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Abstract: 
 Degradation of aquatic environment is one of the major problems caused by population explosion and industrialization. It has been observed 

that aquatic sediments absorb toxic chemicals to many times higher than water column concentration, so determination of water  quality alone cannot 
give a clear idea about the extent of pollution. In order to determine the physico-chemical characteristics and heavy metals concentrations in sediments 
of Kabini river a baseline study was conducted. Ten sampling stations were selected across the study area of Kabini River flowing through industrial 

area of Nanjangud. The studies were carried out for three seasons to determine the seasonal variations in physico-chemical characteristics of 
sediments. pH of the sediments were in the range of 6.38-7.96, EC 9.18 dS/cm -30.60 dS/cm, calcium ranged from 2 mg/kg - 5.7mg/kg, magnesium 
0.29 mg/kg -1.93 mg/kg, sodium and potassium were in the range of 7.2 mg/kg - 11.1mg/kg, 2.1 mg/kg - 3.4mg/kg respectively and presence of 

significant amounts of nutrients like phosphates, nitrates and sulphates showed river is becoming rich in nutrients. All the parameters showed 
considerably less concentrations during monsoon season. The present study indicates that there is increase in the amounts of nutrients in the sediments 
of Kabini River due to discharge of effluents and sewage directly to the river. The heavy metal study across the area showed the presence of Iron, 

Copper, Chromium, Lead, Zinc and Nickel. Only copper was found to be above the standards set by USEPA and it showed that sediments are heavily 
polluted by copper. 
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Introduction:  
 Sediment is defined as particles derived from soil or rock 
that have been or being transported by water or wind. It can come from 

soil erosion or from the decomposition of plants and animals. Sediment 
is the loose sand, silt and other soil particles that settle at the bottom of 
a body of water [43]. Wind, water and ice help to carry these particles 

to rivers, lakes and streams. Sediment strata serve as an important 
habitat for the benthic macro invertebrates whose metabolic activities 
contribute to aquatic productivity [1]. Sedimentation is a natural 

spontaneous process and its analysis has great significance in water 
quality study. Sediments act as both carriers and sinks for 
contaminations in aquatic environment. These are integral part of 

aquatic ecosystem which acquires properties due to exchange of 
chemical parameters of different water bodies. Sediments also play an 
important role in determining the morphology of water system. Human 

induced modifications of vegetative covers in river basins may cause 
strong geomorphic responses by disturbing sediment supply, transport 
and deposition regimes. Sediment pollution is a major problem around 

the world because sediments threaten water supplies and recreation 
and causes harm to fish and plant communities. 

Sediments are ecologically important components of the 

aquatic habitat, which play a significant role in maintaining the trophic 
status of any water body [38]. Sediments near urban areas commonly 
contain high levels of contaminants [17],[25]. which constitute a major 

environmental problem faced by many anthropogenically impacted 
aquatic environments [32]. Sediments in rivers do not only play 
important roles at influencing the pollution, they also record the history 

of their pollution. Sediments act as both carrier and sources of 
contaminants in aquatic environment [41].  
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Geochemical cycle of elements is receiving wide attention 
due to its need for understanding the pathways of pollutants through 
our present environment. River processes form a major link in 

geochemical cycle. Several attempts have recently been made to 
understand river transport materials. The most attempts are mostly 
based on study of few low sediment rivers. Various devastating 

ecological effects and human disasters in the last 40 years have arisen 
majorly from industrial wastes causing environmental degradation [5]. 
The discharges from these industries constitute biohazard to man and 

other living organisms in the environment because they contain toxic 
substances detrimental to health [7],[8,[13]]. There is alarming and 
worrisome increase in organic pollutants [31]. Since many effluents are 

not treated properly, these products are discharged on the ground or in 
the water bodies [33], and most of these discharges to water bodies 
accumulate in the system through food chain [33]. 

 The structure of the sediments in the intertribal zone plays a 
major role in the distribution of the organisms that live in or on them [4]. 
Sediment input may impact stream communities through a variety of 

direct and indirect processes including reduced light penetration, 
smothering, habitat reduction and introduction of absorbed pollutants 
like pesticides, metals, nutrients. The Physico-chemical parameters of 

the sediments such as salinity, pH, and organic carbon could also 
influence the occurrence and abundance of species distributed in 
them. 

The pollution of aquatic ecosystems by heavy metals has 
assumed serious proportions due to their toxicity and accumulative 
behavior. River dams are especially at risk of contamination by 

different contaminants from anthropogenic sources including heavy 
metals since change of the sediment regime often occurs.  

River sediments, as basic components of our environment, 

provide foodstuffs for living organisms. They also serve as a sink and 
reservoir for a variety of environmental contaminants. It has been 
recognized that aquatic sediments absorb persistent and toxic 

chemicals to levels many times higher than the water column 
concentration [9],[22],[30]]. Namely, when released into the aquatic 
environment, many anthropogenic chemicals bind or adsorb onto 

particulate matter. Depending on the river morphology and hydrological 
conditions, suspended particles with associated contaminants can 
settle along the watercourse and become part of the bottom 

sediments, often for many kilometers downstream from the chemical 
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sources. Trace metals derived from natural inputs and anthropogenic 
emissions are ubiquitous in the global environment. Consequently, 

sediment-associated pollutants can influence the concentrations of 
trace metals in both the water and sediments. In this background, the 
present study has been attempted to study the physico – chemical 

parameters and concentrations of heavy metals in the sediments of 
Kabini River, which in turns gives a clear idea about the pollution 
status of Kabini downstream. 

 
Materials and Methods: 

The present study has been carried out in and around 

Nanjanagud, Taluk head quarter of Mysore district, India. Nanjangud is 
a home to many industries which are mainly located in the Nanjangud 
Industrial area which is spread across 532 acres (2.15 km

2
). Najangud 

Industrial Area is situated near Nanjangud Town, it is about 25 Km 
from Mysore and 175 Km. from Bangalore. The area is developed 
along Mysore – Niligiri National Highway. The Airport is situated at 10 

Km. Industrial area situated along the bank of River Kabini (Fig .1). 
There are 36 major industries, 12 medium industries and 35 small-
scale units in Nanjangud. According to National Investigation Agency, 

Nanjangud is the second highest tax-paying (sales tax of over Rs.400 
crore / year) taluk in the State after Bangalore city of Karnataka. 

The Kabini River, a confluence of the tributaries from 

Panamaram and Mananthavady area originate from Western Ghats in 
the Wynad district of Kerala and passes through the Nanjangud 
industrial area and fl                                                    
                                                                       

    -                                   -        . The source of water of 
Kabini River is mainly the heavy rainfall from the month of May to 
October in the Western Ghats. During this season the rainfall recorded 

varies from 80 centimeters to 400 centimeters. 
 

 
                                Figure 1. Study area,Nanjanagud  
 

Sediment sampling were  carried out  three times in the year 

2011 representing different seasons namely Pre-monsoon, Monsoon  
and Post-monsoon to understand seasonal variations in the physico-
chemical properties of the sediments. Sediment sampling was carried 

out using a dredge sampler.  
The samples are separated into particle sizes by wet or dry 

              6 μ       μ                B                       , 

the samples were homogenized and dried (105  C) to a constant weight. 
Homogenization was done by agate pestle and mortar. Physico-
Chemical analysis of sediments was carried out according to  standard 

methods [3]. 
S                          z             “     ”           

method [10,[11],[16]. The determination of total content of heavy 

metals in sediments is particularly useful to collect information on the 
genesis of the soil and on the level of contamination. Also, the 
comparison of sediments to effects-range guidelines involves the use 

of metal concentrations from total or strong acid digests (because the 

guidelines themselves are derived from such data). The sediments 
were dried at 105°C for 48 h and then ground into a powder.  

The sediment (1 g) was weighed into a 100 ml beaker and 
digested using a nitric/perchloric acid digestion [6,[19]. Concentrated 
HNO3 (5 ml) was added and the mixture was boiled gently until the 

volume of liquid was approximately 15 ml. The beaker was cooled and 
a new portion of 5 ml of HNO3 was added. The sample again was 
allowed to cool before the addition of 5 ml of trace metal grade HClO4. 

The samples were heated and the temperature raised gradually to 
160°C. The digestion was complete when the white smoke stopped 
evolving. The concentration of metals in the extracted solution was 

determined by air/acetylene flame absorption spectrometry. 
 
Results and Discussion: 

The results of physico-chemical analysis are shown in 
Table1,2 &3 respectively for different seasons and the annual average 
values of different physico – chemical parameters is shown in Table 

No.4 . 
 

pH : 

pH of the sediments is a measure of their acidity or alkalinity 
and is one of the stable measurements. Fish, shellfish and aquatic 
insects have different tolerances to acidic medium and species 

diversity will decrease along with increased acidification. Young 
organisms tend to be more sensitive to acidic medium; for example, at 
a pH of 5, most fish eggs cannot hatch, while only some adult fish will 
be affected. The toxicity of heavy metals also gets enhanced at 

particular pH. Acidic sediments also mobilize metals that can be toxic 
to aquatic species (e.g., aluminum). In the present study, the pH 
analysis of sediment samples for the year 2011 was carried out which 

showed the pH values during pre monsoon varied from 6.5-7.96, 
during monsoon 6.38 -7.6 and during post monsoon it was in the range 
6.42-7.5. The variations in pH during the three seasons are shown in 

Fig 2.  
During the study period highest pH was recorded at P1 which 

is due to the presence of carbonates and bicarbonates concentration 

and the low pH was recorded in P6 which is due to the discharge of 
industrial effluents.  High carbonates and bicarbonates cause calcium 
and magnesium ions to form insoluble minerals leaving sodium as the 

dominant ion in sample. The pH of Kabini River sediments was found 
to be slightly basic in condition. 

 

Electrical conductivity:  
Electrical conductivity (EC) is a measure of ions present in 

any given sample.  The conductivity of a solution increases with the 

increase in the amount of ions. The conductivity increases with the 
increase of ions. Electrical conductivity indicates the presence of 
soluble salts in the sediments. In the present study, EC of sediment 

samples shows a range 15.30-30.60 dS/cm during pre monsoon, 13.26 
- 25.50 dS/cm in monsoon and for post monsoon it ranges from 14.28-
28.56 dS/cm. EC variations for three seasons are shown in Fig 3. 

The EC measurement shows the presence of significant 
amount of dissolved salts. Highest EC was recorded at P5 which is 
close to industrial area and also for agricultural fields and it was least 

in case P9 situated far away from industrial zone.  
 
Sodium (Na)  

       Sodium is a component of sodium chloride 
(NaCl), a very important compound found everywhere in the living 
environment.  Sodium is a compound of many foodstuffs for instance 

of common salt.  It is necessary for humans to maintain the balance of 
the physical fluids system   The sodium contents of Kabini river 
sediments ranges from 8.2 – 11.20 mg/ kg during pre monsoon, 7.2- 

9.5 mg/ kg in monsoon and 7.8- 10.6 mg/ kg for post monsoon (Fig 4). 
 High concentration of sodium was found at P10 and it was 

less at P8. It is highly soluble in water and there are no precipitating 

reactions to reduce its concentration. The high value of sodium may be 
due to increased load of concentrated sewage.  
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Potassium (K):  
Potassium is not an integral part of any major plant 

component, but, it plays a key role in a vast array of physiological 
process vital to plant growth from protein synthesis to maintenance of 
plant and water balance.  

It ranges between 3.1 mg/kg – 4.20 mg/kg   during pre 
monsoon, 2.1 mg/kg -3.4 mg/kg during monsoon and 2.6 mg/kg -3.6 
mg/kg during post monsoon (Fig 5). High concentration of available 

Potassium at station P10 is due to the weathering of minerals and 
release potassium ions, these ions are adsorbed onto the cation 
exchange sites. The lower concentration of available potassium at 

station P9 may be due to less mineral weathering.  
 

Calcium & Magnesium:      

Calcium promotes the activity of soil bacteria concerned with 
the fixation of the free nitrogen or the formation of nitrates from organic 
forms of nitrogen. Calcium deficiency is commonly associated with the 

acidity, which will lead to the accumulation of toxic salts of iron, 
aluminum and manganese in the sediments. Magnesium is essential 
for all organisms and is not toxic under normal circumstances. 

Deficiencies of magnesium are much more common than problems 
concerned with toxicity. Magnesium is a key plant nutrient and is 
essential for photosynthesis in plants, where it forms the active site in 

the chlorophyll enzyme molecule.   
In the present study, calcium in the sediments ranges from 

2.24 mg/kg -5.652 mg/kg during pre monsoon, 2.02 mg/kg -5.241 mg/ 
kg during monsoon and 2.19 mg/kg - 5.32 mg/ kg during post monsoon 

(Figure 6). Magnesium values varied between 0.85 mg/kg – 1.93 mg/ 
kg during pre monsoon, 0.29 mg/kg – 1.37 mg/ kg during monsoon and 
0.73 mg/kg -1.72 mg/ kg during post monsoon of sediment sample (Fig 

7). Calcium content is high at P1 and it is least at P8, so also the 
Magnesium content was lower at station P8 and higher at station P1. 
Magnesium content in all sampling stations is very close to each other 

than calcium content. The higher concentration of exchangeable 
calcium and magnesium is due to the amount of exchangeable forms 
of calcium & magnesium in sediment samples. It is also attributed to 

weathering of minerals and their deposition in sediments.  
 

Organic Carbon: 

The organic carbon represents the organic matter in the 
sediment. The dead organic matter gets deposited in the bottom and 
undergoes chemical and bacterial decomposition. Estimation of 

organic carbon can serve as an important tool in determining the status 
of food available to the benthic fauna and also indicates the extent to 
which the bottom soil is fertile for the subsistence of benthic fauna. The 

organic carbon also exerts an influence on the available phosphorus 
level in the soil. The carbon is the common constituent of all organic 
matter and is a measure of bacterial activity [24].  

The percentage of Organic carbon sediments in the study 
area ranged from 0.19- 0.69 % during pre monsoon, in monsoon 0.18- 
0.60 % and 0.15-0.469 % during post monsoon (Fig 8). The results of 

organic carbon of study area, shows a highest range of 0.69 % in pre 
monsoon season at sampling station no. P5 and least amount of at 
sampling station number P2. The higher content of Organic Carbon in 

sediments is primarily attributed to the relatively higher supply of 
organic carbon from the abundant vegetation, agricultural run-off, 
microbial activity, domestic waste and industrial effluents etc. It is also 

evident from result of that low organic carbon is due to course sandy 
nature of the sediments, as the organic carbon variation is largely 
controlled by the fine fraction of the sediment.  

 
Nitrate (NO3-N): 

NO3-N is a necessary primary macro nutrient for plants that 

stimulates plant growth and is usually added as a fertilizer but can also 
be found in sediments as nitrate, ammonia, organic nitrogen or nitrite.  
Nitrate is a useful form of nitrogen because it is biologically available to 

plants and is therefore a valuable fertilizer. However, excessive levels 
of nitrate in soils and sediments can produce negative health impacts 
on humans and animals.  

The Nitrate content in sediments of the Kabini river ranged 
from 0.26 mg/kg -4.0 mg/kg during pre monsoon, 0.15 mg/kg -2.20 

mg/kg during monsoon and 0.23 mg/kg -2.9 mg/kg during post 
monsoon (Fig 9). The mean Nitrate content of sediments is 1.004 
mg/kg. These values are moderate and are attributed to the medium 

nutrient level of the Kabini river. Nitrate concentration is not uniformly 
distributed in all stations .This is attributed to differences in sediment 
nutrient input from the drainage systems of the various stations.  

 
Phosphate: 

Phosphorus is naturally present in water, primarily as 

inorganic and organic phosphates. Phosphates can enter aquatic 
environments in several ways from natural weathering of minerals in 
the drainage basin, from biological decomposition, or as runoff from 

human activity in urban and agricultural areas. Phosphorous is 
imperative in the growth and development of plants and other 

organisms. Phosphorous is present in water as orthophosphate (PO4
3-

), metaphosphate (a phosphate complex) and a limited number of 

phosphate salts. It is often the limiting factor in production (total 
biomass produced) and thus is an important nutrient in a water body. 
While low levels of phosphorus may lead to decreased production in 

water bodies, high levels have a similarly detrimental effect. 
The phosphate content in sediments of the Kabini river 

ranged from 0.12 mg/kg -0.43 mg/kg during pre monsoon, 0.08 mg/kg -

0.22 mg/kg during monsoon and 0.1 mg/kg -0.33 mg/ kg during post 
monsoon (Fig 10). The mean Phosphate concentration recorded is 
0.205 mg/kg. The phosphate concentration distribution follows the 

same pattern as nitrates. The factors which affected nitrate 
concentration also affect phosphate distribution in the stations. Abowei 
and Sikoki 2005, reported that, large quantities of phosphate enters 

rivers and lakes through super-phosphate fertilizer from soil and from 
chemicals used to improve the performance of detergents, some 
amount of these gets sinks to the bottom and gets settled in the 

sediments making the sediment rich in nutrients.  
 

Sulphates: 

Sulphates are discharged into the aquatic environment as 
wastes from industries like pulp and paper mills, textile mills and 
tanneries. Atmospheric sulphur dioxide (SO2) formed by the 

combustion of fossil fuels and by the metallurgical roasting process, 
may also contribute to sulfate content of surface waters. The excess of 
sulphates will settle down and get accumulated in bottom sediments. 

These pollutants under some conditions may get released back in to 
the river water. The presence of sulfate salts in surface water could 
enhance corrosion of mild steel in the distribution network [26].  

The Sulphate content in sediments of the Kabini river ranged 
from 1.1 mg/kg -2.8 mg/kg during pre monsoon, 0.77 mg/kg -2.20 
mg/kg during monsoon and 0.94 mg/kg -2.2 mg/kg during post 

monsoon (Fig 11). The mean Sulphate concentration obtained in the 
sediments of Kabini River is 1.65 mg/kg. The sulphate level is 
considered moderate in the Kabini river sediments. Excess sulphate 

concentrations in sediments are considered a pollutant. It is important 
to note that, these pollutants which are accumulated in the sediments 
will get released into the water under certain conditions. As a result the 

sulfate and sulfide concentration in water may increase above the 
permissible limit of 200 mg/L and 2 mg/L respectively, set for inland 
surface water [42].  

 
Heavy Metals: 
The total metal concentrations of heavy metals are tabulated in Table 

no.5 
Iron: 

 Iron is one of the essential elements in human nutrition, 

however, its presence at elevated concentration in aquatic 
ecosystems, poses serious pollution and health problems. Toxicity of 
iron in humans has been found to bring about vomiting, cardiovascular 

collapse and diarrhea, while iron deficiency may lead to failure of blood 
clotting. 
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 In the present study the concentration of iron varied from 
4157.3- 6118.8 ppm. Highest concentration was recorded at P5 and the 

lowest was recorded at P1.  
 
 Copper: 

Copper is widely used in electrical wiring, roofing, various 
alloys, pigments, cooking utensils, piping and in the chemical industry. 
Copper is present in amunitions, alloys (brass, bronze) and coatings. 

Copper compounds are used as or in fungicides, algicides, insecticides 
and wood preservatives and in electroplating, azo dye manufacture, 
engraving, lithography, petroleum re-fining and pyrotechnics. Copper 

compounds can be added to fertilizers and animal feeds as a nutrient 
to sup-port plant and animal growth. Copper compounds are also used 
as food additives [39]. In addition, copper salts are used in water 

supply systems to control biological growths in reservoirs and 
distribution pipes and it forms a number of complexes in natural waters 
with inorganic and organic ligands [40]. Copper is an essential sub-

stance to human life, however, in high concentrations, it can cause 
anaemia, liver and kidney damage, stomach and intestinal irritation. 

In the present study the concentration of copper varied from 

57.6- 93.6 ppm. Highest concentration was recorded at P9 and the 
lowest was recorded at P3. High concentration of copper at P5. 
Comparing with EPA standards it was found that the sediments are 

heavily polluted by copper since all the values got are >50ppm at all 
the stations. This can be attributed to presence of electroplating 
industries on the banks of river Kabini. 

 

Chromium: 
Chromium is one of the bio-chemically active transition 

metals. Weathering of the earth crust is the primary and natural source 

of the chromium in the surface water. Though an essential trace 
nutrient and a vital component for the glucose tolerance factor, 
chromium toxicity damages the liver, lungs and causes organ 

hemorrhages. Chromium compounds are used as pigments, mordents 
and dyes in the textiles and as the tanning agent in leather. 
Anthropogenic sources of emission of Cr in the surface waters are 

from municipal wastes, laundry chemicals, paints, leather, road run off 
due to tyre wear, corrosion of bushings, brake wires, radiators. 
According to WHO guideline value for sediment, the concentration of 

   μ /  ,                          
In the present study the concentration of chromium varied 

from 6.8-26.1 ppm well within the permissible limits. Highest 

concentration was recorded at P5 which is slightly above the 
established standards of EPA and can be attributed to mixing of 
effluents from electroplating industries nearby, and the lowest was 

recorded at P2. All the other concentrations can be attributed to natural 
background levels. Therefore, chromium poses no threat to the 
surrounding environment. 

 
 Lead: 

Lead is a naturally-occurring chemical, it is rarely found in its 

                I                 E    ’                         mineral 
galena (PbS), and to a lesser extent as anglesite (PbSO4) and 
cerussite (PbCO3) Lead minerals are found in association with zinc, 

copper, and iron sulfides as well as gold, silver, bismuth, and antimony 
minerals. Lead released from natural sources, such as volcanoes, 
windblown dust, and erosion, are minor compared with anthropogenic 

sources. Industrial sources of lead can result from the mining and 
smelting of lead ores, as well as other ores in which lead is a by-
product or contaminant. In these processes, lead may be released to 

land, water, and air. Electrical utilities emit lead in flue gas from the 
burning of fuels, such as coal, in which lead is a contaminant. Because 
of the large quantities of fuel burnt by these facilities, large amounts of 

lead can be released.  
In the present study the concentration of Lead varied from 

5.1-14.6 ppm. Highest concentration was recorded at P5 and the 

lowest was recorded at P1.The concentrations of Lead across all the 
sampling stations is well within EPA Sediment Quality guideline. The 
sources of lead may be of pedogenic background 

 
Zinc: 

Zn plays a biochemical role in the life processes of all 
aquatic plants and animals; therefore, they are essential in the aquatic 
environment in trace amounts. Zinc is used in a number of alloys 

including brass and bronze, batteries, fungicides and pigments. Zinc is 
an essential growth element for plants and animals but at elevated 
levels it is toxic to some species of aquatic life [40]. In addition, Zn is 

involved in a variety of enzyme systems which contribute to energy 
metabolism, transcription and translation. Zinc is also potentially 
hazardous and excessive concentrations in soil lead to phytotoxicity as 

it is a weed kill [39] . Zinc is used in galvanizing steel and iron 
products. Zinc carbonates are used as pesticides. 

In the present study the concentration of Zinc varied from 

14.3-29.3 ppm. Highest concentration was recorded at P10 and the 
lowest was recorded at P5. The concentration is well below the EPA 
sediment quality guidelines and it can be concluded that the sediments 

are relatively unpolluted. 
  
 Nickel: 

The larger part of all nickel compounds that are released to the 
environment will adsorb to sediment or soil particles and become 
immobile as a result. In acidic ground however, nickel is bound to 

become more mobile and it will often rinse out to the groundwater. 
There is not much information available on the effects of nickel upon 
organisms other than humans. We do know that high nickel 
concentrations on sandy soils can clearly damage plants and high 

nickel concentrations in surface waters can diminish the growth rates 
of algae. Micro organisms can also suffer from growth decline due to 
the presence of nickel, but they usually develop resistance to nickel 

after a while. 
In the present study, the concentration of Nickel varied from 6.1-

22.4 ppm. Highest concentration was recorded at P5 and the lowest 

was recorded at P1. Comparing to sediment quality guidelines of EPA 
the concentration of Zinc is below the standard levels and the 
sediments are relatively unpolluted. 

 
 
 

Statistical Analysis: 
Pearson Correlation analysis was done to understand the 

relationship between the heavy metals, their sources and the factors 

acting upon their concentration in sediments(Table No 6). In present 
study correlation matrix was useful to confirm some new associations 
between metals .Thus, Cu ,Zn and Pb were highly correlatable, which 

shows that Cu content in sediment was not only due to its presence in 
the parent rocks but also due to anthropogenic effluents of industrial 
area, and confirms the combination of metal affiliation of varied origin . 

Besides Pb also correlated with Ni. It has been shown that the 
concentration of Pb in sediments is contribution of effluents from a 
particular industry involving manufacture of paints and pigments and 

on the other hand, Ni may result from a variety of industrial activities. 
 
 

Conclusion: 
Kabini River is a good example of a site where contributions 

of pollutants both from natural (lithogenic) sources and anthropogenic 

activities. The major pollutants released from industrial activity 
measures about multiple quantities than those of natural sources of 
pollutants. The major sources of pollution of the Kabini River are the 

industrial effluents, return flows, agricultural runoff, municipal and 
domestic sewage besides pedogenic background contributions. During 
the study period, the sediment samples during monsoon season, 

showed significantly lower values than pre monsoon and post 
monsoon season samples.  

The physico-chemical analysis of sediment samples of 

Kabini River showed an optimum pH in the suitable range for most of 
the biological life because the reactions in the acidic range to slightly 
alkaline is most favorable. Electrical Conductivity (EC) indicates the 
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presence of significant amounts of anions and cations and during the 
present study Electrical Conductivity values of sediment samples were 

found to be in unsafe range. The organic carbon (OC) (%) recorded 
during the study period, suggested that river is getting organic loads 
from sewage water which is directly mixing into the river.  

The presence of significant quantities of Phosphates, 
Sulphates and Nitrates in sediment samples indicated that, the river 
water is getting polluted day  day due to discharging of industrial 

effluent along with the sewage and agricultural runoff to the river 
system. Contamination primarily occurs because many chemicals bind 
to organic or inorganic particles that eventually settle to the bottom of 

rivers and reservoirs. Once contaminants are bound to a particle 
surface or sorb into its interior matrix, they become less likely to be bio-
transformed and desorption is usually very slow; therefore, sorbed 

contaminants will reside for long periods in the sediment. This is 
promoted largely by the very high surface area of these particles and 
the tendency for higher concentrations of organic matter in the fine 

particles that absorb organic contaminants. Heavy metal pollution is 
one such problem which is increasing day by day across the world. 
Incidence of heavy metal accumulation in fish, oysters, sediments and 

other components of aquatic ecosystems have been reported from all 
over the world.  

The heavy metals entering the ecosystem may lead to 
geoaccumulation, bioaccumulation, biomagnification and may have 
possibilities for environmental transformation into more toxic form. 

These toxic heavy metals entering in aquatic environment are 
adsorbed onto particulate matter, although they can form free metal 
ions and soluble complexes that are available for uptake by biological 

organisms. Once deposited, binding by sulphides and/ or iron 
hydroxides immobilizes trace metals until a change in redox or pH 
occurs. These heavy metals are sensitive indicators for monitoring 

changes in the water environment. In the present study six heavy 
metals concentrations in the river sediments were analysed and the 
data obtained only copper concentration was above the standards of 

USEPA classification and so also chromium which is slightly above 
WHO standard for sediment quality. The concentrations of both the 
metals were high than the established standards near the sampling 

stations very close to industrial area. It is clear from the study that 
effluents are getting mixed with the river causing heavy metal pollution 
in the river kabini.  
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TABLE No: 1:  Physico-Chemical parameters in Pre Monsoon season 

 

 
TABLE No:  2:    Physico-Chemical parameters in Monsoon season 

 
 

 
TABLE No:3 :Physico -Chemical parameters in Post Monsoon 

 

 
 
 

 
 
 

 
 
 

 
 
 

Sampling stations pH EC 

(µs/cm) 
( 

Ca 

(gm/kg) (mg/kg) 

Mg 

(gm/kg (mg/kg) 

Na 

(gm/kg)(mg/kg) 

K 

(gm/kg) (mg/kg) 

%Organic carbon 

 

Nitrate 

(gm/kg) (mg/kg) 

(gm/k( Phosphate (mg/kg) Sulphate 

(mg/kg) 

P 1 7.96 22.43 5.652 1.93 8.6 3.6 0.63 0.41 0.3 1.1 

P2 7.6 21.42 3.274 1.10 8.3 3.2 0.22 0.27 0.4 1.4 

P3 7.85 15.38 2.645 0.98 9.7 3.5 0.19 0.26 0.28 1.2 

P4 7.3 22.47 2.478 0.91 9.4 4.5 0.46 0.32 0.43 1.9 

P5 6.65 30.60 2.525 0.94 10.9 4.5 0.66 0.34 0.21 2.1 

P6 6.6 24.44 2.74 1.04 10.1 3.7 0.40 2.2 0.34 2.7 

P7 7.12 23.34 2.69 1.02 9.6 3.9 0.34 2.34 0.18 2.4 

P8 7.15 24.21 2.24 0.85 8.2 2.9 0.32 2.84 0.15 2.8 

P9 7.01 21.27 2.35 0.89 8.7 3.1 0.38 1.3 0.12 2.2 

P10 6.5 25.32 2.43 0.91 11.1 4.2 0.40 1.8 0.17 2.32 

Sampling stations pH EC 
(µs/cm) 

Ca 
(mg/kg) 

Mg 
(mg/kg) 

Na 
(mg/kg) 

K 
(mg/kg) 

% OC 
 

Nitrate 
(mg/kg) 

(gm/k( Phosphate (mg/kg) Sulphate 
(mg/kg) 

P 1 7.5 21.42 5.32 1.72 8.1 3.4 0.51 0.36 0.24 0.94 

P2 7.4 19.38 3.143 1.08 7.9 3.1 0.19 0.24 0.32 1.13 

P3 7.39 14.28 2.472 0.86 9.4 3.24 0.18 0.23 0.21 1.0 

P4 7.2 20.40 2.334 0.82 9.1 3.9 0.40 0.27 0.33 1.5 

P5 6.6 28.56 2.397 0.79 9.7 3.8 0.57 0.30 0.18 1.8 

P6 6.42 22.36 2.483 0.97 8.8 3.0 0.36 1.9 0.27 2.0 

P7 7.10 21.32 2.517 0.97 8.7 3.4 0.30 2.1 0.15 1.7 

P8 7.13 23.26 2.190 0.73 7.8 2.6 0.31 2.5 0.14 2.23 

P9 7.10 20.24 2.216 0.81 7.9 2.7 0.32 1.1 0.10 1.6 

P10 6.47 24.28 2.195 0.85 10.96 3.60 0.38 1.5 0.13 2.2 

Sampling stations pH EC 
(µs/cm) 

Ca 
(mg/kg) 

Mg 
(mg/kg) 

Na 
(mg/kg) 

K 
(mg/kg) 

%Organic carbon 
 

Nitrate 
(mg/kg) 
(gm/k( Phosphate (mg/kg) Sulphate 

(mg/kg) 

P 1 7.6 19.38 5.241 1.37 7.9 3.0 0.42 0.25 0.15 0.77 

P2 7.35 18.36 2.898 0.98 7.6 2.8 0.18 0.15 0.21 0.85 

P3 7.48 13.26 2.25 0.72 8.8 2.75 0.15 0.19 0.17 0.90 

P4 7.12 19.38 2.187 0.69 8.7 3.2 0.28 0.24 0.22 1.20 

P5 6.54 25.50 2.221 0.70 9.1 3.4 0.42 0.22 0.15 1.60 

P6 6.38 22.32 2.324 0.84 8.6 2.8 0.25 1.4 0.20 1.40 

P7 7.09 21.28 2.298 0.29 8.4 2.75 0.29 1.34 0.12 1.30 

P8 7.11 20.20 2.02 0.65 7.2 2.5 0.26 1.54 0.11 1.90 

P9 6.89 22.18 2.04 0.62 7.4 2.1 0.30 1.03 0.08 1.36 

P10 6.42 23.24 2.10 0.71 9.5 3.10 0.34 1.2 0.10 2.00 
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Table No.4: Mean values of Physico-chemical parameters during the study period 

 
 
 

TABLE No: 5: Total Heavy metal Concentration in Kabini river Sediments 

 

 
TABLE No: 6: Pearson Correlation co-efficient Matrix 

 
 
 

 

 pH E.C Ca Mg Na K O.C NO3
2- 

PO4
2- 

SO4
2- 

P1 7.68 21.07 5.40 1.67 8.2 3.3 0.52 0.34 0.23 0.93 

P2 7.45 19.72 3.35 1.05 7.93 3.03 0.19 0.21 0.31 1.12 

P3 7.57 14.30 2.45 0.85 9.3 3.16 0.17 0.23 0.22 1.03 

P4 7.2 20.75 2.32 0.80 9.06 3.86 0.44 0.27 0.32 1.53 

P5 6.59 28.22 2.37 0.81 9.9 3.9 0.51 0.28 0.18 1.83 

P6 6.46 23.04 2.51 0.95 9.16 3.16 0.39 1.83 0.27 2.03 

P7 7.10 21.98 2.49 0.86 8.9 3.35 0.28 1.92 0.15 7.8 

P8 7.13 22.55 2.15 0.85 7.73 2.66 0.32 2.29 0.13 2.31 

P9 7.06 21.23 2.2 0.77 8.00 2.63 0.45 2.5 0.10 1.72 

P10 6.46 24.28 2.28 0.82 10.4 3.96 0.58 3.03 0.13 2.24 

Sampling Stations Iron Copper Chromium Lead Zinc Nickel 

P1 4157.3 88.4 13.9 5.1 30.4 6.1 

P2 4846.4 63.2 6.8 11.8 23.6 5.7 

P3 5127.1 57.6 14.3 11.3 25.4 22.4 

P4 4541.6 69.8 10.6 12.4 28.6 7.4 

P5 6118.1 75.6 26.1 14.6 29.3 8.1 

P6 5846.7 72.3 19.3 13.2 28.7 7.8 

P7 4763.3 66.4 10.3 11.4 20.4 6.4 

P8 4913.2 63.9 7.6 11.6 18.9 6.8 

P9 5110.9 93.9 12.7 10.9 14.3 6.5 

P10 4927.5 91.3 16.7 11.1 33.1 6.9 

 Iron Copper Chromium Lead Zinc Nickel 

Iron 1 

     

Copper -0.10157 1 

    

Chromium 0.730704 0.315522 1 

   

Lead 0.769458 -0.39692 0.319688 1 

  

Zinc 0.057208 0.139639 0.524431 0.074454 1 

 

Nickel 0.164791 -0.45676 0.66555 0.091176 0.064167 

1 
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TABLE No: 7: USEPA Sediment Quality Guidelines for few heavy metals: 

 

 
 

 
 

Fig  2. Variations in pH of Sediments 

 
 
 

 
 

Fig  3. Variations in E C of Sediments 
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Copper <25 25-50 >50 74.24 
 

Chromium <25 25-75 >76 13.83 
 

Lead <40 40-60 >60 11.34 
 

Zinc <90 90-200 >200 25.27 
 

Nickel <20 20-50 >50 8.41 
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Fig 4. Variations in Calcium concentrations of Sediments. 

 
 
 

 

 
 

Fig 5. Variations in Magnesium concentrations of Sediments. 
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Fig 6. Variations in Sodium concentrations of Sediments. 

 
 

 
 

Fig 7. Variations in Potassium concentrations of Sediments. 
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Fig 8.Variations in Organic Carbon (%) of Sediments. 
 
 

 

 
 

Fig 9. Variations in Nitrate concentrations of Sediments. 
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Fig 10. Variations in Phosphate concentrations of Sediments. 

 
 

 

 
Fig 11. Variations in Sulphate concentrations of Sediments. 
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