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Lakes are most diverse and interactive ecosystems in the world. In this study physiochemical parameters
were determined of Mangla Dam Lake which is in District Mirpur Azad Jammu and Kashmir (AJK).
Concentrations of heavy metals such as Cd, Cr, Cu, Mn, Ni, Pb and Zn were determined in samples of
water, sediment, muscle, gills, intestine, liver, and kidneys of fish of the study area. Water samples
showed average pH 7.64, Turbidity 2.59 NTU, Conductivity 461 mm/cm, TDS 205 mg/L and Salinity
0.22 mg/L. Low dissolved oxygen of 3.43 mg/L is recorded here. The analyzed data was compared with
the international guidelines. In water concentration of Cd > Pb > Zn > Ni > Cr > Mn > Cu. In sediment con-
centration of Mn > Cr > Zn > Ni > Cu > Cd > Pb. Heavy metal concentrations decreased in muscles as
Cr > Zn > Pb > Cd > Mn > Cu > Ni. In gills Zn > Cr > Pb > Mn > Cd > Cu > Ni. In intestine,
Zn > Cr > Cu > Mn > Pb > Cd > Ni. In liver, Zn > Cr > Cu > Pb > Mn > Cd > Ni. In kidneys
Zn > Cr > Cd > Pb > Cu > Mn > Ni.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Contamination of aquatic systems by heavy metals has become
a global problem in the last decades. Heavy metals may enter
aquatic systems due to different natural and anthropogenic (hu-
man activities) sources. These activities include industrial or
domestic wastewater, application of pesticides and inorganic fer-
tilizers, leaching from landfills, storm runoff, shipping and harbor
activities, atmospheric deposition, and geological weathering of
earth crust (Yilmaz, 2009) (Figs. 1–3).

Metals occur in low concentrations, in natural aquatic ecosys-
tems. These metals cannot be degraded, thereby deposited, assim-
ilated or incorporated in water, sediments and aquatic animals
thus causing heavy metals pollution in water bodies (Abdel-Baki
et al., 2011; Mahmood et al., 2012). The heavy metal pollution is
often most obvious in sediments, macrophytes and aquatic animals
than in elevated concentrations in water (Linnik and Zubenko,
2000). Metals are accumulated in the sediments due to discharge
from leaded gasoline, chemical manufacturing industries, trans-
portation vehicles, corrosion of underground pipes, coal based
thermal power plants and municipal wastes. After entering in
aquatic ecosystem metals can be deposited in aquatic organisms
by bio concentration and bioaccumulation via food chain. When
accumulation reaches a substantially high level, they become toxic
(Huang, 2003; Mahmood et al., 2020a).

Fish which is often at higher level of aquatic food chain, may
have heavy metal accumulation in their soft and hard tissues
(Mansour and Sidky, 2002). Through a number of routes pollutants
enter fish via skin, gills, food and non-food particles and oral con-
sumption of water. After absorption pollutants are transported in
blood streams to storage point (bone) or to the liver for transfor-
mation (Obasohan, 2008; Mahmood et al., 2020b). Some fishes
show higher concentration of metals in gills as taking up metals
from the water and others show higher concentration of metals
in the gut as compared to other organs as taking up metals from
the sediments(Yang et al., 2007; Jones et al, 2013; Mahmood and
Malik, 2014; Mahmood et al., 2015). Physiochemical properties of
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Fig. 1. Map of study area in District Mirpur AJK.
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water and ecological factors affect the metal accumulation in fish
(Figs. 4 and 5).

Heavy metals accumulate in the body and can get stored in soft
and hard tissues such as muscles, liver and bone. They cause seri-
ous threat to human health. This is the reason heavy metals are
among most of pollutants, which are considered very dangerous
and received attention in various countries (Hassaan et al., 2007).

An early example of heavy metal toxicity which caused an envi-
ronmental problem occurred in 1952, in the vicinity of Japanese
fishing harbor of Minimata. This Minimata disease occurred due
to consumption of fish and shrimps which were contaminated by
methyl mercury and non-organic mercury from wastewater dis-
charged by chlor-alkali factories. Another disease known as Ita-
Ita occurred in Fugawa, Japane in 1955. It was the result of con-
sumption of rice, fish and bivalves which were contaminated with
cadmium from wastewater discharged by nearby mining (Dural
et al., 2007) (Fig. 6).

The growing human population has increased the need for food
supply. The demand for fish and shellfish products has increased,
2

as they are good sources of protein. People obtain about 25% of
their animal protein from fish and shellfish (Bahnasawy et al.,
2009). In 2004, about 75% (105.6 million tons) of world fish pro-
duction was used for direct human consumption. It has been pre-
dicted that in developing countries fish consumption will
increase by 57% from 62.7 million tons in 1997 to 98.6 million tons
in 2020 (Retnam and Zakaria, 2010).

Kashmir is positioned among South Asian countries. It is divided
into two parts, Azad Jammu and Kashmir and Indian Occupied
Kashmir. In AJ&K water is getting polluted by trace elements and
other pollutants due to industrial and municipal wastes (Figs. 7
and 8).

Mangla Dam Lake is selected for present study. It is constructed
on River Jehlum. Mangla dam construction started on 8 May 1962
and was finally inaugurated on 23 November 1967. The project
was designed primarily to increase the amount of water that could
be used for irrigation from the flow of Jhelum and its tributaries. Its
secondary function was to generate electrical power. The main
structures of dam include 4 embankment dams, 2 spillways, 5
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Fig. 2. Showing temperature of water of Mangla Dam Lake.

7

7.2

7.4

7.6

7.8

8

8.2

8.4

0 1 2 3 4 5 6 7

co
n
ce

n
tr

at
io

n

Sites

pH

June September December

Fig. 3. Showing pH of water of Mangla Dam Lake.
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power-cum-irrigation tunnels and a power station. The main dam
is 3353 m long and 116-meter high above the river bed. Its lake is
spread over 100 km. The main dam is supported by two auxiliary
dams, the Jari and Sukhian dams. It is designed to store 5.88MAF
water. Mangla had an initial storage capacity of 5.88MAF in
1967, which has now been reduced to 1.97MAF (34% of the initial.
The fishing rights contracts in Mangla dam was auctioned for Rs
161.2 million (Fig. 9).

The present study is designed to monitor the water quality and
analysis of heavy metals in Mangla Dam Lake. Because lake is get-
ting polluted due to anthropogenic activities. In lake kids take bath,
3

women wash clothes and animals fetch their thirst. Open drainage
system, domestic waste and agricultural runoff are main cause of
pollution in lake.
2. Materials and methods

2.1. Study area

AJ&K covers an area of 13,997 km2. It is situated in Northeast of
Pakistan at the latitude 33 to 36. Its elevations ranging from 360 m
in North and 6325 m in south. Mirpur district is located at the
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Fig. 4. Showing concentration of Turbidity in Mangla Dam Lake.
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Fig. 5. Showing concentration of conductivity in Mangla Dam Lake.
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Southwest of Kashmir region. It covers an area of 1010 km2, and it
is 459 m above the sea level. Its coordinates are 33.15 N and
73.73E. It is mountainous area with the patches of some plains.
Its climate is dry and hot. Mangla Dam is selected for the present
study. It is located at 33.14 N and 73.64E. Its length is 3140 m
and height is 147 m. Surface area covered by it is 97square miles
(251 km2).
2.2. Sampling

Water, sediment, and fish samples were collected from six sites
of Mangla dam. For this purpose, sampling was carried out from
4

June 2015 to December 2015. GPS was used to find out the location
of sampling sites (SI Table 1).
2.3. Water

Surface water samples were collected from each site. For this
purpose, polyethylene bottles were used which were cleaned by
keeping them in 1% nitric acid. Samples were filled in such a way
that no bubbles were left in the bottles. Then those sampling bot-
tles were transported to laboratory by placing them in ice box
(Fig. 10).
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Fig. 6. Showing concentration of TDS in Mangla Dam Lake.
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Fig. 7. Showing concentration of Salinity of Mangla Dam Lake.
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2.4. Sediments

Sampling tubes were used to collect sediment samples from six
sampling sites. These sampling tubes along with the samples were
transported to laboratory in cooler ice box for further analysis. In
the laboratory sediments were freeze-dried for 24 h. Then the sam-
ples were dried at room temperature by placing them on filter disc
between the sheets of filter paper.
5

2.5. Fish

Fish samples were collected from Mangla Dam Lake. Dissec-
tion was made and different organs were obtained. Organs like
gills, liver, intestine, and muscle were collected and brought to
laboratory for further analysis by keeping these samples in
cooler ice box.
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Fig. 8. Showing concentration of DO in Mangla Dam Lake.
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Fig. 9. Concentration of metals in water of Mangla Dam Lake.
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2.6. Physicochemical analysis

Physiochemical parameters like temperature, pH, turbidity,
electrical conductivity, salinity, total dissolved solids, dissolved
oxygen, biological oxygen demand and chemical oxygen demand
were determined (Fig. 11).

2.7. Spot analysis

Following parameters were recorded on spot; Color, Tempera-
ture and pH.

2.8. Laboratory analysis

Dissolved oxygen was determined by using oxymeter. Conduc-
tivity meter was used in order to find out the electrical conductiv-
6

ity of sample water. Salinity and total dissolved solids were also
determined by conductivity meter
2.9. Heavy metals

2.9.1. Digestion of samples
1 g of powdered soil sample was digested in 15 ml of aqua regia

in 3;1 (HCl, HNO3) and left overnight. Next day it is digested on the
hotplate near about 150 �C until brown fumes turn off. Wet tissues
consisted of liver, gills, kidneys, and muscles of fish. 1 g of wet from
each stock tissue was taken and it is digested by adding 5 ml of
HNO3 and 1 ml of HCLO4 in flask. Digestion was carried out on hot-
plate which was adjusted at 200 �C to 250 �C till the digest is con-
verted into colorless liquid.



0

2

4

6

8

10

12

0 1 2 3 4 5 6 7

C
o
n
ce

n
tr

at
io

n

Sites

Metals (mg/L) in sediment

Cu Ni Zn Mn Pb Cr Cd

Fig. 10. Showing concentration of metals in sediments of Mangla Dam Lake.
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Fig. 11. Showing concentration of metals in fish muscles of Mangla Lake.
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2.9.2. Procedure
Fast Sequential Atomic Absorption Spectrophotometer (FS-AAS)

was used to determine the heavy metal content in the samples
(Fig. 12).
3. Results and discussion

3.1. Temperature

Physical, chemical, and biological properties of water can
change with the change in temperature. Temperature is the most
important parameter as it can affect the health of aquatic system.
7

Temperature of the Mangla dam lake showed distinct fluctuations.
It was high as (32.5 �C) in summer season and low as (12.6 �C) in
winter season. Maximum temperature was recorded at WS1 dur-
ing June and minimum at WS4 during December. It is observed
that temperature is increased during summer and decreased dur-
ing winter. Temperature of Mangla Dam Lake is recorded to be
within permissible limits given by WHO (Fig. 13).

3.2. pH

pH is the parameter which is important to determine as it is
used to find out the acidity and alkalinity of the medium. The bio-
logical approachability and solubility of chemical substances
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Fig. 12. Showing concentration of metals in fish gills of Mangla Dam Lake.
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depend upon the pH of the medium. These chemical substances
include heavy metals, nutrients, nitrogen, carbon, phosphorous
etc. Metals are more soluble at low pH of the medium and hence
become extremely noxious. Water becomes unsuitable for utiliza-
tion by living organisms when it contains high concentration of
heavy metals due to low pH values. It was noticed that throughout
the year, pH value of the lake water showed no significant varia-
tion. It remained alkaline during the analysis in different months
of the year. Maximum PH was recorded at WS6 which was 8.3
and minimum pH was recorded as 7.1 at WS1. These values were
within permissible values as given by WHO (6.5–8.5).
8

3.3. Turbidity

Turbidity is defined as suspended particles which hinder the
passage of light in water. Water with low turbidity values is con-
sidered beneficial for aquatic life because fish gills and photosyn-
thetic activity is affected by high turbidity. Water seems to be
cloudy if it contains higher amount of total suspended solids. Tur-
bidity is mostly caused by phytoplankton. It is also caused by mud
and silt. Particulates like mud and silt come from shoreline disinte-
gration, organic detritus and waste water parole Heavy metals like
lead, cadmium, mercury and some other organic adulterants such
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as PAHs, PCBs and pesticides get accumulated in these particulates.
The opacity of water increases due to bottom feeding fish, floods
and dig up operations. Turbidity of Mangla Dam Lake is recorded
between 1 and 6 NTU which is within permissible limits suggested
by WHO (10 NTU) (Fig. 14).

3.4. Electrical conductivity

Electrical conductivity is defined as the ability of an aqueous
medium to conduct electric current. Ions have varied extend to
transmit electric current. If the amount of ions increases in
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water then its ability to conduct current also increases. Temper-
ature also effects conductivity if temperature of the aqueous
medium is increased then its tendency to conduct electric cur-
rent also increases. That’s why conductivity at 25�C is reported
as conductivity. Organic compounds when present in water do
not conduct electric current. Maximum electric conductivity
(560 ms/cm) is recorded on WS6 in the month of June while min-
imum electric conductivity (308 ms/cm) is recorded on WS3 in
the month of December. EC of Mangla Dam Lake changes from
303 to 560 ms/cm which is under permissible values given by
WHO (800 ms/cm).
3 4 5 6

Fish

 fish kidneys

n Pb Cr Cd

in fish kidneys of Mangla Dam Lake.
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3.5. Total dissolved solid (TDS)

Organic and inorganic substances are generally present in natu-
ral water. Some substances are present in suspended form hence
known as total suspended solids while some other solids are pre-
sent in dissolved form hence termed as total dissolved solids.
Water with more than 500 mg/L of TDS value is considered unsuit-
able for consumption. Total dissolved solids of Mangla Dam Lake
ranged from 120 to 270 mg/L. Maximum TDS value was observed
on WS2 that is 270 mg/L while minimum TDS value is observed
on WS4 that is 120 mg/L. TDS values of Mangla Dam Lake were
lower as compared to the values (210–350 mg/L) of Keenjhar Lake
reported by Koari et al.

3.6. Salinity

Quantity of dissolved salts in water is known as salinity. Maxi-
mum salinity value of Mangla Dam Lake was recorded as 0.3 mg/L
WS5 during June. Minimum salinity value was recorded as 0.16 at
WS5 during December. In June maximum salinity was recorded at
different sites as compared to other months this might be due to
the fact that anthropogenic activities increased during this month.
Women wash cloth and kids take bath at the site situated near
human colony (Fig. 15).

3.7. Dissolved oxygen (DO)

Amount of free oxygen present in water is called DO. Amount of
dissolved oxygen changes daily and on seasonal patterns. When
temperature increases there occurs decrease in dissolved oxygen.
DO also decreases with salinity and elevation. The main source of
DO is atmosphere and photosynthetic plants. It is depleted through
the respiration, chemical oxidation and by decomposition of
organic material and plant biomass. Surface water near water
atmosphere interface is generally saturated or supersaturated with
oxygen. This is because there is sufficient light for photosynthesis.
Deeper water receives oxygen by wind currents and inflows. For
healthy aquatic ecosystem dissolved oxygen is necessary. Oxygen
requirement depends on species and their life stages. For survival
5 mg/L of dissolved oxygen is the limit below this level biological
life is severely affected and concentration below 2 mg/L may cause
death of aquatic organisms (Forstner and Wittman, 1981). Dis-
solved oxygen in Mangla Dam Lake ranged from 2.5 to 4 mg/L
which shows insufficient oxygen level that might be due to high
rate of decomposition of organic matter.

3.8. Metal cations in water

Concentration of heavy metals like Na, Cu, Ni, Zn, Fe, Mn, Pb, Cr
and Cd were determined. According to the analysis results, follow-
ing findings were obtained for the concentration ranges of the met-
als: Na: 4.933–10.702, Cu: 0.002–0.043, Ni: 0.008–0.543, Zn:
0.016–0.675, Fe: 0.03–0.565, Mn: 0.001–0.365, Pb: 0.07–0.365,
Cr: 0.003–0.175, Cd: 0.028–0.875.

Mean concentration of sodium was 7.164, followed by iron its
mean concentration recorded as 0.197 then cadmium, lead, zinc,
nickle, chromium, manganese and copper with their mean concen-
tration 0.192, 0.167, 0.135, 0.111, 0.067, 0.062 and 0.011 respec-
tively. The order of mean metal concentrations in water samples
was Na > Fe > Cd > Pb > Zn > Ni > Cr > Mn > Cu.

3.9. Metal cations in sediments

In sediment samples, according to analysis results, the follow-
ing findings were obtained for concentration ranges of metals:
Na: 5.6931–17.108, Cu: 0.299–0.636, Ni: 0.407–0.926, Zn:
10
0.5557–0.9468, Fe: 56.31–89.16, Mn: 5.403–9.581, Pb: 0.09–0.24,
Cr: 0.334–1.652, Cd: 0.224–0.438.

Mean concentration of iron was 72.706, followed by sodium,
manganese, chromium, zinc, nickle, copper, cadmium and lead
with their mean concentrations recorded as 11.748, 7.451, 1.099,
0.793, 0.663, 0.467, 0.281, 0.181 respectively. The order of mean
concentration in sediment samples were
Fe > Na > Mn > Cr > Zn > Ni > Cu > Cd > Pb.

3.10. Metal cations in fish muscle

According to the analysis results of fish muscle samples, follow-
ing findings were obtained for the concentration ranges of metals:
Na: 19.4115–42.1709, Cu: 0.007–0.079, Ni: 0.002–0.035, Zn:
0.1778–0.3312, Fe: 2.1–3.16, Mn: 0.055–0.121, Pb: 0.1–0.33, Cr:
0.058–0.866, Cd: 0.044–0.171. Mean concentrations of sodium,
iron, chromium, zinc, lead, cadmium, manganese, copper and
nickel were 29.31, 2.55, 0.60, 0.25, 0.16, 0.08, 0.07, 0.05 and 0.01
respectively. The order for mean concentrations of metals were
Na > Fe > Cr > Zn > Pb > Cd > Mn > Cu > Ni.

3.11. Metal cations in fish gills

According to the analysis results the concentration ranges of the
metals were as follow: Na: 14.73–44.73, Cu: 0.032–0.075, Ni:
0.003–0.032, Zn: 0.271–0.58, Fe: 2.88–22.8, Mn: 0.063–0.33, Pb:
0.15–0.35, Cr: 0.015–0.79, Cd: 0.024–0.18. From the samples of fish
gills following findings were obtained for the mean concentration
of the metals: Na: 28.292, Fe: 7.998, Zn: 0.415, Cr: 0.405, Pb:
0.23, Mn: 0.179, Cd: 0.102, Cu: 0.057, Ni: 0.018. The order for mean
concentrations of metals were
Na > Fe > Zn > Cr > Pb > Mn > Cd > Cu > Ni.

3.12. Metal cations in fish intestine

Concentration ranges of metals were recorded as follow: Na:
6.46–27.62, Cu: 0.031–0.325, Ni: 0.001–0.047, Zn: 0.136–0.665,
Fe: 1.29–19.72, Mn: 0.029–0.395, Pb: 0.07–0.22, Cr: 0.009–0.919,
Cd: 0.051–0.201.From the samples of fish intestine following find-
ings were obtained for the mean concentration of metals Na:
16.352, Fe: 7.82, Zn: 0.349, Cr: 0.307, Cu: 0.164, Mn: 0.156, Pb:
0.136, Cd: 0.101, Ni: 0.020. The order for mean concentrations of
metals in fish intestine samples was Na > Fe

3.13. Metal cations in fish liver

From the analysis results following values were obtained for the
concentration ranges of metals: Na: 10.88–22.16, Cu: 0.036–0.673,
Ni: 0.001–0.037, Zn: 0.144–0.409, Fe: 2.32–6.81, Mn: 0.04–0.081,
Pb: 0.09–0.23, Cr: 0.012–0.937, Cd: 0.006–0.145. Following find-
ings were obtained for the mean concentration of metals from
the fish liver samples. Na: 17.281, Fe: 3.962, Zn: 0.301, Cr: 0.224,
Cu: 0.211, Pb: 0.164, Mn: 0.062, Cd: 0.056, Ni: 0.022. The order
of mean concentrations of the samples were as follow,
Na > Fe > Zn > Cr > Cu > Pb > Mn > Cd > Ni.

3.14. Metal cations in fish kidneys

Concentration ranges of metals were as follow: Na: 9.13–12.35,
Cu: 0.024–0.136, Ni: 0.003–0.025, Zn: 0.136–1.169, Fe: 1.29–2.78,
Mn: 0.022–0.132, Pb: 0.11–0.21, Cr: 0.034–0.532, Cd: 0.051–0.254.

From the samples of fish kidneys following findings were
obtained for the mean concentration of metals. Na: 11.023, Fe:
2.178, Zn: 0.379, Cr: 0.237, Cd: 0.175, Pb: 0.168, Cu: 0.055, Mn:
0.054, Ni: 0.011. The order for mean concentrations of metals
was Na > Fe > Zn > Cr > Cd > Pb > Cu > Mn > Ni.
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4. Discussion of heavy metals

The concentrations of cadmium, chromium, copper, manganese,
lead and nickel, (Cd, Cr, Cu, Mn, Pb, and Ni) were compared with
international standards.

4.1. Cadmium

Cadmium is a non-essential metal belongs to group II B. It has
an atomic weight of 112.41. The specific gravity of cadmium is
8.65. (Cd2+) is the ionic form of cadmium. Cadmium is a natural
element in the earth’s crust. It is usually found as a mineral with
other elements. Coal and mineral fertilizer contain cadmium. Min-
ing, burning of coal and household wastes cadmium enters air.

According toWHO/FAOmaximum tolerable amount of cadmium
which can be takenweekly is 7 g/kg of bodyweight. According to EU,
for cadmium maximum residue limit (MRL) permitted in fish is 0–
10.3 g/g (Herreros et al., 2008). Cadmium exposure may cause gas-
trointestinal disorders, kidney failure and hypertension. Toxicity
induced by Cd may decrease pregnancy length, newborn weight
and endocrine and immune system disorders in children
(Schoeters et al., 2006). The mean concentration of cadmium in
water samples according to the analysis results was 0.19. According
to EPA, 2002 the permissible value of cadmium is 0.01. The cadmium
level of water in Mangla Dam Lake was higher compared to cad-
mium level of Avsar Dam Lake (Ozturk et al., 2009), Demirkopru
Dam Lake (Ozturk et al., 2008) and Lapland Lakes (Mannio et al.,
1995). The concentration of cadmium which is obtained from the
sediment sampleswas0.281.When this value is comparedwith sed-
iment quality guidelines it appears to bewithin range as LEL (Lowest
Element Level) for cadmiumis 0.60, TEL (ThresholdElement Level) is
0.99, PEC (Probable Effect Concentration) is 4.90 and SEC (Severe
Effect Level) for cadmium is 10.00. The value of cadmium in sedi-
ments ofManglaDamLakedidnot exceed the values of LakeVictoria
(Kishe and Machiwa, 2003) and Lake Geneva (Pote et al., 2008).

4.2. Chromium

Naturally chromium exists in soil due to weathering of chro-
mium containing parent material. The anthropogenic sources of
Cr in the environment is the use of Cr in the metallurgy, refractory
and chemical industries. The mean concentration of chromium in
water samples was obtained as 0.06. According to WHO, 2003
the permissible value of chromium is 0.05. The result shows that
chromium is above the permissible limit in water. The concentra-
tion of chromium in sediment samples was recorded as 1.09. When
this value is compared with sediment quality guidelines it appears
to be within range. LEL for chromium is 26.00, TEL is 43.40. PEC is
111.00 and SEC is 110.00. The value of chromium in sediment of
Mangla lake is less than that of Lake Victoria, Lake Geneva and Lake
Texoma (An and Kampbell, 2003).

4.3. Copper

Copper is a heavy metal with atomic number 29 and atomic
mass 63.546. It belongs to the group XI of the periodic table. Min-
ing, waste emissions and usage of sewage sludge, fungicides and
fertilizers in agriculture sector are the anthropogenic sources of
Cu in soil (Flemming and Trevors, 1989).

The concentration of copper in lake water was compared with
water quality guidelines. The concentration of copper in Mangla
Lake according to analysis results was 0.01. According to its value
should be 2.00 and according to EPA 2002 its permissible value is
1.3. The copper level of Mangla Dam was lower compared to
Demirkopruu Dam Lake (Ozturk et al., 2008) and higher than Lap-
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land Lakes (Mannio et al., 1995). The results of sediment samples
showed that the concentration of copper was 0.4. It is also appeared
to be within limits as Lowest Effect Level for copper is 16.0, Thresh-
old Effect concentration for copper is 31.6, Probable Effect Concen-
tration is 149.0 and Severe Effect Concentration is 110.0.

4.4. Manganese

Manganese is a whitish-grey metal, belongs to group VIIA of the
periodic table very brittle, and oxidizes superficially in air. It has
atomic weight of 54.94 and a specific gravity of 7.2 g cm�3. In nat-
ural environment Mn mostly occurs in combined form (Momtaz,
2002). Mn is frequently found in sedimentary, igneous and meta-
morphic rocks. Manganese is an essential element present in all
living organisms. The excess amount of manganese affects central
nervous system and causes liver cirrhosis. Parkinson disease may
be caused by high amount of it. From the analysis results of water
samples the concentration of manganese was obtained as 0.06.
This value is compared with the water quality guidelines. The per-
missible value of manganese given by WHO (2003) is 0.50. It is
analyzed that value of manganese is within limit in lake water.

4.5. Nickel

Nickel is an essential element at trace levels (Sivaperumal et al.,
2007., Hussain, 1991). It acts as an activator of some enzyme sys-
tems. Nickel belongs to (group VIII) of the periodic table, and it is
a silvery white, malleable, and hard metal. Its atomic weight is
58.71 and specific gravity of 8.9. This abundant element is present
in all soils and emitted from volcanoes. At high levels nickel may
cause respiratory disorders and become carcinogenic (Ikema and
Egieborb, 2005). Nickel is used as alloy in steel industry, Ni/CD bat-
teries, electroplating, pigments for paints and ceramics, molds for
ceramic and glass container, surgical and dental prosthesis and
computer components (Bradi, 2005). The analysis results of water
samples showed that the concentration of nickel was 0.11. This
value is compared with the value given by WHO. The permissible
value for nickel is 0.02. It is concluded that the value of nickel is
above the given limit. Nickle value of Mangla Dam Lake was higher
than the value of nickel in Siberian Pond (Gladyshev et al., 2001).
According to sediment quality guidelines. Lowest Element Level
for nickle is 16.000, Threshold Element Level is 22.700, Probable
Effect Concentration is 48.600 and Severe Effect Level is 75.000.
In this study the value of nickel in sediment samples was obtained
as 0.66 which is under limit.

4.6. Lead

Lead is a bluish- grey metal belongs to group IVA of the periodic
table. Its atomic weight is 207.2, and specific gravity of 11.34. To
form lead compounds, it combines with two or more elements. It
is found in small amount in earth crust. Most of it came from
human activities, like mining, manufacturing and the burning of
fossil fuels. Lead can replace calcium in bones, when accumulates
in human body. Due to lead exposure, there may occur retardation
of neurobehavioral development (Lidsky and Schneider, 2003,
Castoldi et al., 2003). According to European Food Safety Authority
(EFSA) exposure to Cd and Pb may cause neurotoxicity, nephrotox-
icity, carcinogenicity and endocrine and reproductive failures in
adults (Herreros et al., 2008). According to WHO (2003) the stan-
dard value for lead is 0.05. When this value is compared with the
value of the present study it appeared to be high than limit. Results
of the lake water showed the value of lead as 0.16. Lead value of
water Mangla Dam Lake was lower when compared with Gediz
River (Uzunoglu, 1999). The concentration of lead in sediments
did not exceed the sediment quality guidelines. Lowest Element
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Level for lead is 31.00, Threshold Element Level is 35.80, Probable
Effect Concentration is 128.00 and Severe Effect Level is 250.00.
The value of lead in sediments of Mangla Lake was lower than that
of value recorded in Avsar Dam Lake (Ozturk et al., 2009) and
Wielkie Lake (Szymanowska et al., 1999).

5. Conclusion

In the water of Mangla Dam there is a low concentration of Dis-
solved Oxygen (DO) it shows that there is water pollution it may be
due the addition of sewage in lake. Lake area is also decreasing due
to accumulation of mud in it. Mean concentration of metals in
water samples was Cd > Pb > Zn > Ni > Cr > Mn > Cu. Concentration
of cadmium, chromium and nickel in water is higher than permis-
sible value. Concentration of copper and manganese are within
limit. In sediment samples concentration of metals are recorded
as Mn > Cr > Zn > Ni > Cu > Cd > Pb. Concentration of Cadmium,
Chromium, Copper, Nickle and Lead are within limits as compared
to International standards. The results obtained from fish samples
showed that concentration of metals decreased in the order
Cr > Zn > Pb > Cd > Mn > Cu > Ni in muscle,
Zn > Cr > Pb > Mn > Cd > Cu > Ni in gills,
Zn > Cr > Cu > Mn > Pb > Cd > Ni in intestine,
Zn > Cr > Cu > Pb > Mn > Cd > Ni in liver,
Zn > Cr > Cd > Pb > Cu > Mn > Ni in kidneys.
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