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Abstract 

Objectives: River Tawi being the life line of Jammu city, its water quality 

needed to be analyzed. Keeping in view this challenge, our study primarily 

focused on to examine the physio-chemical nature of its water by 

experimentally calculating its various physical and chemical properties. 

Methods/Analysis: To work out these parameters, the water samples were 

collected at various locations along the course for testing. The various tests 

pertaining to various physical properties viz; turbidity, colour and odour and 

chemical properties viz; pH, conductivity, acidity, alkalinity Ionic 

concentration, dissolved content concentration, hardness and mineral 

concentration were performed to find out the water quality using standard 

methods. Findings: By performing various tests, it was found that the water 

quality deteriorates substantially as we move downstream because most of the 

parameters exceed the permissible limit fixed according to Indian standards. 

While most of the properties show a huge variation along the river course 

making the water contaminated, physical properties including colour and 

odour and many other chemical properties like pH, Magnesium ion, CO2, iron 

content, acidity and conductivity remains within the permissible limits. Many 

chemical properties Show an uneven deviation at location 5. 

Improvement/Applications: The results calculated show that the water is not 

suitable for aquatic life as well as for human beings. The study will help to 
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chalk out the control strategy in future. The water quality needs to be 

improved and enhanced by giving it proper treatment, so that the water can 

become usable to be used for various purposes. The various chemical and 

physical properties if checked to limit their ranges in the permissible limit can 

serve various purposes including domestic, industrial and irrigational 

purposes. 

Keywords: Physio-chemical properties, Water quality, River Tawi, 

Permissible limit, Variation 

 

1. INTRODUCTION 

Due to increasing urbanization industrialization and agricultural activities, lots of 

untreated sewage enters into the major water bodies making them contaminated and 

thus unusable for any domestic or industrial use. Due to the anthropogenic activities 

of humans, the water bodies have lost the capacity to purify themselves1. These 

activities induce various impurities including suspended solids, organic matter, 

metals, sewages, medicinal wastes, pesticides, and other chemicals2,3. Water is the 

most poorly managed resource in the world4. The pollution has gone to such an extent 

that hardy any water body is in its original condition5.The rapid reduction in the 

availability and uneven distribution of fresh water are the main concerns in terms of 

quality and quantity of water6,7.The prosperity and hygiene  of a person is closely 

related to the quality of water8.So, there is a dire need and urgency to take steps to 

improve the water quality by sustaining water bodies so that life can be supported. 

Various researches have been undertaken to study the physical, chemical and 

biological properties of water9.The continuous monitoring of water bodies is needed 

to determine the increasing level of pollution. These kind of studies help in providing 

incentives to the authorities in particular and common masses in general to develop 

policies and enact laws to preserve the endangered water bodies10,11. 

 

2. MATERIALS AND METHODOLOGY 

2.1 Location and sampling 

Originating at an altitude of a 1400 ft from the Kailash kund glacier in Doda district 

of the state of Jammu and Kashmir in India, river Tawi passing through various 

mountainous ranges unless it enters the plains near Jammu  city, has the total length is 

141 km with the catchment of 2168 km2 up to Indian border. The catchment is 

delineated by latitude 32035ʹ-3305ʹN and longitude 74035ʹ-75045ʹ. It is the main source 

of drinking water for Jammuities as it passes through its heart dividing it into two 

parts. Here it gets polluted where a lot of untreated sewage enters into its water and 

thus contaminates it12,13,14. Thus the study of its various physical and chemical 
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parameters was done. The samples of water were taken at various places like Batote, 

Chenani, Udhampur, Nagrota, Sidhra, Bagebahu and Samba including its origin in 

Doda district. The samples were then taken to the laboratory for testing of various 

parameters. 

 

 

2.2 Tests 

2.2.1 Physical Tests 

The variation of three physical properties viz Turbidity, odour and color were 

determined along its course. Turbidity was calculated using “Turbidimeter”, odour 

was determined by the use of instrument known as osmoscope and the color of 

various samples were determined by comparing the color of various sample tubes 

with tubes of standard color intensities known as Nessler tubes. 

 

2.2.2 Chemical Tests  

The various chemical properties including pH, total hardness, calcium hardness, 

calcium ion concentration (ca++), Magnesium ion concentration (mg++), Total 

dissolved solids (TDS), Alkalinity, carbon dioxide content, conductivity, Dissolved 

oxygen content(DO), Phosphate content, Acidity, Iron content, Nitrate content, 

Chloride content and Fluoride content.  

 

2.2.2.1 pH value 

The pH  value is log of reciprocal of hydrogen ions present in the solution; i.e.  

                                                          pH = log10(
𝟏

𝑯+) 
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It is measured by pH meter directly nowadays. It gives the information regarding the 

Alkalinity (pH >7) and acidity(pH <7) of water.  

 

2.2.2.2 Hardness  

Hardness of water is determined by using the formula: 

Hardness in mg/l as CaCo3 = (
ml of EDTA used ×(N

50⁄ )×50×1000

ml of water sample
), 

Where, EDTA is Ethylene-diamine–tetra acetic acid.  

Calcium hardness is measured by using the formula: 

(
𝐴 × 𝐷 × 1000

𝑚𝑙 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑠𝑎𝑚𝑝𝑙𝑒
) 

Where, A = Volume of EDTA used by the Sample.  

D = mg of CaCO3 per  1 ml EDTA used for titration. 

 Magnesium hardness is calculated by directly subtracting calcium hardness from total 

hardness. 

 

2.2.2.3 Ionic concentration 

Calcium ion concentration is calculate by: 

Calcium as Ca++ = calcium hardness × 0.4 

And Magnesium ion concentration is calculated by: 

Magnesium as Mg++ = (total hardness – calcium hardness) × 0.244 

Conductivity is measured by putting sample on the electrodes and censors give us the 

readings. 

 

2.2.2.4 Alkalinity and Acidity 

The Alkalinity is determined by adding a few drops of Sulphuric acid and the 

Indicator methyl organic by using the formula: 

Total alkalinity of CaCO3 (mg/l) = (total ml of acid used × 10) 

Acidity is measured by titration to a pH of about 3.5, the methyl orange end point 

(also known as methyl orange acidity). 
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2.2.2.5 Dissolved Content 

The total dissolved solid content is measured by “TDS meter” while as dissolved 

oxygen content is measured by “Do meter”.CO2 concentration is calculated by using 

the formula: 

CO2 as mg/l = ⌊𝑚𝑙 𝑜𝑓 (𝑁/44) 𝑁𝑎𝑂𝐻 𝑢𝑠𝑒𝑑 ×  10⌋ 

 

2.2.2.6 Mineral Content 

The phosphate content is measured by using an instrument called photometer. Iron 

content is measured by adding ascorbic acid crystals to the sample and the color 

change gives the measure of iron content. Nitrate content is measured by Nitrate test 

kit. Fluoride content is determined by adding 2 to 3 drops of sodium thiosulphate and 

zirconium alizarin reagent to the sample and then the color change is compared with 

standard series. The Chloride content is determined by the “Hanna Chloride Test Kit” 

which is equipped with all instruments necessary to find out chloride content. 

 

 

 

3. RESULTS AND DISCUSSIONS 

The results for various physical and chemical properties were calculated by taking 

samples at various locations along the course of the River Tawi and have been 

tabulated in table 1,2 3 and 4. To assess the quality of river, Indian drinking water 

quality standard IS-10500 (2012) has been adopted. It was observed that the value of 

physical properties including turbidity  and color shows an increase i,e from 1.52 mg/l 

to 94.84 mg/l, in its value as we move  down along its course although color remains 
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more or less constant after first two locations as shown in table 1 and figure 4 and 5. 

The permissible turbidity for drinking water is usually kept between 5 to 10 units, 

preferably below 5 units. Thus initially the turbidity is within range at only origin but 

not at other locations. The maximum permissible color for domestic supplies is 20 

mg/l (on cobalt scale).The odor is somehow better (unobjectionable) except at few 

places (objectionable) like Nagrota and Samba as described in table 1. The chemical 

properties also show a huge variation as we move down the course of river, although 

they show uneven value at the Nagrota location. The pH value shows the decrease 

from 7.92 to 7.69 as shown in table 1, indicates the value is within range of 

permissible values for public supplies that varies from 6.6 to 8.5. The hardness i,e 

total hardness, and calcium hardness also shows a  large variation as shown in figure 6 

,along its course which varies  from 372 mg/l to 60 mg/l and 134 mg/l to 15 mg/l 

respectively as indicated in Table 2. The desirable total and calcium hardness of water 

is 300 mg/l and 200 mg/l. Thus here the total hardness goes out of range but calcium 

hardness remains well within the range. The water is categorized as soft (0-75), 

moderate (75-150), hard (180-300), very hard (>300) based upon hardness value. The 

ionic concentration also shows a lot of variation as we go downstream as shown in 

figure 7. The calcium ion concentration decreases from 89.6 mg/l at origin to 9.3 mg/l 

at the last site. The magnesium ion concentration first decreases from 8.323 mg/l and 

then increases to 12.36 mg/l at location Nagrota and then again decreases up to 8.302 

mg/l as described in table 2.The permissible limit of calcium ion and magnesium ion 

concentration 75 mg/l and 30mg/l. Thus the calcium ion concentration exceeds the 

permissible limit while as magnesium concentration falls within the range.  The 

dissolved content including TDS, CO2 and DO shows fluctuation at various locations. 

The maximum TDS value (732.7 mg/l) and DO (8.32 mg/l) exceeds the permissible 

limit of 500 mg/l and 5 mg/l  respectively as shown in figure 8 and table 2 and 3. The 

CO2 concentration shows a deviation at location viz Nagrota and is well within the 

range. The acidity also decreases from 0.16 mg/l to 0.04 mg/l along its course  while 

as Alkalinity initially increases and attains the maximum value of 240 mg/l thus 

crosses the permissible limit of 200 mg/l and later decreases to remain within limit as 

shown in table 3. The conductivity of water also decreases from 405.8 μs/cm to 72.3 

μs/cm as indicated in table 3 .The mineral content including phosphate and iron 

content decreases from0.15 mg/l to 0.04 mg/l and 0.12 mg/l to 0.06 mg/l and 17 

respectively as we move down the course of river as shown in figure 9 and 10 and 

table 4 and remains well within the range. The recommended limit for iron in 

domestic water supplies is 0.3 mg/l. The chloride content increases as we move down 

the stream from 16 mg/l to 52 mg/l while its concentration is highest at location viz; 

Udhampur as shown in figure 10. The fluoride and nitrate content attains the 

maximum value of 1.37 mg/l and 59 mg/l and exceeds the permissible limits of 1.0 

mg/l and 45 mg/l respectively as shown in table 4 and figure 10. 
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Table 1: Variation in various physical properties at various locations 

S.No Name of Location Turbidity (mg/l) Odour Color 

1 Doda (Kailash kund 

glacier) 

1.52 Unobjectionable 5 Hazen 

2 Batote 19.2 Unobjectionable 10 Hazen 

3 Chenani 46.26 Unobjectionable 25 Hazen 

4 Udhampur 58.5 Unobjectionable 30 Hazen 

5 Nagrota 69.7 Objectionable 25 Hazen 

6 Sidhra 75.8 Unobjectionable 25 Hazen 

7 Bagebahu 81.36 Unobjectionable 35 Hazen 

8 Samba 94.84 Objectionable 30 Hazen 

                         

 
Table 2: Variation in various chemical properties along the river course 

S.No. Name of the 

Location 

pH Total 

Hardness 

(mg/l) 

Calcium 

Hardness 

(mg/l) 

Ca++ 

(mg/l) 

 

Mg++ 

(mg/l) 

 

TDS 

(mg/l) 

1 Doda (Kailash 

kund glacier) 

7.92 372 134 89.6 8.323 210 

2 Batote 7.78 352 111 78.3 4.837 300.3 

3 Chenani 7.71 305 70 58.1 6.342 390.8 

4 Udhampur 7.54 250 50 33.3 5.936 470 

5 Nagrota 7.6 190 66 25.6 12.362 561.7 

6 Sidhra 7.54 105 56 19 5.142 615.9 

7 Bagebahu 7.45 70 42 22.3 6.035 732.7 

8 Samba 7.59 60 15 9.2 8.302 630.4 
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Table 3: Variation in various chemical properties along the river course 

S.No. Name of the 

Location 

   Total 

Alkalinity 

(mg/l) 

C02 

(mg/l) 

Conductivity 

(μs/cm) 

 

DO 

(mg/l) 

Phosphate 

(mg/l) 

Acidity 

(mg/l) 

1 Doda (Kailash 

kund glacier) 

166 4.5 405.8 5.9 0.15 0.16 

2 Batote 190 3.5 372.1 5.6 0.11 0.13 

3 Chenani 219 3 305.4 5.36 0.09 0.09 

4 Udhampur 240 2.7 247.2 5.18 0.06 0.07 

5 Nagrota 202 3.7 207.6 8.23 0.28 0.29 

6 Sidhra 185 3.2 166.6 6.13 0.16 0.18 

7 Bagebahu 107 2.5 122.2 4.5 0.05 0.08 

8 Samba 77 1.8 72.3 5.03 0.07 0.04 

 

Table 4: Variation in various chemical properties along the river course 

S.No. Name of the 

Location 

Iron content 

(mg/l)  

Nitrate 

content (mg/l) 

Chloride 

content (mg/l) 

Flouride 

content (mg/l) 

1 Doda (Kailash 

kund glacier) 

0.12 17 16 0.27 

2 Batote 0.1 23 19 0.64 

3 Chenani 0.08 25 25 1.25 

4 Udhampur 0.05 49 49 1.37 

5 Nagrota 0.24 55 33 0.89 

6 Sidhra 0.17 59 37 0.66 

7 Bagebahu 0.09 11 42 0.30 

8 Samba 0.06 6 52 .032 
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4. CONCLUSIONS 

From the results discussed above, we concluded following points: 

i. Since most of the parameters exceed the permissible limit as we move 

downstream, the water is not fit to be used until treated properly. 

ii. Among physical properties, the turbidity and colour exceeds the permissible 

value, thus makes the water contaminated to be used for domestic purposes.  

iii. Among chemical properties, many parameters including pH, calcium 

hardness, magnesium concentration, free carbon dioxide, conductivity, acidity 

and phosphate content remains within the range. 

iv. Most of the chemical parameters, including total hardness, calcium ion 

concentration, TDS, alkalinity, nitrate ion concentration, fluorides and 

dissolved oxygen exceed the permissible range making the water harmful for 

aquatic life. 
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