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Abstract: The present study briefly deals with the presence of trace heavy metals in the waters of River Yamuna
in Dehradun district of Uttarakhand India and their relation with some physicochemical parameters. The study
was carried out from April 2012 to March 2013 on three selected sampling stations of River Yamuna. Out of six
heavy metals (Cd, Co, Zn, Cr, Ni and Fe), it was observed that Zinc and Iron was recorded in high concentration
than other heavy metals. At S3 the concentration of Zn and Iron was higher than S1 and S2. From the data
obtained on physicochemical parameters, it was found that the water quality of River Yamuna was fairly good
in order to sustain life and also water was in a condition to be used for different purposes. The heavy metals
showed almost positive relation with all the physicochemical parameters except conductivity, total hardness
and dissolved oxygen.
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INTRODUCTION industries containing heavy metals. The pollution from

Water is one of the most important commodities important to monitor the water bodies continuously in
which man has exploited than any other resource for order to take initiatives for the conservation of water in
sustenance of his life. Heavy metals are among one of the Riverine ecosystems including River Yamuna in
pollutants of freshwater, which pose severe threats to the Uttarakhand which is the lifeline of this state and the
biodiversity with the development of industrial activities. whole country.
Heavy metal pollution not only affects the productivity of
crops, but quality of water and also influences the quality MATERIALS AND METHODS
of atmosphere, water bodies and threatens the health and
life of animals and human beings by way of food chain [1]. The present study was carried in Dehradun district of
The pollution caused by heavy metals is long term and Uttarakhand India. Three sites namely Kalsi (Site 1),
irreversible process. The concentrations of heavy metals Dakpathar (Site 2) and Asan barrage (Site 3) were selected
in natural water bodies are often elevated due to on a 30 km stretch along River Yamuna. Few selected
anthropogenic interferences. Lack of proper management heavy metals and physicochemical parameters were
and formulation of plans needs an effective chosen for the present investigation in order to found
implementation of necessary pollution control measures their relation with each other. Sampling was done for a
for the protection of and preservation of water bodies [2]. period  of one  year  every  month  early in the morning
Increased urbanization and industrialization within and samples were collected in sterilized sampling bottles
Uttarakhand state in recent thirteen years has resulted in and were analyzed according to the standard
the degradation of water resources through different methodology of APHA, [3, 4]. Detection of heavy metals
kinds of pollution including the discharges from was  done  by  following  the  standard methods of APHA

metals have deteriorated the quality of water and it is very
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[3]. The determination of heavy metals in the water The measured concentration of metal levels showed
samples was measured by the Atomic Absorption considerable difference associated with the season and
Spectrophotometer (AAS). Using the appropriate element; month. Zinc and Iron concentration was recorded highest
hollow  cathode lamp was set at selected wavelength and during the study period. Higher values for these metals
the standard solutions of the different elements of interest may be because of the precipitation and discharges of
were prepared separately. Samples were subjected to acid surface water into the rivers. The presence of highest
digestion and subsequently different metals were concentration at S3 (Asan barrage) may be due to
determined by using appropriate methods. The data was addition of water from Asan River which is highly
also analyzed by statistical approaches like Standard polluted due to industrial effluents. As regards the effect
deviation (SD), Analysis of Variance (ANOVA) and of season on heavy metal concentration in the water,
Pearson Correlation coefficient (r). concentrations of metals like Co, Cd, Cr, Zn, Fe and Ni

RESULTS AND DISCUSSION concentrations were observed during winter season. This

The  quality  of  water  in  the  river  system is during summer and subsequent dilution due to
seriously affected by pollutants which enter through precipitation and run-off from the catchment area during
sources that bring domestic as well as industrial effluents. rainy season. The Co, Cd, Cr and Ni were found in
These pollutants change the physical and chemical possible lesser amounts and had not any great effect on
characteristics of water which in turn affects the aquatic the water quality of River Yamuna. The concentration of
life. Metals in dissolved form are generally more toxic than metals was relatively low in River Yamuna at S1 and S2
metals in the particulate form. The dissolved metal than S3. River bodies of Uttarakhand were found to have
concentration is dependent on pH, as well as the presence almost similar concentration of metals as observed by
of solids and organic matter that can bind with the metal Dixit et al. [5] in water bodies of Delhi [6] in River Gomti.
to render it less toxic. Toxic levels of heavy metals in Highest value of metals was detected in Asan Lake which
waters may impose serious threat to aquatic species as may be due to entry of water from Asan River and this
well as human. The release of toxic metals in biologically river is supposed to carry effluent load of the industries
available forms by human activity may damage or alter situated in the Dehradun district. The presence of Iron
aquatic ecosystems. In the present investigation a total of and Zinc also clearly indicated the dominant lithological
six metals were recorded in River Yamuna which includes weathering origin [7]. The problem of heavy metal
Cobalt, Cadmium,  Zinc,  Chromium,  Nickel  and Iron contamination was not serious in the water of the River
(Table  1).  The  average  variation  of the heavy metals Yamuna but in Asan Lake the problem could be serious.
(Co, Cd, Zn, Cr, Ni and Fe) of River Yamuna and data The highest amount of Zn and Iron was also reported by
collected on these trace heavy metals analyzed during the Jain and Ali, [8] for Hindon River, Sarkar et al. [9]. for the
study are shown in Table 1. Among the heavy metals, the Ganges. Both metals (Zn and Fe) may cause or contribute
concentration of Cobalt was recorded maximum of water toxicity to the freshwater ecosystem of the River
0.0055±0.0006 mg/l at S3 in River Yamuna. The Yamuna. Future investigations should focus on the
concentration of Cadmium was recorded minimum of potential bioaccumulation of Zn and Fe in aquatic
0.0040±0.0008 mg/l at S1 and the maximum concentration organisms and associated hazards that consume aquatic
of Cadmium was recorded 0.0054±0.0006 mg/l at S3. The organisms.
concentration of Zinc was recorded highest among the Among physicochemical parameters temperature is of
metals with the maximum concentration of 1.4506±0.1305 utmost importance for its effect on controlling metabolism,
mg/l at S3 and minimum of 1.2509±0.2432 mg/l at S1. The species composition and reproduction of aquatic
concentration of Chromium was recorded minimum of organisms. In the present study (Table 2) temperature was
0.0049±0.0008 mg/l at S1 and the maximum of found maximum at S3 (18.58±2.90°C) and minimum at S1
0.0062±0.0008 mg/l at S3. The concentration of Nickel was (17.0±2.59°C). The turbidity is a striking characteristic to
recorded minimum of 0.0041±0.0007 mg/l at S2 and the know the physical status of the river. The suspended
maximum of 0.0069±0.0008 mg/l at S3. Among all the heavy particles, soil particles, discharged effluents, decomposed
metals the concentration of Iron was highest in River organic matters, total dissolved solids as well as the
Yamuna at all the three sites ranging from 1.3413±0.1477 microscopic organisms increases the turbidity of water
mg/l at S1 to 2.0989±0.4313 mg/l at S3 (Table 1). which interfere with the penetration of light. In the present

were maximum during summer, while minimum

trend could be attributed to the evaporation of water
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Table 1: Annual average variation of trace heavy metals in River Yamuna from April 2012- March 2013
River Yamuna
-------------------------------------------------------------------------------------------------------------------------------------------------

Parameters S1 S2 S3
Cobalt 0.0043±0.0007 0.0055±0.0006 0.0055±0.0006
Cadmium 0.0040±0.0008 0.0084±0.0005 0.0054±0.0006
Zinc 1.2509±0.2432 1.4026±0.0926 1.4506±0.1305
Chromium 0.0049±0.0008 0.0064±0.0008 0.0062±0.0008
Nickel 0.0045±0.0007 0.0041±0.0007 0.0069±0.0008
Iron 1.3413±0.1477 1.3996±0.1046 2.0989±0.4313

Table 2: Annual average variation of physicochemical parameters in River Yamuna from April 2012 March 2013
River Yamuna
----------------------------------------------------------------------------------------------------------------------------------------------------

Parameters Sites S1 S2 S3
Temperature °C 17.0±2.59 17.83±2.20 18.58±2.90
Turbidity JTU 213.79±329.78 249.16±351.67 264.58±311.51
Conductivity µmhocm 0.210±0.030 0.208±0.041 0.150±0.0101

pH 8.03±0.293 8.13±0.30 8.28±0.17
Total Hardness mg/l 103.16±20.30 96.50±13.71 98.91±18.46
Chloride mg/l 30.45±3.70 36.00±3.33 43.46±4.92
Free CO mg/l 1.632±0.219 1.73±0.324 1.68±0.1732

DO mg/l 11.41±0.775 11.35±0.705 10.70±0.412
Sodium mg/l 0.556±0.108 0.484±0.075 0.593±0.074
Potassium mg/l 0.531±0.092 0.485±0.095 0.585±0.089

study the turbidity ranged from 213.79±329.78 JTU at S1 bodies of Burdwan, West Bengal during monsoon which
to 264.58±311.51 JTU at S3 (Table 2) however the turbidity according to them is due to voluminous runoff carrying
was highest in monsoon period and lowest turbidity was diverse types of electrolytes from the nearer as well as
recorded in winter and summer season. High turbidity distant areas. But according to Sarojini [12] seasonal
during monsoon might be due to heavy rainfall and due to fluctuations are closely related to evaporation and
flow of high suspended particles which can absorb more concentration of soluble salts. pH is one of the very
heat and raise water temperature. High turbidity can also significant chemical characteristic of all waters, which
lead to decrease in photosynthetic activity and dissolved explains certain significant biotic and abiotic ecological
oxygen affecting the aquatic organism, especially fish characteristics of aquatic systems in general. pH balance
fauna mostly during post monsoon due to rain washed in an ecosystem is maintained when it is within the range
into the river from different places including soil erosion of 5.5 to 8.5. pH of a water body is a diurnally variable
making more turbid water. Conductivity in water is due to property according to temperature variation in the system
ionization of dissolved inorganic solids and is a measure [13]. Kaul and Handoo [14] found that increased surface
of total dissolved solids [10] and salinity. Salts that pH in water bodies is due to increased metabolic activities
dissolve in water break in to positive charged and of autotrophs, because in general they utilize the CO  and
negative charged ions. Dissolved solids affect the quality liberate O  thus reducing H  ion concentration. The same
of water used for irrigation or drinking. They also have a authors are also of the opinion that in the bottom of water
critical influence on aquatic biota and every kind of bodies, liberation of acids from decomposing organic
organism has a typical salinity range that it can tolerate. matter  under  low  O   concentration  results  in  low  pH.
Moreover, the ionic composition of the water can be In the present study the pH of water in general always
critical. In present study the results revealed (Table 2) that showed a alkaline nature and the pH ranged from
the highest conductivity of 0.208±0.041µmho cm  was 8.03±0.293 S1 to 8.28±0.17 (Table 2). Hardness is governed1

recorded at S2. Monthly and seasonal variations were by the contents of Ca and Mg and the major contribution
significant  at all the sampling stations during the entire to hardness is usually Ca. It may be due to other ions
study period. The conductivity was recorded maximum in such as Fe  as well. Practically hardness is a measure of
monsoon and summer seasons. Taheruzzaman and the capacity of water to precipitate soap. Water with
Kushari [11] observed an increase in conductivity in water hardness above 200 mg/l may cause scale deposition in
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the water distribution system and more soap is also due to fluctuation in water temperature and
consumption. The annual average value of total hardness addition of sewage waste demanding oxygen [17]. In the
was recorded highest at S1 (103.16±20.30 mg/l). Hardness present investigation DO was found in higher
in natural waters differs according to difference in concentration in River Yamuna ranging from 10.70±0.412
geographic regions or anthropogenic impact and this mg/l at S3 to 11.41±0.775 mg/l at S1 (Table 2). Sodium and
might be the reason of maximum hardness at S1. In the potassium are always present in natural waters and are
present study the annual average value of chloride varied generally  found  in  lower  concentration in freshwater.
from  30.45±3.70 mg/l  at  S1  to  43.46±4.92  mg/l  at  S3. The salts of sodium and potassium are highly soluble in
The chloride concentration serves as an indicator of water and impart softness to water. In the present study
pollution by sewage [4]. The low concentration of sodium and potassium are present in lower possible
chloride in River Yamuna indicates the pollution free amounts and are within the standard limits.
status of River. The free CO  was recorded low in Variations in metal concentration and2

concentration at all the sites. Monthly and seasonal physicochemical parameters recorded during present
variations were quite significant and the highest investigation were subjected to Pearson correlation
concentration was recorded in the months of summer and coefficient (Table 3). All the heavy metals showed a
monsoon and lowest in winter. Sharma and Mathur, [15] positive correlation with temperature, turbidity, pH,
noted maximum free CO  in monsoon and minimum in chloride, free CO , sodium and potassium and negative2

winter in north Indian waters. DO is an important water correlation with conductivity, total hardness and DO.
quality  parameter  in  assessing  water   pollution  [16]. However  Ni  showed  a  negative  relation  with  free CO
The factors affecting oxygen content in natural waters (r = -0.14, P<0.01). Co, Cd and Cr showed a negative
include input due to atmosphere and photosynthesis and relation with sodium and potassium (Table 3). With
output from respiration, decomposition and mineralization different physicochemical characteristics, heavy metals in
of  organic  matter  as  well  as losses to atmosphere. River Yamuna water showed significant relation at all the
Hence, the oxygen balances in water bodies become sites. DO of water showed significant negative correlation
poorer as the input of oxygen at the surface and with all the recorded metals. Generally, all the metals
photosynthetic activity decreases and as the metabolic recorded during the course of the present study have
activities of heterotrophs are enhanced. Fluctuation in DO shown  significant  positive correlation  with temperature,
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Table 3: Pearson correlation between physicochemical parameters and trace heavy metals

Temperature Turbidity Conductivity pH Total Hardness Chloride Free CO D.O Sodium Potassium Cobalt Cadmium Zinc Chromium Nickel Iron2

Temperature 1
Turbidity 0.98 1
Conductivity -0.87 -0.75 1
pH 0.99 0.94 -0.92 1
Total Hardness -0.65 -0.79 0.18 -0.53 1
Chloride 0.99 0.95 -0.91 0.99 -0.56 1
Free CO 0.51 0.67 -0.01 0.38 -0.98 0.41 12

D.O -0.89 -0.78 0.99 -0.94 0.23 -0.93 -0.06 1
Sodium 0.30 0.11 -0.74 0.43 0.52 0.41 -0.65 -0.70 1
Potassium 0.51 0.34 -0.87 0.63 0.31 0.60 -0.47 -0.85 0.97 1
Cobalt 0.88 0.95 -0.52 0.80 -0.93 0.82 0.86 -0.56 -0.18 0.04 1
Cadmium 0.33 0.51 0.17 0.20 -0.93 0.23 0.98 0.13 -0.79 -0.63 0.74 1
Zinc 0.96 0.99 -0.70 0.91 -0.82 0.93 0.72 -0.73 0.04 0.27 0.97 0.57 1
Chromium 0.81 0.91 -0.41 0.72 -0.97 0.74 0.91 -0.45 -0.30 -0.07 0.99 0.82 0.93 1
Nickel 0.77 0.63 -0.98 0.85 -0.02 0.84 -0.14 -0.97 0.83 0.94 0.38 -0.33 0.58 0.26 1
Iron 0.88 0.77 -0.99 0.94 -0.22 0.93 0.05 -0.99 0.71 0.85 0.55 -0.13 0.73 0.45 0.97 1

Table 4: Analysis of variance of physicochemical and trace heavy metals

ANOVA
---------------------
Source of Variation SS df MS F P-value F crit

Between Groups 119.8458 2 59.92292 0.015004 0.985113* 3.204317
Within Groups 179720.7 45 3993.794

Total 179840.6 47

P *> 0.05, Significant at 95% confidence level
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