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Abstract 

 
The present study describes the environmental profile of the River Chenab at Marala 

Headworks regarding physico-chemical characterization and particle size distribution. Water 
samples from the selected stations were collected and analyzed for physico-chemical 
characteristics. To evaluate pollution status the parameters determined were temperature, pH, 
colour, TDS, TSS, turbidity, total hardness, Ca-hardness, Mg-hardness, nitrates, ammonia, 
sulphates, chlorides, fluorides, Fe, Zn, Cu, Pb and Na. The results indicated a wide variation of 
different parameters among the selected sampling stations. 
 
Introduction 
 

Particle suspensions play an important role in ecosystem dynamics and the transport 
of microbial and biogeochemical constituents. The role of particles in water quality and 
contaminant transport is widely recognized (Schillinger & Gannon, 1985). Sediment has 
been identified as the most widely occurring pollutant and the terms suspended sediment, 
total suspended solids, total solids, suspended solids, suspended material and non-settle 
able solids have been used interchangeably to describe the suspended solid-phase 
material. Sediment is comprised of particles derived from rocks, biological materials or 
chemical precipitates and can include pavement dust and particles, atmospheric dust, 
natural soils, traction sand and cinders, vehicle rust particles, brake pad and tire dust and 
particles, trash and plant material. Many heavy metals and other trace elements are 
associated with sediments (Bent et al., 2001). The particle size distribution (PSD) of 
particles dispersed in fluid, is a list of values or a mathematical function that defines the 
relative amounts of particles present, sorted according to size (Jillavenkatesa et al., 2001). 

As the levels of TSS increase, a water body begins to lose its ability to support a 
diversity of aquatic life. Suspended solids absorb heat from sunlight, which increases 
water temperature and subsequently decreases levels of dissolved oxygen (Ginting & 
Mamo, 2006). Some cold water species, such as trout and stoneflies, are especially 
sensitive to changes in dissolved oxygen. Photosynthesis also decreases since less light 
penetrates the water. As less oxygen is produced by plants and algae, there is a further 
drop in dissolved oxygen levels. TSS can also destroy fish habitat because suspended 
solids settle to the bottom and can eventually blanket the river bed. Suspended solids can 
also harm fish directly by clogging gills, reducing growth rates and lowering resistance to 
disease. Natural movements and migrations of aquatic populations may also be disrupted 
(Aubrey, 1950). 

Turbidity is a measure of water clarity; the more material suspended in water the less 
light can pass through the water column, thus more turbidity. Turbidity also affects the 
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color of water, water temperature and concentration of dissolved oxygen (DO). Higher 
turbidity also reduces the amount of light penetrating the water, which reduces 
photosynthesis and the production of DO. As the particles settle, they can blanket the lake 
bottom and smother fish eggs and benthic micro-invertebrates (Anon., 1991; 1992). A 
tight coupling between contaminated sediments and overlying water exists in lakes and 
coastal ecosystems through the process of sediment resuspension (Eadie, 1996). The 
correlation between TSS and NTU has been documented in several environments but the 
amount of scattering and the subsequent effect of particles on water clarity differ between 
environments (Gallegos, 2005).  For some systems, the relationship between turbidity and 
total suspension is complicated by changes in particle characteristics and their light 
scattering properties. A change in particle density would change the contribution of 
similarly-sized particles to total mass while a shift in size distribution could change the 
suspension’s light scattering properties without altering the total mass.  

Present study was aimed to establish Environmental profile of the River Chenab at 
Marala Headworks through physico-chemical characterization and particle size distribution. 
 
Materials and Methods 
 

Based on the initial survey, 10 sampling points were selected to collect water 
samples. Spot or grab sampling and composite sampling procedures were employed. The 
preservation of the samples was carried out according to the “Standard Methods for the 
Examination of Water and Wastewater (Greenberg, 1992). The pH and TDS of water 
samples were measured using hand held pH / TDS- meter (HANNA Instruments Model # 
HI 9812). To determine Ca and Mg hardness, complex-metric titration was carried out 
while Na concentration in water samples was measured using Flame photometer (Jenway 
PFP-7). Nitric acid- Hydrochloric acid digestion method was used for pretreatment of 
water samples and trace metal analysis was conducted using Atomic Absorption 
Spectrophotometer (Model, Solaar 969). Suspended solids, turbidity, sulphate, nitrates 
and ammonia were determined by Photometric method, Attenuated Radiation Method, 
SPADNS Method, Sulpha Ver 4 method and Cadmium Reduction method using HACH 
Spectrophotometer DR/20/0, respectively (Anon., 2002). Particle size distribution 
analysis was carried out using Mastersizer 2000 MAL. 
 
Results and Discussion 
 

The average size of particles in the water samples collected from different sampling 
stations of River Chenab at Marala headwork’s ranged from 0.89–0.169 mm, 0.60–
0.102mm, 0.90–0.130 mm, 0.75–0.151 mm, 0.59–0.160 mm, 0.80–0.100 mm, 0.99–
0.101 mm, 0.90–0.115 mm, 0.77–0.110 mm, 0.80–0.130 mm,  respectively at sampling 
stations 1 to 10 (Table 1). The average particle size cited for rivers throughout the world 
ranges from 1.0 to 0.100 mm (Walling, et al., 2000). The pH value of the water body 
under study ranged from 7.0 to 7.48. At SS 1,3,4,5 7 & 10, the pH was almost constant 
i.e., 7.0. At sampling station (SS) 2 & 6, it was found to be 7.48 and 7.43, respectively 
(Fig. 1). The temperature of the water body under study was 19.9oC. At SS 3, the 
temperature was the highest i.e., 20.2oC, however, at rest of the SS, there was a very little 
decrease in the temperature (about 0.3ºC).  
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Table 1. Particle size ranges (mm) at different sampling stations of the  
River Chenab at Marala Headworks. 

Sampling station (SS) Particle size range (mm) 
1 0.89–0.169 
2 0.60–0.102 
3 0.90–0.130 
4 0.75–0.151 
5 0.59–0.160 
6 0.80–0.100 
7 0.99–0.101 
8 0.90–0.115 
9 0.77–0.110 

10 0.80–0.130 
 

The levels of TDS in an aquatic body reflects the pollution burden and results into 
increased BOD and COD which in turn results in the depletion of oxygen from the water 
body (Jonnalagadda & Mhere, 2001). The total dissolved solids (TDS) in the area under 
study ranged from 70 to 95 ppm (Fig. 2). The graph shows a regular pattern of fluctuations 
of TDS with a decreasing trend along the SS 1 to 10. Although, the elevated levels of TDS 
are not considered as a major human health risk, yet these can affect the taste and odor of 
drinking water and overall quality of the water and soil (Jonnalagadda & Mhere, 2001; 
Kabir et al., 2010). The colour of the water body under study ranged from 70 to 98 TCU 
however, at SS 2, 5 and 8, the color remained the same. On the contrary, at SS 1, 3, 4, 6 & 7 
the colour was a little bit darker ranging from 90 to 98 TCU. At the last two SS, the colour 
was intermediate (Fig. 2). The color falls within the range reported by other workers 
(Weibel et al., 1964). The total suspended solids (TSS) of the water body ranged from 60 to 
90 ppm. The Fig. 5 shows a continuous decrease of TSS from SS 3 to 7. This is followed by 
gradual increase from 60 to 72 at SS 7 to 10 (Fig. 5). The total hardness of the water body 
under study ranged from 22 to 34 ppm.  At SS 1, 4 and 7, total hardness was almost 
constant, whereas at the rest of the SS, the TH fluctuated between 25 to 30ppm except in 
the last sample where TH was 22 showing the downward trend of TH (Fig. 3).  

Fig. 4 shows a regular fluctuating pattern of Ca hardness (ppm) as we moved from 
SS 1 to 10 with a range from 22 to 12, however, at the last three stations there is a 
downward trend of Ca hardness. At all the SS except 8 & 9, the range of Mg hardness 
(ppm) was very narrow i.e., between 10 and 13 though it was fluctuating but at the last 
three stations there is an upward trend of Mg hardness. Nitrates ranged from 4.7 to 3.0 at 
the SS 1-10.  At the station 8, the nitrates were minimum whereas in other stations they 
fluctuated under narrow range between 3.5 and 4.7. Ammonia concentration (ppm) was 
found to be fluctuating at all the 10 SS as shown in the fig 5 exhibiting the range of 0.01 
to 0.08 however, at SS 4 to 7 there was a sharp trend of increase from 0.01 to 0.08. Such 
variations in the water quality depend on the regional differences in climate, geology, 
land use and population distribution (Robson & Neal, 1997). 
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Fig. 1. Mean pH & Temperature (oC) values obtained from different sampling areas of the River Chenab. 
 

  
Fig. 2. TDS (ppm) & Color (TCU) of water observed at different selected sampling sites of the River Chenab. 
 

  
 
Fig. 3.  Average Total Suspended Solids (TSS) & Mean Total Hardness (TH)   in ppm calculated at selected 
sampling sites of the River Chenab. 
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Fig. 4. Average Ca & Mg hardness in ppm calculated at different selected sampling sites. 

 

 
Fig. 5.  Average Nitrates & Ammonia (ppm) calculated at different sampling sites of the River Chenab. 

 

 
Fig. 6. Turbidity (NTU) & Chlorides (ppm) calculated at various selected sampling sites of the River Chenab. 
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Fig. 7.  Average Fluorides & Sulphates in ppm calculated at different sites of sampling of the River Chenab. 

 

  
Fig. 8. Average iron & sodium contents in ppm calculated at different sites of sampling of the River Chenab. 

 

 
Fig. 9. Average Zinc & Cu contents in ppm calculated at different sites of sampling of the River Chenab. 
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Fig. 10. Average lead contents calculated at different sampling sites of the River Chenab. 
 

 
Fig. 11. Regression line between Turbidity and Total suspended solids. 
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found at SS 7 and maximum at 9, whereas at rest of the SS the sulphates concentration 
remained between 14 and 20 ppm (Fig. 7).  

The Iron (Fe) concentration in the test area under study ranged from 0.08 to 0.24, 
however, at SS 2, 3, 5, 6, 7, 8 and 10, iron concentrations ranged between 0.14 and 0.2.  
At SS 1 & 4, it was almost 0.1 and at SS 9, Fe concentration was the maximum i.e., 0.24 
(Fig. 8).  The sodium concentration was found to fluctuate in a very narrow range i.e., 
between 9 to 12 ppm in the area under study. At eight sampling stations, the 
concentration of Zn was ranged between 0.09 and 0.23 in ppm.  However, at SS 1 and 4, 
Zn was found in very low concentration (Fig. 9). Copper concentration (ppm) was found 
to be fluctuating between 0.1 and 0.36 in the selected sampling stations. At 8 stations, the 
range was 0.18 to 0.30 (Fig. 9). Such fluctuations in the metal content are due to the fact 
that their concentrations are increased during periods of high flow and vice versa (Brown, 
1977). The lead (Pb) concentration ranged between 0.01 and 0.02 in eight SS except at 
two stations 8 and 9, where it was 0.04 and 0.3 respectively (Fig. 10). All these 
contaminants have originated from the industrial or domestic sources and some such as 
zinc, lead and copper may come from either mine contaminated sediments or from 
weathering of bedrock (Robson & Neal, 1997). 

Based on the above data, regression analysis was carried out using SPSS software. 
The analysis shows R2 73.6 % and the P value was calculated to be 0.002 which is > 0.05. 
Our data fits the simple regression model on the regression line i.e., Turbidity= 
80.24+0.514 TSS as shown in Fig. 11. Based on the results we can work out the turbidity 
from TSS or vice versa. Correlation analysis was also carried out from the data. There 
exists a highly significant correlation between Ca hardness and total hardness (TS); 
turbidity and total suspended solids (TSS) and Sodium and total dissolved solids (TDS). 
Apart from this, a significant correlation occurs between Mg hardness and total dissolved 
solids (TDS); chlorides and Ca hardness; chlorides and total hardness (TH). 
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