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Abstract: The Salmonella Escherichia coli medium (SEM) was
developed to detect the faecal contamination in portable water.
This method is very simple and rapid. It is capable of detecting
the presence of salmonella species and Escherichia coli in water.
Results are obtained within 18-24 hours. The SEM method
agrees 99% with the traditional conventional most probable
number. In areas devoid of laboratory, this method can be used
and it proves very efficient in the field. Portable water is unsafe
if the water turns black in the test tube containing the SEM
paper strip and red ring is observed after addition of Kovac
reagent or the portable water is safe if the water does not turn
black after 24hours in the test tube. Samples of well, borehole
and tap water in the Kumasi metropolis were analysed.
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I INTRODUCTION

It is well established fact that a large number of infectious
diseases are transmitted primarily through water supplies
contaminated with human and animal excreta particularly
faeces [1]. Outbreaks of water borne diseases continue to
occur throughout the world but especially serious  in
developing countries [2], [3]. The World Health Organization
attributed 4.0% of all deaths and 5.7% of the global disease
burden to water-related illnesses, which stemmed from poor
water quality, hygiene and sanitation [4].

The provision of good quality water which is odourless,
colourless, tasteless, and free from faecal pollution is one of
the most important infrastructural problems facing many
developing countries [5], [6]. According to the world health
Organization in 1988, only 65 % have houses tap connections
and additional 20 % have access to public taps whiles 32%
lack portable water supply, but the ratio has improved since
1990, the number of people in rural areas using an
unimproved water source in 2010 was still five times greater
than in urban areas [7]. About 884 million people in the
world still do not get their drinking-water from improved
sources, almost all of them in developing regions. Sub-
Saharan Africa accounts for over a third of that number, and
is lagging behind in progress towards the MDG target, with
only 60% of the population using improved sources of
drinking-water despite an increase of 11 percentage points
since 1990 [8].

In urban Ghana, most people enjoy good treated water
with 95% of household receiving water directly in their
homes and at community standpipes (GWCL, 1998). As a

result of increasing urbanization, a number of peri-urban
communities have developed with city authorities unable to
cope with the infrastructural development in these areas.
These communities have no access to treated pipe-borne
water and often rely on boreholes, streams and wells for
water supply. Well water is partially purified due to the
natural filtration of the water peculating through the layers of
the soil and rocks [9]. This does not rule out the presence of
microorganisms that travel rapidly through the fine grained
fractured sub soils underlying the soil to the water table
alongside rainwater. Studies have shown that a large fraction
of coliform contaminants in drinking water distribution
systems is likely be associated with organic and inorganic
deposits and biofilms [10], [11], [12].

Fecal contamination often results from the discharge of
raw sewage into natural waters, a method of sewage disposal
common in developing countries, and even in more advanced
countries like China, India, and Iran [13]. Waterborne
disease may be transmitted by consumption of polluted
drinking water, by immersion in recreational water or by
contact through skin or inhalation. The health effects caused
by microorganism have been reviewed extensively and well
documented [14], [15], [16], [17].

The environment play significant role in the transmission
of many diseases, though it is relatively uncommon in
countries which have a good standard of hygiene [18]. The
reported prevalence of infection among patients with
pancreatic necrosis is 40-60% with E.coli and Salmonellae
been commonest [19].

The purpose of this research is to prepare a one-step
absorbent pad that will determine the presence of both E.coli
and Salmonella species in portable water.

A. Causes of Water Contamination

E.coli is actually a member of the family enterobacteria. It
is a gram-negative growing aerobically and anaerobically at
an optimum temperature of 37 °C and readily killed above
55°C. It is commonly found in the intestine of animals
including birds. E.coli is an example of faecal coliform and
they occur almost entirely in faeces [23]. Chlorination is
used to kill all coliform. The presence of coliforms even in
small quantities after chlorination means the process has
failed. Other indicators of water quality are streptocci and
clustridici. E.coli is also the commonly cause of urinary tract
infections and gram-negative rod sepsis. It is the most
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abundant facultative anaerobe in colon and faeces. E.coli
ferments lactose a property that distinguishes it from the two
major intestinal pathogens shigella and salmonella. It has
three antigens that are used to identify the organism in
epidemiologic investigation [20]. E.coli comes from human
and animal wastes. During rainfalls, snow melts or other
types of precipitation, E.coli may be washed into rivers,
lakes, or groundwater. When these waters are used as sources
of drinking water and the water is not treated or inadequately
treated, E.coli may end up in drinking water.

Faecal coliforms are bacteria that are associated with
human or animal wastes usually live in human or animal
intestinal tracts. Bacterial indicator organisms such as faecal
coliforms have been used to test water samples for faecal
pollution, but such indicators do not provide specific
information on the specific source of pollution. These
bacteria may be found in a variety of warm- blooded animals
and are not unique to human intestinal flora.

Water is fit and portable for human consumption so long
as human pathogens are absent. Pathogens can be introduced
into natural water system in a variety of ways [24].

B. Method of Detection

There are many methods that are used to determine the
presence of salmonella but do not detect the presence of the
coliform organism itself. A desirable simplified test which is
capable of bringing out both reactions in a single test tube
procedure as a mere confirmatory screening test is the
salmonella E.coli medium. It is formulated and used to
determine or test for the faecal contamination in portable
water. It is very simple, rapid, sensitive and inexpensive:

The SEM method is a one-step method using the test tube
procedure of simultaneous detection of indole that represents
coliform bacteria and hydrogen sulphide to indicate the
presence of salmonella species. The SEM method compared
to the standard traditional method, the most probable number
for detection of coliform in water was found to be more
accurate, economical and reliable.

Il. STUDY AREA

The Kumasi Metropolis is the regional capital of the
Ashanti Region of Ghana. The Kumasi Metropolis is located
between latitudes 6.35°N to 6.40°N and longitudes 1.30°W to
1.35°W. The Metropolis covers a land area of approximately
254km’® and approximately ten (10) kilometers in radius.
There are 103 communities. Currently, the Kumasi
Metropolis is ranked second in Ghana in terms of land area,
population size, social life and economic activity to the
national capital Accra.
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Fig.1. Shows Map of Kumasi Metropolis.

Sample sites include Ayeduasi, Boadi, Kwadaso and Kotei
as circled in the Map in Fig.1.

I1l.  METHOD AND MATERIALS

A. ‘Apparatus
Glass test tubes, conical flask, absorbent pad, Cotton plugs.

B. Preparation of the Salmonella E.Coli Medium.

About 10% bacterotryphone, 5% yeast extracts, 5% sodium
formate, 55 sodium chloride, 0.25% DL-tryptophan, 0.5%
sodium thiosulphate, 0.755 ferric ammonium citrate, 0.05%
sodium lauryl sulphate was added to 100ml distilled water
and prepared with a final pH of 6.8. It had a colour of pale
brown. Half of the absorbent pad was soaked by 0.5ml of the
salmonella E.coli medium and placed in a glass test tube. The
pH of the SEM was 6.8 and it was determined by using a pH
meter in the laboratory.

C. Experimental Procedure

0.5ml of the salmonella E.coli medium was added to half
of absorbent pad and placed in a glass test tube with non-
absorbent cotton plugs and autoclaved at 121°Cfor
15minutes. It was followed by air drying in an oven at 50°C.
The SEM tubes were stored in a cool dry place.

A 10ml portion of water sample to be tested was added to
the SEM tubes and incubated at room temperature. Tubes
were noted positive within 16-24 hours and were graded as
unsatisfactory if the water turned black but satisfactory if the
water does not turn black.

D. Kovac reagent

Kovac reagent was prepared by mixing 5g of p-
dimethylamino-benzaldehyde, 75ml amyl alcohol and 25ml
concentrated hydrochloric acid. This reagent was used to
confirm the presence of E.coli.
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E. Sterilization

Sample [ using 2 0 L] 150000
Equipment and materials that needed sterilization were given “h
. . Sample I using 2 a L] 13000
such treatment. Autoclaving is used as method of MPN
sterilization. Sample K using ] : : 210000
SEM
F. Autoclaving Sannple K using 3 3 1 430000
- - - hlw
The media in the glass ware were plugged with non- Sample L using 3 1 1 430000
. S - . GER
absorbent cotton wool prior to sterlllgatlon. Th|§ was done in S L o S ; ; =
the autoclave at a temperature of 121°C for 15mins. BT
Sample M using 1 a L] SO000
SEM
Sample M usin, 1 2 o BO000
IV. RESULTS AND DISSCUSION . . “
F\.lmr-ll ™ |.|.'|.i.1-|5 1 L1} [1] HO000
_SEM
Table 1: Comparism of SEM test and conventional MPN method for Samnple N wsing 1 0 ] 40000
detection of bacterial contamination in different sources of water at the MPN
Kumasi metropolis. Sample ' wsang o a a Nt detected
SEM
Sample/m] 1w [0 [ |[1¢ [ 1* | 14 | Noof bacteria Samyple P using 0 2 o Mot detected
Fer 100ml % | ey
sample
Sample A using 2 |1 0 0 0 0 150000
SEM Sample O using 0 0 0 Mot detected
Samphe A using, z |1 0 a 0 0 150000 SEM
MFN Sample () using a o a Mot detected
Sample B using 2 1 [ a a [ 150000 MPMN
SEM Sample K using ] ] 0 Mot detected
Sample B using 3 |1 a a 0 a 4300000 MPM
MEN Sample B using 0 i i Mot detected
Sample C using 3 3 3 1 Q 0 460000 SEM
SEM Sample S using 0 0 0 Mot detected
Sample C using 3 |3 3 a i [ 230000 MIEN
MFR Samiple 5 using 0 0 0 Mot detected
Sample D uskng 3 3 2 a Q 0 0000 SEM
SEM _ N N ~ Satm ple | using 0 o o Not detected
E-amr:"le D nsing 3 F F Q i Q 210000 NIPN
AP Sample | using D o |0 Mot detected
Sample E using 3 3 3 Q 0 0 20000 SEM
SEM Sample Tus 0 0|0 Not detected
SampleEusing |2 |3 |2 |0 |0 |0 | 200000 . j;‘f“ “using e
MPW = -
Saxple P uming = 1 a a a a T=o000 Samvple I using 0 0 0 Mok detecked
SEM SEM
Sample F using T |1 |8 |8 |8 |8 | 1500w Sample 3 using | 0 L Not detected
WMEN MFN
Sample G using | 3 | 3 2 1 o 0 40000 Sample 3 using o o o Mot detected
SEM SEM
Sample G using |3 | 3 3 1 0 0 460000 Sample 4 using 3 3 ! 450000
MFN NFMN
Sarnple H using i i 1 0 1 0 430000 Sample 4 using 3 3 0 230000
SEM SEM
Sample H using 3 1 0 0 0 0 430000 Sample ¥ using 3 3 0 230000
MFMN MIN
Sarmple [ using i 3 3 Q 0 Q 230000 Sample 5 using 3 k] a x
SEM SEM
Sarnple Lusing 3 3 3 0 1 0 230000 Sample & using 2 il il 150000
MFN MPM
Sarnple | using 1 |0 ] i i i H0000
SEM
Sample | using 1 |o 0 0 0 0 40000
MEPN
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micro-organism and viruses that have apparently been killed.

b",‘l‘""‘" o T O R L L L L R Autoclaving is the most simple and consistently effective
| SEM__ AN R SN N S S — | means of sterilization.

Sample 7 using ! 0 |0 |0 |0 [7000 Ground water can be contaminated by improper disposal of

MPN solid and liquid waste. Sewage may contaminate surface

sample & using Lol o ! | b 70000 water such as well and borehole but given because of poor

SER construction of well which may enable surface run off to

Sample & using 0o 0 0 0 0 Not detected enter the well. The Depth of the well can also be a factor.

MFN

Sample ¥ using o |0 0 I Not detected

SEM VI. CONCLUSION

San |'|':.' Susng 0 0 0 | 0 0 Wt ditected

MPN The SEM method which was used for the detection to Sal-

Sample using [0 | 0 0 0 0 0 Not detected mor_1e_||a E.Coli bacteria is_simple for use in the field. A

SEM positive test was observed visually with a change in colour at
. T 0 o o Ty T wmasesa | blackening of thg sgmple confirming. the presence of

PN ' Salmonella contamination and upon addition of few drops of

Kovac regents. There was a red ring formation indicating
positive coliforms and clear indication of E.Coli. The results
were obtained within 18hours. The SEM method involved no

V. DISSCUSION expensive equipment and no tedious pipetting [29].

From the table of result, it can be observed that the

number of bacteria per 100ml Sample using Mackonkey VIl.  RECOMMENDATION
broth was almost the same as the number of bacteria per
100ml sample using SEM but this may be due to probability, |t js recommended that further work be carried out to develop

where the mean of these experimental results obtained from a simple method to purify the potable water after it has been
the laboratory for these method gave 99% agreement with the detected by SEM medium to be unsafe. The SEM paper

result obtained by N. jothikumas et al. The SEM medium is -~ should be made in a sachet form to enable easy carriage.
actually capable of detecting both salmonella species and

Escherichia coliforms. It was also a selective medium that
permit the growth of Specific micro-organism and also
sensitive for permitting the growth of the Salmonella and
Escherichin coliforms. There are a few other methods: that
detect either salmonella or Echenchin coliform but the SEM
medium works for both [32].

In general, it is evident that the SEM test is more consistent
than the Conventional MPN technique. Escherichia coli and
other enteric bacteria such as Proteeus, citrobacter deversis
and Edwardsiella do produce indole but the use of
tryphophan as ingredient distinguished Escherichia coli from
the other enteric bacteria. There is no correlation between the
numbers of E.Coli and risk of illness recurring in a given
sample. The SEM medium contains ingredients such as
sodium lauryl sulphate which retards the growth of gram
positive bacteria [33]. Sodium formate resuscitates injured
bacteria in the medium yeast extract stimulated the
salmonella growth rate and tryptophan which is hydrolyzed to
indole [37]. The production of indole from tryphtophan is
useful in distinguishing Escherrichia coli from other enteric
bacteria [39].The medium also gives multiple reaction
namely indole and hydrogen sulphate in less than 24 hours.
The SEM paper (medium) autoclaved at 121°Cfor 15minutes
is actually done for killing all micro-organism and viruses in
the material. This process is known as sterilization. This
requirement is very important because changing the
conditions of growth can sometimes revive micro-organism
and viruses in the material. This process is known as
sterilization. This requirement is very important because
changing the conditions of growth can sometimes revive
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