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ABSTRACT 

Many rivers in India are threatened by water and soil pollution, particularly those that flow through 

industrial areas. The Patalganga river flows through  Khopoli township, Khalapur area, Patalganga industrial 

sector and provides water to over 40 villages in Raigad district, Maharashtra. Pollutants in the water have an 

impact on the soil quality of the riverbed, which is principally responsible for supplying nutrients to aquatic 

vegetation. Carbon, hydrogen, nitrogen and sulphur are important elements which contribute to the productive 

capacity of soil. In the present investigation, six monthly soil samples from seven selected sites along the 

Patalganga river belt were collected for C, H, N, S analysis. The highest elemental (C, H, N, S) percentage was 

found to be carbon while hydrogen and nitrogen levels varied in the soil samples. The study showed significant 

relationship between the elements and pollution impacting the  river ecosystem. 
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Introduction 

Soil is the uppermost weathered layer of the earth's crust. Weathered mineral rock particles, living, dead, 

and decomposing organic elements, water, and air make up the composition. Soil is a biologically active matrix 

where plant roots, seeds, bacteria, fungus, algae, viruses and organisms live.The movement of elements through 

the earth's biotic and abiotic components is known as nutrient cycle.It is the movement of elements within and 

between ecosystems, as well as their modification and thus connects ecosystems biotic and abiotic components. 

The three fundamental elements that plants use in the greatest proportions are hydrogen, carbon, and oxygen, and 

they serve as the building blocks for plant growth. Carbon, hydrogen, nitrogen and sulphur are important elements 

which contribute to the productive capacity of soil. Most living things in soils, including plants, insects, bacteria 

and fungi, are dependent on organic matter for nutrients and energy. (Wagh et al., 2013).  

The soil quality of a river environment is critical to the survival of aquatic plants and fauna. Soil pH could 

be useful for soil pollution control through the distribution and removal of harmful substances from systems 

(Neina et al., 2019). Furthermore, nutrients in the soil bring agricultural advantages to the farmer. The plant 

requires  16 essential nutrients of which carbon, hydrogen and oxygen are received from the atmosphere, soil and 
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water. Nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, iron, zinc, manganese, copper, boron, 

molybdenum, and chlorine are the remaining required elements (Khairnar et al., 2019). Organic carbon (OC) 

enters the soil through the decomposition of plant and animal residues, root exudates, living and dead 

microorganisms, and soil biota. It is the main source of energy for soil microorganisms. (Khatoon et al., 2017). 

Soil contamination can be caused by industrial runoff, agricultural activities, waste disposal, human interference, 

deforestation, excessive use of fertilisers and pesticides, anthropogenic activities and natural disasters.  

The majority of industries in India are located around riverbanks. In Raigad district of Maharashtra, the 

Patalganga river located at 18.48°N 73.4°E is a major source of water for Khopoli township, Khalapur area, and 

Patalganga industrial sector. The Patalganga river has often been contaminated by partially treated or untreated 

effluents generated by industries, as well as anthropogenic activities (Desai B, 1993). Polluted water percolates 

through the riverbed, harming river wildlife and causing soil pollution. Patalganga is a prominent river in terms 

of socioeconomics. Rivers play a major role in integrating and organizing the landscape and molding the 

ecological setting of a basin. They are the prime factors controlling the global water cycle and in the hydrological 

cycle they are the most dynamic agents of transport (Raj et al., 2009). Every year rivers carry a huge amount of 

top soils from its river bank area and deposit it in another part of its bank (Das et al., 2018). With a length of 65 

kilometres, the Patalganga river is an important river in Maharashtra and serves as a major water source for 

Panvel, Alibaug, and Rasayani. The Patalganga industrial area is, located on the river's left bank which is next to 

Mohopada village and is one of MIDC's 13 chemical industrial zones,  located in Khalapur taluka and is part of 

the Raigad district. The Khopoli power project's runoff,   untreated or partially treated industrial effluents and 

domestic waste water make their way into the river which flows through an industrial belt at Rasayani, MIDC, 

towards villages like Vayal, Chavane, Apta, Kasar bhat and Aware till it meets the Dharamtar Creek. Hence, the 

present investigation was undertaken to study the levels of carbon, hydrogen, nitrogen and sulphur present in the 

soil from seven different selected sites along the Patalganga river belt.  

 

Materials and Methods 

In the present investigation, monthly soil samples were collected in clean and sealed plastic bags from 

seven selected sites namely Khopoli, Vayal, Rasayani, Chavane, Apta, Kasar bhat and Aware along the river belt 

from January 2019 to June 2019. Samples were collected in the morning more towards the river. Soil samples 

were immediately transported to the laboratory and oven dried. Soon after drying, stones and other similar objects 

were picked up and the soil was grounded with the help of a mortar and pestle to break up aggregates or lumps, 

taking care not to break actual soil particles. The soil was then passed through a 2 mm sieve to obtain thoroughly 

dried powder form of soil sample.  

The CHNS(O) Analyzer (EUROVECTOR Elemental Analyzer Model Euro EA3100) was used to 

determine the percentage of Carbon (C), Hydrogen (H), Nitrogen (N) and Sulphur (S) present in the soil samples. 

Similar work was reported by (Jose et al., 2009) determining the carbon, hydrogen, nitrogen and sulphur contents 

with an elemental analyser (Leco model CHNS-932). Empty tin capsule was  first placed in weighing balance 

and 25 mg of soil sample,  was put into it which was then placed in a carazole of the auto sampler. The tin capsules 

containing the soil sample  with the help of piston were introduced in the reactor part of the analyzer. After the 

oxidation reaction for 2 to 3 seconds, the combustion and reduction processes were followed. Due to presence of 

copper, combustion took place while tungsten helped for reduction reaction. Then the gases C, H, N, and S got 

separated and further moved to the GC column. Thermal conductivity detector (TCD) helped to detect the 

elemental percentage of the gases. The first peak seen was of N, then C, H and S respectively. After the run was 

completed the chromatogram showed the percentage on Y axis and retention time (RT) on X axis.  For the 

working of CHNS(O) analyser, Helium gas was used as the carrier gas; Oxygen was used for combustion process 

and oil free air compressor was used for auto sampler part. The CHNS(O) software used for the experiment was 

Weaver.net. According to Bhattacharyya et al., 2015 the introduction of C/N analyser has an edge over classical 

analytical techniques; but it requires careful selection of standards and developing appropriate methods keeping 

in view of various agro-ecoregions of the country.    
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Sampling location at Vayal (Upstream) 18.8745° N, 73.2093° E 

 

 

Sampling location at Apta (Downstream) 18.8516° N, 73.1305° E 

 

Results and Discussion 

In the present investigation, the  levels of Carbon (C), Hydrogen (H), Nitrogen (N) and Sulphur (S) in soil 

samples from Patalganga river were studied and readings recorded (Fig. 1, 2 and 3). Except Khopoli and Vayal, 

all the other sites showed a decline in carbon content in the month of April. Lowest carbon content percentage 
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was observed at Khopoli in the month of March; Apta, Kasar bhat and Aware in the month of April as well as at 

Chavane and Aware in the month of May. Highest carbon content percentage was observed at Vayal in the month 

of May. The overall carbon content percentage ranged between 0% to 3%. Carbon is the most abundant element 

in soil organic matter and it contributes to the  water-retention capacity, structure, and fertility of soil. When soil 

is exposed to air, it oxidises, effectively burning the carbon in the soil. Topsoil ranges between 0.5% to 3% 

organic carbon for most soils. Soils with less than 0.5% organic carbon belong to desert areas. Soils with 12% to 

18% organic carbon are called organic soils. Soil organic carbon plays an important role as a source of plant 

nutrients and in maintaining the soil integrity (Solanki et al., 2012). Soil respiration and its rate across ecosystem 

are extremely important as it plays a large role in global carbon cycling as well as other nutrient cycles. (Khatoon 

et al., 2017). The amount of carbon estimated in this study is found to be within the range. 

Except Khopoli and Kasar bhat, all sites showed a decrease in the hydrogen content percentage in the 

month of February. Except Khopoli and Vayal, all sites showed an increase in the hydrogen content percentage 

in the month of June. With lowest hydrogen content percentage being 0 in some of the sites, the highest hydrogen 

content percentage was observed at Apta in the month of January. The overall hydrogen content percentage 

ranged between 0% to 2% and showed fluctuating levels at some sites. Hydrogen ions are essential for plant 

respiration as well as assisting proton gradients in driving the electron transport chain in photosynthesis. The 

amount of Hydrogen affects pH and the accessibility of other elements in soil and at high and low pH values 

nutrient deficiencies can be observed; therefore, hydrogen plays an important role in the development of plants. 

(Chopra et al., 2020).  

All the sites except Vayal showed a decline in nitrogen content in the month of February. An elevation in 

nitrogen content in the month of March was observed in all sites except Khopoli and Kasar bhat. Highest nitrogen 

content percentage was observed at Chavane in the month of January. In the present study the overall nitrogen 

content percentage ranged between 0% to 2% and decreasing trend was observed from the months January to 

June. Deficiency of  nitrogen is almost universal in Indian soils (Deshmukh, 2012). Higher amounts of Nitrogen 

in the month of January may be due to excess release of sewage water into the river which settles down at the 

riverbanks and mixes with the soil. Sewage water contains high amount of Nitrogen. (Rai et al., 2011) have 

showed similar findings. Nitrogen is critical for plant growth, metabolism, and chlorophyll production. (Seiyaboh 

et al. 2017) have reported similar findings with high nitrogen content owing to runoff which adds domestic 

sewage to the sediments. The fertility and biodiversity in an aquatic system is greatly influenced by nitrogen 

concentration of the sediment (Kumar et al., 2012). The plant cannot grow taller or generate enough food if it 

does not have adequate nitrogen. Small changes in nitrogen content for some crops can result in large effects on 

plant growth and the quality of forage abd fruit. (Shirgave et al., 2015). Nitrogen supply has large effect on leaf 

growth because it increases the leaf area of plants and, on that way, it influences on photosynthesis (Bojovic et 

al., 2009). Stunted growth in plants is due to a nitrogen deficiency in the soil. Nitrogen is essential for plant 

growth as it is a constituent of all proteins and nucleic acid and hence of all protoplasm (Raut et al., 2020). 

Nitrogen is essential to nearly every aspect of plant growth. (Jadhav, 2012). 

In the present study, sulphur content percentage present showed negligible values at all sampling sites in 

all the months. In plants, sulphur is required for the formation of proteins, enzymes, vitamins, and chlorophyll. It 

is essential for legume nodule formation and nitrogen fixation efficiency. Soil sulphur deficiency has been 

reported to be on an rise in Western Europe and Hungary (Flaete et al., 2005). Areas of sulphur deficiency are 

becoming widespread throughout the world due to the use of high-analysis low sulphur fertilizers, low sulphur 

returns with farmyard manure, high yielding varieties and intensive agriculture, declining use of sulphur 

containing fungicides and reduced atmospheric input caused by stricter emission regulation. An insufficient 

sulphur supply can affect yield and quality of the crops, caused by the sulphur requirement for protein and enzyme 

synthesis as well it is a constituent of the amino acids, methionine and cysteine (Jamal et al., 2010). ( Luczkowska 

et al., 2015) reported chlorosis in sulphur deficient plant, sulphur being essential element of growth and plant 

functioning its deficiency may cause serious economic problems. 
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Fig. 1: Monthly variations of Carbon content in Patalganga River 

 

   

Fig. 2: Monthly variations of Hydrogen content in Patalganga River 
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Fig. 3: Monthly variations of Nitrogen content in Patalganga River 

 

Conclusion  

Hence,in the present investigation the amount of carbon estimated in the soil samples was found to be 

within the range, hydrogen levels showed fluctuation, an decrease in nitrogen content and negligible sulphur 

element, all clearly indicates the pollution status of the soil present along the riverbelt. As the population living 

nearby the river banks of the Patalganga river is dependent on its soil and ecosystem for agricultural use as well 

as natural resources derived from trees and plants, continuous monitoring of essential elements in the soil is 

necessary and warrants attention to minimize pollution of the river water body and its ecosystem. 
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