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AbSTRACT 
The present study was carried out to estimate the physico-chemical characteristic of Melam-
chi River from January 2011 to December 2013 with a view to assess the nature and degree 
of pollution. Melamchi River is a snowmelt and rain fed river. River water is mainly used for 
drinking and irrigation. Water samples were collected on monthly basis from five sites of river. 
Parameters analyzed include temperature, electrical conductivity, turbidity, pH, hardness, 
alkalinity, dissolved oxygen, calcium, magnesium, chloride, phosphate, and nitrate. The study 
revealed seasonal fluctuations of the factors. River water was well oxygenated and alkaline in 
nature. High level for turbidity (43.25/ NTU) was observed during monsoon, which exceeded 
compliance levels of WHO (2011) tolerance limits (5/ NTU) for domestic use. Water contained 
more TDS and EC indicating the impact of agriculture and deforestation near the river area. 
The analyzed physico-chemical parameters were found within the permissible limit of WHO, 
except turbidity. Measures should be taken to regulate agricultural and deforestation activities 
upriver to avoid advert conditions.    
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InTROdUCTIOn 

Rivers and streams are the best source of water for human, which is not only used for drinking 
purposes but also for economic growth by power generation, irrigation, aquaculture, recreational 
fisheries and for domestic use. The anthropogenic activities by human community on these 
resources are a common phenomenon, which may cause its pollution. It is a common practice 
for people living along the river catchments to discharge their domestic waste as well as human 
excreta into rivers. Generally, the pollutants come from three sources i) sewage discharged 
into the river, ii) industrial effluents discharged into the river without any pretreatment and iii) 
surface run off from agricultural land where chemical fertilizers, pesticides, insecticides and 
manures are used. This makes the river water unsafe for human beings and for aquatic organ-
ism. The polluted water is one of the main issue and a case of worry for the current scenario. 
There for its conservation is one of the important duties of the humankind. Water quality can 
be determined by analyzing physico-chemical  properties of water. If physico-chemical proper-
ties are at its optimum level, it could be ideal for all the living organisms. Some of the recent 
research  works  on physico-chemical characteristics of water bodies were carried out  (Sridhar 
et al., 2006; Pradhan et al., 2009; Srivastava et al., 2009; Haynie et al., 2011; Ghimire et al., 
2013; Thapa & Pal, 2014).
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Melamchi River, a tributary of larger Indrawati River basin, originates from the high snowy 
mountain of the Jugal Himal at an elevation of 5,875 m. It flows southwards and joins Indrawati 
River near Melamchi pulbazar at 815 m elevation. The total length of the Melamchi River is 
41 km and the total catchment area 330 square km. During its course, it receives a number 
of tributaries like Timbu, Gohore, Gyalthum and Talamarang. Melamchi River Water is utilized 
for drinking, irrigation, water mills etc.  Melamchi River and its tributaries offer an excellent 
habitat for fishes also, which support local people and fishermen with food, self employment 
and additional income opportunities.

Regular monitoring of physicochemical parameters is essential to identify magnitude and source 
of pollution load in this river. Very little information is available in relation to physico-chemical 
characteristics of Melamchi River water. Hence, the preset study was conducted to assess 
the status of Melamchi River.  

Study area

In order to determine the water quality of Melamchi River of five sites: Timbu, Gohore, Gyalthum, 
Talamarang, Pulbazar were chosen for sample collection between Timbu and Melamchi Pul-
bazar, (fig.1) from January 2011 to December 2013.

  Site Place Elevation (Meter)

Sampling Site 1 Timbu 1310

Sampling Site 2 Kiul 1050

Sampling Site 3 Gyalthum 975

Sampling Site 4 Talamarang 920

Sampling Site 5 Melamchi-Pulbazar 815
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FIG. 1. Map of the study area showing five sampling sites. 

MATERIALS And METHOdS 

Sampling and sample analysis

The investigation was carried out for two years from January 2012 to December 2013. Water 
samples were collected in first week of every month in 1000 ml clean PVC bottle from each 
site. The collected samples were brought to the Melamchi Water Supply Project laboratory, 
Melamchi. Analysis of various factors of water was done within twenty-four hours of collection. 
Water temperature, electrical conductivity (μS/cm), pH, dissolved Oxygen (mg/l), total dissolved 
solids (mg/l), and turbidity (NTU) were measured on the spot. Water temperature (°C), was mea-
sured with the help of ordinary mercury thermometer by placing it inside the water at the depth 
of 1 ft. Electric Conductivity was measured by conductivity meter (Russell RL060C portable 
conductivity meter). DO by DO meter (Orion 3 star portable DO meter), electrical conductivity 
and total dissolved solids by conductivity meter (Orion 3 star portable conductivity meter), pH 
by pH meter (Orion 3 star portable pH meter), and turbidity by turbidity meter ( Orion AQ3010) 
of Thermo Electron Corporation. Total alkalinity (mg/l) of water sample is determined by titrat-
ing it against standard acid solution using indicators like phenolphthalein and methyl orange. 
Total hardness (mg/l) was determined by using EDTA titrametric method.100 ml of sample was 
titrated by 0.01 M EDTA solution after the addition of indicator (very small amount of EBD + 1 
ml of ammonia buffer). Calcium (mg/l) and magnesium (mg/l) content was determined by EDTA 
titrametric using NaOH solution and Murexide indicator. The chloride content (mg/l) of water 
sample was determined by titrating the water sample against 0.02M silver nitrate solution us-
ing potassium chromate as an indicator. Nitrate (mg/l) was determined by Brucine Absorbtivity 
method and phosphate (mg/l) by spectrophotometric method (APHA, 2005).
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Data analysis  

Whole observation period was divided into three fixed seasons: pre-monsoon (January, Febru-
ary, March, and April), monsoon (May, June July, and August), and post- monsoon (September, 
October, November and December).  Only one Sample (data) was taken every month. Four 
months data of each season were brought together to calculate Seasonal mean values. The 
computation was achieved within the framework of R (R Core Team 2015) to determine the 
mean. Pearson’s r correlation was carried out in order to know the nature and magnitude of 
the relationship among various physico-chemical parameters.    

RESULTS And dISCUSSIOn                          

Water temperature ranged from 11°C to 23°C in 2012 and 13°C to 23°C in 2013 at five sites 
(fig. 2). High seasonal variations were observed. Temperature showed the highest value in 
monsoon (summer) at site 5 and lowest value in post-monsoon (winter) at site 1.  Electrical 
conductivity in natural water is the normalized measure of the water’s ability to conduct 
electric current. Dissolved salts present in water bodies mostly influence this. The Electrical 
conductivity (EC) values of water samples ranged from 169-319 μs/ cm in 2012 and 163-308 
μs/ cm. in 2013 (Fig 3). EC showed high value in pre-monsoon at three sites and low value 
at site 2 and 3in post-monsoon. In  the  present  study water  turbidity  value  ranged  from  
1.50/NTU  to 43.25/ NTU in 2012, and 25-43/ NTU in  2013 (fig. 4).  Turbidity was lowest in 
pre -monsoon at site 1 and highest in monsoon at site 1 and 5. During present study pH value 
of water ranged between 8.01-8.40 in the year 2012 and 7.29-8.54 in 2013. pH value showed 
alkaline nature throughout the study period (fig. 5) at all sites. Season wise analysis of pH 
showed maximum in monsoon at site 3 and minimum at site 4 in post-monsoon .The amount 
of dissolved oxygen varied from 6.68 mg/l to 10.20 mg/l in the year 2012 and 6.43 mg/l 9.63 
mg/l in 2013 (fig. 6). Minimum amount of dissolved oxygen was observed in monsoon at 
site 4 and maximum was in post-monsoon at site 1. Total dissolved solids range of water 
was between 111-200 mg/l in 2012 and 122-204 mg/l in 2013. The maximum value of TDS 
was recorded in pre-monsoon at site five and the minimum value was observed in monsoon 
and post-monsoon at site 3 (fig. 7). TDS value decreased in monsoon, then increased in 
September, after which the value decreased till January. Total alkalinity of water ranged 
between 32-43mg/l in 2012 and 26 - 43mg/l in 2013. The minimum value was observed in 
monsoon at site 3 and maximum value was recorded in post-monsoon at site 1 and 5 (fig. 
8).Total hardness of river water ranged between 28-38mg/l in 2012 and 24 -36mg/l in 2013. 
The maximum value was recorded in pre-monsoon at site 4 and minimum value in monsoon 
at site 1 (fig. 9). Calcium content of water ranged from 4.16 mg/ l to 7.77 mg/ l during 2012 
and 4.29 mg/ l  to 7.60 mg/l during 2013 (fig. 10). It was maximum during pre-monsoon at 
sight 1 and minimum during monsoon at site 2. Range of magnesium varied from 2.22 mg./ l 
to 5.5 mg/l  in 2012 and 1.00 mg/ l to 4.72 mg/ l during 2013 (fig. 11). It was highest during pre-
monsoon at site 3 and minimum during monsoon at site 2. The chloride concentration ranged 
from 2.6 mg/l to 7.92 mg/l during 2012   and 3.27 mg/l to 7.20 mg/l in 2013. The minimum 
concentration of chloride was observed in pre-monsoon at site 2 and maximum at site 4 in 
post-monsoon (fig.12). Phosphate content in the river water ranged between 0.01mg/l and 
0.16mg/l during 2012. While in 2013, the value ranged from 0.01 mg/l to 0.016 mg/l. The 
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minimum seasonal mean value was recorded during pre-monsoon while maximum during 
post-monsoon at all sites in 2012, however it was maximum in pre-monsoon in 2013 (fi g. 13). 
The nitrate content ranged from 0.53 mg/ l to 3.21 mg/l and 0.81 mg/ l to 4.31 mg/l in 2012 
and 2013. The value of nitrates was recorded lowest during pre-monsoon season at site 1and 
highest in post- monsoon season at site 5 (fi g. 14).     

 

FIG. 2. Seasonal variation in water temperature.               FIG. 3. Seasonal variation in electrical conductivity.
   

                                                  

FIG. 4. Seasonal variations in turbidity.                    FIG. 5. Seasonal variations in pH.

              

FIG. 6. Seasonal variation in DO.                                FIG. 7. Seasonal variation in TDS.  
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Fig. 8. Seasonal variation in total alkalinity.                  Fig. 9: Seasonal variation in total hardness.      

 

         

              

         

              

FIG. 10. Seasonal variation in calcium.                      FIG.1 1. Seasonal variation in magnesium.

FIG. 12. Seasonal variation in chloride.                    FIG. 13. Seasonal variation in phosphate.
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FIG. 14. Seasonal variation in nitrate.               

Correlation (r) between different parameters of Melamchi River:  2012 and 2013

Pearson’s correlation coeffi cient (r2) between every parameter pairs in computed by taking the 
seasonal mean value of collected samples from 2012 to 2013. The degree of line associa-
tion between any two of the water quality parameters as measured by the simple correlation  
coeffi cient  (r)  is  presented  in  table-3 and 4  as  13×13 correlation  matrix.  R2value ≥| 0.7| 
is statistically signifi cant (p ≤ 0.05) at 8 degrees of freedom.

Water temperature showed positive correlations with turbidity. The conductivity showed positive 
correlation with TDS. Water shows signifi cant conductivity when dissolved salts are present. 
Dilution of water during rain depletes the EC value of water. There was a positive correlation 
of EC with pH, TDS, total hardness and magnesium also. This shows that with increase or 
decrease in the values of EC; TDS, pH and alkalinity also exhibit decrease or increase in their 
values. Hardness of water mainly depends upon the amount of calcium or magnesium salts or 
both. Magnesium showed positive correlation with hardness. Total phosphate showed positive 
correlation with chloride and nitrate. Nitrate and phosphate concentrations increase with the 
increasing proportion of agricultural activity.

TAbLE 3. Correlation Coeffi cient (r) among physico-chemical parameters of the Melam-
chi River in 2012. 

 WT EC Turb pH DO TDS TA TH Cal Mag Chlo TPho Nitr
WT 1             
EC -0.03 1            

Turb 0.69 -0.20 1           
pH 0.18 0.68 -0.20 1          
DO -0.49 -0.04 -0.22 -0.04 1         
TDS -0.07 1.00 -0.21 0.64 0.00 1        
TA -0.32 0.32 -0.38 -0.09 0.00 0.35 1       
TH -0.06 0.14 -0.04 -0.29 -0.09 0.16 0.03 1      
Cal -0.02 0.27 0.10 -0.21 -0.07 0.29 0.21 0.49 1     
Mag 0.16 0.36 0.11 0.03 -0.21 0.37 0.20 0.56 -0.11 1    
Chlo 0.05 -0.32 0.11 -0.08 0.18 -0.31 0.15 -0.09 -0.16 0.00 1   
TPho -0.08 -0.55 0.21 -0.21 -0.08 -0.56 0.01 -0.48 -0.48 -0.25 0.62 1  
Nitr 0.48 -0.02 0.34 -0.01 -0.38 -0.04 0.24 0.09 -0.16 0.52 0.42 0.27 1
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TAbLE 4. Correlation Coefficient (r) among physicochemical parameters of the 
Melamchi River in 2013.

 WT EC Turb pH DO TDS TA TH Cal Mag Chlo TPho Nitr
WT 1             
EC 0.03 1            

Turb 0.74 0.07 1           
pH -0.37 -0.36 -0.40 1          
DO -0.16 -0.14 -0.11 0.67 1         
TDS -0.13 0.81 -0.19 -0.06 0.18 1        
TA -0.17 0.71 -0.15 -0.05 0.30 0.64 1       
TH -0.22 0.18 -0.10 0.20 0.20 0.52 0.00 1      
Cal 0.17 -0.04 0.33 -0.03 -0.02 0.04 -0.22 0.53 1     
Mag -0.14 -0.06 0.00 0.26 0.45 0.32 0.11 0.71 0.23 1    
Chlo 0.06 -0.05 0.00 0.40 0.43 0.08 0.32 0.19 0.30 0.51 1   
TPho -0.19 0.32 0.20 0.14 0.24 0.06 0.48 -0.27 -0.19 -0.23 0.01 1  
Nitr 0.20 0.25 0.25 0.07 0.29 0.15 0.61 -0.26 -0.15 0.02 0.41 0.69 1

WT-  Water temperature, EC- Electrical Conductivity, Turb-Turbidity, TDS- Total dis-
solved solids, TA-Total alkalinity, TH- Total hardness, Cal-Calcium, Mag- Magnesium, 
Chlo-Chloride, TPho- Total phosphate, Nitr-Nitrate.

Temperature started to increase from February, reached at peak during monsoon (May-June) 
and then dropped suddenly in July/August, mainly due to rainfall and mixing of incoming cold 
water. Sharma et al. (2007) reported variation in temperature due to variation in altitude, which 
is characteristic feature of streams in the mid-hills with origin from the higher mountains. Ghi-
mire et al. (2013) recorded this type of difference in high-altitude Rivers due to climate change. 
Electrical conductivity showed marked seasonal variation, being maximum in pre-monsoon and 
minimum during post-monsoon season. Dissolved salts such as sodium chloride and potassium 
chloride mostly influence the electric conductivity. It increased from January to June and then 
decreased abruptly in July and August due to dilution effect caused by rain and floodwater. The 
accumulation of dissolved salts due to high rate of evaporation of water shows high electrical 
conductivity value during pre-monsoon and low in monsoon. In warm month’s evaporation in 
water bodies, decrease the total quantity of water, causing increase in electrical conductivity 
(Hussain et al., 2013). Mirza et al. (2013) and Kolo & Oladimeji (2004) reported similar findings.

High value of turbidity in the monsoon season was due to the maximum agitation of water 
caused by rainfall. Dagaonkar & Saxsena (1992) also support this finding. Garg et al. (2006) 
have also reported high turbidity during rainy season.  Silt,  clay  and  other suspended par-
ticles  contribute  to  the  turbidity  value in rainy  season,  while  during  winter  and  summer 
seasons settlement of silt, clay results low turbidity. Fluctuation in pH value indicates organic 
loads in water. Chisty (2002) reported that pH value is very important for plankton growth. The 
TDS values followed the same trend as conductivity. It has been seen that a linear relation-
ship existed between TDS and EC. Samal (2001) and Singh et al. (2010) also observed a 
similar trend of TDS. The high dissolved oxygen in post-monsoon may be due to turbulence 
and oxygenation resulting from high rainfall and increased water flow. Alkalinity means the 
concentration of anions. It is important for fish and aquatic life because it protects or buffers 
against pH changes. Total alkalinity of water is due to presence of mineral salts in it. It is pri-
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marily caused by the presence of carbonate and bicarbonate ions. Total alkalinity also followed 
almost same pattern as Total Hardness, being highest in pre-monsoon and lowest in monsoon. 
Hussain et al. (2013) reported same pattern. A minimal variation in hardness was found in both 
the years. Hardness is mainly concerned with the concentration of calcium and magnesium 
ions. Low content of calcium and magnesium resulted into softness of Melamchi River, also 
supported by EMP/MWSP (2009). Hujare (2008), Hussain et al. (2013) reported high total 
hardness during summer than rainy season and winter season. The chloride concentration 
serves as an indicator of pollution by sewage. Increase in chloride in monsoon may be due 
to the domestic discharge and agricultural runoff where phosphate-containing fertilizers are 
used. Higher concentration of phosphate rarely occurs, because plants and bacteria rapidly 
up take it when it enters in water system. In general, phosphorous is an essential nutrient to 
living organisms. Nitrate (NO3-) is one of the important nutrients in water body and is the com-
mon form of nitrogen in natural water. Plants and microorganisms reduce nitrate into nitrite but 
nitrite ion quickly oxidize back to nitrate once it re-enters the water. Natural sources of nitrate 
are animal debris, plant decay, and igneous rock. In present analysis high turbidity, increase 
in chloride, phosphate and nitrate values, indicated mixing of organic waste load particularly 
sewage contamination and anthropogenic use. However, in the present study analysis of the 
most of the parameters were in acceptable range of WHO (2011), except turbidity.
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