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ABSTRACT

Background: Water is essential for supporting public health and life without water is
impossible. Microbial guidelines seek to ensure that drinking water is free of
microorganisms that can cause disease. Objectives: This study focused on examination
of drinking water (100 samples) from different community water supplies in Tanta city,
Egypt for bacterial contamination and relationship between drinking water and
gastrointestinal manifestations. Methodology: Drinking water samples were collected
from different sources and places and subjected to three tests: a) measurement of
physical characters of water pH, turbidity and free residual chlorine b) heterotrophic
bacterial count technique c¢) multiple tube fermentation technique for identification of
E.Coli and Strept faecalis. Results: Samples conformed to standard specifications
bacteriologically and physically were 80% and 90% respectively. Samples with
abnormal pH, turbidity and free residual chlorine were 2%, 8% and 14% of respectively.
The incidence of total coliforms, E.Coli and Strept faecalis was 17%, 5% and 2%
respectively. Attacks of GIT manifestations were present in people in 20% of places.
Abnormal turbidity >1 NTU was significant with total coliforms. Total coliforms >2.2,
abnormal turbidity >1 NTU and heterotrophic bacterial count >500 at 37°C were
significant with attacks of gastrointestinal manifestations. Conclusion: Ground water
better than filtered water and less liable to microbial contamination. Turbidity is a good
indicator for total coliforms and is significant with attacks of GIT manifestations. Use of
water filters (7 stages) in all houses is recommended for improvement of water criteria.

INTRODUCTION

Water is essential for supporting public health, and
providing food security. Contaminated tap water by
gastrointestinal pathogens remains one of the most
important causes of gastrointestinal diseases especially
in children below 5 years®.

It is estimated that about 3.4 billion people in
developing countries are highly vulnerable to water
insecurity which developed countries have overcomed
through massive technological and management
investments®.

The main reason of microbial contamination is due
to the intermixing of sewer lines with drinking water
supply lines, thus leading to microbial contamination
and poor water quality®.

Waterborne diseases are those diseases that are
transmitted through the direct drinking of water
contaminated with pathogenic microorganisms and
mostly are concentrated on children in developing
countries®. Various types of bacteria/ viruses are found
in inadequately treated water which at a level outside of
identified limits, may reflect a problem in the treatment
process or in the integrity of distribution system®.
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So the aim of this study was to examine drinking
water from different community water supplies in Tanta
city, Egypt for bacterial contamination and study of
relationship between drinking water and gastrointestinal
manifestations.

METHODOLOGY

In this study, 100 samples of drinking water were
collected from different sources and places in Tanta
city, Egypt, within a period of six months (November
2016 to April 2017)

The samples were divided according to the
followings:

Sources of water:

Filtered water (51samples): Raw water treated with
coagulation, sedimentation, filtration and disinfected by
chlorination and pumped to different places through
pipes.

Ground water (39samples): Water that systems pump
and treat from aquifers (natural reservoirs below the
earth’s surface) and also pumped to different places
through pipes.

Bottled water (10samples): Water sold in the markets.
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Places of water supply: houses (28samples),
educational institutes (26samples) which included
schools and nurseries, health buildings (12samples)
which included hospitals and health centers, outdoors
(12samples) included samples from different sporadic
places (restaurants and tap water outside buildings),
bottled water (10samples)water sold in the markets,
administration buildings (7samples) which included
Health Administration Building, and others and
mosques (5samples).

Routes of drinking water handling: tap water
(69samples) which included water from a piped supply
which came from either filtered water or ground water,
filter water (15samples) which included water came
from filters, bottled water (10samples), tank water
(3samples) from above houses or buildings, jerkin
water (2samples) which was collected in jerkins and
delivered to houses, cooled water in the street
(1sample).

The following data were collected:

Information on household members, socio-
economic status, method of drinking water handling,
household sanitation and route of delivery of water,
presence of repeated attacks of gastrointestinal
manifestations including watery diarrhea, soft diarrhea,
vomiting, nausea or abdominal cramps which may be
due to consumption of drinking water in the last seven
days before collecting the sample with exclusion of
other causes of GIT manifestations e.g irritable bowel
syndrome, crohn’s disease, ulcerative colitis, celiac
disease, or another condition with vomiting such as
pregnancy.

An informed consent was obtained from all
participants in this study. Ethical approval for this study
was provided by Ethics and Research Committee,
Faculty of Medicine, Tanta University.

The samples were subjected to the following
procedures:
Sampling and processing:

Water sample (500ml) was collected from each site
in a sterile glass bottle after flaming the tap opening,
examined within 6 hours of collection or within 24
hours when retained in ice containers,2.5cm space was
allowed in the bottle for good mixing preparatory to
examination. For bacteriological examination, in the
laboratory we added 0.5ml of sodium thiosulfate
(Na2S203) broth (Hi Media, India) for neutralization of
residual chlorine in water®.

Estimation of the physical characters of water:

Free residual chlorine test: by commercial visual
comparator technique using Commercial visual
comparator 705 (Orbeco Hellige, USA) .The accepted
levels of free residual chlorine is from 0.2-5mg/liter’.
Measurement of turbidity: using turbidity meter
(VELP, Scientifica, Italy). The accepted levels of
turbidity must be below INTU’.

Measurement of pH: by electronic pH method using pH
meter (Willis Tower Watson (WTW), Germany).The
accepted level of drinking water pH from 6.5-8.5°,
Bacteriological examination of water’:

Identification of E.coli:

By multiple tube fermentation technique for
estimation of the most probable number index(MPN)
using lauryl tryptose broth, brilliant green lactose bile
broth and tryptone water(oxoid, England) (Table 1).
Identification of Streptococcus fecalis: by multiple tube
fermentation technique for estimation of MPN using
Azide dextrose broth, Bile aesculin agar (oxoid,
England), catalase test (negative) and gram staining
(gram positive cocci) (Table 1).

Identification  of  heterotrophic  bacteria: by
heterotrophic plate count test using water plate count
agar (oxoid, England) at 22°C and 37°C.

Table 1: MPN index for various combinations of
positive and negative results when five 10-ml tubes
are used®.

Number of Tubes Giving MPN Index per
Positive Reaction out of 5 of 10 100 mL
mL each
0 <2.2
1 2.2
2 5.1
3 9.2
4 16
5 >16

MPN: Most probable number index

Statistical analysis:

Was done using SPSS(Version 20.0).Qualitative
data were described using number and percent.
Intergroup comparison was performed using Chi-square
test, OR: Odds ratio used for finding the strength of
association between two groups, CIl: Confidence
interval, LL: Lower limit, UL: Upper Limit which
determine the accuracy level of the estimated mean we
have calculated.Pvalue< 0.05 was considered
statistically significant.

RESULTS

Our study included 100 water samples: 51% filtered
water,39% from ground water and 10% bottled water.
Most of samples were collected from houses 28% and
87% of places with good socio-economic status and
house hold sanitation. The route of handling of drinking
water was mostly from tap water(69%)and filter water
15%.1t was reported that 80%,90% of samples were
conformed to standard specifications bacteriologically
and physically respectively(data not shown).
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According to physical characters:

It was found that 98% of samples with normal pH
(6.5-8.5)while 2% with pH < 6.5.1t was found that 92%
of samples with normal turbidity < INTU,while 8% of
samples were >1 NTU. It was found that 86% of
samples with normal free residual chlorine (0.2-5) mg/I
while 14% were abnormal, 11samples were below 0.2
mg/l while 3 samples were above 5 mg/l (Table 2).

It was found that good socio-economic status and
house hold sanitation were statistically significant with
normal turbidity (p=0.009) while the tap water as a
route of handling of drinking water was statistically
significant with abnormal turbidity (p=0.003) and
normal free residual chlorine (p<0.001). Filtered water
as a source of water was statistically significant with
normal free residual chlorine (p<0.001) while bottled
water was statistically significant with abnormal free
residual chlorine (p<0.001) (Table 3).

Heterotrophic bacterial count technique:

It was found that 8% of samples had average log
heterotrophic bacterial count > 2.6 cfu/ml at 22 °C,
while 13% of samples had average log heterotrophic
bacterial count >2.6 cfu/ml at 37 °C (Table 2).

According to bacteriological identification: it
was found that the incidence of total coliforms, E.Coli
and Strept faecalis was 17%, 5% and 2%
respectively(Table 2).According to E.Coli incidence, 5
samples were positive 3 from filtered water and 2 from
ground water,as regard route of water handling, all 5
positive samples were from tap water, however, bottled
water and filter water were not contaminated by
E.coli(Table 3).The incidence of Strept faecalis among
100 collected samples was 2% of samples, one sample
from filtered water and the other from ground water,
according to route of water handling, there was one
sample from tap water and the other from filter water (3
stages), however, bottled water was not contaminated
by Strept faecalis (Table 3).
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Table 2: Distribution of the studied samples
according to physical, most probable number and
heterotrophic bacterial count (n=100)

Physical parameters No. %
PH
Normal 98 98.0
Abnormal 2 2.0
Turbidity
Normal 92 92.0
Abnormal 8 8.0
Free residual chlorine
Normal 86 86.0
Abnormal 14 14.0
MPN/100ml
Total coliforms
<2.2 83 83.0
>2.2 17 17.0
E.coli
<2.2 95 95.0
>2.2 5 5.0
Strept faecalis
<2.2 98 98.0
>2.2 2 2.0
Log HBC/ml
At 22°C
<2.6 92 92.0
>2.6 8 8.0
At 37°C
<2.6 87 87.0
>2.6 13 13.0

HBC: Heterotrophic bacterial count. MPN: Most probable
number index

Normal values of PH(6.5-8.5),turbidity (<INTU) and free
residual  chlorine(0.2-5)mg/I'>.Accepted  values  of
MPN/100L of samples<2.2 for total coliforms, E.coli and
Streptococcus faecalis, also log heterotrophic bacterial
count<2.6 cfu/ml at 22°C and 37°C”.
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Table 3: Relation between physical, bacteriological characters of water and different variables (n=100)

Socio-
economic
Source of water status and Route of handling of drinking water
Variables house hold
sanitation
Filtered | Ground | Bottled Good | Bad Tap | Filter | Tank | Cooled | Jerkin | Bottled
water | water | water water | water | water | water | water | water
PH Normal No. 49 39 10 86 12 67 15 3 1 2 10
(n=98) % 50.0 39.8 10.2 878 | 122 | 684 | 153 | 3.1 1.0 2.0 10.2
Abnormal No. 2 0 0 1 1 2 0 0 0 0 0
(n=2) % 100.0 0.0 0.0 50.0 | 50.0 | 100.0 | 0.0 0.0 0.0 0.0 0.0
P P =0.597 P=0.244 P =1.000
Turbidity | Normal No. 49 33 10 83 9 64 15 0 1 2 10
(n=92) % 53.3 35.9 10.9 90.2 9.8 69.6 | 16.3 | 0.0 1.1 2.2 10.9
Abnormal No. 2 6 0 4 4 5 0 3 0 0 0
(n=8) % 25.0 75.0 0 50.0 | 50.0 | 625 0.0 | 375 0.0 0.0 0.0
p P=0.111 P=0.009* P=0.003*
Free Normal No. 51 35 0 75 11 67 15 2 1 1 0
residual (n=86) % 59.3 40.7 0.0 87.2 | 128 | 779 | 174 | 2.3 1.2 1.2 0.0
chlorine Abnormal No. 0 4 10 12 2 2 0 1 0 1 10
(n=14) % 0.0 28.6 714 85.7 | 143 | 143 0.0 7.1 0.0 7.1 714
P P < 0.001* P=1.000 P<0.001*
Normal No. 42 31 10 74 9 58 12 1 1 1 10
Total (n=83) % 50.6 37.3 12.0 89.2 | 108 | 696 | 145 | 1.2 1.2 1.2 12.0
coliforms | Abnormal No. 9 8 0 13 4 11 3 2 0 1 0
(n=17) % 52.9 47.1 0.0 765 | 235 | 647 | 176 | 11.8 0.0 5.9 0.0
P P=0.301 P=0.227 P=0.092
E.Coli Normal No. 48 37 10 83 12 64 15 3 1 2 10
(n=95) % 50.5 38.9 10.5 874 | 126 | 674 | 158 | 3.2 1.1 2.1 10.5
Abnormal No. 3 2 0 1 1 5 0 0 0 0 0
(n=5) % 60.0 40.0 0 50.0 | 50.0 | 100.0 0 0 0 0 0
P P=1.000 P=0.509 P=0.828
Strept Normal No. 50 38 10 86 12 68 14 3 1 2 10
faecalis (n=98) % 51.0 38.8 10.2 878 | 122 | 694 | 143 | 3.1 1.0 2.0 10.2
Abnormal No. 1 1 0 1 1 1 1 0 0 0 0
(n=2) % 50.0 50.0 0.0 50.0 | 50.0 | 50.0 | 50.0 | 0.0 0.0 0.0 0.0
P=1.000 P=0.244 P=0.523

x*Chi square test for comparing between the two categories. “p:p value for Fisher Exact for Chi square test for comparing
between the two categories, *Statistically significant at p< 0.05.

According to relation between physical and bacteriological characters, it was found that normal turbidity<INTU
was significantly associated with normal count of total coliforms<2.2 cfu/ml(P=0.027)(Table 4).

Table 4: Relation between Bacteriological and physical characters (n=100)

N=100 Total coliforms E. coli Strept faecalis
. (<2.2) (n=83) [(=2.2) (n=17) | (<2.2) (n=95) (>2.2) (n=5) (<2.2) (n=98) (2.2) (n=2)

Physical parameters =9 ="/ TRo | % | No. | % | No. | % | No. | % | No. | %
PH
Normal 81 97.6 17 |100.0 93 97.9 5 100.0 96 98.0 2 100.0
Abnormal 2 2.4 0 0.0 2 2.1 0 0.0 2 2.0 0 0.0
P 1.000 1.000 1.000
Turbidity
Normal 79 95.2 13 | 765 88 92.6 4 80.0 90 91.8 2 100.0
Abnormal 4 4.8 4 235 7 7.4 1 20.0 8 8.2 0 0.0
P 0.027 0.347 1.000
Free residual chlorine
Normal 70 84.3 16 | 941 81 85.3 5 100.0 84 85.7 2 100.0
Abnormal 13 15.7 1 5.9 14 14.7 0 0.0 14 14.3 0 0.0
P 0.453 1.000 1.000

%% Chi square test for comparing between the two categories."p: p value for Fisher Exact for Chi square test for comparing
between the two categories, *Statistically significant at p< 0.05.
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The incidence of GIT manifestations among people
was 20% of samples. We reported that average log
heterotrophic bacterial count at 37 °C <2.6 cfu/ml,
normal total coliforms count <2.2cfu/100ml and normal
turbidity <1 NTU were indicators of good quality of

water as they were significantly associated with absence
of gastrointestinal manifestations with P
values(0.004,0.005 and 0.008)respectively and Odds
ratios(6.64,5.26 and8.56) respectively (Table 5).

Table 5: Relation between attacks of gastrointestinal manifestations and socio-economic status, house hold
sanitation, source of water, route of water handling and water quality variables

Attacks of gastrointestinal
manifestations(n=100) OR
Variables Absence Present P 95% C.1
(n=80) (n=20) (L.L-U.L)
No. % No. %
Source of water
Filtered water 51 63.8 10 50.0 0.259 1.76
Ground water 29 36.3 10 50.0 (0.65-4.72)
Socio-economic status and house hold
sanitation
Good 72 90.0 15 75.0 0.129 3.00
Bad 8 10.0 5 25.0 ' (0.86-10.45)
Route of handling of drinking water
Tap water 55 68.8 14 70.0 1.06(0.36—3.08)
Filter water 12 15.0 3 15.0 1.0(0.25-3.94)
Bottled water 10 12.5 0 0.0 0.114 0.16(0.01-2.92)
Tank water 2 2.5 1 5.0 ' 2.05(0.18-23.84)
Jerkin water 1 1.3 1 5.0 0.24(0.01-4.02)
Cooled water 0 0.0 1 5.0 12.38(0.49-315.8)
Total coliforms
<2.2 71 88.8 12 60.0 0.005" 5.26
>2.2 9 11.3 8 40.0 ' (1.70-16.31)
E. coli
<2.2 77 96.3 18 90.0 0.261 2.85
>2.2 3 3.8 2 10.0 ' (0.44-18.34)
Strept faecalis
<2.2 79 98.8 19 95.0 0.362 4.16
>2.2 1 1.3 1 5.0 ' (0.25-69.53)
PH(6.5 8.5)
Normal 78 97.5 20 100.0 1.000 0.77
Abnormal 2 25 0 0.0 ) (0.04-16.58)
Turbidity
Normal 77 96.3 15 75.0 0.008" 8.56
Abnormal 3 3.8 5 25.0 ' (1.84-39.69)
Free residual chlorine
Normal 68 85.0 18 90.0 0.730 0.63
Abnormal 12 15.0 2 10.0 ' (0.13-3.07)
Log HBC/ml
At 22°C
<2.6 75 93.8 17 85.0 0.196 2.65
>2.6 5 6.3 3 15.0 ' (0.58-12.17)
At 37°C
<2.6 74 925 13 65.0 0,004 6.64
>2.6 6 75 7 35.0 ' (1.92-22.94)

HBC: Heterotrophic bacterial count OR: Odds ratio, Cl: Confidence interval, LL: Lower limit, UL: Upper Limit.
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DISCUSSION

Microbial hazards are said to represent greater
threat than chemical hazards, and in developing
countries account for 5.7% of the total global burden of
water borne diseases™.Globally, near 800 million
people have no access to improved water sources and
about 2.5 billion people do not have access to
satisfactory sanitation, outbreaks of water borne
diarrheal diseases still have a serious health threat
worldwide™?,

This study focused on examination of drinking
water (100samples) from different community water
supplies in Tanta city, Egypt for bacterial contamination
and relationship  between drinking water and
gastrointestinal manifestations. Tanta city has two
sources of drinking water: surface treated filtered water
and ground water. The chief supply of drinking water to
Tanta city is surface treated filtered water, while the
chief supply of drinking water to villages of Tanta city
is ground water.

PH value has an effect on the biological and
chemical reactions, also controls the metal ion solubility
and thus it affects the natural aquatic life and could
control the pathogenic microorganism growth™.In the
present study it was found that pH was normal in98%of
samples, free residual chlorine was normal in86%of
samples and turbidity in92%of samples was normal
(ZINTU). In accordance with our study, a Pakistanian
study done on 648samples taken from 57villages to test
for microbial quality found that the average value of pH
was 7.5,the amount of residual chlorine of samples was
in the range of 0.12 and 0.53mg/L, the average value of
turbidity was0.67NTU,in 99.5% of samples turbidity
was lower than SNTU™. However, an Egyptian study in
Assiut Governorate noticed alkaline pH values in all
sites. The alkalinity of water was caused mainly due to
OH,CO3, HCO3 ions in which are formed by
dissociation of inorganic compounds®®.The variation in
pH depends on the presence of the ions and their total
conductivity and the temperature of water during
measurement®®.

Turbidity is the reflection of the total suspended
matter and it interferes with proper disinfection™®.In the
present study it was found that turbidity in 92% of
samples was normal (<INTU), unlike an Egyptian study
which found the average turbidity of river Nile samples
at Assiut Governorate increased gradually during winter
season (15NTU recorded) this is due to the level of
surface water in the study area is generally decreasing at
this time™.

Good socio-economic status and tap water as a
route of water handling were associated with normal
turbidity. Also we noticed an association between
abnormal free residual chlorine and bottled water, this
was because chlorination isn't used as a method for

22

bottled water disinfection, while ozonization and
copper-silver ionization are used. This is in agreement
with an Indonesian study which showed that physical
characters of water were affected by place of residence,
island of residence and were significantly associated
with the safety of domestic water supply because urban
areas more likely used piped or improved water
supply®’.

Our study showed that total coliforms incidence
among collected samples was 17%,the incidence of
E.coli was 5%of samples and the incidence of Strept
faecalis was 2%.This was in agreement with an
Egyptian study done in Zagazig City that found the
incidence of total coliforms among 300 tap water
samples was 12%,out of them 5.33% were
E.coli*®.However, our study incidence was less than the
incidence detected by a Turkish study which reported
that 30%o0f their tap water samples isolated from coastal
region of Northern Turkey were contaminated by
coliform bacteria'. These differences may be attributed
to the larger study areas which included different
environmental regions unlike our study which is
restricted to a limited area of Tanta city.

We reported that the average log MPN of total
coliforms and E.coli wasl3.22and  5.2/100ml
respectively. In accordance with our study a Pakistanian
research was done on 648 samples from 57 villages
which found that the average log MPN of total
coliforms and fecal coliforms werel15.54 and6.06/100ml
respectively™.

We used bacterial plate count technique for
isolation of heterotrophic bacteria at 22°C and 37°C and
we found that the average log of total bacterial count at
220C (92 samples were <2.6cfu/ml and 8 samples
were>2.6¢fu/ml) and at 37-C(87 samples
were<2.6cfu/ml and 13 samples were>2.6cfu/ml).An
Egyptian study measured the average log total bacterial
count at different sites of Nile water which reached at
37°C 6.4cfu/100ml in El-Giza district, followed by
Helwan, Shubbra-El-Khema and lastly Embaba being
5.8,5.63 and 4.6cfu/100ml respectively. Also, the
highest average log count at 22°C reached 6.2cfu/100 ml
in both Helwan and El-Giza regions, while Shubbra EI-
Khema and Embaba regions recorded 5.42 and 2.9
cfu/100mI*°. Another study was done in Cairo segment
which reported that the log total bacterial count of Nile
water ranged from 4.1 to 7.4cfu/100ml at 22°C,while it
reached from 4.1 to 7.3cfu/100ml at 37°C*'.These
differences may be due to different techniques, different
number of samples and different geographical
distribution.

As we reported 20%,10%of samples were not
conformed to standard specifications bacteriologically
and physically respectively, these percentages were
lower than those reported by an Indian study which
reported that out of 1317 total samples,565 samples
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(42.9%) were found to be unsatisfactory?.The
difference may be due to large number of samples,
different geographical and environmental conditions.

The incidence of total coliforms and E.coli in
surface treated filtered water was 52.9% and 60.0%
from the total abnormal samples respectively that was
higher than their incidence in ground water 47.1% and
40.0% respectively without significance, while there
was no difference between the two sources in case of
Strept faecalis with 50.0% incidence. This may be due
to high prevalence of pollution, population density and
more far from the main plant water station in areas
supplied with surface treated filtered water®®.That is
supported by another study done in Egypt in Zagazig
city which reported that 68.75% of E. coli were isolated
from areas with highest population density, only
18.75% of samples were isolated from areas of
intermediate density and 12.5%of samples from lower
population density. It was observed that all isolates were
away from the main water plant in the western area of
Zagazig'®.0On the other hand, an Indian study found a
very highly deteriorated quality of ground water used
for drinking purpose around different areas®.

We reported that20%of people in different places
had attacks of gastrointestinal manifestations in the
seven days preceding collection of the samples. This
was higher than the incidence reported by an American
study which reported a total of 99(4.3%) individuals
reported at least one symptom of GIT in the seven days
preceding the survey“*.This difference may be due to
environmental variations, individual changes and
restrictions to standards of water quality.

In the present study we found that there was a
significant  associations  between  attacks  of
gastrointestinal manifestations and presence of total
coliforms >2.2, abnormal turbidity >INTU and
heterotrophic bacterial count >2.6cfu/ml at 37-C.
However an American study found no association
between GIT symptoms and turbidity®®. Another study in
Urban Atlanta did not identify an association between
treated water turbidity and GIT symptoms in emergency
department visits?*Also we reported that there was no
significant association between source of water, socio-
economic status, house hold sanitation and route of
handling of drinking water and presence of attacks of
gastroenteritis, however, other studies reported
association  between these factors and GIT
symptoms*? These differences may be attributed to
lower number of samples in the present study and
decreased awareness in some population sharing this
study.

CONCLUSION & RECOMMENDATIONS

Periodic continuous monitoring of microbial
quality of water is recommended to control the spread
of pathogens transmitted by contaminated water.

Turbidity is a good indicator for total coliforms and
predictor for possibility of attacks of GIT manifestations
caused by water. Socio-economic status and route of
water handling affect physical characters of water
especially turbidity. Ground water is better than filtered
water and less liable to microbial contamination. Use of
water filters (7 stages) in all houses is recommended for
improvement of water criteria.

Acknowledgement: Thanks to the members of Water
Department at Central Health laboratories in Tanta city
for using their equipment's for measurement of physical
characters of water.

Conflicts of interest: The authors declare that they
have no financial or non financial conflicts of interest
related to the work done in the manuscript.

e Each author listed in the manuscript had seen and
approved the submission of this version of the
manuscript and takes full responsibility for it.

o This article had not been published anywhere and is
not currently under consideration by another
journal or a publisher.

REFERENCES

1. Dinka MO, Loiskandl W, Ndambuki JM.
Hydrochemical characterization of various surface
water and groundwater resources available in
Matahara areas, Fantella region of Oromiya region.
Journal of Hydrology: Regional
Studies.2015;3(2):444-456.

2. Vorosmarty CJ, Mcintyre PB, Gessner MO, et al.
Rivers in global crisis: water insecurity for humans
and biodiversity. Nature.2010;467(1):555-561.

3. Daud MK, Nafees M, Ali S, et al. Drinking Water
Quality Status and Contamination in Pakistan.
BioMed Research International. 2017;2017:183-
189.

4. Pruss-Ustun A, Bos R, Gore F, et al. Safer water,
better health: Costs, benefits and sustainability of
interventions to protect and promote health. World
Health Organization, Geneva, Switzerland.2008,
available on line:
https://www.who.int/quantifying_ehimpacts/publica
tions/saferwater/en/

5. Woodie M. Bacteria and viruses commonly found
in drinking water. online
https://www.watertechonline.com/bacteria-and-
viruses-commonly-found-in-drinking-water/2014.

6. Ranjbar R, Hosseini S, Zahraei-Salehi T, et al.
Investigation on prevalence of Escherichia coli
strains carrying virulence genes ipaH, estA, eaeA
and bfpA isolated from different water sources.
Asian Pac J Trop Dis,2016; 6(4): 278-283.

Egyptian Journal of Medical Microbiology
www.ejmm-eg.com  info@ejmm-eg.com

23



10.

11.

12.

13.

14.

15.

16.

17.

24

Atta et al. / Relation between Drinking Water Contamination and Gastroenteritis, Volume 28 / No. 3/ July 2019 17-24

APHA, AWWA, WEF. Standard methods for the
examination of water and wastewater, 21st ed.
Washington, DC, American Public Health
Association, American Water Works Association
and Water Environment Federation, 2005; 589-720.

Riddle P. "pH meters and their electrodes:
calibration, maintenance and use". The Biomedical
Scientist. 2013; April: 202-205.

WHO Total coliform: Multiple tube fermentation
technique. Method  9131. 1986; 1-18.
Online:http://www.who.int/water_sanitation_health
/dwq/gdwaq3rev/en/.

Jonnalagadda SB, Mhere G. Water quality of the
odzi river in the Eastern Highlands of Zimbabwe.
Water Research. 2001;35(10):2371-2376.

Omari S, Yeboah-Manu D. The Study of Bacterial
Contamination of Drinking Water Sources: A Case
Study Of Mpraeso, Ghana. The Internet Journal of
Microbiology. 2012; vol.10.

World Health Organization and UNICEF, Progress
on Drinking Water and Sanitation: 2012 Update,
WHO/UNICEF Joint Monitoring Programme for
Water Supply and Sanitation, New York, USA,
https://www.unicef.org/media/files/IMPreport2012.
pdf 2012.

Rawway M, Kamel MS, Abdul-Raouf UM.
Microbial and Physico-Chemical Assessment of
Water Quality of the River Nile at Assiut
Governorate (Upper Egypt). J. Eco. Heal. 2016;4(
1): 7-14.

Yousefi M, Saleh HN, Yaseri M, et al. Data on
microbiological quality assessment of rural
drinking water supplies in Poldasht county. Data in
Brief.2018;17:763-769

Allen DA, Castillo MM, Stream ecology: structure
and function of running waters. Springer, Dor-
drecht, The Netherlands 2007;52(7):1023-1033.

Nkansah MA, Ofosuah J, Boakye S. “Quality of
groundwater in the Kwahu West district of Ghana”.
Environmental Research Journal. 2011;5(3): 31-37.

Irianti S, Prasetyoputra P, Sasimartoyo T, et al.
Determinants of household drinking-water source
in Indonesia: An analysis of the 2007 Indonesian
family life survey. Journal Cogent Medicine.2016;
3(1):201-225.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fakhr AE, Gohar MK, Atta AH. Impact of Some
Ecological Factors on Fecal Contamination of
Drinking Water by Diarrheagenic Antibiotic-
Resistant Escherichia coli in Zagazig City, Egypt.
International Journal of Microbiology.
2016;17:624-703.

Ozgumus OB, Celik-Sevim E, Alpay-Karaoglu S,et
al. “Molecular characterization of antibiotic
resistant Escherichia coli strains isolated from tap
and spring waters in a coastal region in Turkey,”
Journal of Microbiology, 2007; 45(5) :379-387.

Osman GA. Microbial Quality of Nile Water and
Drinking Water in Some Areas of Greater Cairo,
Egypt, Bacteriology Lab, Australian Journal of
Basic and Applied Sciences.2011; 5(11): 1328-
1334.

El-Taweel GE, Shaban AM. Microbiological
monitoring and evaluation of river Nile water at
Cairo segment and Ismailia canal. Egypt. J.
Microbial.2003; 38(2): 169-182.

Malhotra S, Sidhu SK, Devi P. Assessment of
bacteriological quality of drinking water from
various sources in Amritsar district of northern
India. J Infect Dev Ctries. 2015; 9(8):844-848.

Ayub S, Husain A, Roohul Abad K. A Study of
bacteriological contamination of drinking water in
Aligarh city U.P India. International Journal of
Civil Engineering Research and Development,
2011;1(2): 2228-2268.

Stauber CE, Wedgworth JC, Johnson P, et al.
Associations between Self-Reported
Gastrointestinal ~ Illness and Water System
Characteristics in Community Water Supplies in
Rural Alabama: A Cross-Sectional Study.2016;
11(1): 1481-1461.

Tinker SC, Moe CL, Klein M, et al. Drinking water
turbidity and emergency department visits for
gastrointestinal illness in Atlanta, 1993-2004. J
Expo Sci Environ Epidemiol.2010 20(2):19-28.

Abu-Elyazeed R, Wierzba TF, Mourad A S et al.,
“Epidemiology of enterotoxigenic Escherichia coli
diarrhea in a pediatric cohort in a periurban area of
lower Egypt,” The Journal of Infectious Diseases,
1999; 179(8):382-389.

Egyptian Journal of Medical Microbiology

www.ejmm-eg.com  info@ejmm-eg.com



