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Abstract

Globally, the rapid growth of the population over the past century has put enormous pressure
on freshwater resources. Pakistan, as a developing country, also faces a freshwater crisis. Rawal Lake,
an essential freshwater reservoir near Pakistan’s capital, has been showing signs of deterioration for
the past few years. Therefore, a brief study was planned to analyze the water quality of the lake
and the associated recharge streams. Twelve physical and chemical parameters were selected along
with the total bacterial and Escherichia coli count. Five sampling points were selected for water
sampling. Results showed that the Mallpur stream significantly has higher pH, total suspended solids,
and total dissolved solids values than the other sampling points and was not within the permissible
limits of the World Health Organization. In the case of total bacterial count and Escherichia coli
count, except Spillway, water samples showed higher concentrations than the permissible limits
of world health organization. However, the mineral content such as Calcium, Magnesium, Nitrogen,
Potassium, Chloride, and sulphate concentration at all sampling points are within the permissible limits
of the world health organization’s drinking water standard. Results also showed that the water

sampled from the Korang River tributary has more deterioration in physicochemical properties as well
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as in total bacterial count than the Mallpur tributary. Due to the deterioration of the water quality

parameter, it is suggested that Rawal Lake water is not suitable for human consumption.
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Introduction

Water is one of nature’s most precious gifts to
humanity through clean drinking water, which is
necessary for the survival of all living organisms [1].
Certainly, water and Gross Domestic Product (GDP)
per capita have a secure link. Nevertheless, some
analysts predict that by 2025, more than half the world’s
population will confront water-based vulnerability
[2, 3]. Agricultural activities urbanization, population
growth, and industrialization have reduced the drinking
water supply. The result is the discharge of wastewater
into lakes, estuaries, and rivers without any
treatment [4, 5]. Surface water resources have played
a pivotal role in Pakistan. The significant environmental
influences are climatic, hydrological and, geological
since these affect the quantity and quality of existing
water [6]. The population has generated over the last
century, increasing the pressure on existing water
resources. When demand continues to grow, the quality
of the world of water available will, in the long term,
not meet the needs of more people [7]. Nearly two
billion people in 80 countries worldwide are unable
to make good use of water, which is an essential
requirement for life [8, 9]. The manipulation of water
resources is chiefly anthropogenic [10] and some natural
activities [11]. Retaining the quality and accessibility
of freshwater resources is one of Pakistan’s foremost
environmental and social challenges [9]. Pollution and
water quality degradation interfere with the important
and legal use of water at local, regional and international
levels [12]. Pollution from the inflows has degraded
the water quality of rivers, natural lakes, and reservoirs
in developing countries [13]. Lakes are the principal
source of freshwater for people [14].

Rawal Lake is an artificial reservoir that meets twin
city’s water needs such as Islamabad and Rawalpindi
[15, 16]. This reservoir currently faces many problems,
such as silting, discharge of effluents, environmental
degradation, water pollution, and overfishing [17].
The villages which are situated near Rawal Lake are
Bani Gala Bhara Kahu, Mallpur, and Noorpur Shahan
consists of about 5000 residents [18]. These villages’
population has grown at a very high rate that affects
water quality [16]. This includes the dumping of
untreated sewage and solid waste in tributaries of river
Korang. About 170 poultry ranches are having about
360 poultry sheds in the catchment area. No adequate
treatment arrangement has been made for poultry
waste. Murree Hills, Chattar park, and several other
beautiful places in the catchment area of Rawal Lake
attract tourists, which is another source of pollution
[19]. Water quality monitoring has become a major

concern in evaluating the lake’s condition and the long-
term trend for future lake management [20]. According
to United Nations Environment Programme (UNEP)
in 2003, dams oblige to function as an evident means
for supplying freshwater resources that contribute
to socio-economic development through providing
drinking water [21]. Therefore, the quality of dam water
should be monitored and lead to an acceptable standard
to ensure safe water that enters water treatment intake.
Hence, the water of Rawal Lake is not drinkable
to the Rawalpindi, Islamabad, and other dependents.
This paper aims to assess the physicochemical
properties of Rawal lake and its associated tributaries
that recharge Rawal Lake.

Material and Methods
Study Area

Rawal Lake is situated in Islamabad, Pakistan,
across Korang River at a distance of about 10 km from
Rawalpindi at the latitude of 33°42'N and longitude
73°07'E with a total catchment area of approximately
268 km? [22], as shown in Fig. 1.

Water Sampling and Preservation

Water sampling was carried out at five different
sites of the study area, as shown in Fig. 2. From each
site, five samples were collected and recorded as their
average value. Two streams feed the Rawal Lake:
Mallpur tributary (S1) and Korang River tributary (S2).
From each tributary, five water samples were collected.
Water sampling was carried out at three different sites
of Rawal Lake such as the main Pushta (S3), Center
(S4), and spillway (S5). The water sampling was
conducted for the whole week. All water samples were
collected in 1.5 L plastic bottles. Before the collection
of water samples, all bottles were washed 3 times with
sample water. A discrete water sampling technique
was applied at 20-25 cm depth at each sampling site.
The samples were stored and preserved in an icebox
between 2 to 10°C to reduce a change in water chemistry
tests for physicochemical properties, Escherichia coli
(E. coli) count, and total bacterial count.

Water Analysis

The pH value of water was determined by a pH
meter applying the method as described by Mcclean
(1982). Electrical Conductivity (EC) was monitored by
the EC meter. Total solids of the water samples were
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Fig. 1. Map of Pakistan showing the area of study.
determined by taking 100 ml of water in a pre-weighted water samples were determined by a methodology
china dish, and water was evaporated by using a hot adopted in previous work [24, 25]. The hardness
plate. It was then cooled in desiccators and weighed of the water samples was determined by a standard

again [23]. Chloride (CI"') content and alkalinity of procedure [26]. In water, Sulphate (SO,?) is usually
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Fig. 2. Water sampling point within and outside of the Rawal Lake.
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associated with Magnesium (Mg), and Calcium
(Ca). SO,? content in sample water was converted
into Barium Sulphate (BaSO,) as described by
a researcher in previous work [27]. The concentration
of Total Suspended Solids (TSS) in water samples
was ascertained by the weight difference of pre-
treated (400°C for two hours) filters before and after
the filtration of water. Ca, Mg, Sodium (Na),
and Potassium (K) content in the water was determined
by Atomic Absorption Spectrometry (AAS)[28].

Total Bacterial Count and E. coli Count

For the determination of total bacterial count and
E. coli count, the pour plate method was used. A dilute
sample of 1ml was put into an empty sterile plate with
the help of a pipette. Then chrogen media was poured
into it and was mixed with the diluted sample. Chrogen
was not sloped larger than the petri dish border and
kept for 10 minutes so that the media become entirely
gelled and the surface was “smooth a glass”. Finally,
it was inverted and kept in an incubator for 24-48 hours
at 35°C. Colonies were counted and recorded [29].

Statistical Analysis

Data for physicochemical parameters of water
samples were presented as mean values and analyzed
using descriptive analysis. For the mean difference,
Least Significant Difference (LSD) test was used.
Before investigating the seasonal effect on water quality
parameters, the sampling was divided into four fixed
seasons: spring-19 (March, April, and May), summer-19
(June, July, and August), autumn-19 (September,
October, and November), and winter-19-2020
(December, January, and February).

Results and Discussion
The present study was carried out to determine

the physicochemical properties of Rawal Lake and
its associated streams. LSD showed that the pH of

the S2 (9.264+0.06) was significantly higher than other
samples. Similarly, the pH of the water collected
from tributaries (S1 & S2) was higher than that of
the lake water. Domestic sources such as the use
of detergents and bleaching agents significantly
influence the pH of the streams. Previous studies
argued that the water of the stream that feeds Rawal
Lakes are significant contributors of pollutants
[30]. Total Dissolved Solids (TDS) of water
samples were collected from different points (S1-
S5) ranges between 435+2.88 to 210+4.61 mg/L.
LSD showed that the S2 point was characterized by
significantly higher TDS wvalues than other points
(Table 1). Similarly, the TSS of water samples collected
ranges between 39. 3+2.9 to 124.32+48 mg L. LSD
test showed that TSS at S1 was significantly higher
than other points. Moreover, TSS values at all sampled
points were not within the permissible limits of
the World Health Organization (WHO) drinking water
standard. This is due to the presence of poultry waste
that not only brought a change in the pH of water
but also affected the TDS and TSS [31]. TSS reduces
not only the light penetration in the water bodies
that reduced the gross productivity of the freshwater
ecosystems [32] but also makes it unfit for drinking and
other commercial purposes. Primary sources of TDS
can be attributed to agriculture runoff, leaching of soil
contaminants which may cause certain diseases in man
and cattle [33]. Probably the water flow in rivers and
streams influenced TDS. Also, at the point of discharge
of stream water, a notable increase was observed for
the mean value of pH, TDS, and TSS [34].

Hard water is not a health hazard, but a higher value
of hardness can impair the quality of water. Alkalinity
and hardness values of all samples were very low and
within prescribed limits of WHO. Mg content in water
samples ranges between 45.3£1.4 to 77.6+0.88 mg L.
The analysis revealed that the S2 point had higher Mg
content as compared to other points. The potassium
content in water varied between 1.8+0.057 to
3.540.34 mg L. The Na, K, and Ca (as Calcium
Carbonate (CaCO,) was within the permissible limit
of WHO. Calcium was significantly higher, like

Table 1. Physicochemical properties of the water sampled at different locations.

Parameters pH EC TDS TSS Mg Na K
Units - uScm™! mg L

S1 8.20+0.07° 586+5.29° | 411.6+7.6° | 124.32+8.0° 71£0.57° 29.3+0.88" 3.5+0.34°
S2 9.2740.06* | 639.3+4.66* | 435+2.88° 95+5.1° 77.6+0.88* | 37.6+1.45* | 3.26+0.12°
Sampling S3 7.25+0.04¢ | 415.3+7.21° 225+2.8¢ 57.6+5.36° 59+1.52¢ 18+0.57¢ 2.3+0.15%
Sites S4 7.07£0.04¢ | 415.6+4.3¢ 210+4.6¢ 44.3£2.3« 48.3+0.8¢ 23.5+1.04° 2.5+0.11°
S5 7.0940.04¢c? | 378.6+£5.20¢ | 248.6+6.3° 39.3+2.9¢ 45.3+1.4¢ 21.4+0.83¢ 1.8+0.057¢

WHO 6.5-9.20 NGV 1000 5 150 200 75

*Means in the same column followed by the same superscripts are not significant at p<0.05.
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Fig. 3. Calcium, chloride, sulphate concentration at different
location of water samples.
*redline shows the WHO permissible limit

140.6+2.3 mg L'at S2, as compared to other points.
Similarly, the calcium content was higher at sources
and decreased gradually towards the discharge point
of the lake (SS5; Spillway) (Fig. 3). LSD test showed
that samples at S2 have a higher concentration of
SO,? as compared to other sampling points (Fig. 3).
SO,? normally occurs naturally in water and has
a concentration ranging from a few to several thousand
milligrams per liter [35]. The chloride content in water
samples was between 15.5+1.32 to 32+1.7 mg L. LSD
test revealed that the sample collected at S2 showed
a significantly higher concentration than other samples
(Fig. 3). Whereas, SO,” concentration was within
the recommended value of drinking water standard
limitation of WHO. CI- concentrations are often very
high in urban streams, especially during the winter
because of runoff activities [36].
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Fig. 4. Hardness and alkalinity concentration at different location
of water samples.

LSD test also revealed a significantly higher
concentration of all Mg, Na, Ca, and K at the S2
sampling point. Poultry waste has a higher concentration
of these minerals [37]. EC also showed a significant
variation amongst the two streams as well as within the
lake water. S2 points exhibited significantly higher EC
as compared to other sampling points (Table 1). It might
be related to the influence of runoff on the concentration
levels of elements in water [38]. The results showed
that the hardness of water ranged between 39.33+2.9
to 124.33+8.08 mg L-1. Water samples collected from
the S1 point have significantly higher total hardness
(124.33£8.08 mg L-1) as compared to other points
(Fig. 4). The total alkalinity value of all samples was
within permissible limits of WHO standards. Its value
ranges from 102+1.15 to 179.3+0.88 mg L-1. (Fig. 4).

In all water samples collected, the total bacterial
count and E. coli were higher than the permissible
limits of WHO (Fig. 5). The highest bacterial count was
found at S2 while the highest E. coli was observed at
S4 as compared to other points. Because the poultry
sheds are directly disposed off along the stream
which led to higher E. coli and bacterial count [39].
This may have resulted in many diseases [40] such as
cholera, diarrhea, hepatitis, typhoid, and dysentery
[41]. The highest count of E. coli bacteria showed
fecal contamination and is considered to be a risk for
human health [42]. S4 points have the lowest bacterial
count. It may be due to the movement of water at this
place as water discharges regularly from the spillway.
Therefore, it is recommended that domestic wastewater,
as well as industrial wastewater, should be collected
and treated before disposed off in the tributaries of
the Rawal lake. Seasonal and continuous monitoring
of the physicochemical properties of Rawal lake is
recommended. Clean and pure water filter pumps
should be installed for the public so that healthy water
could easily be accessible.
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Fig. 5. Total bacterial and E. coli count at different location of
water samples

*WHO permissible limit for the total bacterial count is <100
while for E. coliis <1.1
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Conclusions

The preliminary results obtained in this study
show that some of the water quality parameters such
as pH, TSS, and TDS are quite high and beyond
the permissible limits of WHO at stream S2. Whereas,
total bacterial and E. coli count, all water samples
collected from Rawal dam’s different locations were
significantly high than the WHO drinking water
standards. Based on these observations, it is concluded
that Rawal Lake water could be useful for agricultural
purposes but should not be used for drinking purposes.
The water sample collected from S2 (Korang River)
was highly contaminated because of the presence
of a large number of poultry farms. The water
sample collected from the Mallpur stream was found
contaminated mainly due to high population density.
The water sample of Rawal Lake was also not drinkable
due to its recreational aspect.
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