucet of the toilet block (both bottom and upper
floor) were selected. After the second week of investigation,
heavy bacterial growth suggested contamination and to
identify the source of contamination the SWA water inlet and
the NUS above ground reservoir tank were included as
sampling sites. This gave a total of 10 water sampling sites
(labelled A-J) (Table 1).

2.2 Sampling

Samples of drinking water and water used for hand
washing will be collected from the East Wing of Building A
faucets (A-Toilets (female), B-Boiler room (female), C-Toilets
(male), D-Boiler room (male), E-Biology lab Preparation
room, F-Biology lab, G-Chemistry lab Preparation room, H-
Chemistry lab, I-SWA supplier and J-Water tank above
ground reservoir). A 500mL Triplicate samples of each faucet

www.irjiet.com 19



s\
will be collected on each sampling date to ensure statistical
significance. Due to the work involved in the culture media
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preparation, samples were taken twice a week of a period of
ten weeks.

Figure 1: Floor Plan — Sampling locations (A, B)

Figure 2: Floor Plan — Sampling locations (C, D)
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Figure 3: Floor Plan — Sampling locations (E, F, G H)

2.3 Culture Media Performance

The use of mFC agar (DIFCO) for the detection of faecal
coliform bacteria and the enumeration of total coliforms on
mEndo LES agar (DIFCO) has been cited in several studies
[51,[61,[71,[8]. The E.coli was inoculated on plates of both
mEndo and mFC culture media and incubated at 37°C and
44.5°C respectively to ensure performance of each prepared
batch.

2.4 Data Collection

Data will be collected after 24-hour incubation period of
the culture media plates. Data will in the form of colony
forming units per 100mL of filtered water (cfu/200mL). They
will be recorded separately as heterotrophic bacterial (HTC)
counts, Total coliform counts (TC) and Fecal coliform counts
(FC) for every sampling date. The data groups will then be
analyzed separately.

2.5 Quality Control

This process was conducted to ensure the validity and
reliability of results. Before the equipment was used for
subsequent site samples, the membrane holder and holding
funnel were thoroughly washed with 70% ethanol and rinsed
with sterile water. A 100mL of sterilized water was membrane
filtered and placed on both growth media used to ensure water
sterility. An unused membrane was placed on both growth
media and incubated at the appropriate temperature to ensure
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membrane sterility. One unused plate of each growth media
was incubated at the appropriate temperature to ensure media
sterility.

2.6 Sample processing and culturing

For the detection and enumeration of total and faecal
coliforms, several methods have been suggested. Membrane
filter procedure which is as effective as the multiple tube
fermentation procedure shows discrete bacterial colonies that
may be further identified, although highly turbid water and
non-coliform bacteria can interfere with the test. Although
highly effective, the membrane filter procedure requires
processing of several sample dilutions in order to obtain filter
plates with an appropriate range of colonies to validate
enumeration [9].All 108 water samples collected from the
three sites over the study period were prepared and processed
in an identical manner. Prior to the beginning of this study,
samples were collected and vacuum filtered to establish a
baseline count of raw samples. These pre-study trials
confirmed that, a ten-fold serial dilution of the raw sample was
necessary to obtain a meaningful viable count due to the
exceptionally high bacterial content of the original samples.
From each 500 ml raw sample, a 30 ml aliquot was added to
270 ml of sterilized water to obtain a 1/10 dilution of the
sample. From this dilution, 30 ml was transferred to 270 ml of
sterilized water to obtain a 1/100 dilution. This was repeated
until a 10” dilution of the original sample was obtained. In
vacuum filtration, 100 ml from the highest dilution (10°) was
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vacuum filtered through a 0.45 pm nitrocellulose millipore
membrane (Millipore) according to the USEPA membrane
filtration method 8074%. The membrane was then placed on
mEndo agar. Another 100 ml was membrane filtered then
placed on mFC agar. The holding funnel was then rinsed with
70% ethanol [10] to remove any residual bacteria. This
procedure was repeated for the next highest dilution (e.g. 10
to reduce any cross contamination through carry over. This
process was repeated for all triplicate samples from each site.
For detection of faecal coliforms and total coliforms, culture
media plates were incubated inverted for 24 h at 44.5°C and
37°C respectively.

2.7 Data Analysis

The validity of the data and potential relationships
between the measured parameters (water source and monthly
variations) were addressed by conducting comparative
statistical analyses of power transformed results using the R
package statistical software.

1. RESULTS AND DISCUSSION

The results revealed that there are no faecal coliform
detected in sites F, G, and H. Thus, there is no need to include
these sites in the analysis (Table 1). In site I, the faecal
coliform was only detected in week 3. During week 3, faecal
coliform were recorded quite high at sites A, B, C, D, and E.
Hence, it can be considered as a random occurrence for site I.
Moreover, any descriptive statistics calculated out of the
present results is meaningless. Hence, site | is also dropped
from the analysis. It seemed that at the beginning of the study,
the NUS water supply was contaminated but after week 7, the
water seems to be free of faecal coliform (except site J). This
experiment needs to be repeated again to confirm this. But
because the results of the last three weeks will corrupt the
analysis, they are dropped off in the following analysis.

Table 1: Sites and Amount of Faecal Coliform Present

SITES & Amount of Faecal Coliform Present (% measured)
WK | A B C D E F G H | J
1 20 0 20 0 0 0 0 0 0 0
2 0 0 0 0 | 20 0 0 0 0 | 20
3 40 | 40 60 | 40 | 60 0 0 0 |[20] O
4 0 20 40 |20 O 0 0 0 0 0
5 20 0 20 |20 | O 0 0 0 0 | 40
6 60 0 0 20 | 40 0 0 0 0 | 20
7 0 40 0 0 0 0 0 0 0 | 11
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 | 20
10 0 0 0 0 0 0 0 0 0 0

1 Adapted from Standard Methods for Examination of Water and Wastewater, 9222 B
and 9221 B
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All the analyzed sites show that there is faecal Coliform
present. The probability measured of the FC present is
extremely high. These probabilities show both the chances of
having FC in our water and the high quantity they are likely to
occur in. (Table 2).

Table 2: Summary of analysed sites

SITE STATISTICS

A B C D E F

Mean 20 14 20 14 17 13
Stdev 23.09 | 19.02 | 23.09 | 15.12 | 24.30 | 14.93
-57- | 69- | -57- | -25- | -9.9- | -3.6-
95% Cl 45.7 35.4 45.7 31.1 44.2 29.6

Probability
of having 0.89 0.84 0.89 | 093 | 0.82 | 0.89
FC

For the site comparison by week, there seemed to be a
weekly effect at each site. The faecal coliform count is fairly
high. Thus in weeks 6, 4, and 7 are also significantly high as
shown in Figure 4. On the other hand, there also seemed to be
an effect of the difference in site. The different sites peak
during the different weeks as shown in Figure 5.

Fecal Coliform Quantity by Week
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Figure 4: Site comparison by week
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Figure 5: Weekly comparison by sites
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Figure 6: Faecal coliform distribution during 7 weeks at different sites

All the analysed sites show similar distributions. In sites
A, C, and E revealed that faecal coliform counts are extremely
high as shown in Figure 6. Unfortunately, for sites A, C, D,
and J the medians are above zero and hence, central tendency
is very unlikely to be zero. The statistical analysis shown
below shows the present of faecal coliform by site.

> Summary (CFPer.aov)

Df Sum Sg Mean Sqg F value Pr (>F)
treatment 5 328.7 65.7 0.1596 0.9756
Residuals 36 14823.7 411.8

The ANOVA shows that there is no significant difference
between sites that is all the analysed sites are equally likely to
have the same faecal coliform content (the present of faecal
content already shown above). Thus, the P-value is too high.

Distribution of residual of faecal
coliform by sites

Normal @-Q Plot

Shapiro-Wilk normality test

data: res.CFPer
W= 0.8706, P-value = 0.0002123

Figure 7: Distribution of residual of faecal coliform by sites

The histogram in Figure 7, gives a trend that is right
skewed. Perhaps it can be approximated by the Chi-Square
distribution. The Shapiro-Wilk test gives a p-value of 0.0002
which is quite small. This is indicative of a huge departure
from normality. The points on the QQ-plot also confirm this.
Hence, hard to affirm any difference in site — But there
definitely faecal coliform in the water. In comparison, the
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present of faecal coliform by week is shown in the statistical
analysis shown below.

> summary (CFPerl.aov)

Df Sum Sg Mean Sqg F value Pr (>F)
treatmentl 6 5198.2 866.4 3.0463 0.01669 *
Residuals 35 9954.2 284.4

Signif. codes:0 '***' 0,001 '**' 0.01 '*' 0.05 '.'
0.1 " "1

The weekly effect is confirmed by the analysis above.
This shows that the P-value of 0.01669 shows that the present
of faecal coliform differ in quantity for at least one pair of
weeks.

Distribution of residual of faecal
coliform by weeks
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Figure 8: Distribution of residual of faecal coliform by weeks

The histogram in Figure 8 gives a trend that can be
approximately normal. The Shapiro-Wilk test gives a p-value
of 0.3221 which is quite large. This is indicative of the data
upholding the normality assumption. The points on the gg-plot
also confirm this — approximately straight. Hence, there is a
significant difference in faecal coliform take at various sites in
different weeks.

IV. CONCLUSION

This research discovered high levels of bacterial
contamination at the 10 sites at the National University of
Samoa which far exceeded WHO standards for safe drinking
water in developing countries. The quality of these water
sources needs to be monitored more frequently to ensure
complete safety for community use. A health survey of the
sites should be conducted to identify any frequent water users
with possible infections from contaminated water.
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