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Abstract: Physicochemical properties of water pH, EC and TDS has relationship with total coliform count, total
bacterial count and E. coli in terms of seasonal variations. It had been observed the highest values of TCC, TBC
and fecal coliform was significantly higher in July as compare to April and December, Because the monsoon
floods in river Kabul carries more pollutants from nearby fields. All these factors contribute in deteriorating the
drinking water quality of study area. pH has positive effect on the growth and persistence of E.coli. Similarly,
EC and TDS have influence on transport and fate of these faecal coliform. E. coli is extensively used as
indicator organism for faecal contamination of water. The disease risk due to waterborne pathogens is directly
related to the concentration of waterborne pathogens in surface and drinking water. This pathogen
concentration is influenced by extreme precipitation and floods. More pathogens enter the surface water when
floods flush ineffectively treated sewage and manure into surface waters and increase concentrations. As future
extreme precipitation and flood frequencies are expected to increase due to climate change, it is essential to
better understand the relationship between extreme precipitation, flooding and the concentration of waterborne
pathogens in the surface waters. Water managers can then prepare for possible increased health risk in these
situations.
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INTRODUCTION Various potential sources of contamination affect the

Globally it has been estimated that more than 250 water used for household purpose were reported to be
million cases of waterborne   diseases   reported  each single serious problems throughout the country. Bacteria
year, which results about 10 million deaths [1]. People of in water can originate from the intestinal tracts of both
all  ages  can  come across waterborne diseases, humans and other warm-blooded animals, such as pets,
especially most of such cases recorded after flood if livestock and wildlife [3]. Water sources should be free
consumed contaminated food or water [2]. Among from pathogenic fecal microorganisms [4].
waterborne diseases Diahoerrah is 3  leading cause of Water from different sources i.e. river, lakes,rd

death not only in developing but also in developed reservoirs and groundwater aquifers are subjected to
countries [2]. varying  degrees of faecal contamination [5]. A wide range

water quality of Pakistan, Microbial contamination of
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of pathogenic microorganisms can be transmitted to hours of collection and were analysed for microbiological
humans through water contaminated with faecal material assessments while physicochemical analysis were done
and other waste disposals. Coliforms especially E. coli is on spot. A blank test was also carried out as a standard.
the indicator organism for portable water and indicator of
direct or indirect faecal contamination [6]. The major risk Physicochemical Assessments: Temperature of the
factor for outbreaks associated with flooding results from samples was first recorded at the time of collection by
an increase in water level, due to melting of ice in summer using scientific thermometer then second temperature was
season. During Flood, water is mostly contaminated by recorded at the time of physiochemical analysis using
various pollutants, sewage, human and animal wastes Hydro-lab, Total dissolved solids (TDS), Electrical
which contain pathogens, salmonella, campylobacter, conductivity (EC), Dissolved oxygen (DO) etc. pH of
Shingellaand Escherichia coli (E. coli) [7]. water samples were determined by using portable pH

In Pakistan treatment has been practiced in different meter. The pH meter was carefully calibrated with
areas of the country. It has been reported that 62% of standard pH 7 and pH 4 [10].
Pakistani population have no access to clean drinking
water and an estimated 60% deaths occurs due to the use Microbiological  Assessment:    All  the  glass  wares
of contaminated water [8]. were sterilized in hot air sterilizer at 160°C for 2 hours.

At KPK district of Nowshera River Kabul is used for Then after cooling till room temperature they were used
effluent, waste disposal, irrigation, fishing, transportation for analysis. For coliform counting, Most Probable
and various domestic uses. The water quality of Number (MPN) method was used in water samples for
Nowshera city is directly affected due to its close assessment of total coliforms that expressed in terms of
proximity to Kabul River. Nowshera is one of the basin coliform/100 ml of water sample [11]. Readings of the
areas. Therefore, Nowshera was selected for the present experiments were made by counting positive tubes having
study in order to access the effects of climate change gas and acid in each set of dilution. The results were
(precipitation) on waterborne microbiological activity and calculated with the help of MPN table and expressed the
other related physical parameters of drinking water. counts as TCC/100 ml of water sample [11]. Thermo

Present study was undertaken to access the effects of tolerance (EJEKMEN) test was applied for the
seasonal variations (precipitation) on water quality in pre confirmation of faecal coliforms in both drinking and river
floods, during floods (Monsoon) and post floods water samples. Media of Mackonky broth was prepared
seasons. Water samples were collected from different and one test tube for each sample filled them with 5ml of
sources, (open well, tube well, filtered water and surface media. Then a loop-full culture was taken from each
of River Kabul) used for drinking water and for other positive test-tube and was added to a peptone or
household uses. Samples were treated to analyze the Mackonky broth. After adding culture, all the test-tube
presence and quantity of waterborne bacteria and other were sealed with cotton plug and then incubated at 45°C
physiochemical parameters such as pH, Temperature, for 24 hours. The positive signs indicated that fecal E.
Total Dissolved Solids and Electrical conductivity. coli were present in the water source [12].

MATERIALS AND METHODS RESULTS AND DISCUSSION

Sample Collection: A total of seventy five water samples Mean pH of samples recorded from Tube well was
were collected, 25 water samples were taken three times 7.38 in April, 7.5 in July and 7.4 in December which is
from each location in pre monsoon, During monsoon and below WHO limits; Open well mean pH value was 7.61 in
post monsoon. For drinking water sample collection, the April, 8.12 in July and 7.8 in December (Fig 1). While the
water tap was turned on and let it run for at least three mean pH values of Open well samples were significantly
minutes [9]. different during study period mean pH of open wells was

Samples were collected in sterile plastic bottles. significantly higher in July as compare to April and
Samples were collected intermittently in sterilized plastic December. Mean pH of April was significantly lower than
bottles and sealed without touching the inside of the cap December however mean pH values were below WHO
or bottles. Samples were delivered to Nuclear Institute of limits in April and December while mean pH value of July
Food and Agriculture (NIFA) lab on same day within 8 was  almost  similar  to  WHO  limits;   from   filtered  water
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Fig. 1: Mean pH of samples collected from different water samples taken from filter plant in April was 29.5°C, which
sources in April, July and December from district was significantly different from mean temperature of
Nowshera with 30 replicates from Tube well, 18 December 16.2°C, while mean temperature recorded in July
from Open well, 18 from River Kabul and 9 samples was 22.9°C being not significantly different from April and
from Filter plants. Error bars indicates standard December.
error of the means. Bars sharing different letters Mean Electrical Conductivity (EC) of samples
differ significantly from each other at P=0.05, collected from Tube well in April was 259.5µS/cm being
WHO= (World Health organization) significantly different from July with mean EC 310.0µS/cm,

Fig. 2: Mean Temperature of water collected from However mean of samples taken from Filter plants 222.7,
different water sources with 30 replicates from 254.7 and 219.0µS/cm were not significantly different
Tube well, 18 from Open well, 18 from River Kabul throughout the three months of April, July and December
and 9 samples from Filter plants in April, July and however mean EC of all the water sources (Tue well, River
December  from   district    Nowshera.  Error   bars Kabul, Open well and filter water) recorded during the
indicates standard error of the means. Bars sharing study period which was below WHO limits (1000µS/cm) as
different letters differ significantly from each other shown in Figure 3.
at P=0.05 Mean TDS of Tube well samples were 267.7, 292.3 and

samples mean pH values  were7.1  in   April,  7.2 in July Mean TDS of Open well samples were not significantly
and  7.1  in  December  which is below WHO limit. Mean different with mean 310.3, 335.5 and 302.5mg/L in April,
pH values of tube well and filter water were not July and December. Whereas mean TDS recorded from
significantly different in April, July and December. River Kabul samples was 457.2mg/L in April significantly
Similarly  the  mean  pH  of samples  from  River  Kabul different from mean TDS 497.3mg/L in July, while mean
was  9.2  in  July,   which  was  significantly  higher than TDS 497.3mg/L recorded in December was not
8.7  in  April,  whereas  the  mean  pH  of December was significantly different from April and significantly
not significantly different from both April and July as different from data recorded during July. Mean TDS of
shown in Figure 1, while mean pH value of River Kabul samples collected from Filter plants were 217.0, 247.0 and
samples was above WHO limit in April, July and 225.3mg/L not significantly different during the entire
December (Fig 1). monitoring  period  (Fig  4).  However mean TDS of all the

Mean temperature of all samples collected from Tube
well were significantly different in April, July and
December (Fig 2( with average values of 23.26, 16.46 and
29.36°C; samples from Open well were also significantly
different in April, July and December with the mean
temperature of 29.06, 15.90 and 23.78°C, respectively.
Mean temperature of River Kabul samples in April were
20.28°C which was significantly different from mean of
December which was 18.25°C, while mean of April was not
significantly different from July with mean temperature
15.45°C as shown in Figure 2. Mean temperature of

whereas mean of December was 271.2µS/cm was
significantly not different from mean EC of April and July;
Similarly mean EC of samples taken from Open well in July
was 367.6µS/cm significantly higher than April with mean
EC as 319.8µS/cm while in December was 336.8µS/cm not
significantly different from April and July data. Mean EC
of River Kabul samples was significantly higher in July
with mean 826.2µS/cm as compare to the April with mean
684.7µS/cm, while mean of December was 745.8mS/cm
being not significantly different from April and July.

277.0mg/L, not significantly different in April, July (Fig 4).
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Fig. 3: Mean Electrical conductivity (EC) of water
collected from different water sources with 30
replicates from Tube well, 18 from Open well, 18
from River Kabul and 9 samples from Filter plants.
In April, July and December from district
Nowshera Error bars indicates standard error of
the means. Bars sharing different letters differ
significantly from each other at P=0.05.WHO=
(World Health Organization)

Fig. 4: Total Dissolved Solids (TDS) of water collected
from different water sources with 30 replicates
from Tube well, 18 from Open well, 18 from River
Kabul and 9 samples from Filter plants in April,
July and December from district Nowshera Error
bars indicates standard error of the means. Bars
sharing different letters differ significantly from
each other at P=0.05, WHO= (World Health
Organization)

water sources (Tue well, Open well and filter water)
recorded during the study period came within the WHO
limit (500mg/L), except River Kabul samples in July were
observed above the WHO limit and samples were almost
same in December to WHO permissible limit.

Mean Total coliform count in samples collected from
tube well was not significantly different in April, July and
December with range of TCC as 128.8, 613.2 and
378.4/100ml (Fig 5). The mean TCC in open well samples
were not significantly different in April, July and
December with TCC value as 194.2, 375.5 and 168.7/100ml.
Samples of  River   Kabul   were   also   not    significantly

Fig. 5: Mean Total coliform Count (TCC) of water
collected from different water sources with 30
replicates from Tube well, 18 from Open well, 18
from River Kabul and 9 samples from Filter plants
in April, July and December from district
Nowshera, Error bars indicates standard error of
the means, WHO=(World Health Organization)

Fig. 6: Mean Fecal coliform (F.coliform) of water collected
from different water sources with 30 replicates
from Tube well, 18 from Open well, 18 from River
Kabul and 9 samples from Filter plants in the
months of April, July and December from district
Nowshera.

different in April, July and December with mean TCC 1890,
1900 and 1899/100ml respectively. Similarly, mean TCC of
Filter water ranged 0, 4.3 and 3.3/100ml were not
significantly different in April, July and December,
respectively (Fig 5). However mean TCC of all the water
sources (Tue well, River Kabul, Open well and filter water)
recorded during the study period crossed the WHO limit
(10/100ml) as shown in Figure 5.

Samples collected from river Kabul were 100%
positive for fecal-coliform, in April, July and December
(Fig 6), while samples collected from tube well were
20%positive for fecal-coliform in April, 60% in July and
40% in December; Samples collected from Open well were
16% positive in April, 67% in July and 50% in December.
Whereas samples of Filter plant were found negative in all
samples as shown in Figure 6.
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Fig. 7: Total Bacterial Count (TBC) of samples collected also affect the surrounding irrigation system that can
from different water sources with 30 replicates ultimately affect cropping pattern in Nowshera region
from Tube well, 18 from Open well, 18 from River TDS and TBC was also higher significantly during July in
Kabul and 9 samples from Filter plants in the River Kabul. If the pH gets higher than it means that River
months of April, July and December from district Water can be contaminated with waterborne pathogen
Nowshera, Error bars indicates standard error of [17].
the means. Bars sharing different letters differ Samples collected from the tube well of Nowshera
significantly from each other at P=0.05. revealed only EC was significant among the samples

Mean TBC/ml of samples taken from river Kabul was unaffected this is because tube wells are made at higher
significantly higher in July with mean 3650000/ml as depth and has less interaction with surface water, so there
compared to April and December with mean 40666.7 and will be very less chances of contamination during rainy
330166.7/ml (Fig 7). whereas mean TBC of data recorded in seasons as compare to open well and river water. Samples
December was not significantly different from April; of open well were also significantly not varied among
However Mean TBC of river Kabul samples crossed the each other apart from pH. This might be due to less depth
WHO level (100000TBC/ml) in April, July and December. of open well, the more deep the wells are the more will we
Mean TBC in Tube well samples were not significantly in get better water quality [18]. As expected there was no
April, July and December recorded as 6865, 103353 and significant difference between the samples of filter water
23241/ml. However, mean TBC came under WHO limit in during the whole experimental seasons.
April and December while WHO limit was almost same in pH of tube well samples were same in April, July and
July; similarly mean TBC of Open well were also December but below the WHO limit as shown in Figure 1.
significantly not different in April, July and December pH of open well was significantly increased in July
with TBC value 19416.7, 234500 and 39400/ml. However followed by December and April that is still lower than
WHO limit was crossed in July and came under the WHO WHO limit. pH of River Kabul sample in July was
limit in April and December; from Filter water samples significantly increased as compare to December and April
mean TBC were not significantly different in April, July values were above WHO limit. pH measurements of filter
and December as 290, 182116.7 and 27033/ml while came water during the study period was significantly below
under WHO in the study period. WHO limit. [19, 20] did work on impact of climate change

The overall results of water quality from different on waterborne pathogens in relationship with
sources suggested that pH, EC, TDS, TBC and TCC has physicochemical properties of surface water. Our work
not been affected by seasonal variations although the was not in-line with this study as we observe increase in
seasonal temperature varied significantly only TBC was pH values in open well this means that flood water over
significantly higher during July. This mean that monsoon flows and contaminate the ground water sources, while
season might cause an increase in TBC that result in our work co-relate with the observation of [21] they
waterborne diseases. The TDS permissible levels of WHO studied the seasonal variation of Physicochemical
was crossed by factor 4 in July and it was almost equal in Characteristics in Open well water quality. Temperature of
December. It means that high level of TDS in water tube well samples significantly increases in December
samples favours the survival of waterborne pathogens followed by April while significant decrease in July as
which can affect water quality in the post monsoon shown in Fig-9.Open well samples had high temperature
season [13, 14]. in  April  flowed  by  December  and  July. Temperature of

Most of the parameters were non-significant while
taking all the samples of different sources; However it was
necessary to evaluate the water quality for different water
sources separately in order to differentiate between most
polluted and safe sources. The pH of River Kabul varied
significantly during the three seasons (Fig 1) which
suggests that river Kabul contain huge quantity of
industrial pollutants and surface runoff from nearby fields
(nutrients) as well. Any change in precipitation pattern
might affect water quality of Nowshera [15, 16].

pH indicate pathogenic activity. In addition pH can

based on seasonal variation, other parameter remained
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River Kabul water samples were significantly decreased in Total coliform count (TCC), faecal coliform and Total
July this might be due to melting of glaciers in summer
season [15, 22] In filter water samples an increase in
temperature was observed in April followed by July and
December.

Electrical conductivity (EC) of tube well samples
increased significantly in July than April, while EC
measurements in December was equivalent to April as
shown in Figure 10 as it is clear that flood water enters in
open sources and it mixes with drinking water and add
salts and other pollutants due to which we observe
change in EC values at times of flood [23] did work on this
parameter and up to some extent our work is in-line with
this study. Open well samples increase in EC was
observed in July than April while EC measurements in
December was found almost same as in April as flood
water covers open sources. Samples collected from river
Kabul significant increase in EC was found in July
followed by December and April because at times of flood
and heavy rain fall water flushes away everything from
fields, discharge from industries located near river etc.
Thus we observe significant change in EC values than
normal, Filter water EC measurements was equal thus we
observe no significant change in filter water samples
during the study period [23] did study on nutrient export
in surface water and our work is in-line with  this  study.
EC of sources (River Kabul, Tube well, Open well and
Filter water) and were below the limit set by WHO [24].

Total dissolved solids(TDS) of tube well samples
were same throughout study period as shown in Fig-11
because until and unless ground water is not in contact
with surface water its value has not been affected our
current study was not in line with [25].Open well samples
shows slight increase in TDS in July whereas in April and
December the TDS measurements were also unchanged as
in summer we observe flood event which changes the
value significantly. River Kabul samples TDS observation
was significantly increased in July followed by December
and April. Filter plants samples have same TDS
observations during the study period this has been in line
with the work of [15]. TDS measurements of Open well,
tube well and Filter water during the study period were
within the WHO permissible level this observations
correlate with work of [24], while TDS recorded in river
Kabul samples exceeds the WHO limit the high
concentration were because of increase in water level of
river Kabul due to melting of snow in mountains,
deforestation and geological process contributed the
sediments in the surface water [22].

bacterial count (TBC) recorded in Tube well, Open well
and river Kabul samples were   above  the  WHO   limits
(10 coliforms/100ml) in April, July and December. It was
observed that river Kabul and Open well were found more
affected as compare to tube well and filter water source.
The reason was that during summer ice melts up stream
meanwhile monsoon season starts in south east Asian
countries like Pakistan and it may cause flood, which
flushes away everything from agricultural lands located
near river, untreated sewage form plants and discharge
from industries, which increase the no of waterborne
pathogens in surface water while open well water was
more contaminated as compare to tube well due to less
depth of open well than tube well so there is greater
chances of contamination in less depth area due to
seepage of surface contagion our work was in line with
the studies conducted by [16, 17], while coliforms
observed in samples collected from Filter plants were
below the WHO limit in study period [9].

CONCLUSIONS

Physicochemical and microbiological profile of water
sources (River Kabul, Tube well, Open well and Filter
water) showed that most of the parameters TDS, TCC,
TBC and faecal colifom in River Kabul samples were
observed more during the monsoon season (July),
followed in post monsoon season (December) and then in
pre monsoon season (April), positive impact of
physicochemical parameters were observed on
waterborne pathogen. Tube well and Open well situated
near River Kabul were found affected throughout the
seasonal analysis that showed the effects of 2010 flood,
TDS, TBC and TCC values for River Kabul and Open well
sources were found greater than the WHO limit, whereas
no faecal coliform was found in filter water which is
responsible for water borne diseases (Diarrhoea).
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