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Uptake, Accumulation and Translocation 
of Heavy Metals in Cauliflower Grown 
in Integrated Industrial Effluent 
Irrigated Soil in District Haridwar 
(Uttarakhand) 

Roushan K. Thakur and Vinod Kumar 

Abstract The combined effluents from various industries (integrated industrial 
effluent; IIE) in some locations are used as irrigation water to grow cauliflower 
because it is readily available and low cost. Contents of cadmium (Cd), chromium 
(Cr), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn) in soil, roots, leaves and 
inflorescence of B. oleracea cultivated with the IIE irrigated water at Bhagtanpur 
Village, Ikkarkala Village and Shubrasha Village were higher than the control site 
(Bongla Village), where irrigation was with well water. The bioaccumulation factor 
(BCF) and translocation factors (TF) of metals in B. oleracea were in Bhagtanpur 
village due to higher concentration of metals in the effluent. Use of IIE for irrigation 
of B. oleracea increased concentrations of heavy metals in plant parts which may 
pose a potential threat to human health due to consumption, and to deterioration of 
soil fertility due to the long-term irrigation practices. 

Keywords Brassica oleracea var. botrytis · Bioaccumulation factor · Enrichment 
factor · Integrated industrial effluent · Translocation efficiency 

1 Introduction 

As urban areas in developing countries increase, and people seek better living 
standards, larger volumes of freshwater are diverted to domestic, commercial, and 
industrial sectors, which produce greater volumes of wastewater [1–3]. Increasing 
demand of water for agricultural irrigation has increased use of treated, or untreated, 
wastewater [4–7]. The State Infrastructure and Industrial Development Corporation 
of Uttarakhand Limited occupies an area of about 823.13 ha having nearly 700 inde-
pendent industrial units which are involved in cosmetics, plastic, apparel, agro-food, 
pharmaceutical products, electronic products, packaging, synthetic fabrics, electro-
plating, and commercial automotive activities [8, 9]. The areas contain heterogeneous
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industries with varying pollution loads and concentrations but the industries lack indi-
vidual effluent treatment systems. The industries use a large quantity of fresh water 
and generate huge quantities of effluent. The industrial effluents are partially treated 
in a common effluent treatment plant and most of the partially treated effluent is 
disposed through various channels near the treatment plant. Unprocessed wastew-
ater flows through channels into rivers where it is diverted by subsistence farmers to 
small vegetable plots grown for nearby municipal markets [10–12].

There are public health risks of using adulterated streams for irrigation [10]. 
Disposal of wastewater is a major problem for industries, due to generation of high 
volume of effluent, and limited space, for land-based treatment and disposal [11, 
13–15]. Wastewater contains nutrients that can be used for cultivation of agricultural 
crops [15–17]. Irrigation with waste water contributes to heavy metal contents of soil 
and crops [15]. 

Trace elements play roles in chemical, biological, metabolic, and enzymatic 
responses in living cells of plants and humans [16]. Large deposits of heavy metals 
in agricultural soils through wastewater irrigation may result in soil contamination 
and affect food quality and safety [17–19]. Vegetables plants take up heavy metals 
and accumulate them in tissues in quantities high enough to cause clinical problems 
to animals and human beings that consume them [15, 20]. 

Heavy metal pollution in agriculture can come from atmospheric fall-out, pesti-
cides, and contamination by chemical fertilizers and irrigation water [20]. Heavy 
metals rank high among toxins of leafy vegetables [21]. Uptake of trace elements by 
plants varies, and depends on soil pH, soil organic matter content and other factors 
[22, 23]. Plant uptake is a major route of food chain exposure to trace elements from 
the soil. 

Effluents from industries contain measurable amounts of nitrogen (N), phospho-
rous (P), sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), zinc (Zn), 
copper (Cu), iron (Fe), manganese (Mn), lead (Pb), nickel (Ni), and cadmium (Cd), 
and their disposal causes contamination of soil and water [21, 22, 24, 25]. Pollutants 
from industry include suspended solids, compounds colored by lignin, dissolved 
inorganic salts, chlorinated lignins, and phenolic derivatives. Discharge of untreated 
effluent can create pollution resulting in deterioration of water quality and toxicity 
to aquatic life [26–28]. 

Generally, farmers and consumers do not have information about vegetable phys-
iology and morphology; they only consider undamaged, dark green, big, leaves as 
characteristics of good quality [29, 30]. External appearance of vegetables can not 
guarantee safety from contamination especially when farming activities are carried 
out using industrial effluents for irrigation [31–33]. Growers frequently use industrial 
effluents due to scarcity of clean irrigation water and to save chemical fertilizer cost 
as the effluents contain nutrients and toxins [15, 32, 34]. Irrigation with effluents can 
cause deterioration in soil fertility. Cauliflower (Brassica oleracea L. var. botrytis 
L.) has been reported to accumulate heavy metals [34–36], with particular affinity 
for Cu, Cd, Cr, Pb and Zn.
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It may be possible to remediate contaminated agricultural soils using vegetables 
because they grow rapidly, take up high contents of minerals and metals, and translo-
cate them in their aerial plant parts [32, 37–39], which may make them not safe to 
eat. 

In several countries, and in India, vegetables are irrigated with different types of 
wastewater, generally from a single source of industrial effluent. The general results 
are that use of wastewater could expose the consumer to hazards. The State Infras-
tructure and Industrial Development Corporation of Uttarakhand Limited produced 
IIE supplies the whole district of Haridwar at low cost. Cauliflower is grown in a large 
area in the region and is irrigated using IIE, but little is known of the effects on plant 
development or whether the crop is fit for consumption. The study was conducted 
to evaluate uptake, accumulation and translocation of heavy metals in cauliflower 
grown in soil irrigated with IIE and to determine if the plants were safe for human 
consumption. 

2 Materials and Methods 

2.1 Study Area 

Sampling was collected from Bhagtanpur Village (29°53′36.39′′N, 78°4′27.64′′E), 
Ikkarkala Village (29°52′38.85′′N, 78°4′36.91′′E), and Shubrasha Village 
(29°52′17.36′′N, 78°4′26.57′′E) where irrigation was with the IIE. Cauliflower is 
cultivated in these locations using IIE effluents. In Bongla Village, the control site 
(29°51′57.81′′N, 78°4′41.00′′E), bore well water was used for irrigation. The soils of 
treatment and control sites are sandy loam and slightly alkaline, pH 7.8. Cultivation 
practices at all sites were similar. Irrigation was twice weekly at all sites. 

2.2 Collection of Samples and Analysis 

The IIE samples were collected in plastic bottles, immediately acidified with HNO3, 
and transported to the laboratory. Samples were filtered through Whatman No. 
42 filter paper and stored in a refrigerator at 4 °C. Soil samples from each site 
were composited separately for analysis. Samples of harvest ready cauliflower were 
collected from different sites. At each sampling inflorescence, leaves, roots, and soils 
surrounding roots were collected from 3 or 4 plots of treatment and control sites. 
Plant samples from all sites were washed with double distilled water and plants sepa-
rated by hand into different parts which were dried at room temperature for 24 h. 
Tissues were separately chopped and placed in a hot air oven at 60 °C for 48 h to 
dry. Samples were ground into powder using a mortar and pestle and stored in plastic 
bags for further use.
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2.3 Analysis of Heavy Metals 

For analysis of heavy metals, plant, soil and water samples were digested [17]. A 
0.5 g of powdered samples of plant and soil, and a 10 mL sample of water, were 
placed in a digestion tube and 10 mL of nitric acid (HNO3) and 5 mL of perchloric 
acid (HClO4) added and digestions completed on digestion blocks (FOSS, Mumbai, 
India) following standard procedures [21]. After digestion samples were filtered 
through Whatman No. 42 filter paper and volume made up to 50 mL. The Cd, Cu, 
Cr, Fe, Mn and Zn contents in the digested aliquot were determined with an atomic 
absorption spectrophotometer (model 5000, Perkin-Elmer, GenTech Scientific Inc., 
Arcade, NY). 

2.4 Estimation of Enrichment Factor, Contamination Factor 
and Bio-concentration Factor 

Enrichment factor (EF) of different heavy metals was calculated following the 
formula of Kim and Kim [27], and used to assess the degree of contamination of 
heavy metals in the soil. The contamination factor (Cf) of heavy metals in the soil 
was determined by the method of Håkanson [22]. The bio-concentration factor (BCF) 
was used to describe the transfer of trace elements from soil to plant tissues. The 
BCF is calculated as the ratio among the concentration of heavy metals in the plant 
tissue and in the corresponding soil all based on dry weight for each vegetable [35]. 
The translocation index was used to determine the ability of plants to translocate 
heavy metals from roots to harvestable aerial plant parts. 

2.5 Statistical Analysis 

The data was statistically analyzed using multi-way analysis of variance (ANOVA) 
to determine the significant difference in the characteristics of IIE effluent irrigated 
soil and cauliflower crops at different sampling sites using MS Excel 2013. 

3 Results and Discussion 

The physico-chemical and microbiological components of the IIE and well water 
varied (Tables 1 and 2). The IIE was had a high pH due to concentrations of alkalis 
used in the manufacturing processes. The BOD, COD, Ca, TKN, Cd, Fe, Mn, MPN 
and SPC of the IIE were above recommended limits of the Indian Irrigation Standards 
[17]. Higher BOD and COD of the IIE were due to existence of high oxidizable
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Table 1 Physico-chemical, heavy metals and microbiological characteristics of State Infrastructure 
and Industrial Development Corporation of Uttarakhand limited effluent and bore well water 

Parameter Water source BISa for irrigation water 

Effluent Bore well 

EC (dc·cm−1) 2.12 ± 0.15 0.49 ± 0.08 – b 

TDS (mg·L−1) 814.38 ± 143.66 154.16 ± 12.29 1900 

pH 8.44 ± 0.44 7.15 ± 0.28 5.5–9.0 

DO (mg·L−1) NDc 7.27 ± 0.25 – 

BOD (mg·L−1) 231.89 ± 21.48 3.13 ± 0.16 100 

COD (mg·L−1) 716 ± 29.92 4.82 ± 0.69 250 

Ca (mg·L−1) 485 ± 38.87 21.80 ± 2.82 200 

Mg (mg·L−1) 145.89 ± 9.42 8.71 ± 0.76 – 

Na (mg·L−1) 103.64 ± 6.01 6.41 ± 0.66 – 

K (mg·L−1) 60.15 ± 5.75 4.03 ± 0.95 – 

TKNd (mg·L−1) 136.55 ± 10.93 15.02 ± 1.12 100 

PO4 
3− (mg·L−1) 166.49 ± 9.63 0.05 ± 0.01 – 

Cd (mg·L−1) 3.14 ± 0.27 0.08 ± 0.01 2.00 

Cr (mg·L−1) 1.75 ± 0.37 0.05 ± 0.01 2.00 

Cu (mg·L−1) 1.70 ± 0.05 0.08 ± 0.01 3.00 

Fe (mg·L−1) 3.04 ± 0.07 0.19 ± 0.04 1.00 

Mn (mg·L−1) 1.32 ± 0.12 0.12 ± 0.03 1.00 

Zn (mg·L−1) 0.70 ± 0.09 0.32 ± 0.02 15 

SPCf (SPC·mL−1) 86 × 106 NAe 10,000 

MPNg (MPN/100 mL) 27 × 106 NA 5,000 

aBIS = Bureau of Indian Standards 
b– = Not given in standard 
cND = Not detectable 
dTKN = Total Kjeldahl Nitrogen 
eNA = Not available 
fPC = Standard plate count 
gMPN = Most probable number

organic matter and rapid consumption of dissolved inorganic materials. The higher 
bacterial load (SPC and MPN) in IIE was due to presence of more dissolved solids 
and organic matter including TS, TDS, TSS, EC, BOD, COD, Cl−, Na+, K+, Ca2+, 
Mg2+, TKN, PO4 

3− and SO4 
2− [35]. The IIE effluent contained Cd, Cr, Cu, Fe, Mn 

and Zn [25]. The IIE contained high levels of chemicals that can be plant nutrients 
as well as heavy metals, which may enhance yield of agricultural crops while still 
causing them to be contaminated. The ANOVA data presented in Tables 2 and 3 
indicated that IIE was significantly enriched with Cd, Cr, Cu, Fe, Mn and Zn in 
comparison to control (Bore well water). There was no significant effect of location 
on content of metals in IIE at different sites except Fe (Tables 2 and 3). 
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Table 2 ANOVA for effect of location, metal, water type and their interactions on heavy metal 
concentrations in water 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) ** ** ** ** ** ** 

Water type (W) * * * * * * 

Interaction 

L × M ns ns ns ns ns ns 

L × W ns ns ns * ns * 

M × W * * * ** * * 

L × M × W ns ns ns * ns ns 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA 

Table 3 Interaction of location and water type on concentrations of heavy metals in water 

Concentration (mg L−1)a 

Location × Water type Cd Cr Cu Fe Mn Zn 

Bhagtanpur IEE 3.02c 1.68b 1.62b 2.95b 1.17b 0.68b 

Ikkarkala 2.99b 1.68b 1.62b 2.52b 1.17b 0.60b 

Shubrasha 2.86b 1.73c 1.62b 3.68c 1.32c 0.66b 

Bongla (Control) Well 0.08a 0.05a 0.08a 0.19 0.12a 0.32a 

aBureau of Indian standards for inland disposal of treated water: Cd (2.0), Cr (1.5), Cu (1.0), Fe 
(15.0), Mn (2.0) and Zn (10) mg L−1. Data in the interaction analyzed with Least Squares Means 
and means separated with LSD 
bvalues in a group, in the column, followed by ns, *, ** and *** are not different or significantly 
different at P ≤ 0.05, P ≤ 0.01, P ≤ 0.001 

Concentrations of Cd, Cr, Cu, Fe, Mn and Zn in IIE, and bore well, water at 
sampling sites varied (Tables 1, 2, 3 and 4). Contents of heavy metals in the IIE 
were higher for Cu, Fe, Mn and Zn than in bore well water. Contents of Cr and 
Cd were below detection limits in the bore well water. Concentrations of heavy 
metals in the IIE were above recommended values [35, 36]. The concentrations in 
the IIE were higher (except Cr) than values reported by Kumar and Thakur [31] for  
Cd (2.74–2.84 mg·L−1), Cr (1.61–1.65 mg·L−1), Cu (1.42–1.56 mg·L−1), Fe (2.04– 
2.34 mg·L−1) Mn (1.02–1.08 mg·L−1) and Zn (0.42–0.49 mg·L−1) at sites near the 
SIDCUL used for irrigation. Values of heavy metals reported here were higher than 
previous values since the number of industries in operation in SIDCUL has increased 
and the amount of materials in the effluent has increased. There were increases in 
Cd, Cr, Cu, Fe, Mn and Zn contents in soil at all sampling sites irrigated with IIE 
(Tables 5, 6, 7 and 8). The highest Fe content in the IIE irrigated soil was in Shubrasha 
village followed by Ikkarkala and Bhagtanpur villages (Tables 5, 6, 7, 8 and 9). The 
increase in Fe content was likely due to Fe content in the water, or soil, at those 
sites. The ANOVA data presented in Tables 6, 7 and 8 indicated that location have no



Uptake, Accumulation and Translocation of Heavy Metals … 7

Table 4 ANOVA for effect of location, metal, water type, and their interactions on metals found 
in soil 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) ** ** ** ** ** ** 

Water type (W) * * * * * * 

Interaction 

L × M ns ns ns ns ns ns 

L × W ** ** ** * ** ** 

M × W ns ns ns * ns ns 

L × M × W ns ns ns * ns ns 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA 

Table 5 ANOVA for effect of metal, water type, and their interactions on enrichment of metals in 
soil 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) ** ** ** ** ** ** 

Water type (W) * * * * * * 

Interaction 

L × M × W * ns ns ns * * 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA 

significant effect on Cd, Cr, Cu, Fe, Mn and Zn contents of the soil at all the sampling 
sites. IIE irrigation have significant effect on the percent increase in the contents of 
Cd, Cr, Cu, Fe, Mn and Zn in the soil at all the three sampling sites viz., Bhagtanpur, 
Ikkarkala and Shubrasha villages in comparison to Bongla (Control site) (Table 9). 
The enrichment factor of Cd, Cr, Cu, Fe, Mn and Zn in the soil was also increased 
due to the IIE irrigation at all the sampling sites (Tables 6, 7 and 8). 

4 Enrichment Factor 

The enrichment factor of different heavy metals was varied. The enrichment factor 
of heavy metals in soils due to IIE irrigation was in the order: Fe > Zn > Mn > Cu > 
Cd > Cr for Bhagtanpur village; Fe > Mn > Zn > Cu > Cd > Cr for Ikkarkala Village 
and Fe > Mn > Zn > Cd > Cu > Cr for Shubrasha village. The EF was greatest for Fe 
and least for Cr in Shubrasha village. The contamination categories established by 
Sutherland [40] indicated that the IIE irrigated soil was in the significant enrichment 
category for Fe, Zn and Mn, while Cu, Cd and Cr were in the moderate enrichment
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Table 6 Concentration of 
interaction of metal in soil 
and location on metal 
concentration and enrichment 
factor 

Metal × Location Concentration 
(µg·g−1) 

Enrichment 
factor 

Cda Bhagtanpur 23.95b 2.6c 

Ikkarkala 25.16a 2.8b 

Shubrasha 27.26a 3.0a 

Bongla (control) 9.06c – c 

Cr Bhagtanpur 15.71a 2.4a 

Ikkarkala 16.62a 2.6a 

Shubrasha 14.43a 2.2a 

Bongla (control) 6.47b – 

Cu Bhagtanpur 40.58a 2.9a 

Ikkarkala 40.60a 2.9a 

Shubrasha 34.93b 2.5a 

Bongla (control) 13.82c – 

Fe Bhagtanpur 391.87c 7.3a 

Ikkarkala 415.68b 7.8a 

Shubrasha 425.65a 8.0a 

Bongla (control) 53.10c – 

Mn Bhagtanpur 50.03b 5.0b 

Ikkarkala 53.41b 5.3b 

Shubrasha 55.61a 5.6a 

Bongla (control) 9.95c – 

Zn Bhagtanpur 43.15a 6.4a 

Ikkarkala 34.68b 5.2b 

Shubrasha 36.05b 5.4b 

Bongla (control) 6.72c – 

Data in the interaction analyzed with Least Squares Means and 
means separated with LSD 
aSafe Limit of India (Awashthi, 2000): Cd (3–6 µg·g−1), Cu (135– 
200 µg·g−1), Fe (75–150 µg·g−1), Zn (300–600 µg·g−1) 
bvalues in a group, in columns, followed by the same letter are not 
significantly different, P ≤ 0.05 
c“–“ = Not determined since the values from the control were used 
as the base line

category (Tables 6). The interaction of location, metals and water type indicated the 
significant increase in the contents of Cd, Cr, Cu, Fe, Mn and Zn in the IIE irrigated 
soil in different villages (Tables 7 and 8). There were positive correlations between 
Cr and Cu, Fe and Cd, Zn and Mn, Cd and Cr, Cd and Zn, Cr and Fe, Mn and Cu in 
the soil and IIE (Table 9). Therefore, the IIE irrigation increased Cd, Cr, Cu, Fe, Mn 
and Zn contents in soils in those villages. 
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Table 7 ANOVA for effect of location, metal, water type, and their interactions on percent increase 
of metals in soil 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) ** ** ** ** ** ** 

Water type (W) * * * * * * 

Interaction 

L × M × W * * * * * * 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA 

Table 8 Percent increase in 
metals in soil as affected by 
interaction of metal and 
location 

Metal × Location Percent increase in soil 

Cd Bhagtanpur 264.35ba 

Ikkarkala 277.70a 

Shubrasha 159.27c 

Cr Bhagtanpur 242.81b 

Ikkarkala 256.87a 

Shubrasha 223.03c 

Cu Bhagtanpur 293.63a 

Ikkarkala 293.78a 

Shubrasha 152.78b 

Fe Bhagtanpur 737.98c 

Ikkarkala 782.82b 

Shubrasha 801.60a 

Mn Bhagtanpur 502.81c 

Ikkarkala 536.78b 

Shubrasha 558.89a 

Zn Bhagtanpur 642.11a 

Ikkarkala 516.07b 

Shubrasha 336.46c 

Data in the interaction analyzed with Least Squares Means and 
means separated with LSD 
avalues in a group, in columns, followed by the same letter are not 
significantly different, P ≤ 0.05 

There are concerns about accumulation of heavy metals present in IIE used for 
irrigation, and consequently their transference to plants and their eventual entrance 
into the food chain. The contents of heavy metals in edible and non-edible parts 
of cauliflower (B. oleracea) grown in the IIE and bore well water irrigated soil 
varied (Tables 10, 11, 12 and 13). The highest concentration of Fe was in cauliflower 
roots and the lowest concentration of Mn was in the inflorescence. Levels of Fe in
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Table 9 Coefficient correlation (r) of heavy metals in soil at locations 

Cd Cr Cu Fe Mn 

Bhagtanpur 

Cr −0.61 

Cu −0.14 0.22 

Fe −0.14 0.18 0.99 

Mn −0.13 0.85 −0.03 −0.07 

Zn −0.40 −0.24 0.63 0.65 −0.69 

Ikkarkala 

Cr 0.12 

Cu 0.74 0.27 

Fe −0.17 −1.00 −0.27 

Mn 0.15 −0.95 −0.15 0.93 

Zn 0.14 0.89 −0.04 −0.91 −0.78 

Shubrasha 

Cr 0.23 

Cu 0.43 0.84 

Fe −0.53 −0.07 −0.59 

Mn −1.00 −0.25 −0.46 0.57 

Zn −0.05 −0.90 −0.91 0.32 0.08 

Bongla (control) 

Cr 0.47 

Cu 0.61 −0.31 

Fe −0.89 −0.01 −0.84 

Mn −0.82 0.02 −0.66 0.95 

Zn −0.72 −0.66 −0.44 0.46 0.22 

Table 10 ANOVA for effect of location, metal and tissue on heavy metals found in plant tissue 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) ns ns ns ns ns ns 

Tissue (T) ns ns ns ns ns ns 

Interaction 

L × M ns ns ns ns ns ns 

L × T ns ns ns ns ns ns 

M × T ns ns ns ns ns ns 

L × M × T ns ns ns ns ns ns 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA
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Table 11 ANOVA for effect of location, water type and translocation factor of metal found in the 
entire plant 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) ns ns ns ns ns ns 

Entire plant (E) ns ns ns ns ns ns 

Interaction 

L × M ns ns ns ns ns ns 

L × E ns ns ns ns ns ns 

M × E ns ns ns ns ns ns 

L × M × E ns ns ns ns ns ns 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA 

Table 12 ANOVA for effect of metal and organ on bio-concentration factor of metal found in B. 
oleracea plant 

Source Cd Cr Cu Fe Mn Zn 

Location (L) ns ns ns ns ns ns 

Metal (M) * * * * * * 

Organ (O) * * * * * * 

Interaction 

L × M × O * * * * * * 

ns, *, ** not significant or significant at P ≤ 0.05 or P ≤ 0.01, ANOVA 

Table 13 Bio-concentration factor for heavy metals in B. oleracea as affected by interaction of 
location and organ 

Location × Organ Cd Cr Cu Fe Mn Zn 

Bhagtanpur Village Root 0.067ba 0.157b 0.130a 0.179a 0.124a 0.154a 

Leaves 0.027c 0.064c 0.057c 0.087c 0.034b 0.061c 

Inflorescence 0.077a 0.183a 0.071b 0.114b 0.020b 0.071b 

Ikkarkala Village Root 0.052a 0.156a 0.145a 0.135a 0.112a 0.172a 

Leaves 0.018c 0.055c 0.058b 0.066c 0.026c 0.063b 

Inflorescence 0.043b 0.093b 0.055b 0.094b 0.080b 0.063b 

Shubrasha Village Root 0.051a 0.176a 0.143a 0.134a 0.127a 0.142a 

Leaves 0.018c 0.071c 0.057b 0.044c 0.028c 0.051c 

Inflorescence 0.042b 0.109b 0.064b 0.101b 0.065b 0.075b 

Bongla Village 
(Control) 

Root 0.034a 0.102a 0.064a 0.113a 0.102a 0.126a 

Leaves 0.028b 0.077b 0.048a 0.081b 0.054b 0.067b 

Inflorescence 0.026b 0.102a 0.059a 0.074c 0.030c 0.068b 

Data in the interaction analyzed with Least Squares Means and means separated with LSD 
avalues in a group, in columns, followed by the same letter are not significantly different, P ≤ 0.05.
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cauliflower were above safe limits for Cd (3–6 µg·g−1), Cu (135–200 µg·g−1), Fe 
(75–150 µg·g−1), Zn (300–600 µg·g−1) reported by Awashthi (2000). Contents of 
Cr, Cd, Cu, Fe, Mn and Zn in the soil increased as the number of effluent irriga-
tion increased. The contamination factor was highest for Fe and lowest for Mn at 
all sampling sites irrigated with IIE. The contamination factor of heavy metals in 
cauliflower was on the order: Fe > Zn > Cu > Cd > Cr > Mn in Bhagtanpur and 
Ikkarkala village due to irrigation with IIE (Tables 10, 11, 12 and 13). The concen-
tration of Cd, Cr, Cu, Fe, Mn and Zn were higher in soil irrigated with effluent than 
in soil irrigated with well water. Fertigation with IIE increased nutrients as well as 
metals content in soils used for the cultivation of B. oleracea. The ANOVA data indi-
cated that location; metal, tissue and their interaction did not show significant effect 
on the contents of different metals Cd, Cr, Cu, Fe, Mn and Zn on the tissues of B. 
oleracea (Table 10). The contamination factor of metals in B. oleracea inflorescence 
was ranged for Cd (2.99–3.59), Cr (2.70–3.10), Cu (3.59–3.97), Fe (6.19–6.97), Mn 
(1.92–3.37) and Zn (5.28–5.84) while the average contamination factor of Cd (3.31), 
Cr (2.88), Cu (3.76), Fe (6.71), Mn (2.56) and Zn (5.50) in the inflorescence of B. 
oleracea was at these sampling sites due to irrigation of B. oleracea with IIE. Simi-
larily, location, water type and translocation factor of different metals in the entire 
plant of B. oleracea did not show significant effect on the contents of different metals 
Cd, Cr, Cu, Fe, Mn and Zn in the entire plant of B. oleracea (Table 11). The translo-
cation factor of different metals in the entire plant of B. oleracea was ranged for Cd 
(34.62–40.63%), Cr (35.52–41.05%), Cu (39.73–43.73%), Fe (32.82–48.77%), Mn 
(22.14–27.65%) and Zn (34.48–39.40%) while the average translocation factor of Cd 
(36.90%), Cr (38.91%), Cu (41.18%), Fe (43.40%), Mn (24.39%) and Zn (36.81%) 
in the entire plant of B. oleracea was at these sampling sites after irrigation of B. 
oleracea with IIE.

The average contents of Cd (3.33 µg g−1), Cr (5.52 µg g−1), Cu (10.06 µg 
g−1), Fe (129.92 µg g−1), Mn (10.98 µg g−1) and Zn (10.80 µg g−1) in entire B. 
oleracea plant at IIE irrigated sites as Bhagtanpur, Ikkarkala and Shubrasha villages 
in comparison to Cd (1.07 µg g−1), Cr (1.82 µg g−1), Cu (1.70 µg g−1), Fe (19.56 µg 
g−1), Mn (3.63 µg g−1) and Zn (1.76 µg g−1) in entire plant of B. oleracea irrigated 
with bore well water at Bongla (Control site). The content of Cd, Cr, Cu, Fe, Mn 
and Zn in different tissues and in the entire plant of B. oleracea was varied and it 
was insignificantly different in IIE irrigated B. oleracea (Table 10), while content of 
Cd, Cr, Cu, Fe, Mn and Zn in B. oleracea was significantly different at Bhagtanpur, 
Ikkarkala and Shubrasha villages in comparison to Bongla village (Control). The 
translocation factor of Cd, Cr, Cu, Fe, Mn and Zn in different parts of B. oleracea 
were also observed varied in IIE irrigated B. oleracea (Table 11). 

The average contents of different metals in the various organs as root, leaves and 
inflorescence of B. oleracea were varied and higher at all the IIE irrigated sampling 
sites (Bhagtanpur, Ikkarkala and Shubrasha village) in comparison to the bore well 
water irrigated sampling site (Bongla village). The average contents of Cd (1.44 µg 
g−1), Cr (2.53 µg g−1), Cu (5.38 µg g−1), Fe (60.91 µg g−1), Mn (6.44 µg g−1) and 
Zn (5.92 µg g−1) in the root, Cd (0.53 µg g−1), Cr (0.98 µg g−1), Cu (2.21 µg g−1), 
Fe (26.65 µg g−1), Mn (1.57 µg g−1) and Zn (2.21 µg g−1) in the leaves while the
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contents of Cd (1.36 µg g−1), Cr (2.00 µg g−1), Cu (2.47 µg g−1), Fe (42.35 µg 
g−1), Mn (2.97 µg g−1) and Zn (2.67 µg g−1) was recorded in the inflorescence of B. 
oleracea at all the IIE irrigated sites. the contents of Cd (0.40 µg g−1), Cr (0.66 µg 
g−1), Cu (0.88 µg g−1), Fe (8.67 µg g−1), Mn (1.01 µg g−1) and Zn (0.85 µg g−1) 
in the root, Cd (0.34 µg g−1), Cr (0.50 µg g−1), Cu (0.66 µg g−1), Fe (5.36 µg 
g−1), Mn (1.33 µg g−1) and Zn (0.45 µg g−1) in the leaves while the contents of Cd 
(0.33 µg g−1), Cr (0.66 µg g−1), Cu (0.82 µg g−1), Fe (5.53 µg g−1), Mn (1.29 µg 
g−1) and Zn (0.46 µg g−1) were observed at bore well water irrigated B. oleracea 
site (control). 

5 Bio-concentration Factor 

The BCFs for transfer of heavy metals from soils to cauliflower varied (Table 12). 
The BCF for heavy metals due to irrigation with IIE was in the order: Cr > Zn > 
Cu > Fe > Mn > Cd; for the control, the order was: Fe > Mn > Cr > Zn > Cu > Cd. 
The BCF values for Mn and Cd in cauliflower plants were comparatively low. The 
highest BCF values were for Cr, Zn and Fe due to irrigation with IIE (Table 13). 

The food chain (soil–plant–human) is recognized as the main route whereby 
humans are exposed to contaminants in the soil [41]. When the BCF is < 1 or BAF 
= 1, it indicates the plant absorbs, but does not store heavy metals; when the BCF 
is >1 the plant accumulates metals. The BCF values of <1 were obtained for Cd, Cr, 
Cu, Fe, Mn and Zn in cauliflower. The bioavailability of metals was low in the areas 
of study. 

The biological interaction between heavy metals and the plant occurs at the root 
surface and within cauliflower which ultimately affects uptake and translocation of 
heavy metals [42]. Accumulation of heavy metals depends on plant age and tissue 
[43]. Plant species differ in their tolerance and ability to take up and transport Cd 
within the plant [44]. Differences in heavy metal concentrations in vegetables were 
due to variations in their ability to absorb and accumulate heavy metals [45, 46]. The 
soil pH, organic matter content, cation exchange capacity (CEC), redox potential, soil 
texture, and clay content may affect heavy metal uptake [47]. The BCF indicated that 
cauliflower contained Cd, Cr, Cu, Fe, Mn and Zn after irrigation with IIE. Regular 
use of IIE for irrigation of cauliflower may build up levels of metals in soil and affect 
development and yield of cauliflower. 

The translocation index of heavy metals in cauliflower irrigated with IIE, or well 
water, varied. Concentrations of heavy metals in cauliflower confirmed translocation 
of metals into different parts of cauliflower (root, leaves and inflorescence) from IIE 
irrigated soil as is evident from the higher translocation factor (Tf) of Fe followed by 
Cu and Cr in plants grown in the IIE irrigated soil. Cauliflower efficiently translo-
cates higher contents of Cd, Cr, Cu, Fe, Mn and Zn in to leaves and inflorescence of 
plants irrigated with IIE. These results agree with Sharma et al. [44, 45] who reported 
higher heavy metals contents in cauliflower tissues after irrigation with municipal
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wastewater, and concluded that vegetable crops are capable of taking up, accumu-
lating, and translocating higher concentrations of heavy metals, and can be used for 
the remediation of contaminated agricultural soils. 

6 Conclusions 

Those results generally indicated that the plants irrigated with the various wastewaters 
were not fit for human consumption. Cauliflower accumulated and translocated high 
contents of heavy metals after irrigation with IIE. The BOD, COD, Ca, TKN, Cd, 
Fe, Mn, MPN and SPC of IIE were above recommended limits. The accumulation 
of possibly toxic elements can produce adverse effects on plant morphology, and 
make them hazardous to eat indicating that use of the IIE for agricultural purposes 
for consumption of the crop is no better than for the other sources previously tested. 
Cauliflower takes up heavy metals but the levels do not raise to those which indicate 
it can be used for bio-remediation. 
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Abstract Agricultural residues are wastes generated whilst growing and processing 
these goods. The residues of agriculture are produced from numerous activities like 
cultivation, aquaculture, and livestock production. Wastes generated in the field or 
after processing in industries are multiphase and multicomponent. All three forms, 
liquid, solid, and gaseous wastes are generated by the agriculture sector which tends 
to pollute soil, water, and air. Waste causing environment degrading ability needs 
immediate attention. For ages, food and agro-wastes were either burnt or allowed 
to decompose in fields, but this can be possibly harmful to the environment. With 
the progress in technology, new approaches concerning their utilization, reuse, and 
processing need to be established to permit its sustainable utilization of residues and 
reduce pollution. Agricultural wastes are potential renewable energy resources. It 
is important to develop proper waste management strategies as it is the only best 
solution to have a healthy environment. In this paper, we discussed various strategies 
and technologies introduced to manage and utilize the waste that is generated in 
the agricultural field or after processing agriculture-based products. Appropriate 
management of waste is also beneficial in deriving out the essential useful product 
from the waste. 
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1 Introduction 

Energy demand in India is rising fast with main insinuations for the worldwide energy 
market. The Government of India has made notable development in providing access 
to electricity and clean cooking while applying a variety of energy marketplace modi-
fications and mixing a huge share of renewable energy sources into the grid [1]. India 
is the third-largest producer and consumer of electricity in the globe. It is a fast-
budding economy that requires energy to encounter its development objectives in a 
sustainable way [2]. The economy faces substantial challenges concerning meeting 
its energy requirements in the coming decade. India is amongst the five Greenhouse-
gas (GHG) emitters internationally [3]. Although India has substantially enhanced its 
producing capacity, it still has trouble in meeting demand and there are power short-
ages that compel India’s monetary growth. The anthropogenic activities degraded 
the environmental quality by contaminating the quality of soil, water as well as the 
environment [4, 5]. With the expansion of the manufacturing and commercial sectors 
as well as the wider use of electric equipment, electricity demand keeps growing [6]. 
Moreover, around 30% of India’s produced power is lost in communication. Circula-
tion is the frailest link of India’s power supply chain as it faces substantial technical 
losses and marketable losses of electricity [7]. Additionally, the lack of broadcast 
and distribution of power to fewer densely inhabited areas that are situated far away 
from the power stations is the reason for not being able to attain 100% electrification 
in the country [8]. For the past two decades, India has had to face a growing shortage 
in power supply, both for meeting its normal energy supplies as well as its peak 
load demand. The problem is serious during peak hours and summers and requires 
deliberate load shedding by many utilities to sustain the grid in a healthy state [9]. 
The energy consumption in 2017–18 was 23.355 Giga Joules and net energy import 
dependency was 40% in 2018–19 [10]. Those times are gone when renewable energy 
is intended to mean hazy solar lamps. Renewable energy power plants of small scale 
are cheaper, reliable, and efficient now. For example, In Durbuk, (Ladakh) a solar 
power plant is providing power to approximately 340 households, a clinic, a school, 
and few government offices [11]. India is presently the third-largest carbon emitter 
in the world. According to the Copenhagen Accord, which was signed by India in 
2009 to pledge that 80% of the world’s non-renewable reserves must persist on the 
earth to avoid warming of the planet [12]. So, from an environmental point of view, 
renewable energy must come on a large scale and not as isolated stories of miracles. 

Agriculture act as one of the supportive pillars of the Indian economy. Its contri-
bution to the economy is more than any other sector [13]. It provides a source for 
sustenance to about 60% of the Indian population. India ranks first in the production 
of pulse crops and jute and second rank in the production of wheat, sugarcane, rice, 
and cotton. It provides large employment opportunities because of which 50% of the 
total population has adopted agriculture as their occupation [14]. 

Agriculture has been a key source of raw resources to several leading industries 
like cotton, jute textiles, sugar, tobacco, edible and non-edible oils, etc. Agriculture 
has a significant role to play in import and export. Revenue generated from export
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and import is utilized in many sectors of the countries but more emphasis is given 
to transportation sectors to facilitate the movement of agricultural produce in and 
out of the country [15]. Agriculture systems have been enduring changes to a major 
extent. They need to adjust further in the developing environment worldwide. The 
agricultural production has drastically amplified amid the years, 1960–2015. This 
is due to green revolution technologies and extension inland, marine, and natural 
resources [16]. 

In this review articles, we discussed about the various types of agricultural waste, 
proper management of these waste. In addition, we study and discuss the modern 
technologies used for making the renewable energy from the agro-waste. This paper 
provides a brief knowledge, how we used the different agro-waste in renewable 
energy sectors. 

1.1 Agricultural Wastes 

The remains obtained from the production and processing of agricultural products 
such as crops, fruits, vegetables, meat, poultry, and dairy goods are considered Agri-
cultural wastes [17]. It can be divided into four categories, that is, crop residues, agro-
industry wastes, livestock wastes, and fruit and vegetable wastes [18] (Fig. 1). All 
categories provide a different chemical and biochemical composition. The compo-
sition of chemical and biochemical used as a renewable energy with help of various 
microorganism and modern techniques that converts the crop residue into energy 
form i.e., methane, bioethanol etc. 

Fig. 1 Basic types of agricultural waste
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2 Types of Agriculture Waste 

2.1 Crop Residues 

The left-over residues produced from direct agricultural production at the field are 
typically crop residues like leaves, stovers, straws, and seed pods, etc. The global 
annual predictable production of crop residues is 2802 million tons. Agricultural 
waste generated from crop residues is the most profuse and cheapest organic waste, 
which can be easily changed into various value-added stuff [19]. Collectively, three 
major crop residues are being utilized for bioethanol production, that is, rice straw, 
wheat straw, and corn stover. These crops are accessible all over the year and a very 
insignificant portion is used as fodder or biofuel production, with the rest burned and 
hence triggering critical environmental problems. Rice straw is the utmost promising 
and abundant biomasses in the world, with a global production of 731 million 
tons/year, and with Asia being the major producer [20]. The rice straw produc-
tion in India is expected to be 221.8 million tons/year by 2030 [21]. Corn stover 
is considered to be one of the most promising crop residues for the production of 
lignocellulosic ethanol, with an estimated rate of production to be of 4.0 tons/acre 
and global annual production of 128.02 million tons [22]. The other crop residues 
obtained from barley, sorghum, and oats also contribute toward agricultural wastes 
[23]. 

Plants comprise of cellulose 15–60%, 10–30% of hemicellulose, 5–30% of lignin, 
2–15% of protein, and soluble materials, like sugars, amino sugars, amino acids, and 
organic acids, which might comprise of 10% of dehydrated weight [24]. They also 
encompass cutin, polyphenols [25], and silica [26]. The degree breakdown of organic 
material depends on the relative proportions of each of these parts, such as soluble 
sugars, hemicellulose, cellulose, and lignin [27]. In 1974 Hagin and Amberger testi-
fied that the half-life of sugars was 0.6, hemicellulose 6.7, cellulose 14.0, and lignin 
364.5 days. It has long been documented that the rate of slight damage drops with 
time [28–30], and this drop imitates the drop in the quality of the residual substratum. 
In addition, many researchers used the crop residue for making the renewable energy. 
In Table 1 in some studies are discussed with which part of crop is used and what 
techniques is used for converting this residue in energy form and the final product 
which used as energy alternate. 

2.2 Agro-Industry Wastes 

The second group of agricultural waste comprises agro-industry processing waste. 
This consist of by-products produced from food processing industries, such as 
vegetable and fruit peels after extraction of juice, starch residue from starch-
manufacturing industries, sugarcane bagasse, molasses from sugar manufacturing 
industries, de-oiled seed cake from edible oil manufacturing industries, chicken skin,
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egg, meat, and animal fat from slaughterhouses and meat processing industries. The 
major agro-industrial waste produced after the extraction of juice out of sugarcane 
in industries is sugarcane bagasse [31].

The global production of sugarcane bagasse is 180.73 million tons. The other 
agro-industrial wastes comprise orange peel, and other fruit wastes attain from fruit 
juice, cider, and additional food processing units. Sometimes waste produced from 
non-food agro-industries like deoiled seed cake obtained from non-edible oil plants 
like Jatropha curcans are also included under agro-industry wastes [32]. The agro-
industry waste is best alternate for making the renewable energy with the help of 
modern techniques. In Table 1, some techniques are mentioned that used by globally 
with many searchers for making the renewable energy from the residues of agro-
industry waste. 

2.3 Livestock Wastes 

The three significant types of livestock wastes comprise liquid manure which mostly 
urinary waste, solid manure in form of farmyard manure, and wastewater which is 
generally collected from farms process water, silage juices, liquid manure, and disin-
fectants. The European agricultural sector yearly produces about 1500 million tons 
of animal manure. Untreated manure can be the main cause of air and water pollution. 
The discharge of nutrient-rich liquid manure, wastewater, and pathogen contamina-
tion can result in surface water pollution. Solid manure contributes to greenhouse 
gases [33]. The livestock waste is mainly comprising with high nutrients and the 
composition of chemical and biochemical properties showed a variety of microor-
ganisms that produces the methane gas. In Table 1, the used of livestock material as 
alternate of energy is mentioned. Some researchers found that the livestock residues 
show the higher nutrient values and varieties of microorganism composition that 
produces the biofuel, biogas and biofertilizers. 

2.4 Fruit and Vegetable Wastes 

Fruits and vegetable wastes comprised of unprocessed fruits and vegetables like 
mango, pineapple, tomato, banana, and orange, etc. and are also an imperative part of 
agricultural wastes. The fruits and vegetable waste generation from food processing 
industries is huge. The landfill dumping of these organic wastes can be problematic 
and it is a major alarm for environmental pollution due to its extremely perishable 
nature. The generation of large quantities of waste also increases the operating cost 
of the markets. The yearly production of FVW in India is approximately 5.6 million 
tons and presently these wastes are settled by dumping on the peripheries of cities 
[34].
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2.5 Industrial Waste 

Industrial waste is the waste generated by industrial activity which comprises any 
material that is left useless through a manufacturing process. Examples of industrial 
wastes are chemical solvents, sludge, metals, ash, paints, sandpaper, paper products, 
other industrial by-products, etc., Seepages from industries hold various organic and 
inorganic waste products [35]. 

Synthetic organic substances and pesticides can badly affect aquatic ecosystems. 
Liquid organic seepages change the pH of the water and the toxicity effects on the 
aquatic plants fluctuate depending on their chemical composition. Insecticides are 
sprayed on crops to kill the insect that can destroy the crop. 

DDT (Dichlorodiphenyltrichloroethane) is a crystalline chemical compound, an 
organochlorine, originally developed as an insecticide, but now its use has been 
banned after observing its adverse environmental impacts. Even at lower levels, 
DDT can distress the growth of babies and has been associated with cancer [36]. 

3 Management of Agro Waste 

India generates more than 620 million tonnes of agricultural waste per annum of 
which only 25–30% part is utilizing as livestock fodder and energy production. The 
majority of the Indian farmers are practicing residue burning practices to clear the 
field for timely sowing of the next crop. The reason being the low nutritive value 
of waste and more cost of labor to clear the field. The practice of burning crop 
residue results in the release of harmful gases like CO2, CH4, N2O, H2S, O3, and 
smog. This is the main cause of air pollution which mainly disturb public life and 
disturb soil physical, biological, and chemical properties by terminating helpful soil 
microorganism [37]. This problem can be solved by the timely implementation of 
effective agricultural waste management actions [38]. India produces 284.83 million 
tonnes of food grains which involves the use of 25.94 million tonnes of chemical 
fertilizers every year. Agricultural waste holds nitrogen, phosphorus, and potassium 
as a source of plant nutrients. This can alone substitute the use of 6.5 million tonnes 
of chemical fertilizer equivalent to 25% of total NPK necessity [18]. The agro-
industrial waste comprises high nutritional compositions because of which has drawn 
the attention of the research community [39].
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3.1 Biofuel 

3.1.1 Bioethanol from Agro-Waste 

Bioethanol has received utmost attention as compared to other fuels due to a lesser 
amount of release of greenhouse gases and its produces from renewable sources. It 
is a see-through, colorless liquid with a pleasing odor. The taste of ethanol depends 
on its concentration; when diluted it has a sweet flavor and burning taste when it is 
concentrated [40]. It is a hydroxyl group-containing and the second member of the 
alcoholic group. It is chiefly produced from sugar comprising feedstocks. Bioethanol 
can be best extracted from agriculture waste, which is present in abundance at the 
global level. Agriculture wastes comprise cellulose, hemicelluloses, and lignin which 
generates difficulties during conversion to ethanol. Agriculture wastes have to be 
pre-treated to remove hemicellulose lignin, later it is enzymatically hydrolyzed into 
sugars. Together pentose and hexose are fermented to bioethanol [41]. Brazil is 
recognized as the foremost country in production as well as the import of bioethanol 
in the world. Currently, In India molasses are being typically utilized for ethanol 
production. Conversion of agriculture waste to ethanol is done in four steps (Fig. 2). 

1. Waste is pre-treated 
2. Pre-treated waste undergoes hydrolysis of enzymes for fermentable sugar 
3. Sugars are fermented to ethanol 
4. Ethanol is recovered. 

Burning of the bioethanol harvests CO2 gas which would be adapted again by 
plants. No net CO2 is formed by utilizing bioethanol produced from agriculture 
biomass. It decreases GHGs released. There is no harmful effect of bioethanol even 
when humans come in exposed to it, mostly by inhalation of vapor. Bioethanol

Fig. 2 Process of bio ethanol formation
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is capable of degrading in the atmosphere very fast. When ethanol is used along 
with diesel, a decrease in octane number, heating value is increased, also distilla-
tion temperature changes. These properties enable the comprehensive combustion 
of ethanol and lesser emissions of GHGs [42].

3.1.2 Biobutanol from Agro-Waste 

Agriculture residues (or renewable feedstock) are also used for deriving bioenergy 
which is a green energy technology. It is of biological origin that contributes to a 
low level of carbon footprints as the biomass of non-edible sources is to dodge the 
reduction in food security under biorefinery concepts such as biobutanol, biodiesel, 
biohydrogen, and bioethanol. Comparative to conventional butanol, biobutanol can 
be generated sustainably via fermentation; it has been tested as a clean fuel and 
it qualifies under the renewable fuel standard. Recently production of biobutanol 
through acetone-butanol-ethanol fermentation with the use of some microbial species 
has grabbed much attention. It is being used as a solvent for manufacturing vitamins, 
antibiotics, inorganic synthesis, hormones, and also in the production of paint thinner. 
It can be used as gasoline even without any engine modification [21]. 

Agricultural and forestry residues signify a wonderful source of readily avail-
able biomass for biofuel generation. Such biomasses which are rich in carbohy-
drate can be utilized for the generation of solvents under severe anaerobic condition 
using desired microbes. Butanologens are incapable to reduce agricultural biomass 
to monomeric sugars. To make carbohydrates from biomass available for enzymatic 
hydrolysis and fermentation, it is important to subject the biomass to pre-treatment. 
Because of the close association of hemicellulose and cellulose with lignin in the 
plant cell wall, the agricultural biomass needs to be subjected to pre-treatment and 
subsequent saccharification for the release of fermentable sugars before acetone-
butanol-ethanol (ABE) fermentation. Researchers implicate several modes of ABE 
fermentation processes such as batch, fed-batch, and continuous fermentation for the 
production of biobutanol which gives out acetone, ethanol, butyrate as the by-product 
[43] (Fig. 3). 

3.1.3 Biogas from Agro-Waste 

Agricultural wastes have become a fundamental source of biogas making especially 
in areas where agriculture makes a significant part of the economy. These wastes 
could pose danger to the health of the population especially if they clutter the envi-
ronment as they are known to be the perfect home for pathogenic microorganisms. 
They could result in soil loss and farmland damages if left unchecked [44]. The 
gaseous formation through the anaerobic digestion of organic matter is biogas. It 
is normally composed of 50–80% methane, 20–40% carbon dioxide, and traces of 
other gases like CO, H2S, NH3, O2, H2, N2, and water vapor. The biogas composition 
depends on the source of the substrate and the handling of the digestion process [35].
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Fig. 3 Process of biobutanol production 

The process for wastes transformation into biogas is Anaerobic digestion (AD). It 
is a natural phenomenon of Earth to re-integrate agriculture wastes into the ecosystem 
dynamics. This process has been well known and it is an active scientific topic. It is 
developed by many inter-reliant micro-organism communities, living in an environ-
ment free of oxygen, to transform complex substrates in four main stages: hydrolysis, 
acetogenesis, acidogenesis, and methanogenesis; each stage has definite dynamics 
and three phenomena are involved that are, physicochemical, hydrodynamic and 
biological. In optimal conditions, AD produces biogas mainly composed of methane 
(50–80%) and carbon dioxide (48–18%); depending on the substrate, some other 
components (NOx, SOx) are also present in low concentration (1–2%). The AD 
process that uses manure for biogas production, is one of the proficient usages 
of biomass wastes because it not only provides a source of energy but simulta-
neously resolves ecological and agrochemical issues. The anaerobic fermentation 
does not reduce the value of biomass as a fertilizer supplement. The available 
nitrogen and other substances persist in the treated sludge. This biogas technology 
is environmentally friendly and inexhaustible [45]. 

It executes numerous challenges in various aspects of the process; a few of them, 
which are specially related to the transformation of agriculture wastes, are: 

1. Waste’s composition 
2. Combination of substrates for co-digestion 
3. Development of solid-state anaerobic digestion 
4. Reduction of inhibitory components.
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3.2 Biohydrogen from Agriculture Waste 

Hydrogen gas is an energy that can be transformed into electricity and fuel. It is 
known as a source of clean energy and environmentally friendly. It leaves no toxic 
waste. Consequently, it does not cause the greenhouse effect, acid rain, or ozone 
depletion, because of the burning process in the air, it only leaves water vapor and 
energy. Hydrogen gas has the highest combustion energy out of all types of fuel ever 
known in the amount of 143 Gj/ton. Combustion of energy hydrogen can be easily 
channelled in fuel cell technology into electrical energy so that it can be stored. The 
formation of hydrogen via a process of fermentation is of utmost inexpensive and 
easy, as it can be done at a temperature and ambient pressure [46]. Various forms of 
agricultural waste have been verified for their ability to the production of biohydrogen 
through fermentation. It comprises lignocellulosic materials, that are considered to 
be called second-generation feedstock. This residue usually comprises barley, rice, 
straw from wheat, corn stover, etc. Though they are extensively accessible in massive 
quantities and are a rich source of carbohydrates [47]. The translation processes to 
produce biofuel have been challenging due to the complex structure, which mainly 
constitutes cellulose and hemicellulose, and lignin; they are cross-linked with carbo-
hydrates, which decreases the availability of the polysaccharides for microbial attack. 
Consequently, appropriate pre-treatment is necessary for delignification and saccha-
rification of the polysaccharide’s component into monosaccharides, which increases 
its biodegradability. Agro-based refineries often face difficulties, such as the segre-
gation of dispersed agro-waste and seasonal availability of material [48]. Production 
of biohydrogen through dark fermentation has numerous benefits over conventional 
hydrogen production methods, including the ability to practice cheap and renewable 
substrates. 

Biohydrogen production through dark fermentation is a very carbon–neutral 
process that generates hydrogen and carbon dioxide from residues by facultative and 
obligate anaerobic microorganisms (Fig. 4). Hydrogen has many valuable features; it

Fig. 4 Hydrogen formation from agro-waste
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Fig. 5 Bio-oil formation 
from agro waste 

is harmless to animals and the environment. Moreover, it is considered a non-polluting 
fuel, because its combustion product is water [16].

3.3 Bio-oil from Agro-Waste 

Bio-oil is a liquid fuel produced from biomass examples, crops, agricultural and 
forestry by-products, and municipal wastes with help of thermo-chemical processes. 
It is one of its kind of new, cheap, clean, and green bio-energies. Bio-oil is believed to 
be a valuable option in place of conventional fuel in the part of reducing environmental 
pollution. Bio-oil from rice straw contains a high presence of light constituents and 
a small percentage of volatile and heavy bio-oil [49]. 

Pyrolysis of agricultural waste can be utilized for the manufacturing of bio-oil 
(Fig. 5). Few difficulties arise during the conversion process that is needed to be 
overcome. These problems generally comprise the corrosivity of the oil and poor 
thermal stability. Advancement done in the process by dropping the oxygen content 
and eliminating alkalis using catalytic cracking and hydrogenation of the oil could be 
obligatory for several applications. Energy fuel produced via the pyrolysis process 
makes it high fuel-to-feed ratios. It is the most efficient process for the conversion of 
biomass, and also the method which is most capable of competing and substituting 
non-renewable fossil fuel resources. 

Bio-oil thus produced can be utilized in engines and turbines. It is being used as 
feedstock for refineries. The yield of the bio-oil when produced via pyrolysis of the 
samples increases with temperature until it reaches 875 K and then decreases with 
temperature [20]. 

3.4 Bio-char from Agro-Waste 

Numerous reports have come out on the production of activated carbon from inex-
pensive and readily available materials. Activated bio-chars are attained through one 
of two methods:
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Fig. 6 Process of biochar from agro-waste 

1. either by partial gasification of the primary char with use of steam or carbon 
dioxide or 

2. by chemically activating the precursor with a chemical example zinc chloride 
or phosphoric acid. 

Lignin is known to give higher produce of charcoal and tar from wood even though 
lignin has a greater amount (three-fold) of methoxy content than that of wood. The 
deeper result of the heating rate on the production of biochar from biomass than 
from coal may be credited to the cellulose percentage of the biomass [23]. It is 
known that the heating rate has a very significant impact on the pyrolysis of cellulose. 
This has a much larger impact on the pyrolysis of biomass than on coal. The rapid 
devolatilization of the biomass in fast pyrolysis supports the production of char with 
high porosity and high reactivity (Fig. 6). The reduced formation of char at the higher 
heating rate was accompanied by an improved formation of tar. Agricultural residues, 
such as fruit peels, nutshells, and corncobs, are extremely decent precursors for the 
production of activated carbons. Concerning environmental protection, the use of 
these wastes has stirred interest in the development of procedures for the production 
of carbon adsorbents based on agricultural wastes. The nature of the precursors and 
the production process has a strong effect on the porous structure and adsorption 
properties of the resulting activated carbons [12]. 

3.5 Fertilizer Application 

The use of animal manure as fertilizer has a certain influence on input energy supplies 
at the farm level. Manure could supply around 19% of nitrogen, 38% of phosphorus, 
and 61%, potassium in chemical fertilizer. Many soil mycoflora act as a recovery
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agent in balancing the nutrients [50]. Fertilizer usage of manures from bulky confine-
ment is related to high energy costs for conveyance, supply, storage facility require-
ments. It has a bad odor problem and the possibility of groundwater contamina-
tion [51]. It has also been reported that poultry manure comprises high phosphorus 
percentage which has a very positive result on the growth and efficiency of crops. 
It is extremely effective when combined along with mineral phosphorus fertilizer 
for farm use. Adding the manure to soil upsurges its fertility because it enhances 
the nutrient holding capacity or cation exchange capacity, also it can improve the 
physical condition, the water-holding capacity, and also provide stability to the soil 
structure [27]. 

3.6 Animal Feed 

In some of the most developed countries, the limited availability of protein-based 
feedstock for the animals, for which great efforts are being made to provide an 
alternative supplement. The crop remains have a high fiber percentage, low in protein, 
starch, and fat [52]. Consequently, the traditional method of increasing livestock 
production by supplementing pasture and forage with grains and protein concentrate 
may not meet the future need for meat protein. The utilization of grain and protein 
for human food will compete with such use for animal feed. These problems may be 
avoided by using residues to feed domesticated animals [25]. 

3.7 Direct Combustion 

The burning of agricultural waste as fuel is one of the oldest and the simplest 
biomass conversion processes are known to mankind. Complete burning of agro-
waste involves the rapid chemical reaction (oxidation) of biomass and oxygen, the 
production of energy, and the immediate formation of the ultimate oxidation prod-
ucts of organic matter, CO2, and water [53]. The energy produced is typically in the 
form of radiant and thermal energy provided oxidation occurs at an adequate rate; 
the amount of which is a function of the enthalpy of the burning of the biomass. If 
agriculture waste is to be used proficiently through the thermal conversion process, 
there is a need to engineer these biomass wastes into a solid form. It is typically burnt 
for heating, charcoal production, cooking, and the generation of steam, mechanical 
and electric power applications. Of all the processes that can be used to convert agri-
cultural waste to energy or fuels, burning is still the leading technology accounting 
for more than 95% of all biomass energy used today [54]. 

The table given below shows the agrotypes of waste and its products.
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4 Current Scenario and Future Prospects 

Global warming and climate change apprehensions, attached with increasing oil 
charges and growing support of the government, are driving renewable energy regu-
lation, commercialization, and incentives. The spending, regulation, and policies of 
the government assisted the renewal industry. According to the international energy 
agency in 2011, estimated that solar power may generate the maximum of elec-
tricity in the world within 50 years, dropping the release of greenhouse gases that 
damage the environment. Approximately 30 nations have renewable energy which 
contributes more than 20% of energy. The renewable energy market in our country is 
projected to grow sturdily in the coming years and beyond. Some 120 countries have 
various policy targets for longer-term shares of renewable energy, including a 20% 
target of all electricity generated for the European Union by 2020. Some countries 
have much higher long-term policy targets of up to 100% renewables. 

5 Conclusion 

Agriculture is considered the backbone of India. Correct and timely utilization of 
agriculture wastes possibly will lead to sustainable development in India as well as 
other countries, which require feasible resources of energy. 

Agricultural residues can be utilized as a substitute source for the generation of 
various products, such as biofuel, biogas, and also as the raw material in various 
researches and industries. The utilization of agricultural wastes as raw materials can 
help to decrease the production cost and also trim down the pollution burden from 
the environment. The conversion of the residue for production of enzymes, biofuels, 
antioxidants, vitamins, animal feed, antibiotics with the help of various processes 
and techniques. Agriculture waste-based biorefineries can benefit to stabilize the 
economy of the country by contributing to a clean energy service by the replacement 
of fossil fuel and generating energy security. Integrated Agricultural Waste Manage-
ment, should be kept in mind while working in the agriculture sector for proper 
sustainable management of the waste generated. This system almost covers all parts 
of the management of the waste generated on-field or generated after processing. The 
integrated waste management system is in action right from the time waste generation 
through the collection, transfer, transportation, sorting, treatment, and utilization in 
various forms. Implementation of IAWM practices can improve the profitability of 
farms and sustain the sanitation of homes and fields. 
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Reviewing Medicinal Plants of Treasure 
Land: The Indian Himalayan Range 

Akanksha Bisht, Vishal Kamboj, and Aditi Bisht 

Abstract The Himalayan range is home to a diversity of plant due to the altitude, 
topography gradient and varying climatic conditions. Among the 18,000 already 
known flowering plants that grow in India, about 2500 of them possess some medic-
inal property and 25% of these plants reside in Himalayan range at different altitudes. 
Plants in order to survive and defend themselves in stressful environmental condition 
adapt and alter their plant physiology leading to the production of secondary metabo-
lites. These medicinal plants have a key role in the lives of the local communities 
since ages, they rely on them for nutrition and medicinal requirements. Secondary 
metabolite rich plant is the main source of attraction for researchers as well as the 
industrialists. Wide Himalayan range not only provide raw material to the pharma 
industry but also to the cosmetic industry. The vital goal of the current paper is 
to review the potentially rich medicinal plants, threats and conservation practise of 
medicinal plants in the Himalayan range. 

Keywords Indian Himalaya region ·Medicinal plants · Ayurveda · Biodiversity 

1 Introduction 

Indian Himalayan range is blessed with a diversity of flora. According to the sources 
out of the 500,000 plant species growing all over the world, only 1% has been phyto-
chemically investigated, which illustrates that these plants have great potential for 
detecting novel bioactive compounds. The Himalayas stretches cover 3000 km from 
Northern Pakistan, Nepal, Bhutan and the North-Western and North-Eastern states
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of India with rich biodiversity due to variations in habitat [17]. The Lower Himalaya 
promotes the growth of luxuriant trees of Alnus nitida and Pinus roxburghii on 
the slopes, while the moist rich slopes are occupied by Alnus nepalensis, Quercus 
leucotrichophora, Rhododendron arboreum, etc. The forests of Quercus semecarpi-
folia, Quercus floribunda and Pinus wallichiana are characteristic of the higher alti-
tude zones of the Lower Himalaya. The higher altitudes beyond the tree line (above 
3600 m) delivers an ironic assemblage of herbs in the alpine meadows and grass-
lands. The diverse species of herbal plant belonging to genera Aconitum, Picrorhiza, 
Rheum, Meconopsis and the scrubs Rhododendron anthopogon and Rhododendron 
lepidotum are some of the vital plants of these heights. Rosaceae and Umbelliferae 
are some of the chief Himalayan families with a high degree of endemism. Total 
endemic plant species are counted to be 3160 [16]. It is determined that close to 15% 
of about 70,000 known plant species have therapeutic properties which means that 
over 10,000 plant species are utilized in medicine at one time or another.

The Indian ancient text provides a reference to the herbs growing in the Himalayan 
region since ages. Ayurveda is an ancient system of life. It is one of the storehouses 
of antiquated information, which is still in use [25]. Atharveda has a detailed account 
of the medicinal properties of countless herbs for curing various ailments. 

Treatment provided to a sick person using herbal plants tend to possess no side 
effects on the body, they are completely safe. Since these herbal plants are in a 
state of harmony with nature, they hold more prominent favourable position over 
synthetically treated items and manufactured drugs. Ayurvedic herbs are capable of 
providing holistic healing to an individual for a long run [18]. 

Apart from being the main source of raw material for the production of medicines 
for humans, these herbs can be utilized for the preparation of bio-pesticides, example 
castor plant, natural dyes example rattan jot, brews example rhododendron and 
perfumes example Jatamasi [28]. In today’s time, every individual has understood 
the damage one has to face after synthetically prepared medicine. Plants based drugs 
are a vital element for the current health care system in the world. A total of 85% of 
world population use the locally available herb as medicine [8]. So, keeping the view 
of severity of medicinal plants, we reviewed and discussed the description, distribu-
tion pattern, phytochemistry, medicinal property of some selected medicinal plant 
of the treasure land Himalaya and also discussed about the threats and conservation 
practices. 

2 Description of Medicinal Plant 

In Himalayan range of India, a lot of medicinal and aromatic plants are present. Here, 
we discussed about the used five medicinal plants such as Rhododendron, Aconitum, 
Bacopa monnieri, Berberis and Hedychium. The distribution pattern of the selected 
medicinal plants is illustrated in Table 1. However, the phytochemical property and 
part used for the medicinal is illustrated in Table 2. The detail description of selected 
medicinal plants is discussed below.
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Table 1 Altitude and rainfall of selected medicinal plants of Himalayas 

Name of the plant Altitude Mean annual rainfall 

Rhododendron arboreum 1500–3500 m 200–1800 mm 

Bacopa monnieri 1300 m 650–830 mm 

Berberis aristata 2000–3000 m 1200–1400 mm 

Hedychium spicatum 1500–2500 m 1000–1500 mm 

Asparagus racemosus 1500 m 600–1000 mm 

Table 2 Chemical constituent and phyto-constituent of parts used in selected medicinal plants of 
Himalayas 

Name of the plant Chemical constituents Part used Phytoconstituent present 

Rhododendron arboreum Quercetin Flower 1.051–12.5% 

Bacopa monnieri Bacoside Leaves 50–55% 

Berberis aristate Berberine Root 1.6–4.3% 

Hedychium spicatum β-pinene Rhizome 16.7% 

Asparagus racemosus Sapogenin Tubers 0.7–0.9% 

2.1 Rhododendron 

2.1.1 Descriptions 

The presence of Rhododendrons was first verified by Captain Hardwick in Jammu and 
Kashmir in the year 1776. Rhododendron commonly called as Buras or Laligurans 
(Nepali name) belongs to the family Ericaceae [10]. There are in total 80 species 
of Rhododendron but only 12 Species are found in India. Most of these species are 
reported to be very valuable for the local population. Many species are being widely 
exploited for fuelwood and incense [4]. 

It is an evergreen tree with a wide crown, that grows up to 20 m and above in 
height. The leaves are glossy green from the top and rustic brown at the back, they are 
crowded towards the base and are lanceolate, narrow in shape. They are 10–20 cm 
long and 3–4 cm wide. The colour of the flower ranges from pink to red [35]. Fruit 
type is capsular and has ellipsoid seeds. Last two to three weeks in October are 
considered suitable for the collection of seeds [39]. 

2.1.2 Distribution 

Rhododendron has been named as the national flower of Nepal and the state tree of 
Uttarakhand. It is well distributed in Himachal Pradesh, Sikkim, Nagaland, Mizoram, 
Uttarakhand etc. The moist slopes in the eastern part of the Himalayan region provide 
the best habitat for well-flourished growth of Rhododendron species. In Uttarakhand,
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the R. arboreum species are confined to an altitude of 1500–3500 m above mean sea 
level. It grows best on acidic soil where under such pH condition very few plants can 
survive [45]. 

2.1.3 Phytochemistry 

Numerous phytochemicals have been extracted from different parts of the Rhodo-
dendron. 34 compounds were acknowledged i.e. Leaves of Rhododendron is rich 
in flavonoid. Quercetin is found in flower and leaves. Rutin and sterol are found in 
leaves. Betulin, lupeol, ursolic acid is present in the bark [27]. 

2.1.4 Medicinal Uses 

The fresh blossoms are likewise utilized in the treatment of dysentery and dyspepsia. 
The bioactive constituents of the bark of this plant have antifungal properties. The 
ethanolic extracts from the leaves exhibit antitumor activity. 

2.1.5 Other Rhododendron Species 

1. Rhododendron barbatum, Rhododendron falconeri, Rhododendron hodgsonii 
are a source of fuel for local people. 

2. Leaves and twigs of Rhododendron anthopogon are used as a raw material for 
the preparation of incense stick. 

3. Fresh corolla from Rhododendron arboretum and Rhododendron cinnabarium 
is used for the preparation of local brews. The tender leaves and woods are used 
for the production of cups, spoons, boxes and saddle. 

4. Leaves and flowers of Rhododendron anthopogon are effective in treating 
indigestion and lung infection [9]. 

2.2 Aconitum 

2.2.1 Description 

Aconitum which is also known as aconite, wolfbane, queen’s poison or monkshood, 
comprises of 250 species. It belongs to Ranunculaceae family [13]. Some of the 
species of Aconitum are remarkably deadly, despite this, they possess a lot of thera-
peutic importance. Proper measures must be taken to extract the essential compound 
from the plant without the toxic nature [40]. It is one of the most valued drug and 
treasured components of Ayurvedic system of medicine. Yearly demand of raw drugs 
is fairly high in the local market, which has generated immense pressure on the genus
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leading to its threatened status in different states of Himalayan range [11]. They are 
biennial tubers and are economically important. It grows up to a height of 15–20 cm. 
Leaves are glabrous, heteromorphous and long petioled. It has violet-blue sepals and 
black coloured pyramidal seeds. 

2.2.2 Distribution 

Aconitum occurs in the alpine and sub-alpine regions of Himalayas at an elevation 
of 2000–5000 m. It is native to parts of Western Himalaya [29]. 

2.2.3 Phytochemicals 

Diterpene alkaloids and flavonoids are found in abundance in Aconitum species. The 
alkaloid aconitine in the tuber’s attributes to the medicinal properties of the plant. 
The other compounds existing in the plant are tannic acid, starch, fatty acids and 
their glycerides, carbohydrates, etc. [1]. 

2.2.4 Medicinal Uses 

Aconites are quite beneficial in treating the communicable disease, for example, 
measles. It fruitfully cures problems like asthma, diabetes, leukoderma, leprosy and 
convulsions etc. phenolic and flavonoid elements of the plant have antioxidant as 
well as anti-bacterial effect. It is effective in counteracting cough and congestion. It 
is a good aphrodisiac and bears the features of being a diuretic [2]. 

2.2.5 Other Aconitum Species

• Aconitum heterophyllum is widely used in Ayurvedic medicines because of its 
hot potency. The seeds have a laxative property. The roots are effective for health 
problems like anorexia, arthritis and ascaris [42].

• Aconitum ferox is also known as Meetha Vish or Monkshood. It has sedative nature 
because of which it is also prescribed to people dealing with severe anxiety issues, 
also it is highly effective in fever, diuretic action, asthma and arthritis.

• Aconitum heterophylloides also known as Nepal Monkshood or safed bish is a 
tall hairless herb with tuberous roots. The root of the herb contains 0.9% total 
alkaloid content which is used in acute headache and rheumatism [24].
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2.3 Bacopa monnieri 

2.3.1 Description 

Bacopa monnieri is commonly known as Brahmi. It is a member of Scrophulariaceae 
family. This family includes more than 4500 species [47]. It has been effectively used 
in improving memory and other positive psychological abilities in both normal and 
mentally retarded kids with promising results. It is a creeping plant with a tender 
stem which grows up to a height of 10–30 cm in length with 1–2 mm of a thickness 
[48]. It has succulent and sessile leaves that are oppositely arranged on the main stem. 
Flower and the fruit emergence take place in the summer season. It bears flowers 
possessing a colour range from white to slightly violet-blue. The fruit is ovoid, with 
no discrete odour. It has cooling potency [12]. 

2.3.2 Distribution 

It is found in the tropic and sub-tropics regions. It is found in moist and wet places 
throughout India and Nepal [37]. 

2.3.3 Phytochemicals 

The therapeutic importance of this plant is because of the presence of several 
compounds in it such as alkaloids, saponins, glycosides, flavonoids and stigmas-
terols. The saponins of this plant are called “bacosides”. Luteolin and apigenin are 
the two flavonoids that are found in it. Two alkaloids isolated from Bacopa monnieri 
are herpestine and brahmine, if taken in high dosage may lead to extreme headache 
[22]. 

2.3.4 Medicinal Uses 

Bacopa monnieri is beneficial for treating skin diseases example eczema, ulceration 
etc. It is an excellent medicine for Alzheimer and amnesia, thus commonly used as 
a brain tonic. It is an effective herb for the prevention of hair fall and early greying 
of hair. It rejuvenates the hair follicle and prevents baldness [3]. Bacopa monnieri 
consists of powerful antioxidants that protect the body against free radical impairment 
[30]. 

2.3.5 Other Bacopa Species

• Bacopa crenata is a perennial medicinal plant also called moneywort.
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• Bacopa repens is an annual plant and has a creeping stem.
• Bacopa rotundifolia: This plant is not of commercial use [23]. 

2.4 Berberis 

2.4.1 Description 

Berberis aristate also called as Indian barberry in English or Daru Haldi in Hindi 
belongs to the family Berberidaceae. Most of the Berberis sp. have acquired a signif-
icant position in the traditional system of medicine. It is a perennial shrub which 
grows in a temperate climate [19]. It can grow up to 3 m height. The flower is yellow 
coloured. The fruit is in the form of an ovoid berry and contains 2–5 seeds, the colour 
of seed ranging from yellow to pink. The fruit has acidic to sweet taste [38]. 

2.4.2 Distribution 

Berberis is a well know herbal plant of Indian Himalayan Region. It growing in small 
patches in hilly slopes. It is found at an altitude up to 1800–3000 m (middle altitude 
areas) in Uttarakhand and Himachal Pradesh [36]. IUCN has kept this plant under 
endangered status. It is typically cultivated for its edible fruits [34]. 

2.4.3 Phytochemicals 

The most vital constituent of this herbal plant is berberine, a quaternary isoquinoline 
alkaloid, which is mostly found in the stems and roots. The bark consists of the 
quaternary ammonium salt of isoquinoline alkaloid. Western Himalayan species of 
Berberis are rich in fibre, protein, fats and some minerals like Calcium and Potassium 
[41]. 

2.4.4 Medicinal Use 

Berberis is super effective in curing skin disease like melasma. It is effective in 
safeguarding liver against disorders. It prevents water loss from the body due to 
loose motion and diarrhoea so utilized as a mild laxative [14]. The roots, stems, 
leaves and fruits are traditionally utilized to treat wounds, diabetes, inflammations 
and jaundice. The extracts of this plant have been testified with antibacterial, antiviral, 
antifungal, anticancer, anti-inflammatory and antidiabetic profiles [33].
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2.4.5 Other Berberis Species

• Berberis vulgaris has anti-inflammatory properties.
• Berberis heterophylla has anti-microbial properties [6].
• Berberis repens: It has anti-bacterial properties. 

2.5 Hedychium 

2.5.1 Description 

Hedychium spicatum belongs to the family Zingiberaceae, commonly known as 
Kapoor katcheri in Hindi and spiked ginger lily in English and as Shati Ayurveda. It 
is a small hardy rhizomatous herb [15]. It is a perennial herb which raises to 1–2 m, 
which consists of orange whitish flowers. Flowering can be seen in July–August and 
seeding in September–October. This plant has fragrant leaves with a robust stem 
which grows up to 1.5 m tall. Leaves are 30 cm long and lanceolate in shape. The 
rhizome has a strong odour and it tastes bitter. It bears black with red aril [32]. 

2.5.2 Distribution 

Hedychium spicatum is an endemic herb species which is found in countries of 
South-East Asia. This species is also native to a Himalayan region consisting of 
various habitats in sub-tropical to temperate zones. The species can be commonly 
found in the of Central Himalayan Region of India from 1200 to 2400 m in moist 
and rocky habitat near a water body and oak or mixed forest [32]. It is distributed 
in Andhra Pradesh, Arunachal Pradesh, Darjeeling, Himachal Pradesh, Karnataka, 
Manipur, Meghalaya, Mizoram, Nagaland, Orissa, and Sikkim. The species is best 
for the sub-tropical zone which requires sunny weather. The lowest temperature it 
can tolerate is −2 °C [31]. 

2.5.3 Phytochemicals 

The extract of tubers contains 4% essential oil, starch, resins, organic acids, glyco-
sides, albumen and saccharides. These extracts are good for the treatment of bron-
chitis, indigestion, eye disease, inflammations, laxative, stomach ache, carminative, 
stimulant, tonic to the brain and diarrhoea. Numerous chemical ingredients testi-
fied in essential oil are α-pinene, β-pinene, limonene and many others [31] used  
as tranquillizer, CNS depressant, hypotensive, respiratory disorders, antimicrobial, 
analgesic, anti-spasmodic and antifungal activities [21].



Reviewing Medicinal Plants of Treasure Land: The Indian … 47

2.5.4 Medicinal Use 

Pharmacological activities of Hedychium spicatum testified till now are antidiabetic, 
tranquillizing, pediculicidal, antimicrobial, antioxidant, antimalarial hepatoprotec-
tive, cytotoxic activity, hypocholesterolemic, anthelmintic, stomachic and tonic 
activity. 1, 8 cineole is compound obtained from the rhizome is used for its anti-
diabetic property. The anti-microbial property of the essential oil can be seen in 
against Staphylococcus aureus, Escherichia coli, Shigella flexneri, and Pasteurella 
multocida. It is used for anthelminthic activities also but is not very effective. Most 
of the essential oils extracted from the tuber are used for the treatment of various 
problems [5]. 

2.5.5 Other Hedychium Species

• Hedychium acuminatum—It best used for liver disease.
• Hedychium coronarium—It is super effective in curing cataract.
• Hedychium marginatum—Best used against the problem of indigestion [7]. 

3 Threats and Conservation Practices for Medicinal Plants 
in Indian Himalayan Region 

Loss in Genetic Resources of Medicinal Plants 
The demand for raw medicines is pretty high per annum in the domestic marketplace 
[46]. Major medicinal species of Himalayas are susceptible to extinction due to 
overharvesting [44]. Result of expansion in urban areas, increasing tourism and 
other progressive activities like hydroelectric schemes and highway projects cause 
excessive damage to genetic diversity [43]. 

Effect of Overgrazing 
Grazing animal causes a serious threat to and the dispersal of medicinal plants. The 
area protected from nomadic grazing shows healthier flora. The diversity of medicinal 
plants had decreased in the overgrazed locations by nearly 90%. It is also observed 
that the accessibility of economically and therapeutically important plant species is 
declining. 

Disproportionate Collection of Medicinal Plants 
The indiscriminate harvesting of medicinal plant from wild become a source of 
revenue when sold to traders in informal market. The risk of over-harvesting leading 
to loss of susceptible plant population has been recognized for years. It is necessary 
to introduce good harvesting practices to the collectors to decrease the avoidable 
losses.
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Fig. 1 Common 
conservation practices 

Climate Change 
There are indications that climate change is producing visible effects on life cycles 
and distribution of species of the plants. Although, recently this viewpoint has been 
given renewed attention. 

4 Conservation and Sustainable Development 

Conservation of medicinal plant species is done for maintaining gene bank of the 
vulnerable species. On the other hand, sustainable harvesting decreases the degen-
eration of renewable non-timber plant resources. Conservation of medicinal plants 
and their genetic resources can be done through in-situ and ex-situ practices. Ex-situ 
conservation includes conservation of average plants outside their natural habitat used 
to protect them from destruction, replacement or deterioration. It includes procedure 
like seed storage, DNA storage, field gene banks and botanical garden. In-situ is 
opposite of ex-situ, the conservation of a particular species is done in its habitat 
(Fig. 1). 

5 Organizations Involved the Conservation of Medicinal 
Plants 

The Government of India (GOI) is thoughtful about the maintenance of priceless 
herbal wealth. The banking segment has also been established for providing economic 
aids to numerous plans involved in medicinal plant conservation and cultivation 
plans. The National Bank for Agriculture and Rural Development is supportive in the 
development of medicinal plant sector in synchronization with NMPB. It is providing 
bankable models for medicinal and aromatic crops [20] and is also supporting in the 
capacity building curricula in this direction [26].
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6 Conclusion 

The Himalaya enjoys the benefit of diverse medicinal and aromatic species, which 
occupies a very important place in the herbal pharmaceutical sector. Constant 
research will help in further promoting the rich and rare biodiversity of the range. 
The medicinal plants of the Himalayan range have a great diversity of medic-
inal properties including antioxidant, neuroprotective, antidiabetic, hepatoprotective, 
anticancer, antimicrobial, and immunomodulatory functions. Harvesting these herbs 
directly from wild has been in practice for a long time, and rising curiosity in herbal 
medicines has led to the bigger demand of these plants at national as well as global 
level, which has put this treasure under pressure. Preparing suitable agro-techniques 
for the domestication of wild species under threat and finding out other ways with 
which we can conserve them has become the need of the hour. 
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Anthropogenic Impact on Fish Faunal 
Diversity and Their Habitat Ecology 
in the Ganga River and Its Tributaries, 
Uttarakhand 

D. S. Malik, Arvind K. Sharma, Sunil Kumar, Rakesh Kumar, 
Ranjit Kumar, Vishal Kamboj, and Amit K. Sharma 

Abstract The Ganges is one of the largest riverine ecosystem of India which 
supports diverse aquatic biodiversity in comparison to other aquatic ecosystems. The 
endemic fish species richness has significantly contributed to the eco-biocoenosis 
of Ganges riverine ecosystem. The main purpose of the current research was to 
assess the assemblage structure of endemic fish fauna in the river Ganges and 
its correlation towards the major water quality parameters. Collection of endemic 
fish species and important water quality parameters from eight sampling zones 
of river Ganges were done for the period of two years from September 2017 to 
August 2019. Fish diversity status was assessed by software PAST (version 3.0). 
The results of the current experimental research work evidently showed that Ganges 
riverine system offers the natural habitat of 31 fish species. Cyprinidae was the most 
dominant family followed by Balitoridae, Sisoridae, Schilbidae, Mastacembelidae, 
Salmonidae. Several physico-chemical parameters i.e. Water velocity, depth, water 
temperature, turbidity and dissolved oxygen subsidized as key significant environ-
mental factors which directly and indirectly influence the diversity, species richness 
and distribution of fish population in the Ganges riverine ecosystem. 

Keywords Fish fauna · Habitat ecology · Anthropogenic factors · Ganges ·
Uttarakhand 

1 Introduction 

Biodiversity is fundamental for change of an organic framework ensuring of general 
condition quality and for understanding the common worth of all species on earth. 
The fish faunal diversity has its significance like other aquatic and terrestrial animals.
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Fishes involve all the conceivable natural habitats of the aquatic ecosystem. The 
river Ganga and its tributaries form the largest riverine ecosystem in India. The river 
Ganga is divided into three major stretches due to the variance in geomorphology, 
ecology and rheology [1]. i.e. Gangotri to Haridwar (upper Ganga river), Haridwar 
to Varanasi (middle Ganga river) and Varanasi to Bay of Bengal (lower Ganga river). 
Upper Ganga basin (Gangotri to Haridwar) lies in the Garhwal region of Uttarakhand 
(Latitude 29° 26′ to 31° 28′N) and (Longitude 77° 49′ to 86° 06′E) with about 39,090 
km2 geographical area [2]. The Alaknanda and Bhagirathi river are sister streams 
joins at Devprayag and below at this confluence point, the joint stream is known as 
the Ganga river. The upper basin of the Ganga river flows on the steep and narrow bed 
and generally has the substrate in form of boulders, cobbles and rocks carried the very 
cold water and is less exposed to anthropogenic pollution. The upper Ganga basin is 
mainly characterized by very Coldwater, high water velocity, average productivity 
and diverse aquatic biodiversity with abundant rapids, runs, riffles and few deep 
pools [3]. The Upper Ganga basin supports the persistence of a million population 
with an average density of about 1000 populaces per square km. Primarily the water 
of the upper Ganga river is being utilized for numerous purposes i.e. aquaculture, 
agriculture, transportation and domestic usage. These types of events are essential for 
the dietary prerequisite and upliftment of the financial grade of millions of domiciliary 
[4, 5]. The fish species in the riverine network is very much dynamic in tempo-spatial 
scales due to intra-annual ecological modifications and several short-term changes i.e. 
day/night cycle, interaction amongst the spatiotemporal distribution and abundance 
of these communities. The upper Ganga and its tributaries are mostly controlled 
by barrages for various purposes as a result fish catches have been declined, and 
thereafter, loss of species diversity [6, 7]. Fish diversity and distribution are partially 
depending several environmental variables which directly influence the competing 
population. Several research studies regarding the distribution of fish fauna in the 
river Ganga and its tributaries have been made by various fisheries workers [7–11]. 
However, considering the above-mentioned reason, the present experimental research 
aimed to inspect the anthropogenic influence on fish faunal diversity and their habitat 
ecology.

2 Materials and Methods 

2.1 Study Area 

The current experimental research work was mainly focused on the Ganges riverine 
system and its tributaries at Uttarakhand for the period of two years from 2017 to 
2019. An extensive ground investigation was conducted for the collection of primary 
data of endemic fish species and their habitat ecological parameters. The whole study 
area was divided into eight sampling zones (Fig. 1) for the collection of endemic fish
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Fig. 1 Geo-coordinates of selected sampling zones. Source [12] 

species along with water quality parameters. Monthly sampling was done for two 
years in all eight-sampling zone. 

Experimental fishing was done with the help of previously contacted native fish-
ermen’s and also from the local landing centres. Fishes sample were collected by 
using different fishing nets i.e. gill nets (mesh size 1.2 × 1.2 cm. L × B = 12 × 
1.5 m), cast net (dia. 2.5 m, mesh size 4.5 × 5.5 cm) and several indigenous nets. 
Catch and release fishing technique was done. All the fish species were released in 
the river however few samples were taken for laboratorial analysis. In laboratory, fish 
sample were arranged and identified to species level [6, 13, 14]. The temperature, 
pH, TDS, Conductivity were determined with the help of digital type instruments 
(Table 1). 

Table 1 Instruments used for analysing habitat ecological characteristics 

Parameters Instruments used 

Water temperature Thermometers (Testo EN50081) 

pH Digital pH meter (HI96107) (HANNA) 

Conductivity Conductivity meter (HI98303P, DIST3) (HANNA) 

TDS Water analyzing kit (S-967), digital TDS meter (HI98303P, DIST3) 
(HANNA) 

Turbidity Digital nephelometer (Systonic, S-967) 

DO, BOD Water analyzing kit (S-967), titrimetric methods
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2.2 Data Analysis 

The fish diversity analysis and statistical comparison was done with the help of 
Paleontological Statistics (PAST version 3.1) by P. D. Ryan, D. A. T. Harper and 
J. S. Whalley. Diversity among the endemic fish fauna was evaluated by different 
diversity indices i.e. Shannon–Wiener diversity index [15]; Simpson Index; Evenness 
and Margalef index. Correlation between endemic fish fauna and important habitat 
ecological factor was done by Past and MS Excel (Figs. 2 and 3). 

3 Result and Discussion 

Physicochemical parameters: The results of the important water quality param-
eters assessed in all eight-sampling zones of the upper Ganga and its tributaries. 
Maximum water temperature was ranged from 23.2 to 25.0 °C at zone 7 and Zone 
8 (Fig. 4) during summer (in June and July) where the minimum water temperature 
was ranged from 12.9 to 13.1 °C at Zone 1 and zone 2 during winter (during January 
and February). The maximum water temperature during summer is due to straight 
rapport amongst clear daylight, its time interval and high air temperature. Maximum 
and minimum variation in water temperature at Zone 1 and Zone 8 may be due to 
seasonal and altitudinal variation. The seasonal variation in water temperature was 
also reported by Refs. [9, 16] in the Ramganga river. In the Bhagirathi river seasonal 
disparity of water temperature vacillated between 8.0 and 18.0 °C was observed by 
Ref. [17]. The pH values ranged from 6.23 to 7.63 in the upper Ganga basin and were 
within the acceptable limit i.e. 6.5–8.5. The pH amongst all the sampling zone in

Fig. 2 Overview of method used during experimental fishing
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Fig. 3 Various views of selected sampling zone on Ganges riverine system
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Fig. 4 Mean variation of water temperature °C in the Ganga river and its tributaries

Ganga riverine system was recorded alkaline accept little acidic (6.23) in the sampling 
zone 8 because of the accessibility of several types of carbonates and bicarbonates 
in the river which increase dissolve carbon dioxide level by severance and acts as a 
raw material for photosynthesis. References [3, 18] reported the alkaline nature of 
Ganga water and its tributaries at Uttarakhand. During the present study, turbidity in 
the upper Ganga riverine system and its tributaries ranged from 25.50 to 73.29 NTU. 
The Maximum (73.29 NTU) turbidity was recorded in sampling zone 8. During the 
monsoon season, turbidity surpassed in all the sampling zones from the standard 
limit i.e. 5 NTU posed by Ref. [19]. The upsurge in the amount of turbidity value 
results in dissolved oxygen stratification [20]. The same trend of turbidity value was 
reported by Refs. [21, 22] in the river Ganga. The high turbidity value in the aquatic 
ecosystem directly and indirectly disturbs the aquatic organism [23, 24]. Dissolved 
oxygen is a key indicator for the growth and development of aquatic organisms, water 
quality assessment and also a significant aspect for regulation of metabolic progres-
sions of aquatic organisms and their population dynamics. The dissolved oxygen in 
the upper Ganga river and its tributaries ranged between 7.20 and 8.69 mg/L in all 
eight sampling zones. The DO at all the sampling zones was within the acceptable 
limit by Ref. [19] i.e. >6 mg/L. A similar trend of DO was reported in the Ganga 
river by Ref. [21]. References [12, 25] reported that DO is a key factor for fresh-
water ecosystem and above 5 mg/L dissolved oxygen is important for the aquatic 
ecosystem and also for sustenance of diverse aquatic dynamics and virtuous fish 
productivity. The lessening of DO might be due to organic load through the various 
anthropogenic factors like upsurge in municipal, domestic sewage and nutrients. 
Some of the factors distressing the DO content are mostly air and water temperature, 
rate of photosynthesis, respiration and decomposition processes. Biological oxygen 
demand is a vibrant prerequisite to all aquatic organisms for their metabolic activi-
ties in an aquatic ecosystem. BOD increases with an increase in the biodegradable
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organic content in a river. The BOD of the upper Ganga river and its tributaries ranged 
from 1.20 to 3.05 mg/L. All the values of BOD were within the acceptable limits 
accept in sampling zone 8 where the value exceeded the acceptable limit i.e. 3 mg/L 
mostly. A significant difference was observed in sampling zone 8 and sampling zone 
1, 2 and 3 (P < 0.05). References [26, 27] reported a similar trend of BOD in the 
Ganga river. BOD is an important pollution indicator that helps to indicates the level 
of pollution triggered by the organic pollutant in any riverine ecosystem [28]. The 
potassium in upper Ganga was within the acceptable limit and was vacillated from 
0.05 mg/L at sampling zone 2 and sampling zone 4 to 0.2 mg/L at sampling station 
8. Similarly, the values of sodium were also within the acceptable at all the sampling 
zones. Average mean values of calcium were within the acceptable limit and were 
ranged from 19.3 mg/L at sampling zone 2 to 35.1 mg/L at Sampling zone 8. The 
calcium values at sampling zones 8 were significantly higher in contrast to other 
sampling zones. The mean magnesium values ranged from 6.2 mg/L at sampling 
zone 2 to 16.5 mg/L at sampling zone 8. All the sampling zones have an acceptable 
limit of Magnesium values except sampling zone 8. Magnesium in sampling zone 8 
was significantly higher in comparison to other sampling zones. All the cations like 
Calcium, Magnesium, Potassium and Sodium were recorded within the acceptable 
limits. The reason beyond the low values of all the cations may be due to the geology 
and morphology of the river. Reference [25] recorded little value of cations in the 
Bhagirathi river. The water quality of selected sampling zones in upper Ganga river 
and its tributaries was observed good during the present study except in sampling 
zones 7 and 8 was inclining in the direction of slight polluted class (Fig. 5).

Fish species diversity (Species abundance and distribution): A total of 1640 
individuals were reckoned which comprises 31 fish species belonging to the 6 fami-
lies. The maximum number of fish species was counted for the Cyprinidae family 
followed by Balitoridae, Sisoridae, Schilbidae, Mastacembelidae, and Salmonidae 
The highest number of 520 individuals was counted in zone 4 throughout the study 
period where the lowest number of individuals (391) was found in zone 3 due to 
relatively low human interference and optimum environmental condition and on the 
other hand, the lowest number of individuals observed at zone 3 due to an extreme 
environmental condition. The family Cyprinidae was recorded higher in the upper 
Alaknanda river (Z1) and lower in the lower Ganga river (Z8) and lower Bhagi-
rathi river (Z4). Lower to medium diversity of family Cyprinidae was recorded from 
the upper Bhilangana river (Z3) and Alaknanda-Bhagirathi confluence point (Z5). 
Medium to higher in the middle (Z7) and upper Bhagirathi river (Z6) (Fig. 6). The 
family Balitoridae was recorded higher in Z7 and Z8 and lower in Z1, Z2, Z3, and Z4. 
Medium diversity of family Balitoridae was recorded from Z5 and Z6 (Fig. 7). The 
family Sisoridae was recorded higher in Z5, Z6 and Z7 and lower in Z1, Z2, Z3, Z4 
and Z8 (Fig. 8). The family Schilbidae was recorded higher in Z1, Z5, Z6 and Z7 and 
lower in Z2, Z4, and Z8 (Fig. 9). The family Mastacembelidae was recorded higher in 
Z5, Z6 and Z7 and lower in Z1, Z2, Z3, Z4 and Z8 (Fig. 10). The family Salmonidae 
was recorded higher in Z5, Z6 and Z7 and lower in Z1, Z2, and Z3. Medium diversity 
of family Salmonidae was recorded from Z4 and Z8 (Fig. 11). The highest number 
(249) of fish was recorded in January. Significant fluctuations were observed for
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Fig. 5 Mean variation of WQI in the Ganga river and its tributaries

endemic fish families at selected sampling zones (Fig. 12). The seasonal abundance 
of all the sampling zones abruptly reduced from June to September. The popula-
tion dynamics of endemic fish species and their relative abundance depend upon 
several factors i.e. water temperature, water velocity, nature of substratum, depth of 
water, accessibility of food, water quality and river length. Dissolved oxygen showed 
the positive correlation and turbidity showed negative correlation with endemic fish 
species in upper Ganges riverine ecosystem (Fig. 13). The declining trend of diver-
sity and distribution of endemic fish species is due to many factors i.e. diverting the 
river in the tunnel at hydropower project, damming the river, chocking the migratory 
routes etc. During the present experimental study, a total of 31 endemic fish species 
was recorded in the upper Ganges riverine system and its tributaries. Among them
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Fig. 6 Mean variation of Cyprinidae family in the Ganga river and its tributaries 

Fig. 7 Mean variation of Balitoridae family in the Ganga river and its tributaries
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Fig. 8 Mean variation of Sisoridae family in the Ganga river and its tributaries 

Fig. 9 Mean variation of Schilbeidae family in the Ganga river and its tributaries
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Fig. 10 Mean variation of Mastacembelidae family in the Ganga river and its tributaries 

Fig. 11 Mean variation of Salmonidae family in the Ganga river and its tributaries
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Fig. 12 Variation of endemic fish families in the Ganga river and its tributaries 
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Fig. 13 Correlation coefficient calculated between the fish species and the water parameters

is Cyripnius carpio, Schizothorax richardsonii, Schizothorax plagiostomus, Tor tor, 
Tor putitora and Barilius bendelisis are dominant species. Sharma et al. [25] reported 
20 endemic fish species from the Bhagirathi river, where Khanna et al. [18] detected 
53 endemic fish species from the Ganga river. Reference [29] reported 22 endemic 
fish species from the river Bhilangana (a major tributary of the Bhagirathi river). An
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unscientific fishing method used by local fishermen is also an important reason for 
the loss of biodiversity (Table 2). The main reason for the reduction in endemic fish 
species diversity depends upon various natural and anthropogenic factors (Table 3). 
The highest number of individuals was observed at Zone 1 and Zone 2 because of less 
human interference and optimum ecological condition and on the other hand lowest 
number of individuals observed at Zone 4 due to extreme environmental interference. 
Three endemic fish species were observed dominantly in the upper Ganga and its 
tributaries which is similar to numerous studies [29, 30]. Shannon–Wiener diversity 
index ponders the lushness and proportion of species while evenness and dominance 
indices denote the relative number of individuals in the sample and the fraction of 
common species respectively. The biodiversity index values (H0) obtained from the 
present study are not so very high according to Shannon–Weaver biodiversity index 
values and they do not exactly show the differences occurring among the stations. 
According to Ref. [31] the purpose for lower fish biodiversity is due to the fishing 
gears used. Different conservation strategy for endemic fisheries developments are 
presented in Table 4.

3.1 Diversity Status 

The Highest Simpson index (1-D) (0.9587) was recorded at sampling zone 4 and the 
lowest (0.9120) at Z1 and Z2. Higher Simpson index (1-D) values were recorded 
in the month of April (0.9527) while lower in the month of December (0.8785). 
The Highest Shannon index (H) (3.181) was recorded at Z4 and Z5 and the lowest 
(2.8689) at Z1 and Z2. Higher Shannon index (H) values were recorded in the month 
of April (3.110) while lower in the month of December (2.535). The highest evenness 
value (0.8825) was recorded at Z4, Z5, Z6 and the lowest (0.6561) were recorded at 
Z1 Z2 and Z8. The highest evenness value (0.8303) was recorded in the month of 
April, May and the lowest (0.6086) in the month observed in December. The Highest 
Margalef index (4.362) was recorded at Z3, Z6 and lowest (4.121) at Z1, Z2, Z8. 
Higher Margalef index values were recorded in the months of April and May (5.214) 
while low in the month of December (3.910). 

4 Conclusion 

The water quality of the upper Ganga riverine system and its tributaries are very much 
capable and supportive to sustain the diversity and distribution of aquatic biodiversity. 
From the present experimental research study, it can be concluded that the water 
quality of upper Ganges in all eight sampling zones was good except in sampling 
zones 7 and 8 was inclining to slightly polluted class. The endemic fish diversity 
of the upper Ganges and its tributaries show seasonal and altitudinal variation in 
selected sampling zones due to various factors mainly damming the upheld water
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Table 4 Different conservation strategy for endemic fisheries developments 

Action 
oriented plan 

1. Migratory channels in between upstream and downstream 

2. Maintain minimum quantity of water for fishery in downstream 

3. Construct separate breeding channels along with the main downstream river 

4. Restoration of river system habitat, feeding and breeding spawning grounds 

5. Seed stock enhancement 

6. Bio monitoring of the water quality 

7. Afforestation on river basin catchments 

8. Formation of threatened fish species conservation youth groups in local area 

9. Stop illegal fish catching practice 

Future govt. 
oriented plan 

1. Strictly implement modified fishery act 

2. Ban in fishing in pre-breeding and breeding season 

3. Declare fish sanctuaries as Reserved Protected Area Network 

4. Declare new fish conservation policy for threatened species 

5. Co-ordination committee of Central, state different departments 

6. Action oriented groups from Central, State Universities and Govt. Research 
Institutes 

7. Mass conservation action groups of local peoples and NGO 

Status of 
research, gaps 
and identify 
the areas of 
research 

1. Establishment of habitat-based brood bank for captive breeding of different 
Mahseer species 

2. Studies on fish behavior, migratory pattern of different species 

3. Development of appropriate protocol for nutrition and disease control for 
hatchery systems, fry and fingerling production units 

4. Ascertain the viability of fish ladders/fish passages for Mahseer migration 

5. Assessment of environmental flow requirements 

6. Identification of ecotourism centers, national parks and sanctuaries in 
potential river systems for the Mahseer 

7. Developing site-specific in-situ and ex-situ knowledge-based Mahseer 
conservation strategies in potential river systems 

8. Conducting studies on Mahseer population dynamics in important river basin 
stretches 

9. Developing a national angling protocol for game fish on existing population 
trends 

Monitoring at 
national, state 
and river basin 
levels 

1. Development of a database along river basins at different altitudes for the 
purpose of long-term conservation 

2. Methodology to be devised for proper monitoring of ranching programmes 

3. Capacity and funding needs for dedicated research 

4. Training and awareness programmes for different stakeholders at the state 
and national levels
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for hydropower purposes and various other anthropogenic factors. The water quality 
of the upper Ganges is still very proficient for the sustenance of diverse aquatic 
biodiversity. Although, some water quality parameters exhibited upsurge maximum 
physio-chemical was within the acceptable limits. All the selected water quality 
parameters were recorded slightly higher in sampling zones 7 and 8 in contrast to 
others. The current research has also revealed that various developmental happenings 
including edifice of dam and barrages, fluctuations in water discharge, choking of 
migratory routes, river bed mining, etc. possessed direct impact on the water quality 
and population dynamics of endemic fish species especially at sampling zone 4 
(Lower Bhagirathi river). Yet, these sorts of happenings will be observed habitually 
and must be controlled according to a systematic and scientific manner. 
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Assessment of Land Use Change 
and Climate Change Impact 
on Biodiversity and Environment 

Arvind K. Sharma, Amit K. Sharma, Munit Sharma, and Munish Sharma 

Abstract Aim Climate change and land use land cover change LULC, are the 
supreme pressures on biodiversity that can straightly impact each other. The land 
use land cover change has strong impact on local climatic conditions such as anthro-
pogenic altered regions leads to more warmer and drier as compared to natural 
habitats. The several impacts on biodiversity due to anthropogenic factors can be 
developing area of research. The present state of approach is on the impact of local 
climatic changes on biodiversity that responds to land-use land cover changes. Loca-
tion Global. Methodology We review published research studies by searching proce-
dure on google using keywords on different databases. The strength of this method-
ology is that it delivers a rapid synopsis of intensity on Climate change and land 
use change in relation to biodiversity trends across the globe. Results A total of 
1223 published research items from 2000 to 2022 were extracted from searching on 
online databases based on scenarios of biodiversity due to climate change and land 
use changes. Out of 1223 published research items we randomly sampled research 
items within the list (sample size N = 250). We collected information critically 
from each of the above selected studies on spatial and temporal scales on different 
geographical locations. It revealed that natural and anthropogenic factors resulted 
into loss of biodiversity and its services. Conclusion Climate change and Land use 
change are both major contributing factor and are a main mode in which the impacts 
of climate change are expressed. As a contributing factor, land use influences the 
change in land cover patterns. Projected climate variations resulted in changes land
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cover patterns at a variety of spatial and temporal scales. Therefore, it is required to 
achieve ecological functions efficiently on local, regional and global scales.

Keywords Biodiversity · Climate change · Land use change · Environment ·
Anthropogenic factors 

1 Introduction 

Biodiversity globally faces increasing pressures from climate change, invasive 
species, habitat loss, and environmental pollution [1, 2]. Ecosystem services reflect 
and describe complex relationships between human society and the environment 
have become an important subject of research in recent years. Global ecological 
changes are predicted to have a major effect on human civilization and culture which 
include ecological, economic, social as well as political aspect in the coming next 
10–20 years. The ecological impacts are migration, productivity, biodiversity change 
and sustainability. In the near coming future, it is predicted that land use and climate 
change are among the two-main global ecological change. Human induced climate 
change and land use activities causes a large impact on biodiversity [3]. Rapidly 
increasing growth in human population has led to increasing exploitation and conver-
sion of agricultural and forest land for human use and similarly environment is being 
degraded [4]. Sampaio et al. [5] reported that the conversion of primary natural and 
undisturbed habitats to agriculture and urban areas dominated land uses by human 
resulted to changes in vegetation structure and land cover which can impact directly 
on local climatic conditions of the region [6]. Human inhabited areas of converted 
land for human use are warmer and drier as compared to natural habitats. Biodiversity 
is affected by land use change caused by climate change, either it affects directly by 
change in precipitation, temperature, moisture levels and indirectly through changes 
in vegetation structure, resource availability resulted into alterations in community 
composition [7, 8]. The earth is undergoing extensive biodiversity losses, although 
the richness of species or abundant communities size is increasing or declining at 
regional and local scales [9, 10]. Climatic conditions are affecting wide landscapes 
due to rise or fall of average annual temperature and precipitation that led to their 
extreme values may become stronger and their frequency of extreme climatic events 
may increase [11]. Land use change have a significant role in the climate system 
ranging from the local regional scale to the global scale. Land use change causes 
biodiversity loss by disturbing every single biome on planet Earth [12]. It has been 
found that land use change either directly or indirectly are major pressures impacting 
biodiversity negatively through biofuel production mostly when natural grasslands, 
tropical and subtropical forests ecosystems with high biodiversity values are changed 
into biofuel plantations [13]. As the impacts of climate change and land use change 
intensify resulted into amplified the major threats to biodiversity [14, 15]. In this 
chapter, we have highlighted on the two major global change drivers such as climate 
change and land use change and make an effort to estimate their interactive effects
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on biodiversity. The impacts on biodiversity caused by the climatic change and habi-
tats/land uses changes with land conversions set to continue making influence on 
native climatic conditions that ultimately effect on biodiversity and therefore, in 
order to predict forthcoming biodiversity changes and set up suitable management 
and conservation plans [16, 17]. 

2 Methodology 

2.1 Data Collection 

The data had been collected by finding the best available understanding and knowl-
edge reported by the scientific community across the globe. We had screened and 
selected the academic peer reviewed published literature from 2000 to 2020. These 
publications were identified by using keywords like climate change, Land Use 
Change, Land Use Land Cover (LULC), Biodiversity, Environment, species rich-
ness or abundance, diversity indices, habitat loss, etc. from renowned databases such 
as Scopus, ISI, ResearchGate, Google Scholar, Web of Science. Original research 
article, review article and book chapters had been collected and selected for studying 
abstract and methodology and duplicate copies were excluded from study to avoid 
double counting and errors. 

A total of 1223 published research items from 2000 to 2022 were extracted from 
searching on online databases based on scenarios of biodiversity due to climate 
change and land use changes. Out of 1223 published research items we randomly 
sampled research items within the list (sample size N= 250). After carefully checking 
the title and abstracts we had assign each of them into one of the following categories: 

1. Published research items reporting scenarios of biodiversity based only on 
climate change predictions. 

2. Published research items reporting scenarios of biodiversity based only on land 
use/land cover changes (LULC) predictions. 

3. Published research items reporting scenarios of biodiversity based on the use 
of both climate and land use/cover change (LULC) predictions. 

4. Published research items reporting scenarios of biodiversity based on the other 
types of environmental change predictions. 

Available predictions on Land Use Land Cover (LULC) and Climate Changes 
were used to estimate and assess the future environmental conditions for biological 
diversity across species rich variety of spatial and temporal scales. Some reported 
study had predicted the consequences of expected Climate changes on biological 
diversity [18, 19]. We collected information critically from each of the above selected 
studies on spatial and temporal scales on different geographical locations. For speci-
ficity, ecological effects were grouped into 4 different temporal zones of five years 
gap from in 20 years; 2000–2005, 2205–2010, 2010–2015, 2015–2020 and similarly
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at the spatial scale, they were grouped into 4 regions: patches (1–100 ha), landscape 
(101–100,000 ha), regions (>100,000 ha) and a large global. 

2.2 Data Analysis 

We had a critical analysis of published research items derived from online databases 
on climate change and land use change. Firstly, we had assessed ecological responses 
to land use change and climate change in relation to biodiversity. Secondly, to under-
stand the interactive effect, quantitative analysis based on interaction mechanism 
between both Climate change and land use change and land cover change. 

3 Results 

Biodiversity has a significant role in providing ecosystem functions and services. It 
is experiencing a substantial decline globally due to anthropogenic factors induced 
environmental changes. We had compiled the result on reviewing the published 
literature from year 2000 to 2020. We had calculated for each year between 2000 
and 2020 by random sampling among published articles, the amounts of studies 
assigned to each of the 4 categories (Fig. 1). We selected and estimated these
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Fig. 1 Temporal and spatial scale investigation after observation of peer review research items 
reported on effect of climate change and land use change on biodiversity
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round proportions from these samples of published articles and the total number 
of 1223 published research items extracted from the google searching methodology 
to estimate the yearly numbers of published articles during 2000–2020 that had been 
primarily reported category 1—was on development of biodiversity situations and 
using climate change predictions; category 2—was on land use land cover change 
(LULC) predictions and category 3—was on both types of environmental change 
predictions. Our extensive survey reported that the number of studies included on 
expected influences of impending land use land cover change (LULC) on biodi-
versity falls behind in comparison to studies included great focus on the influences 
of future climate change. Among all the published research studies during the past 
period 2000–2020; those depicted upon one of these two driving forces to affect 
biodiversity scenarios we evaluated that 87% focuses on the use of climate change 
projections alone and that 5% used only projections of land use land cover changes 
(LULC). Both combined climate change and land use land cover changes (LULC) 
projections resulted 8% in the studies.

3.1 Ecological Responses 

Biological Diversity is greatly altered by climatic variations that includes changes 
in evaporation, temperature, radiant flux, precipitation, carbon emissions, and the 
increasing frequent extreme climatic events. The responses of living organism in 
relation to climate change have gained immense attention at local, regional, and 
global scales [20]. The increasing rate of climate change continues to alteration at 
an increasing rate and in relation to it living organisms and ecosystems respond 
to it accordingly that depends on numerous factors from species, community and 
ecosystem levels [21]. Therefore, it resulted into alteration of distribution and abun-
dance of species, range shifts and interspecific relations. Most clearly, distribution 
and ranges of all living organisms are potentially get affected by climate change, in 
context to it, current geographic distributions are helping in prediction of shifting 
ranges of species [22–24]. When the changing ecological conditions are suitable for 
species they are able to adapted to climate change. It has been confirmed along altitu-
dinal and latitudinal gradients where shifts are allowed due to dispersal mechanism 
and availability of natural resource [25–27]. It has been also reported that the shift 
is not fast enough to equals the pace with climate change in plants whose ability to 
move seems too conservative as compared to moveable animals. The new communi-
ties established due to shifting in response to climate change are novel and dynamic 
until the climate returns to stability because some species vary in their capacity to 
movement [28, 29]. Impacts on biological parameters of living organisms brings out 
major changes in composition and structure of community [30]. Biological Diversity 
have a vital role in the establishment of various ecosystem functions and its services 
[31–33]. The result compiled is supported by a substantial literature reported positive 
correlation between biodiversity and ecosystem services [33]. It had been found that 
from the year 2010 and onwards the ecosystem services related to biodiversity has
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grown rapidly. Approximately 80% of studies were conducted in North America, 
Europe, and the remaining 20% of studies conducted in Asia, Africa and Oceania. 
The functional significances of loss of species can be mitigated or intensified by the 
instantaneous effect of species richness and their relative abundance [34]. It has been 
reported that due to rapid climate change colder regions become warmer and arid 
regions obtain increased precipitation support a greater diversity of species. It has 
been seen in maximum ecosystem processes, the impact of biodiversity is non-linear, 
and variation may accelerate as increases in biodiversity loss take place [35, 36]. 

When impact of climate change is compared with land use land cover change 
(LULC). It has a massive impact on urban green spaces, recreation, greenhouse gases, 
agricultural production species and genetic diversity [37]. The adaptive responses 
shown by species show complex scenarios of land use change in response to climate 
change. Land use land cover change has been used in forecasting future changes 
in habitats, detecting invasive species, estimating potential extinctions of species in 
biodiversity hotspots, and stress on the restricted potential of expansion of protected 
areas [38]. The most common response at the species level to LUCC is increasing 
extinction rates of species. Species with less ability to adapted to an area are more 
expected to become threatened or extinct when the available area is reduced due 
to habitat destruction and fragmentations (Fig. 2). Species placed at higher trophic 
levels are more vulnerable to extinction due to from habitat fragmentation [39]. 

Fig. 2 Impact of climate change and land use land cover change on ecological responses
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3.2 Climate Change and LULC Interaction Mechanisms 

Climate change and land use land cover change (LULC) both together interact make 
huge effect on biodiversity through many pathways. Climate change can hamper 
the ability of living species to deal with land use land cover change and it can 
reduce resilience to climate change [40]. A meta-analysis study resulted that on 
interactions between effects due to habitat loss and climate change effects concluded 
that the effects of habitat loss were seen greatest in those regions with higher mean 
temperatures and decreased mean precipitation [41] and therefore land use land 
cover change must be a major concern on climate change Some of the interactive 
mechanisms that reported showed interactions between climate change land use land 
cover change (LULC) in several illustrative pathways and eventually affecting the 
biodiversity (Fig. 2). In future extreme climatic events such as droughts, floods, and 
hurricanes, are expected more frequent and with high intensity [42, 43]. The potential 
of living organisms to adaptation to a particular habitat is influenced by both the 
severity and frequent extreme climatic events [44]. It has been reported a process 
which is intensified by climate changing under extreme weather conditions may 
push a plant species closer to the edge of its fundamental niche, ultimately reducing 
its competitive ability and allowing other plant species to become dominant in the 
space. In some places cold living species being replaced by warm living species due to 
increase and frequent incidence of extreme weather events. But most research carried 
out on climate change effects has focused mostly on the significances of increased 
average temperatures as compared to the impacts of extreme climatic events. The 
responses to increasing in extreme climatic events impact functioning of plant species 
across spatial and temporal scales and also due to these extreme events plant water 
relations will be very vulnerable. Plant physiological processes may get strongly 
affected by flooding and changing mean climate [45]. 

3.3 Effects of Rising CO2 Concentrations Mechanisms 

12% of anthropogenic carbon emissions is contributed by alone land use land cover 
change (LULC) [46]. Land-use related variables such as changing vegetation types, 
extensive losses of forest, green cover vegetation and higher rates of decomposition 
are closely associated to rising CO2 concentrations. Complex deviations linked to 
carbon emissions have involved wide changes in the structure, quantity, and land-use 
types spatial pattern in the soil food web. The substantial land use land cover change 
(LULC) employs a direct significant impact on soils, and indirect impacts arising 
from anthropogenic activities such as heavy metal pollution, acid deposition, and 
industrialization [47, 48]. In contrast, many plants species are getting benefit from 
increased in CO2 concentration through increasing photosynthesis and decreasing 
water stress [49]. Early life stages of marine organisms in coastal marine systems 
are potentially susceptible to the stresses caused with global climate change. It has
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Fig. 3 Impact of CO2 enrichment on aquatic biodiversity in marine ecosystem 

been noticed under enhanced CO2 rates of calcification in coralline red algae and 
corals ecosystems are likely to drop significantly. Due to increase dissolved CO2 

concentrations physical and chemical changes cascade is appeared (Fig. 3). Some 
experimental output showed that increasing CO2 concentrations can resulted into 
decreases protein synthesis and ion exchange subcellular processes. Also, acidifica-
tion of the marine ecosystem could be anticipated to have severe negative impacts 
on marine invertebrates and algae [50, 51]. 

3.4 Anthropogenic Factors with Potential Impact 
on Biodiversity 

3.4.1 Land Use/Land Cover Change 

Land is the platform on which every anthropogenic activity is being done and also it is 
the only source of materials for the conduct of these activities. Land Use is resulted 
from extensive human use of land resources for their own purposes and survival 
such as conversion into agriculture land for food production, road constructions, 
construction of houses for shelter, railway construction, dams and another project 
construction, etc. Land cover in a particular area refers to the natural vegetation 
cover and are reflection of the local climate and land forms. Some of the wide land
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cover categories include forest, tundra, savannah, desert or steppe that can be sub-
divided into categories representing specific plant communities such as oak-pine 
scrublands, mangroves, seasonally flooded grassland, etc. Anthropogenic factors are 
found increasingly as a dominant factor in global environmental change. Land use 
Land cover change, specifically when the forested areas are converted into other 
human uses, has been found to be major contributing factor that led to global climate 
change, that accounts for about 33% increase in atmospheric carbon dioxide (CO2) 
and a main factor in the loss of biological diversity. Agricultural practices, forest fire, 
soil erosion and overgrazing are factors causing land degradation and desertification. 
Land use land cover change drivers are classified into two major categories: Direct 
and Indirect drivers. The main direct human drivers include: land use and land cover 
change due to global increased inlands to agriculture and grazing, Invasive species 
introductions/removals. Use of fertilizers and pesticides in agriculture, environmental 
pollution and climate change. The main indirect human drivers include: increased 
demographic change economic, scientific and technological, sociopolitical, cultural 
and religious factors. Land use land cover change is one of the significant changes 
that have a distinct relevance to biodiversity maintenance in the particular landscape. 
Land use land cover changes occurring at various spatial levels and within various 
time periods are resulted from environmental and human dynamics mediated on land. 
Land use land cover changes (LULC) can have both positive and negative impact 
on natural biodiversity. Negative outcomes come from the most intensive land use, 
grazing a wide cropping area of natural vegetation. It had found that the impact on 
natural biodiversity of a land use change is mainly related to alteration the extent, 
pattern and quality of native vegetation (Fig. 4). 

Fig. 4 Changes in climatic conditions due to anthropogenic influence



82 A. K. Sharma et al.

3.4.2 Climate Change 

Climate change is found to be caused by induced human activities that led to increase 
in the amount of greenhouse gases in the atmosphere that ultimately enhancing the 
natural greenhouse effect. Of Land use changes, fossil fuels combustion and cement 
production and have led to increased CO2 concentration by 30%. Greenhouse gases 
are also increasing in concentration in the atmosphere due to anthropogenic activi-
ties such as use of landfills, agriculture practices and rice/paddy cultivation, animal 
rearing, use of fossil fuel burning and industrial production. These greenhouse gases 
include methane (CH4), which is found to be more than doubled amount since pre-
industrial times and similar trend is followed by nitrous oxide, Sulphur dioxide 
and ozone led to increase in global mean surface temperature and global warming. 
The effects that the global mean change in temperature may have effect on local 
and regional scales that are extremely variable and uncertain due to the influence 
of atmospheric circulation and ocean bodies. In addition to these changes there is 
possibilities in the increase in the frequencies of irregular seasons and extreme events 
that includes forest fires, hurricanes and droughts, mean climatic conditions such as 
temperature and rainfall, are likely to change and in some regions. The introduction of 
invasive species, land conversion, and other related threats to biodiversity will affect 
even remote wilderness areas that have experienced a slight anthropogenic change. 
There are major issues that likely to impact on biodiversity such as land use land 
cover and climate change. It has been found that as there is change in global climate, 
ecosystems are responding to changes by enhancing temperature, precipitation and 
CO2 concentrations in the atmosphere. In respond to these changes that can be posi-
tively favour some of the species and can also negatively affect other species result 
into competition that led to cause invasions in that particular region. Climatic changes 
would happen faster than species are able to adapt in that area. For those particular 
species that are able to migrate with respect to climate change, there is a risk during 
migration from one place to other that their migration routes will be blocked due to 
natural barriers such as mountains, rivers and oceans as well as anthropogenic altered 
landscapes. The ultimate result could be large scale extinctions of these species. At 
the simplest level, the natural distribution limits for species or communities change 
due to changing patterns of climate change. When there is no barriers species or 
communities will possibly migrate in response to changing climatic conditions. Due 
to shift in average temperatures resulted into shifting of vegetation zones towards 
higher altitudes or higher latitudes. Natural barriers or anthropogenic barriers may 
impact the natural migration of species or communities. Due to human land use land 
cover change pattern natural ecosystems may squeezed and such as Arctic tundra 
and alpine meadows may have confined by the natural configuration of the landscape 
or region. It had been found that many protected areas, national parks and wildlife 
sanctuaries are now surrounded inhabited by urban and agricultural landscapes which 
will ultimately prevent the simple migration of species beyond their boundaries. It 
has been observed in many temperate regions that changes in seasons being takes 
place. In tropical and sub-tropical zones drought and desertification may increase. 
Negative impacts may also include increased ranges of insect pests infestation and
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diseases. Rainfall and drought will also have equally importance as crops failure in 
some regions from drought or flooding is being observed. 

3.4.3 Environmental Pollution 

Environmental pollution is the addition of any undesirable substance or any form 
of energy such as heat, sound, radioactivity or nutrients/metals to the natural envi-
ronment at a much faster rate than the environment that can tolerate it by various 
processes through dispersion, breakdown, recycling and storage into harmless form 
for living organisms. A pollutant must need not to be harmful in itself, for example, 
Carbon dioxide (CO2), is a normal component of the atmosphere and a by-product 
of respiration that is found in all animal tissues. But in concentrated form it can kill 
animals. Human sewage can be a useful as fertilizer, but when it is in concentrated 
too highly it becomes a serious pollutant by causing the depletion of oxygen in water 
bodies. Radioactivity is in small quantity is harmful for life. Pollution has go together 
with humans ever since groups of people persisted for a long time in any particular 
place. With the permanent human settlements establishment by large numbers of 
people, still, pollution became a problem in cities made poisonous places, contami-
nated by human wastes and debris resulted into unsanitary conditions in urban areas 
which favored the outbreaks of epidemic diseases. Also, air, water pollution and 
solid wastes accumulation were mostly the major problems of large cities. Increase 
of advanced technology as well as rapid spread of industrialization and the rapid 
increase in human populace to extraordinary levels. Hence, pollution has become a 
major universal problem. 

3.4.4 Desertification 

Climatic changes can cause the desertification process in which anthropogenic activ-
ities commonly are the prime cause. The agriculture land has suffered soil erosion 
and soil degradation resulted to people leave their farms. Desertification takes place 
in dryland regions because in that areas earth is delicate and friable, rainfall is almost 
zero and the climate is very harsh. It resulted in the destruction of topsoil leading to 
the loss of land ability to sustain human activity, agriculture and livestock farming. 
Deforestation eliminates green cover and trees that hold the soil to the land. Animals 
overgrazing removes the green cover of grasses on land. It leads to create situations 
that largely intensify wildfires, forest fires and winds that make huge pressure to 
most valuable natural resources of earth.
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3.4.5 Persistent Organic Pollutants 

Anthropogenic activity resulted into release of all the primary and secondary pollu-
tants into the environment among them most dangerous are Persistent Organic Pollu-
tants (POPs) because of highly toxic nature causing adverse effects like deaths, 
epidemic disease, and defective births among humans as well as animals. Some of 
the specific adverse effects can be disruption of the immune system, cancer, repro-
ductive disorders, allergies, hypersensitivity, damage to the central and peripheral 
nervous systems. Persistent Organic Pollutants are highly stable organic compounds 
before breaking down lasts in the environment for decades. By the process of evapo-
ration and deposition these POPs released in one place can be transferred to another 
place during the seasonal process in atmosphere. Another process called bioaccu-
mulation these POPs can concentrate in the living organisms because these are not 
soluble in water can readily absorbed in fatty tissues where the concentration magni-
fied very much large as compared to the basic levels. For example, Fishes, humans, 
predatory birds and mammals are placed in higher level of food chain can absorb 
greater concentrations. DDT (Dichlorodiphenyltrichloroethane), PCBs (Polychlori-
nated biphenyls), and TBTs (Tributyltin chloride) are the organic secondary pollu-
tants can have the capacity to alter the reproductive and endocrine systems of living 
organisms making an impact on human population to serious extent. 

3.4.6 Pesticides 

Pesticides such as dieldrin and toxaphene are added into environment through runoff 
from agriculture farming practices. It had been reported that these chemicals led to 
disruption of endocrine system. It has also found that higher concentrations of the 
chemicals/pesticides led to testicular cancer in men. 

4 Discussions 

Biodiversity refers to variety of all kinds of living organisms such as plants, animals, 
fungi and organisms living in a particular area. Biological diversity is the network 
of life that make planet earth different from other lifeless planets. It is measured as 
number of species inhabiting in an ecosystem. Land use can be managed by execu-
tion of humans on a site through plantations or agroforestry and land cover determine 
status of the green vegetation on a site such as forest or crop. Land-use land cover 
change make huge impact that alter global climate change by atmospheric flux of 
CO2. The negative effects of alteration in climate change due to land use change can 
be mitigated through management practices. The spatial scales and temporal stresses 
the impact on regional and global landscapes at which land use and climate-change 
interactions occur. The process of land use land cover conversion is go together with 
habitat fragmentation, which may ultimately make effect on ecosystem functions by
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rapidly decreasing cover size or extend distances between cover [52]. It has been 
reported at the ecosystem scale that increasing the size or number of covers may 
expand flexibility by decreasing edge effects and increasing the current size of popu-
lations in the landscapes. In ecosystems with widespread fragmented areas, cover size 
and segregation effects will increase the effect of habitat loss [53]. The survival of a 
species in a land cover mainly depends on the cover size and connectivity between 
different land covers in adjacent habitat. The effects on biodiversity due to habitat 
fragmentation are diverse and significant with different ways of measuring the magni-
tude and direction of effects [54–57]. It is good to avoid or banned anthropogenic 
activities to stop habitat degradation and fragmentations in intact ecosystems region 
to uphold its intrinsic stability of ecosystem. Species or individual living organisms 
migrate and drift with global warming changes that helps to increase the capacity 
to recover the fragmented landscapes due to climate change that ultimately helps 
in habitat restoration process. It has been reported that as the effort increases in 
reducing the severity of extreme climate changes resulted into decline in the loss 
of natural vegetative cover that caused directly from land use land cover changes. 
Thus, execution of actions to lessen climate change could at the same time prevent 
habitat loss and fragmentation driven by land use land cover changes in biodiver-
sity hotspots. It has been seen that in ecological freshwater communities such as 
buffer strips whose mobility is limited can be ability to minimize damage caused 
from agricultural runoff [58]. Besides this setting up of climate protections laws and 
protection [59] changing the sites of endangered species [60] and or restoration and 
construction of riparian habitats [61]. Global biodiversity is greatly changing with 
land use land cover changes (LULC) and climate changes gradient and also lead to 
modify microclimatic gradients. The spatial habitats arrangement at any given time 
may influence landscape processes such as edge effects, functional connectivity and 
ecological integrity [62]. In general, increasing land use land cover heterogeneity has 
limited potential to counterbalance negative effects of intensification. Greater vari-
ation in spatial heterogeneity tends to a wider environmental tolerance which may 
improve flexibility to climate change. Mountainous regions including great topo-
graphic and altitudinal diversity have a tendency to be more heterogeneous so that 
species may be better able to escape the effects of climate change [63]. However, 
with low heterogeneity in landscape ecosystem, species or living beings are forced 
to search for adaptive climatic conditions for stretched distance movement. Such 
as, tropical ecosystems with narrow latitudinal gradient in temperature that makes it 
harder for living organisms to shift ranges poleward compared with temperate organ-
isms [64]. By achieving the goal of maintaining spatial heterogeneity at the landscape 
ecosystem scale, biodiversity conservation strategies become more effective [65–73]. 

5 Conclusion 

Climate change is disturbing ecosystem at numerous scales and is an unescapable 
and increasing major global threat to disturb natural biodiversity and ecosystems.
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Hence, at present we should have to plan future action that must to be executed 
to the fundamental ideas of native biodiversity conservation and climate mitigation 
that must should reflect habitat protection and conservations as a dual conservation 
priority. Species inhabiting within anthropogenic altered land uses are facing global 
climate change pressures and is budding area requiring extensive further research. 
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Assessment of Pollution Load and Its 
Impact on Aquatic Biodiversity of River 
Ganga: A Review 

D. S. Malik, Aditi Bisht, and Ruchika Chauhan 

Abstract This review paper presents experimental results of some researchers who 
have observed Ganga River Water from Gangotri to West Bengal in the past 21 years. 
An attempt has been made to understand the gradual degradation of Gangajal and 
its present pollution level in relation to various uses. To assess water of Ganga, 
numerous measurements have been taken from time to time to study the physico-
chemical condition of this sacred river by various researchers. These studies show 
that all is not well and the quality of Ganga is getting worse day by day. The reason 
could be the nostalgic mood of the industry and common man who continue to follow 
bad practices causing severe pollution of the Ganga. Though there are government 
laws to control river pollution, the implementation is not adequate as the laws in 
India are too volatile, too stringent and too inexpedient. 

Keywords Pollution types ·Water pollution · Aquatic biodiversity · Ganga river 

1 Introduction 

The Ganges River, also called in hindi as Ganga, is a prodigious river of the plains of 
the north Indian subcontinent. Since time immemorial it has been the holy river of 
Hindus. For maximum of its course it is a widespread and sluggish stream, flowing 
through the greatest fertile and thickly populated areas in the world [1]. In spite of 
its importance, its has an extent of 1560 miles (2510 km) which is moderately short 
compared to the other rivers of Asia or the world. The Ganges is a sacred river of 
India and Bangladesh. The Bhagirathi River flows from the base of Gangotri Glacier, 
which is known as Gaumukh. The river Bhagirathi is said to be the actual basis in 
Hindu culture [2]. It has over-all length 2525 km, it rises in the western Himalayas 
in Uttarakhand, and flows south and east through the Plain of Northern India and 
reaches Bay of Bengal through Bangladesh. It is India’s longest river and second
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largest river in the world by water discharge. The basin of Ganga River is the most 
densely inhabited basin in the world, with over 400 million. In 2007 the river Ganga 
was graded amongst the five greatest polluted rivers of the world.

The mainstream of Ganga is formed when Alaknanda and Bhagirathi streams 
unite at Devaprayag, which penetrates southwestward through the Shivalik range at 
the north border of the Indo-Gangetic Plain to appear from the foothills at Rishikesh 
[3]. It then moves to the plain at Haridwar which is a sacred place for Hindus. The 
magnitude of Ganga water rises evidently as it procures more streams and arrives 
a area of heavier precipitation. Since, April to June the melting snow of Himalayas 
feed the river, and in the monsoon period i.e., from July to September the monsoon 
feed the river sometime causing flood situations also. During winter season the flow 
of river declines. 

In Uttar Pradesh the river Ganga receives right bank tributaries i.e., Yamuna and 
Tons which intersects the Ganges just below Prayagraj. There are also three main 
left-bank tributaries, which are the Ramganga, the Gomati, and the Ghaghara. 

The next state in which the river enters is the state of Bihar. Its chief tributaries are 
the Ghugri, Gandak, the Burhi Gandak, and the Kosi river. The important tributary is 
Son River. The river then borders the Rajmahal Hills and flows southeast to Farakka 
in central West Bengal state. West Bengal is the last state that the Ganga arrives, and, 
afterward it flows into Bangladesh [4]. The Ganga is called a Padma in West Bengal. 
The western distributaries of the delta are the Bhagirathi and Hoogly river. As the 
Ganges entitles from West Bengal into Bangladesh, many distributaries branch off 
to the south. The Ganges is merged to Brahmaputra in Bangladesh near Goalundo 
ghat. 

The Ganges area was said to be densely forested. Ancient literatures specify 
that in the sixteenth and seventeenth centuries hunting of wild elephants, buffalo, 
bison, rhinoceroses, lions, and tigers was common in this area. The unique natural 
vegetation has vanished from the basin of Ganga, and the land is now cultivated to 
meet the requirements of food of the population. Few wild animals are now commonly 
cited like for deer, boars, and wildcats, wolves, jackals, and foxes. Bengal tigers, 
crocodiles, and marsh deer are seen in Sundarbans. 

Fish flourish in all the rivers, specifically in the delta area, where they form an 
important share of the residents diet. In West Bengal common fishes comprise feather 
backs, walking catfish, milk fish, gourami, and barbs [5]. The Ganga Dolphin or 
Platanista gangetica, which is unsighted cetaceous can be seen all over the Ganga– 
Brahmaputra basin, but now it comes under endangered category due to its illegal 
poaching. Numerous diversities of birds are found, such as parrots, myna, crows, 
partridges, kites, ducks, snipes and fowls. 

The use of the Ganga water for drinking and irrigation is common since the ancient 
times. The use of water in irrigation is defined in sacred scripture and mythological 
books inscribed more than 2000 years ago. The Irrigation facility and canal system 
was developed in the period of Muslim rule in the twelfth century onward. The 
channel system was further extended by the British [6]. The cash crop production 
of U.P. and Bihar in Ganges valley is benefited from the of irrigation canals. In 
olden times the Ganges and some of its tributaries, particularly in the east, remained
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significant transport routes. By the nineteenth century, irrigation-cum-navigation 
channels designed the chief routes of the transport system through water. The arrival 
of paddle steamships transformed internal transportation, motivating the evolution 
of indigo manufacture in Bengal and Bihar. Regular steamer facilities contended 
from Kolkata to Prayagraj and far beyond, along with to Agra on the Yamuna and 
up the Brahmaputra water transportation decline in mid-nineteenth century with 
the emergence of Railway transportation. Bangladesh and Bengal remain to depend 
on the waterways to transport jute, tea, grain, and other agricultural products. The 
Ganga’s hydroelectric potential is massive, which is estimated to have fluctuated 
from some 51,700 to 128,700 MW. Some of that potential has been exploited in 
India, like in Uttarakhand, on Yamuna River and its tributaries in Himachal Pradesh, 
and in downstream, in Chambal and Rihand rivers. 

The river ganga faces so much stress due to various human activities and develop-
ment. Pollution in the Ganga River, possess noteworthy threats to health of human and 
the environment. Extremely contaminated with human waste and industrial pollu-
tants, the river delivers water to approximately 40% of the population of the country 
in 11 states. Nowadays, the Ganga is well-thought-out to be the fifth-most polluted 
river in the world [7]. Many initiatives have been taken to clean the river, but all of 
them were unsuccessful to bring anticipated results. 

2 Causes of Pollution in Ganga 

All through festival periods, over 70 million individuals take dip in the Ganga to 
clean themselves from their previous sins. Few used and unused materials like food, 
plastic waste, flowers, leaves, dead bodies, clothes, human and animal waste are left 
in the Ganges and its shores by the toursist and piligrims which are also accountable 
for its contamination [8]. As per available data 12,000 MLD (million litres a day) of 
sewage from from municipal and industrial areas is drained into Ganga basin daily. 
Not only the sewage, nearly all human activities produce some type of environmental 
disorder that pollute the surrounding water [9]. For, convience the large majority of 
sources of water pollution are divided in broad categories of waste: 

(A) Industrial, (B) Agricultural, (C) Domestic waste, (D) Religious waste. 
Industrial waste: Wastes from industry serve as maincause of contaminantsbe-

cause of (i) Manufacturing and drugs industry (ii) Power generation (iii) Mining and 
construction (iv) Food processing industries. 

The Manufacturing industries includes the industries dealing with chemical, oil 
refining, organic chemicals and heavy metals. The example of such industry includes 
textile, leather tanning, plastics, pharmaceutical and paper pulp industries. The by 
product from such industry are extremely poisonous to many creatures, including 
humans. Many pharmaceuticals involved in making drugs like antibiotics and various 
other medicine [7]. The endproduct or the waste from such industries get mixed with 
water as the industries dispose them in the river and it increases the BOD and COD.
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Power producing industries are chief contributors of heat and radioactivity. 
Radioactivity from nuclear power plants can contaminate surface as well as ground 
water in a variety of ways. The water gets contaminated by minning of uranium and 
enrichment plants. Minning industry contribute in sediments and acid drainage. As, 
main segment comprises vegetables, fruits, dairy, alcholic and non alcholic drinks 
and packed food [10]. The common worry in the industries are consumption and 
discharge of water, chemicals and compounds used in processing and cleaning, 
packing, removal and food leftovers. 

Agricultural waste: These are produced by the agriculture and animal rearing. 
Agriculture is a chief source of organic chemicals, specially pesticides. The pesticides 
penetrate in surface and under ground water bodies. The usage of nitrogen manures 
upsurge the concentration of nitrates in ground water, leading to high nitrate levels 
in ground water sources [11]. The water may penetrate deep or run off may occur 
which may harm the flora and fauna of the marine biodiversity [10]. 

Domestic waste: These are the waste produced by households. Domestic waste 
Also include septic tank waste which ends up of in natural waters. These days 
numerous individuals dump their garbage into rivers, ponds, lakes and streams, thus 
creating the water body as the ultimate resting place of cans, bottles, plastics and other 
products from households [12]. Maximum of nowadays washing products are deter-
gents and cleaners which comes from the petro chemicals industries. The chemicals 
substance contained in washing powders and other cleaners effect the well-being of 
all forms of life in the water. 

Religious waste: All through the festive periods, more than 70 million individuals 
take holy dip in the Ganga to wash themselves of their former sins. Some materials 
like flowers, clothes, and wastes are left in the Ganga and its banks which are also 
accountable for its contamination [13]. Traditional beliefs of people say that being 
burnt on its banks and ashes floating down the Ganga will rinse the sins of those 
individuals who expire and this bring them straight to salvation. In Varanasi alone, 
an approximately forty thousand bodies are burned every year and are put into the 
Ganga [14]. As numerous families do not have enough money for cremation wood, 
countless bodies are placed into the Ganges are only half-burnt. 

3 Pollution in the Major Cities from Which River Ganga 
Flows 

3.1 Rishikesh 

The town of Rishikesh is situated in the foothills of the Himalayas. It is recognized 
as the Gateway to the Garhwal Himalayas and is also famous as “Yoga Capital 
of the World”. It is identified as the pilgrimage town and observed as one of the 
holiest places for Hindus. Sages and saints have stayed as well as visited Rishikesh 
since early periods to meditate in search of higher knowledge [15]. Ganga river



Assessment of Pollution Load and Its Impact … 95

subsequently flowing 249 km through its slender Himalayan valley, it arises from the 
foothills at Rishikesh, then move out onto the Gangetic Plain at the pilgrimage town 
of Haridwar [16]. The river Ganga is admired by millions of people in India but still 
unprocessed sewage is directly dumped into its water in Rishikesh. The intreated 
waste of hotels, ashrams, temples and shops is discharged in the river daily. The 
river Song flows through Dehradun meet Ganga River near Lakshman Jhula which 
is close to town of Rishikesh. The quality water beyond this point is finest. The water 
quality is degraded after this point as untreated sewage flowing in Song go in the 
Ganga and causes contamination. The quality of water was tested in 15 locations 
between Gangotri and Haridwar water in 7 sites above Lakshman Jhula was found 
to be of finest quality and appropriate for drinking. Whereas water quality of other 
sites tested between Rishikesh to Haridwar was not found of good quality and was 
not suggested for consumption and other domestic purposes without subjecting it 
to purification [3]. According to researchers, the main source of water pollution 
in Ganga is due to mass bathing, urban waste and effluent from sewage treatment, 
domestic sewage, discharge from hotels and ashrams reaches the Ganga, causing 
additional contamination. 

3.2 Haridwar 

In Sanskrit, the ceremonial meaning of Haridwar is Hari means “Lord Vishnu” and 
Dwar means “gateway”. So, Haridwar is said to be “The Gateway to Lord Vishnu”. 
Haridwar got this name because it is usually the place where devotees initiate their 
Char Dham Yatra for attainment of God. The city is positioned on the right bank of 
the river Ganga, at the bases of the Shivalik ranges. It is observed as a holy place 
for Hindus, holding chief spiritual events and serving as an entrance to numerous 
prominent places of worship [17]. One of the significant of the events is the Kumbh 
Mela, which is in every 12 years. Millions of tourists, devotees, and pilgrims assemble 
here to perform ceremonial bathing on the banks of the river to wash away their sins 
to attain moksha. The water quality in this area is degrading year by year even after 
lots of efforts of government to clean it. The degrading quality if water is due to the 
pilgrims and visitors who come to the city to wash their sins and leave the city with the 
garbage disposed in the river. Also, the untreated sewage, chemicals from industries 
and waste water is major cause of polluted water in Haridwar [18]. Many institutes 
like Gurukul Kangri, IIT, Roorkee, PSI, Dehradun, Doon University checked the 
water quality on various parameters and found the water quality of this region is 
not good and is unfit for drinking and do not fulfil the criteria od CPCB for bathing 
during festive seasons also.
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3.3 Uttar Pradesh 

Uttar Pradesh is a state of northern India, having over 200 million inhabitants, it is 
the most heavily settled state in India furthermore the densely populated province 
subdivision on the globe. The two important rivers of the state are Ganges and Yamuna 
which joins at the confluence of Triveni in Prayagraj (Allahabad) [19]. These two 
foremost tributaries, the Yamuna, which proceed by the Delhi (capital region) and 
afterwards abruptly aligned the south eastward flow of the river Ganges prior joining 
it near Prayagraj [20], including Tons, which go along north from the Vindhya range 
in Madhya Pradesh and unite the river Ganges just beneath Prayagraj. The major left 
bank tributaries in UP are the Ramganga, Ghagra and the Gomti river. The Ganga 
river arrives Uttar Pradesh at Bijnor and it flows through Bulandshahr, Hapur, Meerut, 
Muzaffarnagar, Aligarh, Kasganj, Sambhal, Amroha, Badaun, Shahjahanpur, Hardoi 
and Raebareli. It flows through 27 districts in U.P. [21]. The reports shows when river 
reaches Bijnor, water quality was B standard, which is suitable for outdoor bathing as 
the biological oxygen demand (BOD) or dissolved oxygen level was 1.4 mg per litre 
at the place. Quality of water kept on decreasing as it moves forward. The quality of 
water is C, but when the Ganga arrives at the territorial area of Kannauj, the quality 
of water changed from C to D, as it moves forwards. The quality of water remained 
in category D from Bithoor in Kanpur to Prayagraj [22]. In Noida, the Yamuna river 
water quality was testified to be E, which can be used for irrigation, industrial cooling 
and waste disposal in controlled way. The BOD level at Vrindavan and Mathura was 
testified to be of D water quality. Kanpur has the maximum pollution load i.e., 75% 
amongst all of the towns of Uttar Pradesh. The pollution load is due to the drains, 
sewage treatment plants, tanneries, industries, etc. [14]. Approximately, all classes of 
wastes are impending out of Varanasi, viz. all kind of biodegradable as well as non-
biodegradable wastes, sewage, industrial waste, animal corpses, unclaimed human 
dead bodies. Water quality in Varanasi is intolerable for drinkable or for farming and 
it is getting worse [20]. 

3.4 Bihar 

Bihar is a state in the eastern part of India. It is the 12th wide—ranging by the 
territory (94,163 km2) and is ranked 3rd largest state by population. The river Ganges 
splits the Bihar plain, which flows west to east. Magadh, Mithila, and Bhojpur are 
the three main cultural provinces of the Bihar state. In Bihar quality of water is 
alkaline in nature with more total solids and also above saturated with dissolved 
oxygen. The chlorides are well in the permitted limits of drinking water quality 
standards. Whereas, some of the selected parameters are to some extent higher than 
the prescribed limit by WHO which makes it unfit for household and commercial 
purposes. The hardness of water is Slightly high in some sites which makes it unfit
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Table 1 Physicochemical characteristics of ganga at various location 

Parameters Unit Rishikesh Haridwar UP Bihar West Bengal 

pH 7.5 7.5 7.40 7.75 6.06 

EC dSm−1 140.4 0.29 0.44 0.007 

DO mg L−1 9.67 9.8 6.40 7.425 3.4 

BOD mg L−1 2.25 1.3 3.3 2.475 4.51 

COD mg L−1 5.32 4.00 19.20 15.125 26.15 

TDS mg L−1 55.68 109 166.92 250.25 254.1 

Turbidity NTU 7.79 46.72 166 – 147.83 

Chloride mg L−1 5.11 7.90 2.80 35.05 119.83 

References [25, 26] [27] [28] [29] [30, 31] 

for drinking purpose also. Though high pH, TDS, Hardness, DO, BOD and MPN 
standards recommends cleansing is essential for domestic consumption [23, 24]. 

3.5 West Bengal 

West Bengal is a province in the eastern part of India, in between the Himalayas 
and the Bay of Bengal. And its capital, Calcutta hold on architectural and cultural 
remnants of its formerly like an East India Company, the trading post and the capital 
of British Raj. Afterwards Bihar, the river evades the hills of Rajmahal to the south 
and proceed southeast to the Farakka in the West Bengal, at the crest of the delta 
[24]. The West Bengal is the last Indian state in which the Ganges enters, and then it 
flows to the Bangladesh, the Mahananda river and gets joined to the north. In India, 
West Bengal as well as in Bangladesh, the river Ganges is pronounced as the ‘Padma’ 
0.1779 MLD wastewater is discharged into the River Ganga through 54 canals in 
West Bengal. The results show that the capacity utilization of West Bengal requires 
immediate attention. Grossly Polluting Industries West Bengal generates maximum 
effluent of 75.5% in terms of water consumed [14] (Table 1). 

4 Impact of Pollution on Aquatic Biodiversity 

Enormous quantity of river Ganges water is also used for irrigation purpose due to 
which the Ganga downstream of Narora (UP) is being assassinating. The establish-
ment of non-coastal waterways leads to expand in pollution and homicide the aquatic 
life [3]. In West Bengal, the Farakka barrage access the saline water and cause flood 
in Bihar. The experts found that river Ganges is getting highly polluted as people 
are dumping a lot of wastes, toxic elements which causes the depletion of dissolved
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oxygen in the water and stimulates the circumstances of hypoxia, which is quite 
harmful for aquatic life. The most polluted part of the river Ganges is at Kanpur, it is 
the most populated city in Uttar Pradesh where the people in the locality washes their 
dirty clothes, bath their animals, urinate and discharge sewage in the water which 
makes the water impure [32]. 

The scientists have found a lot of quantity of mercury in the river Ganges, as 
they collected specimens contains the amount mercury, which results in the tended 
muscles of the fishes which assembles in the body of the aquatic organisms [5]. 
Approximately 50–80% of mercury is organic and it causes a connection between 
the food habit, mercury levels in muscles and the length of the fish. The ‘Ganga 
River dolphin’ is one of the fresh water dolphins in the world is listed as endangered 
species [33]. Irrigation dams and hydroelectric powers prevent the dolphins from 
proceeding up and down along the river Ganges, which is the most important reason 
for their depleting population. Another fresh water species of the river Ganges that is 
‘Ganges Softshell Turtle’ (Nilssonia gangetica) which can also be seen in the river 
Indus, Mahanadi River, systems of Pakistan, Bangladesh and Southern Nepal [34]. 
These turtles are basically found in the deep rivers, lakes of freshwater. And as these 
turtles consists of prolonged agedness and elevated trophic levels in the food web of 
the aquatic life. But they are at risk due to the various mode of pollution. 

5 Challenges and Remedial Measures 

The Prime Minister of India Narendra Modi made it his own plan and set a aim to 
clean Ganga by 2019, which was then extended to 2020. Namami Gange is being 
executed by the National Mission for Clean Ganga (NMCG), and its state counter-
parts to achieve the twin purpose of effective reduction of pollution, management 
and rejuvenation of Ganga [35] there are well proportioned 221 projects under the 
scheme, which comprise STP, ghat development, cleaning of surface, afforestation, 
cleanliness, and public awareness, out of which only 58 have been completed. 

River ecosystem have agonized from human interference resulting in habitat loss 
and degradation and as a consquence numerous fish species of freshwater have 
become vigorously jeopardized specific in Ganges basin [27]. In India 2246 Indige-
nous finfishes have been portrayed of which 765 has a place with fresh water fish. 
143 species have a placed with 11 orders, 72 genera and 32 families were recorded 
across the Ganges which is about 20% of fresh water fishes proclaimed in India. Out 
of 143 species, 133 species were local to waterway Ganges and its tributaries and 
rest 10 species were exotics. Cleaning waterway ganga is a monstrous project which 
has gained critical progress after 2014 yet at the same time has far to go [36].
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6 Challenges for Failure of Namani Gange Project 

There are few challenges which Namani Gange project face which may lead to its 
failure. First challenge 2000 million litres capacity STPs had to be transformed of 
which only 328 MLD have been completed claimed by Namani Gange project. The 
status of project brings a doubt that whether the government would even accomplish 
its aim. Second Challenge is that the river self purifies it when there is constant flow of 
water. The river fails this elementary test except during rainy season. Therefore, it’s 
not just about contaminated Ganga. It is about the survival of Ganga. Third challenge 
is the contamination from the cities which flows through a network of small and 
increasingly larger open drains, which ultimately flows into the Ganga. None of the 
three metropolises has a system for administration of solid waste, most of which is 
discarded in the roads, clogging exposed drains and adding to the contamination. 
Fourth challenge is scrubbing up the huge stretch of 2525 km that the Ganga crosses 
is a programme where regulating the funds becomes as giant issue. The UP SAAP 
in 2016 said that the towns in Ganga basin would require Rs. 5794 crore just for the 
formation of sewer networks in the state. Last challenge is the cleaning of the Ganga 
needs continuous synchronization between the agencies accountable for carrying 
out various tasks. This demands a visualization and a clear-cut strategy. The water 
resources department engaged MOUS with 10 ministries for better application of 
Namami Gange. 

The cleaning of Ganga is not only the responsibility of government but every 
individual in the community. Basic remedial measures which can be followed to help 
clean Ganga can be done by setting up an approchable local authority to manage 
the responsibilty and budget for cleaning area near the ghats, records should be 
maintained of the tourist and devotees visiting the area and the traffic should be 
maintained and also local people as well as toursist should be made aware of the 
responsibilty of keeping the river clean. 

7 Conclusion 

The Ganga river agonizes from countless problems, most significant ones being the 
pollution of water. Release of untreated and partly treated sewage and industrial 
wastewater into the river is a main issue. Change of water flow of river through 
Upper and Lower Ganga canals, leaving nearly very little flow in the main river 
making the dilution difficult after treatment. 

In Uttar Pradesh, there is requirement of handling of sewage water and acces-
sibility of suitable conveyance system for sewage. It also requires minimum flow 
for its subsistence in the stretch of Uttar Pradesh. Subsequently a river is a existing 
eco-system and consequently final goal should be to protect the operation of the river 
eco-system.
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Main industries like Tannery, Sugar, Pulp and Paper mills contributes noteworthy 
contamination load to river and its tributaries. There is instant requirement of strong 
environment investigation in order to check their compliance with the standards. It is 
also essential that minimum flow through the year should be maintained to support 
eco-system of river and aquatic life. It would be advisable to generate additional water 
storage capability for river system and release water in the thin period to efficiently 
sustain minimum flow in the river. 
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Non-timber Forest Products: Current 
Status and Development 
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Abstract Non-Timber Forest Products (NTFP’s) are biologically originated non-
wood products derived from forests and constitute a vital source of livelihood. In 
India, approximately 275 million poor rural people inhabiting in harsh climatic 
conditions depend on NTFP’s for their survival and cash livelihoods. There is a 
lack of accurate global level statistics about NTFPs from 1972 to 1995. After 1995, 
renewed interest in NFTP’s may be due to increased interest in the value of biodi-
versity, Carbon sequestration, increased awareness about the use of NTFP’s, and 
some environmental functions provided by NTFP’s. NTFP’s were called “Minor” 
forest products and undervalued in the past but nowadays the scenario is different. 
During recent decades much attention is paid on the exploitation of NTFP’s without 
addressing the ecological factors and impact on the environment. In India, approx 
40% of total official forest revenues and 55% of forest-based employment is provided 
by NTFP’s. In the present era and coming future era NTFP’s sometimes may be 
considered as misnomer due to severe degradation of forest areas. In the present 
investigation, an attempt has been made to elaborate on the NTFP’s, their utilization, 
availability, and development along with ecological and environmental implications 
generated due to the exploitation of NTFP’s. 
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1 Introduction 

With 2.4% of the total world’s geographic area and 17.5% contribution in the world 
population, India has only 1.8% contribution to the world’s forestry sector [1]. In 
India, an estimated 67% of people are involved in the agriculture sector. Approxi-
mately 350–400 million people living in 0.152 Million rural villages adjacent to forest 
depend on the forest for their various needs [2]. According to a Forest Research Insti-
tute report (2017), India has 1,47,127 forest fringe villages in 275 districts of India 
[3]. The maximum number of forest fringe villages was in Madhya Pradesh (18,263). 

In global context forest covers approximately 31% (4.06 billion) of the total 
geographical area. Approximately 80 million green jobs were provided by forests 
worldwide more than and support the livelihood of approximately 880 million 
peoples life by providing different products [4] while in India 8.20% of the total 
geographic area (about 25 Million Hectare) is under agroforestry [5]. Forests are an 
important source of non-timber forest products (NTFPs) for health care, domestic 
consumption, and cash or non-cash income generation (Approx 50%) for one-third 
of the population living in the rural communities [6–8]. Available literature shows 
that NTFP’s are not defined according to the wide range of potential they possess 
and it also shows the lack of consistency in the available literature. NTFP’s are 
biologically originated non-wood products derived from forests, and trees outside 
forests. NTFP’s may be collected from the wild or produced after processing or prod-
ucts of agroforestry. They include Food, fodder, medicine, oils, resins, fibres, dyes, 
and raw materials for baskets, traditional paper, houses, brooms, mats, and numerous 
other items [9]. In the last two decades, more than 2100% increase was observed in 
NTFP’s related research item [10] and most of them are from rural areas till 2012 
but in recent times it has been observed that the market of NTFP’s shifted from rural 
to urban centres [11–13]. 

2 Definitions of NTFP 

The term NTFP consists of three essential terms and aspects: 

1. Non-Timber: The part non-timber of the term NTFP indicates the exclusion of 
all woody materials as timber, chips, charcoal, and fuelwood. 

2. Forest: The part forest of the term NTFP indicates that these products should 
be derived from forests and related land areas. 

3. Products: The part products of the term NTFP corresponds to biologically 
originated goods such as plants, animals, and their products other than wood.
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4. Certain other functions such as ecotourism, grazing, bio-prospecting (Forest 
services), and soil conservation, soil fertility, watershed protection (forest 
benefits) are not included in the term NTFP. 

In different parts of the country and at different time NTFP’s are known by different 
other names such as [9]:-

1. Minor forest products 
2. Other forest products 
3. Other economic forest products 
4. Special forest products 
5. Non-wood forest benefits 
6. Non-wood goods and services 
7. Non-wood forest products 

A very old definition of NTFP’s was provided by de Beer and McDermott [14]. 
They define NTFP as “all biological materials extracted or obtained from forests 
for human use other than timber used for commercial purposes”. The definition 
was given by the authors when they were working in the forest, thus they focus on 
the biological resources (bushmeat, seeds, mushrooms, resins, bulbs, thatch grass, 
insects, and bark). The definition is wrong with respect to the present scenario as 
abiotic resources (such as water, carbon, sand, and stone, to mention a few) and 
social resources (aesthetic use) are not included in it. Although the identity of forest 
products as NTFP’s is due to the harvesting and consumption of these products in 
human day to day life if human harvest products of NTFP’s group excessively then 
the NTFP’s produce is known as crop or livestock [7]. After reviewing the literature 
we can say that a lot of definitions of NTFP’s are available but to date, there is no 
exact definition available for NTFP’s. 

3 Importance of NTFP’s 

NTFP’s are of various types and play a different role in the livelihood of millions of 
rural and urban people across the globe [10, 15–17]. The approximate role of NTFP’s 
in different spheres of life of local people is given in the value ladder given in Fig. 1. 
Nearly 80% of the population of the developing world depend on NTFP’s for their 
nutritional and health requirement. The people of developing countries usually put 
their hopes on potential gains generated from the marketing of NTFP’s for poverty 
alleviation and for more conservation of the natural resource base. Approximately 1 
billion peoples worldwide depend on the different wild foods such as meat, insects, 
fruits, mushroom, medicine and fishes to some extent [4]. 

The importance of NTFP’s is greater in daily activities while they get the least 
attention in cultural activities. NTFP’s can be an important source of income that can 
supplement farming and other activities. Their economic, cultural, and ecological



106 F. Ahamad et al.

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

Fig. 1 Showing the role of NTFP’s in different spheres of life of local people 

value, when considered in aggregate, makes managing NTFP’s an important compo-
nent of sustainable forest management and the conservation of biological and cultural 
diversity. NTFP’s also reduced incentives to convert forests for cattle ranching and 
farming. Therefore, NTFP’s are a dependable source of income and food supply in 
rural areas. 

Daily net refers to the basic necessities such as food, energy, shelter, and medicine 
[18] Female-headed households use more NTFP’s in comparison to male-headed due 
to poor economic conditions [19, 20]. Similarly, rural areas collect more NTFP’s 
than urban areas while consumption is highest in urban areas [21, 22]. NTFP’s 
act as a safety net or self-insurance to the livelihood of peoples due to support in 
extreme climatic conditions such as drought and floods. During these calamities, 
these products help people in two ways. One is the increased use of already included 
products for their daily needs to reduce the expenditure and the second one is the 
use of non-included products in their daily nets [23]. Replacement of Kerosene oil 
or Electricity by the use of firewood is an example. 

In certain areas or communities, NTFP’s are inseparable parts of their daily essen-
tial activities. Some NTFP’s are associated with cultures and are necessary for certain 
rituals and ceremonies. The association of NTFP’s with the culture is both beneficial 
and harmful with respect to the conservation of these valuable products. Partic-
ular NTFP’s associated with the culture or traditions of a particular community are 
conserved by that community and those areas become important from the biodiver-
sity point of view [24, 25]. NTFP’s also provide supporting and regularities services 
directly and indirectly. For example Phragmites reed and the fruit tree Sclerocarya 
birrea subsp. Caffra provides different services to other plants and animal and in 
turn support the communities [26, 27]. Phragmites and some other dense reeds help



Non-timber Forest Products: Current Status and Development 107

in water purification in streams and rivers by removing different nutrients from the 
water [28]. 

4 Challenges for NTFP’s Development 

1. Most of the NTFP’s are not widely known by the peoples due to their traditional 
uses. 

2. Use of NTFP’s is not on the record as the production of most of the NTFP’s is 
seasonal; therefore their potential is underestimated to date. 

3. Trade of NTFP’s falls under the category of the unorganized and informal sector 
due to their transaction mostly in households and small-scale units or outside 
the well-established marketing /channels systems and this is a major bottleneck 
in the development of NTFP’s. 

4. Policy planners and forestry professional mostly focuses on timber-orientation 
and promote timber forestry. 

5. Lack of knowledge regarding the role of NTFP’s in the livelihood of local people 
is a major constraint. 

5 Current Status and Development of NFTP’s 

Worldwide 12 countries are blessed in terms of diversity of vegetation and animals 
and termed as mega biodiversity countries and India in one of them (ranked 12) due 
to its unique climatic and physiographic factors. During the recent decades, NTFP’s 
become popular in developed as well as developing countries due to shifting of human 
beings from conventional to non-conventional sources. Vegetation is divided into 
tropical, subtropical, temperate, alpine and sub-alpine type. NTFP’s can be derived 
from approx. 3000 species of plants. Less than half (about 40%) of all the NTFP’s 
are accounted into revenue generation and the remaining large fraction is consumed 
by local people for their livelihood [29]. As per the National Forest Policy of 1988, 
NTFP’s should be protected and improved as they sustained the local communities. In 
northern Brazil NTFP (Himathantus drasticus -janaguba -Apocynaceae) contribute 
30–50% in the household income. 

Based on their importance and marketing, NTFP’s are classified as national-
ized and non-nationalized. Nationalised NTFP’s is controlled by the state and have 
high economic values while the state has no control over non-nationalized NTFP’s 
and their market is controlled by local communities. Minor Forest Product Federa-
tion promotes in-situ conservation, ex-situ cultivation, propagation, value addition, 
processing, and marketing of NTFP’s to provide benefit to the local communities. 
Tendu (Diospyrus melanoxylon) leaves also known as bidi patta, sal seed, bamboo, 
etc. are nationalized NTFP’s while mahua, aonla, neem, mahul patta, chironji, 
tamarind, and honey are non-nationalized NTFP’s [2] are extracted from NTFP’s
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[30]. More than 85% of herbal drugs used are derived from medicinal plants [31] 
and the production of these drugs provides livelihoods to millions of people in the 
Indian Himalayan region [32]. NTFP’s play an important role in the economic up-
gradation of India because NTFP’s helps in the livelihood of millions (nearly 400 
million) of peoples living in forest areas such as tribal, landless people, women, and 
other rural poor [15, 33, 34]. About 70% of the total NTFP’s is collected in the tribal 
belt. 

Demand of basket increased from 4791 in 1992 to 15,000 in 2007 in Uganda [35]. 
Welford and le Breton [36] reported 15–20% increase per annum in global natural 
products industry. Nearly 1.6 billion US dollar was generated from a commercial 
collection of NTFP’s in India, at the forest gate in 2010 [37, 38]. NTFP’s contribute 
to about 75% of the total forest export revenue. NTFP’s contribute to about half 
of the cash income for 30% of rural forest-dependent communities across India 
[39–41]. Nearly 17% of landless laborers get their wage labor from the collection 
of NTFP’s directly and nearly 39% indirectly. During the last 15 years, world has 
shown tremendous progress in the contribution of forests in empowering people by 
providing ownership of NTFP’s, which results in their poverty remediation. 

Among all the medicinal plants of, some plants are used in the preparation 
of medicines and raw extracts for Ayurveda, Unani, modern medicines, Siddha, 
Homeopathy, and other herbal health products [42]. Threat along with employment 
also increased due to the demand for medicinal plants in national and international 
markets for the preparation of herbal medicines and nutritious food products [43]. 
The revenue generated from the global market of the Medicinal, Aromatic, and Dye 
Plants (MADP’s) and other NTFP’s beside the household consumption is about 59 
billion US$ per year [29]. NTFP’s used in the pharma sector developed to a large 
extent in comparison to other NTFP’s. 

5.1 Management of NTFP’s 

Due to logging and shifting, a large amount of forest area has degraded as a result 
NTFP’s are continuously degrading, affecting the plant species distribution [44]. 
After recognizing the importance of indigenous plant species to improve the bread 
and butter and income of poor people, a program for the domestication of all these 
was initiated in the early 1990s, now enter in the fourth decade [45]. The new term 
used for the domestication of trees is Horticulture, in which the local people are 
actively engaged which ultimately empowers the rural peoples [46–49]. 

In India, it is the joint responsibility of national and state governments to manage 
the non-timber forest resources. Ownership of NTFP’s was provided to Gram 
Sabhas/panchayats (village assemblies) by “Panchayats (Extension to Scheduled 
Areas) Act 1996” (PESA) while the Scheduled Tribes and other Traditional Forest 
Dwellers (Recognition and Forest Rights) Act 2006 popularly known as Forest Right 
Act 2006 was enacted by which a right was provided to forest dweller for inhabita-
tion, cultivation on the forest land occupied before 13th December 2005 to manage,
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protect and regenerate the forest land. This also allows the collection and disposition 
of minor forest products (NTFP’s) for their development. Here the word “ownership” 
means the right to net revenue after retaining all the additional charges (access and 
controlling charges) and administrative expenses of the department. 

5.2 Contribution in the Economy 

At global level, NTFP’s generate 88 billion US dollar in 2011 [39]. No report or study 
is available about the exact contribution of the NTFP’s to total employment or in the 
revenue generated in a particular state. A report suggests that NTFP’s contribute 
to about 25% in rural household income in developing world [50]. More than 64% 
contribution in household income in Northeast Peru was reported by L’Roe and 
Naughton-Treves [51] while less than 5% was reported from Northeast and Eastern 
South Korea by Van Gevelt [52]. According to a report of NCFRA [53] around 100 
million people in India derive their source of livelihood directly from the collection 
and marketing of NTFP’s. Most of NTFP’s collections take place in the six-state of 
India like Maharashtra, Madhya Pradesh, Chhattisgarh, Bihar, Orissa, and Andhra 
Pradesh [54] and in small amount from Uttarakhand, Arunachal Pradesh and Uttar 
Pradesh. Production and collection potential of Rs 3777 crore and Rs 1908 crores 
per annum is estimated from 14 different NTFP’s. Tendu leaf, Bamboo, Mahuwa 
seed, and flower and Gum karaya are the major contributor NTFP’s in the economy 
of different countries worldwide. According to an estimate, equivalent to 2.7 billion 
US dollars per year revenue is contributed by all these biological resources in India. 
NTFP’s contributed to about 55% in the total forestry sector employment, 70% in the 
forest-based export income, and about 50% in forest revenues [55]. In the 60 billion 
US$ global herbal industry, 40 billion US$ is contributed by pharmaceuticals, 5.9 
billion US$ by spices and herbs, 7 billion US$ by natural cosmetics, and 4 billion 
US$ by the essential oil. The industry is expected to reach 5 trillion US$ by the year 
2050 with the present growth rate of % per year [56]. 

Sal seed possesses high commercial values and is a constituent of different 
products as soap, oil, animal or poultry feed, chocolates, rocket fuel, and tanning 
processes. Chhattisgarh, Madhya Pradesh, and West Bengal are considered as a 
major producer of sal seed among all these, the average yearly production of Chhat-
tisgarh (14,000 Tonnes/year) is the highest. Collection of sal seed is a complex task 
and an individual is able to collect approx. 8–10 kg of seed per day worth INR 50, 
far less than daily minimum wages given in the National Rural Employment Guar-
antee Scheme of the Government of India. Thus the production of sal seed decreases 
in recent years [1]. Economically and socially weaker sections of the community 
of hilly regions mostly depend for their livelihood on Cane or Rattans. Rattans are 
mainly used for the production of ropes, furniture, walking sticks, umbrella handles, 
polo sticks, baskets, mat, sports goods, wickerwork, stuffing, and packaging. They 
are also used for medicinal purposes.
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With 65% of the world’s total lac production, India stands on the first rank. 
The annual production of India is estimated at 16,000 Tonnes per Year. Major 
lac producing states are Chhattisgarh, Jharkhand, West Bengal, Madhya Pradesh, 
Odisha, Uttar Pradesh, and Gujarat. Chhattisgarh and Jharkhand contribute to about 
40% of India’s Lac production. Lac is mainly used in pharmaceuticals, food, 
perfumes, varnishes, cosmetics, adhesives, polishes, paints, and textile industries. 
Commercial production of Gums is restricted to Leguminosae, Sterculiaceae, and 
Combretaceae, although it can be produced by a large number of families. Gums 
are also extracted from seeds, seaweeds, micro-organisms, and Aloe barbadensi, 
wood chips of Laris accidentals, seed coat of wheat, brans, barley, rice, and soybean. 
Maximum gum production in the country is contributed by Maharashtra (30%), 
Madhya Pradesh (21%), Jharkhand (16%), and Telangana (10%). 

Resins are mostly extracted from branches and cones spontaneously and some-
times from wounded plants. Hard, oleo, and gum resin are three categories of resins. 
The highest amount of resin in India is collected from tapping from pine trees. 
Uttarakhand, Jammu & Kashmir, Himachal Pradesh, and Arunachal Pradesh are the 
major resin producing states of India, among all these states, the Major contributor in 
Uttarakhand. More than 70% of the total consumption is exported from China due to 
the policy to reduce the number of tapping trees. Tendu (Diospyrus melanoxylon), is a 
high commercial value nationalized NTFP used in the Bidi industry. Major producing 
states are Chhattisgarh, Jharkhand, West Bengal, Madhya Pradesh, Odisha, Uttar 
Pradesh, Karnataka, Arunachal Pradesh, and Gujarat. The estimation of the contri-
bution of any sector in the economy of a country is listed in detail in the National 
Industrial Classification (NIC) abstracted from the International Standards of Indus-
trial Classification (ISIC). Forestry is a subgroup of Section A (Agriculture, forestry, 
and fishing) and a part of Division 02 and named as Forestry and logging (Table 1). 

5.3 Forest Certification 

The public becomes more conscious of environmental issues both in developed and 
developing countries [57, 58]. Forest certification is a tool to link sustainable manage-
ment practices with that of the environmentally-conscious person [59–61]. Forest 
certification is a major challenge for the sustainable management of NTFP’s. Forest 
management unit certification (FMU) and chain-of-custody certification (CoC) are 
two separate processes in forest certification. FMU is the process in which it is verified 
that the area from where the NTFP’s are extracted is being managed by a pre-defined 
standard while the process of certification that the product has originated from a certi-
fied forest is known as CoC [58]. Forest Stewardship Council (FSC) and the Program 
for Endorsement of Forest Certification Schemes (PEFC) are two international certi-
fication programs available for forest certification to date. Besides these two, there 
are other certification programs working on the national level such as American Tree 
Farm System (ATFS), Canadian Standards Association (CSA), Sustainable Forestry 
Initiative (SFI), Malaysian Timber Certification Council (MTCC), and China Forest
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Table 1 Detailed industrial structure in respect of forestry and logging sector according to the NIC 
[1] 

Section A Agriculture, forestry and fishing 

Division 02 Forestry and Logging 

Group 021 Silviculture and other forestry activities 

Class 2010 Silviculture and other forestry activities 
Exclusion: Growing of Christmas trees, Operation of 
tree nurseries, Production of wood chips and articles 

Sub-class 02,101 Growing of standing timber, 

Sub-class 02,102 Operation of forest tree nurseries 

Sub-class 02,109 Other forestry activities including growing of pulp and 
fire wood etc 

Group 022 Logging 

Class 0220 Logging 
Exclusion: Growing of Christmas trees, Growing of 
standing timber, gathering of wild growing NWFP’s, 
Production of charcoal through distillation of wood 

Sub-class 02,201 Gathering and preparation of firewood 

Sub-class 02,202 Logging camps and loggers primarily engaged in felling 
timber and producing wood in the rough such as 
pitprops, split poles, pickets hewn 

Sub-class 02,203 Railway ties 

Sub-class 02,209 Production of charcoal in the forest and other logging 
activities 

Group 023 Gathering of NWFP’s 

Class 0230 Gathering of NWFP’s 
Exclusion: Managed production of any of these 
products, growing of mushroom or truffles, growing of 
berries and nuts, gathering of firewood, production of 
wood chips 

Sub-class 02,301 Gathering of Tendu leaves 

Sub-class 02,302 Gathering of Lac, Resins and Rubber like Gums 

Sub-class 02,303 Gathering of wild growing truffles, mushroom, nuts, 
berries, cork, balsams, vegetable hair, eelgrass, mosses, 
lichens 

Sub-class 02,309 Gathering of NWFP’s 

Group 024 Support services to forestry 

Class 0240 Support services to forestry 
Exclusion: Operation of forest tree nurseries 

Sub-class 02,401 Forestry services activities 

Sub-class 02,402 Logging services activities such as transport of logs 
within the forest
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Certification Council (CFCC). At the global level, two-third of the forest area is 
certified by PEFC while 28% is by FSC. The first forest certification (FSC CoC) in 
India was reported in 2001 (to a toy manufacturer in UP for Babul (Acacia nilotica) 
and Shisham (Dalbergia sissoo). There were 328 FSC CoC certifications and 11 
PEFC CoC certifications issued till July 2012. However, to date, there is no certifica-
tion reported for NTFP’s. Shanley et al. [62] reported that standards for certification 
have been approved for approximately forty-six commercial NTFP’s and the evalua-
tions are under process. At the international level, the first certification of NTFP was 
reported in 1998 to SmartWood’s Chicle operation in Mexico, in 1999 [63]. The first 
FSC certified NTFP- Chicle gum failed in the market place due to explosive global 
demand for chewing gum [64]. There are 17 criteria and 55 indicators in certification 
including the ecological, social, and economic perspective of NTFP’s. The major 
challenges in the certification of NTFP’s are the availability of secure forest land 
and insufficient scientific knowledge about the distribution, life cycle, population 
density, regeneration, and level of sustainable harvesting.

5.4 Marketing or Trade of NTFP’s 

Literature suggests that tribal involvement in NTFP’s collection since time immemo-
rial for their daily need but later they start collection and harvesting at the commercial 
level [65]. The use of NTFP’s started with human existence. In the old era, the domes-
tication of wild varieties of plants and animals starts to such an extent that the modern 
world forgot the natural origin of most of the modern-day staple foods [66]. Selected 
NTFP’s such as medicinal plants (US$ 689.9 million), nuts (593.1), ginseng roots 
(389.3), cork and cork products (328.8), and essential oils (312.5) contributing to 
international trade [67]. Despite India’s rich biodiversity (45,000 plant species in 
16 Agro-climatic zones), only 3000 NTFP species yield is found. Among them, 
marketability of only 126 has developed [68–70]. NTFP and eco-tourism contribute 
to about 16% of the Forestry sector’s gross value [71, 72]. At present, about 150 
NTFP’s are important in terms of national as well as international trade in India. 
The international market for medicinal use NTFP’s is estimated to be 60 billion US 
dollars with a growth rate of 7% per annum [1, 73]. Vietnam exports NTFP’s to about 
90 countries [74]. The following two channels were identified for the marketing of 
NTFP’s by Kumar and Meena [65]. 

Channel I: Tribe seller’s → Village traders → Regulated Market (Laghu Van 
Upaj Mandi). 

Channel II: Tribe seller’s → Large Sized Aadivasi Multipurpose Co-operative 
Society (LAMPS). 

Trade-in case of NTFP’s is categorized as in the house, local level, regional level, 
national level, and international level. The income generated at each level of trade 
varies depends upon the engagement of a person in particular full-time or part-
time and raw or processed NTFP’s [73]. The rich people focus on the trade of low 
volume and high value while poor people trade in the opposite patterns [75]. The poor
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people focus on the collection of NTFP’s of their own while rich people focus on 
buying instead of the collection [76, 77]. The increasing awareness in India regarding 
Ayurveda and PM Modi’s Aatma Nirbhar Bharat Abhiyan will make many folds 
increase in the business of NTFP’s. 

6 Harvesting of NTFP’s 

Harvesting and extraction of NTFP’s provide income to local communities without 
destroying the habitat [78, 79]. In olden times, the collection and utilization of NTFP’s 
were on a low scale but as the awareness about their potential has increased among the 
peoples, their collection and utilization also increased which raised the issue of their 
sustainability. According to the definition of sustainability, sustainable harvesting of 
non-timber forest resources is defined as the harvesting of NTFP’s in which the nuts, 
fruits, barks, latexes, roots, rhizomes, and different other products can be harvested 
in undefined quantity from a limited area of the forest without any impact on the 
structure and dynamics of the particular plant population. In other words, sustainable 
harvesting is defined as “the harvesting of particular species without any change in 
the species composition to maintain its population at natural or near-natural levels”. 

The increasing demand for the commercialized herbal industry at the national and 
international levels put pressure on the management and harvesting procedures for the 
maintenance of NTFP’s. The first and most important step in sustainable harvesting 
is sustainable collection. Sustainable collection of NTFP’s requires skilled labor. 
Due to low prices, the collectors use unskilled labor and use unfriendly harvesting 
processes to increase the income. Due to a lack of knowledge and skills, they destroy 
the whole plant in spite of the required parts of the plant. 

Conservation of genetic diversity, habitat loss, quality, consistency, and certi-
fication of products is a major concern that arises due to increasing demand for 
NTFP’s. Inadequate supply of quality raw material and processing infrastructural 
facilities, documentation, storage and transportation, standards operating procedures, 
marketing linkages, regulation of trade, and conservation of resources are the big 
challenges in front of NTFP’s sector [29]. The tendency to collect unripe fruits, 
damaging whole tree, repeated forest fires, uncontrolled grazing, technical issues, 
institutional issues, lack of market transparency, and illicit removal are some of the 
problems in the sustainable harvesting of NTFP’s. All these problems occur due to 
lack of knowledge, competition between the collectors, and unhealthy forest policies. 
On the basis of the parts used, the NTFP’s species have been classified as follows 
[29, 80]:-

1. Fruit/seeds 
2. Flowers 
3. Leaves 
4. Root / rhizome leaves and flower 
5. Bark
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6. Gum/ resin 
7. Entire plant (All plant parts being useful) 

Collection of used parts, stage of collection, time of collection, method of collec-
tion, and quantity required are five important factors for the sustainable harvesting 
of NTFP’s. Checklist to assess harvesting sustainability [29]:-

1. Knowledge of the natural distribution of the species 
2. Frequency of occurrence or abundance 
3. Population structure (age/size/class distribution) 
4. Dynamics of the species (growth and reproduction rates) 
5. Variation among habitats 
6. Role played within the ecosystem 

7 Impact of Harvesting on the Biodiversity 
and the Environment 

Harvesting of NTFP’s has short and long-term effects on the ecosystem and overall 
biodiversity. Short term effects of harvesting are the growth rate or reproduction 
capacity of the plant while long term effects can be observed on ecosystem levels. 
Harvesting of NTFP’s can be sustainable when sufficient time is given between the 
two harvestings so that there will be no negative impact on the ecosystem functions, 
abundance species, or community [81]. The two basic problems in the study of the 
impact of harvesting on the ecosystems are the duration of the study {assessment 
needs long study period and a separate study of impact (as in nature it is very difficult 
to study the impact of harvesting of particular NTFP’s on other species)}. In practical 
cumulative impacts are observed. The other factors affecting sustainability is the 
harvesting of plant parts, time of harvesting, and care taken during harvesting. The 
trees with a large number of fruits are least affected by the harvesting while the 
impact is opposite with less number of fruits [81, 82]. 

Although justified harvesting of NTFP’s is useful for the livelihood of rural peoples 
and tribal. Overexploitation of these natural commodities exerts a negative impact 
on the environment. A study conducted in Rajasthan reported the degradation of the 
environment due to the exploitation of NTFP’s [83, 84]. The persons trapped in the 
confusion of socio-economic dilemma often work innovatively and cooperatively as 
reported by Ostrom [85, 86] and other common property [87] and collective action 
theorists [88]. A study conducted by Murli et al. [89] also reported the degradation 
of species yielding NTFP’s resulting in environmental degradation. Ticktin [90] 
also reported the impact on different ecological processes from individuals to the 
ecosystem level.
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8 Conclusion 

The present paper aimed to find out the exact definition, importance, harvesting, 
certification, current status, and development of NTFP’s in India. To solve the objec-
tives of the present study, a survey of the available literature on NTFP’s at national 
and international was performed. NTFP’s plays an important role in poverty reduc-
tion by the sustainable and judicious uses of the product other than wood. Among 
all the sectors, pharma is the largest sector of NTFP’s contributing to the economy 
of the country which results in the economic up-gradation of the country as well as 
rural and tribal people. Among all the products, the production of tendu leaves is 
highest in recent years. In India certification of forest products was started long back 
but certification of NTFP’s is not started yet. Certification of NTFP’s will help in 
the development of NTFP’s. There is a need for sustainable harvesting of NTFP’s 
as the exploitation of NTFP’s effect on the environment and biodiversity to a large 
extent. Training and awareness programs in the rural and adjacent areas of the forest 
region will help in sustainable harvesting with more economic benefits and fewer 
environmental impacts. 
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Abstract Biotic and abiotic factors of a river compel an aquatic ecosystem, these 
factors are interrelated with each other. A healthy freshwater ecosystem denotes the 
assimilative capacity of a water body in terms of diverseness. Aquatic biodiversity 
of a freshwater ecosystem are very important for ecosystem services. Some environ-
mental changes like climate change, anthropogenic factors, competition for survival, 
aquatic habitat loss etc. are responsible for the loss of biotic components in a water 
stream. The present study was aimed to assessed the interrelation between abiotic 
and biotic parameters of River Alaknanda. Water samples were collected from a 
172 km long stretch of river during 2017–2018. The physico-chemical parameters 
viz. air temperature, water temperature, relative humidity, rainfall, light intensity, 
depth, pH, total dissolved solids, dissolved oxygen, biochemical oxygen demand 
and chemical oxygen demand were analysed by following the standards method. All 
the physico-chemical parameters were noted below the prescribed permissible limits 
of WHO/BIS. Biological parameters as phytoplankton, zooplankton, macroinverte-
brates and fishes were identified with the help of identification keys. A total of 32 
species of phytoplankton, 19 species of zooplankton, 33 species of macro benthos 
and 21 fish species were found in the sampling zones of river. All the biotic and 
abiotic parameters evaluated by performing canonical correspondence analysis on 
observed data. According to this study findings, CCA is suitable tool for aquatic 
biodiversity and ecological habitat parameters to scrutinize the river health. This 
tool is very useful to evaluate the significant relation between biotic components and 
physico-chemical parameters of an aquatic ecosystem. 
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Abbreviations 

CCA Canonical Correspondence Analysis 
DO Dissolved Oxygen 
BOD Biochemical Dissolved Oxygen 
COD Chemical Oxygen Demand 
RH Relative Humidity 
TDS Total Dissolved Solids 
AT Air Temperature 
WT Water Temperature 
WHO World Health Organization 
BIS Beareau of Indian Standards 

1 Introduction 

Water is a crucial component of life on earth, and freshwater systems are the most 
valuable source for living beings here [1]. Freshwater ecosystems are intensively 
pressurized at this moment [2]. The water quality affects the species composition, 
abundance, and productivity of aquatic organisms in any water body [3]. Although, 
several anthropogenic activities affect the freshwater system’s characteristics on a 
global and local level [4]. These factors are responsible to threat freshwater biodi-
versity by declining the aquatic biota [5]. The biodiversity of freshwater ecosystems 
are more susceptible to extinct then other ecosystem’s biotic community [2]. The 
freshwater ecosystem provides natural and essential components to aquatic biota, 
maintains the ecosystem functions of the biota affected by the shrinking of biodiver-
sity [6]. Generally, a stable freshwater ecosystem can encourage nutrient retention, 
productivity, and functioning [7]. 

Some naturally occurring environmental factors are also exploit the aquatic biodi-
versity as global climate change and disturbance in water body [8]. There are a lot 
of anthropogenic factors as municipal waste, industrial effluent, agricultural run-
off, land use pattern and non-point source pollution disturbed the biodiversity on a 
worldwide scale. A few of the pollution indicators species show the municipal waste 
inlet and non-point sources addition in the river [9]. Uttarakhand is a small state, 
supports various specific features that’s why this is different from other states of a 
country regarding development potential. It has natural resources. There is consid-
erable development has done by the government for hydropower generation [10]. 
There are various natural water sources (rivers, lakes, streams, estuaries, etc.) in this
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northern region of India that supports a good variety of life itself. In hydrology, Alak-
nanda is considered the source stream of the Ganges on account of its greater length 
and discharge [10]. All the perineal rivers contain plentiful density in biotic species 
and aquatic fauna because these rivers carry water throughout the year. In terms of 
status of the water system, this river holds good biodiversity in terms of density 
and diversity. The present healthiness of any freshwater ecosystem is necessary to 
know for the restoration the aquatic biodiversity [11]. This study aims to evaluate the 
relationship status between abiotic and biotic components of the river Alaknanda. 

2 Study Area 

Alaknanda river occurs from the convergence of two major glaciers Bhagirath Kharak 
and Satopanth at Uttarakhand [12]. It is located at 30°29’28” N 79°05’08” E of 
Northern India and has an elevation of 161.27 km. Alaknanda river meets with 
Bhagirathi River at Devprayag by a distance traveled of 190 km, and basin area is 
10,882 km2. Along 172 km study stretch was divided into four sampling zones (two 
sampling points on each zone) for one year (2017–2018). Details of sampling loca-
tions on the river are given in the study map (shown the selected sites on river stretch) 
in Fig. 1. Water samples were collected by grab sampling technique in morning hours 
and stored in sterilized polyethylene sampling bottles. The Physico-chemical param-
eters as rainfall, air temperature, water temperature, relative humidity, light intensity,

Fig. 1 Map of the sampling sites
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depth, pH, Total Dissolved Solids, Dissolved Oxygen, Biochemical Oxygen Demand, 
and Chemical oxygen demand were carried out by standard methods as per [13]. 
pH, air temperature, and water temperature were measured by pH meter (HANNA, 
model: H196107). DO, BOD, and COD were analyzed by using the Winkler method. 
Double distilled water and merk analytical grade chemicals were used for the water 
samples analysis. A sampling of phytoplankton was done by using a timed scrapping 
technique proposed by Wetzel and Likens [14]. Water samples for phytoplankton 
and zooplankton were collected by filtering 100 L of sample through bolting silk 
net of size 20 µm and immediately preserved in 10% ethanol solution [15, 16]. 
Centrifuged sample was taken for the analysis of planktons in river. Remi-24 is used 
for centrifuging the sample by taking 30 mL concentrated sample. The counting and 
identification of the biotic species was done with the help of Sedgwick rafter counting 
cell and digital microscope Optika OPTIKAM pro 8LTCCD. Macro-benthos was 
collected by surber sampler with size 0.50 mm to a depth of 10 cm in a quadrate [17, 
18]. Piscine samples were collected by cast net with the help of local fisher man, 
identified as per protocol given by [19, 20]. Piscine-fauna was collected with drag 
nets (mesh size 2.5 × 2.5 cm; 3 × 3 cm; 7  × 7 cm; length × breadth = 75 × 1.3 m; 50 
× 1 m) and cast nets (mesh size 0.6 × 0.6 cm). Canonical correspondence analysis 
has been performed for this study to evaluate the relationships between biological 
assemblages of species and their environment.

3 Result and Discussion 

Physico-chemical characteristics of water was designated in Table 1 and graphs 
were represented in Fig. 2. The results obtained for plankton community from all 
sampling stations were plotted in Figs. 3a, b, 4 a, b, 5 a, b and 6a, b. CCA graphs

Table 1 Annual variation of physico-chemical parameters of river Alaknanda from 2017–2018 

Parameters/unit Zone-A Zone-B Zone-C Zone-D Mean ± SD 
A.T. (°C) 20.63 20.5 23.94 23.15 22.05 ± 1.76 
Rainfall (cm) 128.99 152.7 72.75 78.73 108.30 ± 38.89 
L.I. (lux) 1557.50 22,185.3 12,711.62 3202.43 9914.20 ± 9544.40 
R.H. (%) 51.33 38.9 38.5 39.92 42.17 ± 6.13 
Depth (m) 1.8 1.8 1.4 2.1 1.77 ± 0.27 
W.T. (°C) 12.41 11.83 14.78 14.19 13.30 ± 1.40 
pH 8.05 8.06 7.9 8.02 8.01 ± 0.07 
TDS (mg/L) 106.03 102.59 76.69 98.85 96.04 ± 13.22 
DO (mg/L) 9.7 9.29 9.39 9.77 9.54 ± 0.23 
BOD (mg/L) 1.24 1.16 1.13 1.15 1.17 ± 0.04 
COD (mg/L) 5.96 6.06 9.2 6.43 6.91 ± 1.53
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Fig. 2 Phyico-chemical parameters of river Alaknanda during 2017–2018
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Fig. 3 a, b Phytoplankton at river Alaknanda during 2017–2018
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Fig. 4 a, b Zooplankton at river Alaknanda during 2017–2018
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Fig. 5 a, b Macro benthos at river Alaknanda during 2017–2018
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Fig. 6 a, b Fishes at river Alaknanda during 2017–2018
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were represented in Figs. 7a, b, 8a, b, 9a, b and 10a, b for this study. The vector 
length of a given variable indicates the importance of the variable in CCA analysis. 
Eigen value of axis 1 (0.008) explained 46.44% relationship between environmental 
parameters and phytoplankton community. Whereas, Eigen value of axis 2 (0.004) 
explained 28.32% relationship. The longest vector of RH, TDS and DO showed a 
significant correlation with zone-B. High values of water temperature are associated

Fig. 7 a, b CCA biplot between habitat parameters and phytoplankton species at selected zones
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Fig. 8 a, b CCA biplot between habitat parameters and zooplankton species at selected zones
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Fig. 9 a, b CCA biplot between habitat parameters and macro-benthic species at selected zones
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Fig. 10 a, b CCA biplot between habitat parameters and fish species at selected zones
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with Navicula sp., DO are associated with Neidium sp. and BOD are associated with 
Nitzchia sp. High values of TDS are associated with Tabellaria sp., Closterium sp. and 
Zygnema sp., COD values are associated with Cledophora sp. High values of DO are 
associated with Mesocyclops sp., total dissolved solids are associated with Chydorus 
sp. and COD are associated with Diaptous sp. and Keretella sp. during 2017–2018. 
Eigen value of axis 1 (0.005) explained 48.86% relationship between environmental 
parameters and zooplankton community. Whereas, Eigen value of axis 2 (0.003) 
explained 28.75% relationship. The results obtained for macro benthos community 
from all sampling stations were plotted in Figs. 4a, b and 5a, b. High values of BOD 
are associated with Culex sp. and Hydaticus sp., dissolved oxygen associated with 
Siphlonurus sp., Simulium sp. and Antocha sp. High values of TDS are associated 
with Hesperocorixa sp., Emphemera sp., and Gyrinidae sp. Vector length of dissolved 
oxygen and water temperature showed significant with zone-B, whereas TDS showed 
relation with zone-D. Vector length of COD showed significant with zone-A, C. High 
values of total dissolved solids are associated with Glyptothorax cavia and dissolved 
oxygen associated with Schizothorax rihardsonii. High values of BOD are associated 
with Glyptothorax pectinopeterus, Bagarius bagarius and Pseudochenies sulcatus. 
Canonical correspondence analysis showed a significant relation in between aquatic 
habitat parameters and the aquatic community of a water body. Different biotic 
species were found in river during study observation, showed positive correlation 
with phsico-chemical parameters. A few of phytoplankton, macro benthos and fishes 
were recorded in a significant relation with pH, TDS, DO, BOD and COD. Some 
species were noted in a significant relation with depth, water temperature and light 
intensity. A very few researchers have been given the overview on CCA on the biotic 
flora and fauna throughout the world. Several studies on significant relation of a 
water ecosystem are published by different researchers viz: [21–25].

4 Conclusion 

In the present study, aquatic biodiversity and water quality of river Alaknanda was 
examined for a period of one year. Biotic and abiotic factors of river represented the 
positive and negative correlation with them. The river was noted as highly diverse that 
is also indicator of good water quality condition. The abundance and composition of 
aquatic parameters were observed high to low Zone-A > Zone-B > Zone-D > Zone-C 
respectively on all sampling stations of river. 
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Efficient Management of Rice Straw 
Using Vermicomposting Technology: 
A Synergetic Approach of Agricultural 
Waste Management 

Amrit Kumar, Nitin Kamboj, Vishal Kamboj, Aditi Bisht, Neeraj Pandey, 
and Manisha Bharti 

Abstract India is a developing country and most of the population live in the rural 
area. In India, most of the population depends on agriculture practices for their 
survival. About 43.86 million hectares of land is used for paddy cultivation and 
it produces 104.80 metric tons of rice. By the excessive use of agriculture, huge 
organic waste (rice straw) is generated. Most of this organic waste is used as cattle 
feed but the remaining waste is burnt by local farmers. This harmed the environment 
by releasing various toxic elements into the atmosphere. Due to the burning of rice 
straw numerous primary and secondary air pollutants such as CO, CO2, NOX, SOX, 

and NH3 etc. release in the environment. The burning of rice straw in the open 
field also decreases soil fertility by killing microorganisms present in the soil. To 
overcome this burning problem of the rice straw farmer need new techniques to 
compost rice straw waste. For the degradation of the organic waste vermicomposting 
is an ecofriendly technique. The purpose of this chapter is to focus on the vermi-
technology to decompose rice straw. Just because of vermicomposting technology 
is an easier, cheaper (cost-effective), ecofriendly approach. The future of vermi-
technology is bright cause nowadays people move towards organic farming and avoid 
the chemicals used in agriculture for high yield. Vermicomposting decomposes the 
rice waste as well as provide a job for rural area and the urban area also. 

Keywords Agricultural waste · Composting · Eisenia fetida · Rice straw ·
Vermicomposting 

1 Introduction 

A rapid increase in population leads to huge waste production in different sectors 
of society. An alarming increase in urbanization and industrialization in India is 
the primary cause of enormous waste production (biodegradable solid waste like
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kitchen waste, modern waste, natural waste, municipal solid waste, and so on) which 
potentially harms the mankind. Organic waste act as a niche (habitat and trophic) 
for the pathogens. The consumptions of a large number of fruits and vegetables 
also lead to the enormous production of organic waste which is estimated 50% of the 
total biodegradable waste [1]. Agricultural waste is mainly produced by conventional 
farming methods. The poor techniques of farming does not properly decompose the 
agricultural waste which leads to generate a huge amount of biodegradable waste like 
harvest straw, husk, cobs, etc. In India, approximately 43.86 million hectares of land 
area are is used for paddy cultivation and approximately 104.80 metric tons of rice 
is produced [2]. Around the globe, rice straw is the largest harvested waste. In Asian 
nations, including India, the production of rice is high which leads into generation 
of rice straw. In North-West India, Punjab and Haryana states are the enormous 
producer of rice. In 2012–13 India generates 105 metric tons of rice (approximately 
2390 kg/hectare) and secured the second position all over the world in rice production 
[2]. After obtaining the rice grains from the crop, the rice burned by the local farmers 
which increases the air pollution by creating smog (smoke + fog) and also destroys 
various micro and macronutrients of soil which are essential for crop growth [3]. 
Both Haryana and Punjab contribute 48% of total straw production in India and this 
straw is not decomposed naturally but openly burnt by the farmers [4]. Haryana and 
Punjab alone burn 30 million paddy straws each year which causes air pollution not 
only in Haryana and Punjab but also in nearby states like Delhi and Uttar Pradesh. 
Due to burning of paddy straws, emission of Greenhouse gases occur, which is 
potentially dangerous to mankind [5]. The burning of agricultural residues like paddy 
straw, husk, bran, stover, sugarcane tops, and bagasse generates numerous greenhouse 
gases that harm our environment by increasing global warming. The burning of rice 
straw is one of the main causes of the biodiversity loss in agricultural land and 
also declines the soil fertility. Smog generated by the straw burning cause health-
related problems like eyes itching in humans [6]. The burning of paddy straw sharply 
increases the number of air pollutants (primary and secondary air pollutants) such as 
CO, CO2, NOX, SOX, NH3, volatile organic compounds, non-methane hydrocarbons, 
etc. This also results in the loss of organic carbon, nitrogen, potassium, sodium, 
many more organic and inorganic nutrients from the soil [7]. Ministry of Agriculture 
attributes that the agricultural waste is burning due to shortage of labor [2]. Jitendra 
[8] concluded that about 80% of the crop residues are procured via burning during the 
post harvested period in April–May, and November–December. The annual emission 
of gases CO, CO2, N2O, and NOX gases from the paddy and wheat straw burning 
are 0.11, 2.306, 0.002, and 0.084 metric tons respectively [9, 10]. In India, on an 
average 500 metric tons of crop residues are produced annually [11]. The recycling 
of rice straw is a major challenge for farmers, however much of the rice straw is 
used by the farmers for his their cattle’s but the rest are burned. Agricultural wastes 
especially rice bran and rice straw are rich in nutritive values. Containing much 
organic matter. Table 1: showing the chemical composition of the rice straw, in 
rice straw numerous inorganic and organic compounds are present. In developing 
countries, it is not properly decomposed due to the presence of high organic matter 
thus pollutes the environment (air, water, and soil) and has creates some human
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Table 1 Chemical 
constituents of rice straw 

Chemical composition of rice straw (% on the 
dry matter) 

References 

1 Organic matter 82 [12] 

2 Crude protein 4 

3 Crude fibres 37 

4 Non-fatty esters 43 

5 Total ash 18 

6 Calcium 0.14 

7 Phosphorous 0.05 

8 Neutral detergent fibre 75 

9 Acid detergent fiber 54 

10 Cellulose 37 

11 Lignin 8 

12 Silica 8 [13] 

13 Carbon 38.24 

14 Hydrogen 5.2 

15 Oxygen 36.26 

16 Nitrogen 0.87 

17 Sulfur 0.18 

18 Chloride 0.58 

health-related problems harmful effects. Table 2: describe the inorganic compound 
in the rice straw ash. In the rice straw ash SiO2 is present in the highest percentage

Table 2 Properties of ash from rice straw 

Properties of ash from rice straw compounds Quantity Source 

SiO2 74.67 [14] 

Al2O3 1.04 

TiO2 0.09 

Fe3O3 0.85 

CaO 3.01 

MgO 1.75 

Na2O 0.96 

K2O3 12.3 

SO3 1.24 

P3O5 1.41 

Gas emissions from rice straw and air pollutants releases after the rice straw burning in the field in 
Egypt
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followed by K2O3, CaO, MgO, P3O5, and SO3, and so on with 74.67, 12.3, 3.01, 
1.75, 1.41, and 1.24 and so on respectively.

2 Objectives of Chapter 

As previously described, to overcome the agro-waste generated pollution problem 
like rice straw burning pollution vermicomposting is the best and eco-friendly method 
to decompose it without harming the environment (already mentioned eco-friendly). 
Rice Straw is organic biodegradable agro-waste that is generated after crop yield as 
a waste product. When rice straw decomposes in an open field due to high moisture 
content of paddy field, moisture it is digested anaerobically and produces biogas out 
of which 60% is methane and 40% is carbon dioxide [15]. Agro waste like rice straw 
open burning is a potential threat to the environment, open burning of rice straw 
releases a huge amount of greenhouse gases into the environment. No need the open 
burning of rice straw burning releases N2O and CH4 into the air and pollutes the 
environment. 13.1% of emission out of the total toxic gases emission release from 
the open burning of rice straw [16]. For this reason, vermicomposting technology is 
the best method to decompose rice straw very efficiently. 

To minimize this problem environmental agencies and governments are looking 
for cheap, more efficient and eco-friendly techniques to manage these types of wastes 
very efficiently, in an eco-friendly, and at a very cheaper cost [17]. Table 3: represent 
the list of results of gas emission from the burning of rice straw in Egypt. Rice 
straw burning is the physical method of decomposing the rice straw. Burning f straw 
releases various primary and secondary air pollutants which harmed the environment 
and harmed human beings also no need to write again and again. Agricultural waste 
is the crop residues that remain after obtaining the crop yield, most of these waste

Table 3 Gas emissions rate of rice straw burning 

SI. No Pollutants Emission factor Emissions Emissions in CO2 
Eq. 

Reference 

g/kg straw, dry 
weight 

kg pollutant/ha Ton CO2 eq/ha [20] 

1 CO2 1460.00 9344.0 9.34 

2 CH4 0.74 4.7 0.10 

3 N2O 0.79 5.1 1.57 

4 CO 72.40 463.4 

5 NOX 3.52 22.5 

6 SO2 0.15 0.9 

7 PM2.5 (fine 
particulate matter 

12.95 82.9 

8 Total 9354 11
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are useless, it includes crops stalk, leaves, stems, fruits covers, etc. Rice straw and 
husks are the common example of crop/agricultural waste [18, 19].

Farm fire images of Haryana and Punjab were recorded by the NASA satellite 
in the last seven days 20–27 November 2018. Red dots indicate the stubble burning 
activity over Amritsar and Ludhiana located in Punjab, Karnal, Kurukshetra, and 
Ambala in Haryana and someplace in Western Uttar Pradesh. 

Vermicomposting is a cheaper and eco-friendly composting process to degrade 
waste. In this process crop residues such as rice straw, bran, sugarcane bagasse, 
and wheat straw (biodegradable waste) are decomposed with the help of worms 
(Eesina fetida, Perionyx excavatus), which convert this waste into nutrients rich 
manure vermicast within 45–50 days [21, 22]. The vermicomposting technology 
is very useful and cost-effective to recycle biodegradable solid waste into humus 
human useful products. Vermicomposting increases soil fertility, soil texture, high 
and crop production [23]. It also improves the microbial activity and diversity in 
the soil that promote the crop yield [24]. Table 4: showing the nutritive value of 
garden and vermicompost. The inorganic elements that are essential for soil fertility 
are significantly higher in vermicompost and compared than garden compost. The 
biological activity in the soil is increased by the vermicompost which helps in the 
germination of seeds [25, 26]. Vermicompost increases the aeration in soil, water 
holding capacity, soil texture, and stabilizes the interaction between earthworm and 
microorganisms in by a non-thermophilic process [27]. Vermicompost is nutrients 
rich as it contains nitrates, phosphates, exchangeable calcium, and soluble potassium 
that help in plant growth [28, 29]. 

Table 4 Nutritive value of 
garden compost and 
vermicompost [30] 

SI. No Nutrients 
elements 

Garden compost 
(%) 

Vermicompost 
(%) 

1 Organic 
carbon 

12.2 9.8–13.4 

2 Nitrogen 0.8 0.51–1.61 

3 Phosphorous 0.35 0.19–1.02 

4 Potassium 0.48 0.15–0.73 

5 calcium 2.27 1.18–7.61 

6 Magnesium 0.57 0.093–0.568 

7 Sodium <0.01 0.058–0.158 

8 Zinc 0.0012 0.0042–0.110 

9 Copper 0.0017 0.0026–0.0048 

10 Iron 1.1690 0.2050–1.3313 

11 Manganese 0.0414 0.0105–0.2038
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3 Techniques Used to Decompose Rice Straw 

Rice straw is decomposed normally using three methods; Physical decomposition, 
Chemical digestion, and Biological decomposition. 

3.1 Physical Decomposition 

Stubble burning and Pyrolysis are mainly two processes to degrade rice straw. In 
stubble burning, rice straw is burnt in the field this leads to the emission of a large 
number of air pollutants which negatively affects the environment most of these are 
greenhouse gases [31]. Pyrolysis is another procedure used to decompose rice straw. 
The irreversible thermal conversion process done above 300 ºC in the absence of 
Oxygen is known as pyrolysis. Pyrolysis degrades the biomass into three products 
gases, bio-oil, and char [32, 33]. Products of pyrolysis can be used as fuel. Combustion 
is the process of burning organic and inorganic or anything substances in the presence 
of oxygen, which is another specific and important technique to decompose the 
agro-waste [34]. 

3.2 Chemical Digestion 

Involves using 3% urea, 1% single super phosphate (SSP), and 0.1% CaO (w/w) on 
the chopped rice straw (1–2 cm length) and achieve the moisture contents of 70% 
of the treated material. The nutritive value does not much differ from the untreated 
rice straw in chemically treated rice straw so chemical treatment to degrade the rice 
straw is not a useful process as compared to fungal digestion of rice straw [35]. 

3.3 Biological Decomposition 

3.3.1 Bacterial Digestion 

The anaerobic digestion of rice straw generate 60% methane and 40% carbon dioxide 
both are greenhouse gases that harm the environment [15]. 

3.3.2 Ruminant Feeding 

After the yield, the remaining rice straw is used for cattle as food by farmers.



Efficient Management of Rice Straw Using Vermicomposting … 143

3.3.3 Fungal Digestion 

The fungal application on the rice straw reduced the solid substrate fermentation 
(SSF) from 4 to 2 weeks [35]. 

3.3.4 Vermicomposting 

Vermicomposting is a very efficient and easy procedure to decompose organic waste 
like rice straw. Through vermicomposting with the help of worm rice straw converts 
into odorless and nutrient-rich manure called vermicompost [30]. 

Feeding material for the worms in the worm bins (worms bin is the rearing pots 
for vermiculture) are rice straw with various types of biodegradable organic wastes 
kitchen waste, paper wastes, agro wastes, and nitrogen-rich material like cattle dung, 
goat manure, ass manure, etc. [36]. Vermicomposting is an eco-friendly, cheap, and 
cost-effective way to recycle biodegradable organic wastes (agriculture waste, paper 
wastes, and municipal solid wastes) by the use of earthworms in vermicompost. We 
will describe the method of vermicomposting in more detail. 

4 Earthworm  

Earthworms are the soil engineers, they improve the soil structure, aeration, and 
increase soil porosity, water holding capacity, increase micro and macronutrients in 
the soil. Worms are grouped under the phylum Annelida, class Oligochaeta. These 
are segmented, bisexual creatures (bisexual means both the sex organ found in the 
single organisms), nightcrawlers and mainly reside under the soil [37, 38]. The whole 
body of earthworms is metamerically segmented with pointed anterior and posterior 
ends [39]. Earthworms live in the soil and eat natural vegetation, agro waste, living 
protozoan, rotifers, nematodes, and other microorganisms [40]. Over the globe, more 
than 1800 species of terrestrial worms under the class Oligochaeta are found [41– 
46]. There are three types of earthworms in the world; epigeic, endogeic, and anecic. 
Epigeic are surface feeders and do not build a burrow. Some of the Epigeic species of 
earthworms are Eisenia. fetida, Eudrilus eugeniae, Perionyx excavatus, and Eisenia 
andrei. All these four species are suitable for vermicomposting but E. fetida is the 
most widely used species in vermicomposting because of its wide temperature toler-
ance limit. E. fetida is also known as red worm, tiger worms, and red wiggler. It can 
survive at maximum 40 ºC and lowest 10 ºC environmental temperature. In optimum 
condition i.e. 28–30 ºC it attain sexual maturity [47].
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5 Types of Earthworms Used in Vermicomposting 

Epigeic earthworms are the best species for vermicomposting. Epigeic species E. 
fetida is well-known species for vermicomposting because they reproduce very fast 
and tolerate adverse environmental conditions. E. fetida fecundity rate is very high 
and consumes daily own body weight agro-waste so that’s why it is suitable species 
for vermicomposting [48, 49]. 

5.1 Selection of Site 

Vermicomposting is done at any place with concealing, sufficient temperature, high 
humidity, appropriate air circulation, and so on. If composting is done in an open area, 
a shed is required to protect the Vermiculture tank/vermibed from direct sunlight and 
rain (Figs. 1, 2 and 3). 

Fig. 1 The stubble-burning season starts in Punjab and Haryana [50]
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Fig. 2 The stubble-burning heat map diagram of Punjab and Haryana [50] 

RICE STRAW DECOMPOSITION 

Vermicomposting 

Ruminant Feeding 

Bacterial degradation 

Fungal degradation 

Stubble burning 

Pyrolysis (300ºC), No Oxygen 

Organic 
decomposition 

Physical  
decomposition 

Gas 

Liquid 

Biochar 

Vermicompost Vermiwash 
Catalytic conversion/ 

Upgrading 

Solid fuel, sorbent, 
soil enhancer 

Chemical 

Fig. 3 Flow diagram for decomposing the rise straw 

5.2 Process of Vermicomposting 

Figure 4: showing the basic procedure of organic waste vermicomposting. Initially, 
for the composting of rice straw built a 6 inches height cemented wall to prevent the 
escape of earthworms. Sand soil is spread at the height of 3 inches. Rice straw spread



146 A. Kumar et al.

Biodegradable Input Organic matter output 

1. Endogenous input. 
Root exudates. 
Rice straw. 
Crop waste. 
Plant leaves and fruits. 
Dead micro organisms. 
Soil minerals. 
Any other agro- waste 

2.  Exogenous input. 
Organic amendments. 
Cow dung, cattle dungs. 
Poultry litters. 
Coco coir. 
Decaying biodegradable organic waste. 
Vermicast with worms. 

VERMICOMPOSTING 

Vermicompost 

Vermiwash 

Improve soil quality of agriculture 
fields by. 
Lowering C:N ratio. 
Improving the NPK value of soil. 
Diversify microbial communities. 
Help in the nitrogen fixation. 

High contents of NPK. 
Lowering C:N ratio. 
Pest control. 
Maintenance of habitat niche. 
Help in the nitrogen fixation. 

Fig. 4 Flow diagram of vermicomposting of agro-waste and rice straw 

over the sand layer, rice straw is dried organic matter. For composting of rice straw 
it must be slightly wet, so a little water is sprinkled over it. Just above this layer, 20– 
25 days old (completely decomposed) cow dung is spread. The bed is kept as such 
for 15–20 days, water is sprinkled regularly to let it cool. 2–2.5 kg of earthworm for 
135 kg waste, is release with vermicompost. Just above the earthworm, another layer 
of rice straw is spread. Then one more layer of cow dung 15–20 days old, partially 
decomposed with some other biodegradable solid waste is spread. Then the pit is 
covered with jute for maintaining the moisture contents in it and to prevent the entry 
of worm’s enemies. Water is sprinkled at a regular interval of time to keep it moist. 
Vermicompost becomes ready after 70–80 days. Figure 6: give detailed knowledge 
of bed filling by various organic materials. In a vermicomposting vertical, conical, 
square shape, and rectangular shape tanks are used. These tanks are filled by the 
procedure described in Fig. 5 (Table 5). 

5.3 Benefits of Vermicomposting of Organic Wastes 

Vermicomposting provides jobs not only in an urban area even in rural areas also. 
By the use of vermicomposting, we can decompose bad odor organic matter, rice 
straw, paper waste, industrial sludge and convert them into vermicast. Vermicom-
post contains essential nutrients for plant growth. Enhances germination, plant 
growth, and crop yield. Improve root growth and structure. Vermicompost improves 
soil fertility by enhancing the soil texture [3]. Vermicompost is odorless, easy to 
apply, and easy to handling and store. Vermicompost enriches the soil with micro-
organisms. Microbial activity in worms’ castings is increased 10–20 times higher
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On the bottom make a 6” inches cemented wall to prevent escape 
the earthworm to the ground soil. 

carbonic waste like: sugarcane leaf, out, maize stem or dried plant, coco coir. 
These all waste take 6- 7 month to degrade. This layer called hard layer/bed. 

Cow dung 20 to 25 days old (completely decomposed) + Biomass 
biodegradable solid waste spread over the second layer 0.5 to 1 

feet. Then sprinkle water over there 

The beds are kept as such for 15- 20 days to cool down 

Water sprinkled to let the compostable matter cool down 

Release  Earthworm 2- 2.5 kg for 135 kg pit with vermicompost 

Then spread another a layer of cow dung 15- 20 days old initially 
decomposed 10 to 15 inches. and other biodegradable wastes 

Then  cover the vermicompost with jute to prevent entry of ants, lizards, 
snakes and other predators and to maintain the moisture of vermicompost. 

Sprinkles water to moist the vermicompost 

70 to 80 days vermicompost ready. 

Ground soil layer 

Fig. 5 Flow diagram of vermicomposting processing
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Vermiwash 

10 to 15 days old cow dung 
layer initially decomposed. 

20- 25 days old cow dung 
completely decomposed. 

Hard carbonic wastes; like husk, , maize, coco coir. These  
waste take 6- 7 month to degrade. 

On the bottom make a 3” cemented wall 

Jute covering to protect 
vermicompost from dryness. 

Earthworm 

Soil Soil 

Soil 
Cemented wall 

Earthworms 

Hard carbonic 
waste 

Cow dung 

Cow Dung Initial 
decomposed 

Jute Covering 

Air ways 

Municipal sewage 
liquid waste 

Fig. 6 Vermitank filling by biodegradable solid waste or organic waste
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Table 5 Various Organic biodegradable wastes and their decomposition via vermicomposting 
technology 

SI. No Substrate Waste Time Worms References 

1 Cow Dung Distillery sludge, 
Tealeaf 

45 Eisenia fetida [51, 52] 

2 Cow Dung and 
sawdust 

Guar gum 60 Perionyx 
sansibaricus 

[51, 53] 

3 Cow Dung Waste of citronella 
plant 

50 Eudrilus eugeniae [54] 

4 Cow Dung Preconsumed 
processing vegetable 
waste 

50 Eisenia fetida [55, 56] 

5 Cow Dung Sewage sludge 45–50 Eisenia fetida [53, 57] 

6 Cow Dung The filter cake, trash, 
and bagasse 

50 Eudrilus eugeniae [58] 

7 Cow Dung Food industry sludge Eisenia fetida [59] 

8 Primary sewage 
sludge 

Paper pulp mill 
sludge 

55 Eisenia andrei [60] 

9 Sugarcane trash Sewage sludge 50 Eisenia fetida [61] 

10 Sewage sludge Polycyclic aromatic 
hydrocarbons 

60 Eisenia fetida [62] 

11 Cow Dung Nonrecyclable 
post-consumer paper 
waste 

60 Eisenia fetida [63] 

12 Poultry droppings Textile mill sludge 50 Eisenia fetida [64] 

13 Anaerobically 
digested biogas plant 
slurry 

Textile mill 
wastewater sludge 

60 Eisenia fetida [65] 

14 Cow 
dung/agricultural 
residue 

Solid textile mill 
sludge 

55 Eisenia fetida [66] 

15 Sugar mill filter cake Horse dung 45 Eisenia fetida [67] 

16 Cow dung Solid textile mill 
sludge 

55 Eisenia fetida [64] 

17 Cattle dung Crop residue 45 Eisenia fetida [68] 

18 Wheat straw, cow 
dung, and biogas 
slurry 

Vegetable solid 
waste 

50 Eisenia fetida [69] 

19 Cow dung Water hyacinth 50 Eisenia fetida [70] 

20 Cattle manure Dairy industry 
sludge 

55 Eisenia andrei [60] 

21 Cattle dung Beverage industry 
sludge 

55 Eisenia fetida [71]

(continued)
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Table 5 (continued)

SI. No Substrate Waste Time Worms References

22 Cattle dung Sugar industry waste 50 Eisenia fetida , 
Perionyx excavatus, 
and eudrilus 
eugeniae 

[72] 

23 Cow dung and 
agricultural residue 

Leather processing 
sludge 

60 Eisenia fetida [73] 

24 Sheep manure Cotton industrial 
waste 

50 Eisenia fetida [74] 

25 Cow manure Oat straw 45 Eisenia fetida [75] 

than in the soil and organic matter that the worm ingests. Improve the Water Reten-
tion/Holding Capacity (WHO). Pest Suppression minimizes the incidence of pests 
and diseases. Plant growth regulation and higher yields [27]. Enhances the physical, 
chemical, and biological properties of soil. Vermicompost is free from pathogens, 
toxic elements, weed seeds, etc. Vermicompost contains earthworm cocoons and 
increases the population and activity of earthworm in the soil.

6 Discussion 

Composting agro-waste rice straw via vermicomposting technology is an easier, effi-
cient, cost-effective, and eco-friendly method. Throughout civilization huge amount 
of biodegradable and non-biodegradable wastes are generated from the various 
sectors of society like kitchen wastes, agriculture wastes. The biodegradable waste 
has a stinky smell that irritates and causes eyes and nasal-related problems in humans 
and other mammals. The decaying organic waste is the habitat of various disease-
causing pathogenic microorganisms. India uses 43.86 million hectares of land for 
paddy cultivation and produces approximately 104.80 metric tons of rice (NFSE, 
2016). With the production of rice tremendous amount of rice straw also generates. 
Most of these agro-wastes farmers feed their cattle and the rest are burned. The 
burning of rice straw pollutes the atmosphere by creating smog (fog + smoke) [27]. 
Rice straw burning generates smog which causes various health-related problems 
like eye itching, rainy nose, etc. in humans [6]. The burning of rice straw is also a 
major threat to the biodiversity loss of the agricultural land and also decline in the 
fecundity of the soil by destroying nutrients of the soil. The annual emission of the 
CO, CO2, N2O, and NOX by burning rice straw in open land is 0.1, 2.306, 0.002, 
and 0.084 metric tons respectively [9, 10]. Proper decomposition of paddy straw 
is the major challenge nowadays because if it decomposed anaerobically it gener-
ates 60% methane and 40% carbon dioxide and releases it into the environment. 
Methane and carbon dioxide both are greenhouse gases and potentially increase 
global warming [15]. Previous research described that if it burned in an open field
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it also releases the N2O, and CH4 into the environment. About 13.1% emission out 
of the total is the release from the open burning of rice straw [16]. To minimize the 
release of greenhouse gases into the atmosphere generated through rice straw burning, 
vermicomposting is the cheaper, eco-friendly, and efficient composting technology. 
Through vermicomposting, biodegradable organic waste is converted into nutrients 
rich manure. Vermicompost is odorless and rich in micro and macronutrients, that 
help in improving soil fertility via changing the texture of soil and improving the 
NPK value of the soil [76]. The vermicomposting of biodegradable natural solid 
waste is a modest and effective strategy that deteriorates all the biodegradable waste 
into humus (vermicompost). The biological activity in the soil is increased by the 
vermicompost, this helps in the germination of seeds [26]. Vermicompost increment 
the air circulation in soil, water holding capacity soil texture and stabilize the inter-
action between earthworm and microorganisms in a non-thermophilic process [27]. 
Vermicompost is supplemented rich and contains nitrates, phosphates, replaceable 
calcium, and dissolvable potassium that help in plant growth [28]. 

7 Current Trend and Future of Vermicomposting 

In 2019 the worldwide vermicompost market esteem was 63.55 million USD and it 
is projected to arrive at 222. 42 USD million by 2027. Developing at a CAGR of 
16. 74% from 2020 to 2027 (Verified Research Market, August 2020). As compared 
to 2014 the share of the vermicompost market increase by 24.89–38.09% million 
USD worldwide in 2015 (Absolute Reports Pvt Ltd, August 2019). So the overall 
scenario is the vermicomposting is a rapidly growing market. All over the world the 
negative impact of fertilizer used in agriculture everyone has chosen organic farming 
for health concerns. 

8 Conclusion 

Today solid waste management is the most serious issue confronting the world. India 
is the mass maker of natural waste and we don’t have effective innovation to defeat 
this issue. Vermicomposting is the modest and most effective strategy for delaying 
natural waste, it breaks down natural waste into humus products (Vermicompost). 
In vermicomposting by the use of night crawler we can easily change the natural 
waste into the vermicompost. Kitchen waste likewise a significant issue yet the vast 
majority of kitchen waste is effectively broken down by vermicomposting. The paddy 
field straw decomposition anaerobically or by burning generates a huge amount of 
greenhouse gases that affect the environment negatively. Rice straw burning increases 
the N2O and CH4 in the environment and also increases the carbon dioxide amount 
in the atmosphere, all of these are greenhouse gases and these are the main causes of 
global warming. By the use of vermiculture technology minimize the greenhouse gas
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emission into the atmosphere and convert the biodegradable waste into the nutrients 
rich manure that helps in the agriculture field. 
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Effect of Ultraviolet (UV)-B Radiation 
on Morphology and Photosynthetic 
Activity of Spirogyra sp. 

Davendra Singh Malik and Prachi Rathi 

Abstract Spirogyra sp. is phytoplankton species belonging to chlorophyceae group 
and also use as a bioindicator. They are very sensitive to overexposure from solar 
ultraviolet (UV) radiation. In this study, Spirogyra sp. was collected from freshwater 
and then cultured in the Pringsheims Medium. The aim of the present study was to 
find out the impact of ultraviolet (UV-B) radiation on morphology and photosynthetic 
activity of Spirogyra sp. For this different experimental setup were divided on the 
basis of time duration. Exposure duration was 2 h/day for six groups except control. 
Reading of artificial UV-B was recorded at 5th, 10th and 15th day respectively and 
one is kept as control (covered with acrylic sheet to avoid any light penetration). After 
15th days of artificial UV-B exposure it is observed that chlorophyll content decreased 
and carotenoid increased. Maximum effect and fragmentation were observed after 
15th day of artificial UV-B exposure. The study provides basic scientific data about 
the impacts of UV-B radiations on aquatic ecosystem. 

Keywords Spirogyra species · UV-B radiation · Chlorophyll · Carotenoid 

1 Introduction 

Phytoplankton is an autotrophic individual which found in upper most layer (up 
to 200 m) of the surface water body. In freshwater, various phytoplankton species 
found which are belonging to different phytoplankton groups. The most common is 
green algae which belong to Chlorophyceae group and are among the oldest group 
living on the earth’s surface [5]. Algae are spread in soils, swamps, wetlands, and 
freshwater resources such as river and lakes. In green algae, Spirogyra sp. well known 
freshwater bioindicator species and also known for its pharmacological activities as 
an anti-hypertension resulted from its isolated gallic acid [8]. In modern era, one of 
the serious environmental problems on earth has been experiencing due to increase
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in ultraviolet (UV) radiation. The ozone layer protects us from UV radiation, but 
due to the higher pollution the amount of green house gases such as CFCs, CCS 
and organic bromides is increase and they are responsible for damage the ozone 
layer [6]. The solar radiation penetrates in it up to some depth and provides them 
an optical energy for the process of photosynthesis and production of food [10]. 
Phytoplankton organisms are preferred to move into the photic zone due to their 
energetic requirements for solar radiation and on the other hand they are affected by 
excessive solar radiation. The increased amount of UV radiation which penetrates 
the euphotic zone has affected the phytoplankton productivity. These autotrophic 
organisms live in an environment where factors such as light availability, uptake of 
nutrients, sinking and grazing pressure affects the growth and distribution. Since 
algae are simple, small sized organisms do not contain protective layers as the skin, 
so the effect of these rays will be fast and direct [9]. The effects of short ultraviolet 
rays in these organisms are shown by their diminished ability to adjust their position 
in the water column. So, keeping this view, we investigate the impacts of UV-B 
radiation on photosynthetic pigments in Spirogyra sp. on different time exposure.

2 Materials and Methods 

2.1 Identification and Culturing of Spirogyra sp. 

Methodology and culturing of Spirogyra sp. were shown in Fig. 1. One drop 
of collected plankton sample was putted on Sedgwick rafter scale (because 
Sedgewick rafter holds a much higher volume, and is good for large species and 
useful for the abundance study of mixed samples). Identifying under a light micro-
scope (Optika B-150 series) with camera attached in to it. Identified spirogyra sp. 
was isolated and then grown in a Pringsheims medium, for multiple growths of 
selected species. The equal number of tested organisms was then transmitted into 
seven different sterilised petri dish by using magnifying glass (Carson triview 5x, 
10x, 15 × folding loupe with built in case tv-15). 

2.2 Experiment Set up for Laboratory Experiment 

Seven wooden piece frames were taken of same dimension (45 cm long and 22 cm 
wide). Each has one circular open space (diameter = 18 cm) and fitted them on 
seven different and the test organisms may not pass through the net and remains at 
the surface as shown in a Fig. 2. Seven aquariums were taken for the experimental set 
up and divided them into seven groups. Group A (control), group B (expose to natural 
solar radiation for 5 days), Group C (expose to natural solar radiation for 10 days), 
Group D (expose to natural solar radiation for 15 days), Group E (UV-B exposure for
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Fig. 1 Methodology of 
collection and culture of 
Spirogyra sp. 

Plankton sample collected from Tehri reservoir 

Fixed with 4 % formalin 

Transfer 1 drop to Sedgwick rafter scale 

Identified Spirogyra sp. under microscope 

Cultured it 

A            B          C         D       E        F     G  
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Group A (Control) 

Group C (Natural solar 
exposure for 10 days 

Group B (Natural solar exposure 
for 5 days 

Group D (Natural solar 
exposure for 15 days 

Group E (Artificial UV-B 
exposure for 5 days 

Group F (Artificial UV-B 
exposure for 10 days 

Group G (Artificial UV-B 
exposure for 15 days 

Fig. 2 Laboratory experiment set up

5 days) Group F (UV-B exposure for 10 days) Group G (UV B exposure for 15 days). 
Petri plates containing the material in 10 ml of culture solution were exposed to a 
distance of 15 cm from the source for equal irradiation of tested organisms. Group 
A was covered by acrylic sheet and kept in a laboratory. Group B, C and D were 
kept outside the lab for natural solar exposure and group E, F, G were kept in a lab 
to provide artificial UV-B through UV-B Philips lamp of intensity 0.638 at 312 nm. 
The exposure was given for two hour/day. Natural solar radiation was measured by 
coleparmer radiometer (WW-09811-56) daily.
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2.3 Determination of Total Amount of Chlorophyll 
and Carotene Pigments 

The effect of natural solar and artificial UV-B radiation on chlorophyll content, 
carotenoid and fragmentation were investigated in seven different groups. After 
exposure, samples were treated with acetone for the pigment extraction i.e., for 
chlorophyll a, b and total carotenoid. Samples were filtered and crushed with 90% 
acetone in mortar so that the pigment comes out of the cell. The obtained solution 
vortexed and then centrifuged at around 2000 rpm for 5 min after centrifugation, 
supernatant was separately collected and pigments (chlorophyll ‘a’, Chlorophyll 
‘b’ and total carotenoid) was estimated spectrophotometrically using UV-VIS spec-
trophotometer. The chlorophyll concentration and the concentration of carotenoid 
were determined using equations of [12, 13]. 

3 Result and Discussion 

Solar UV-B radiation reaching the earth surface exerted significant effect on 
microalgae [4]. Photosynthesis is potentially the main target of UV radiation due 
to multiplicity of possible effects [7]. Daily natural solar radiation variation during 
the study period was shown in Fig. 3. Effect of natural solar radiation and artificial 
UV B on photosynthetic pigments of Spirogyra sp. was shown in Table 1. 

Natural solar radiation in Haridwar was measured in range from 0.512 to 
0.955 mw/cm2 (Fig. 3). Minimum natural solar radiation was measured on 9th day 
during the experimental study it was due to the cloudy weather on that day. 
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Fig. 3 Natural solar UV radiation variation of fifteen days in Haridwar



162 D. S. Malik and P. Rathi

Ta
bl
e 
1 

E
ff
ec
t o

f 
so
la
r 
an
d 
ar
tifi

ci
al
 u
ltr
av
io
le
t r
ad
ia
tio

n 
on

 s
pi
ro
gy
ra
 s
p.
 in

 la
bo
ra
to
ry
 

Pa
ra
m
et
er
/e
xp

er
im

en
t 

se
tu
p 
fo
r 
15
 d
ay
s 

C
on
tr
ol
 

(G
ro
up
 A
) 

N
at
ur
al
 s
ol
ar
 U
V

A
rt
ifi
ci
al
 U
V
-B
 e
xp
os
ur
e 

A
ft
er
 5
 d
ay
s 
of
 

ex
po
su
re
 

(G
ro
up
 B
) 

A
ft
er
 1
0 
da
ys
 o
f 

ex
po
su
re
 (
 

(G
ro
up
 C
) 

A
ft
er
 1
5 
da
ys
 o
f 

ex
po
su
re
 

(G
ro
up
 D
) 

A
ft
er
 5
 d
ay
s 
of
 

ex
po
su
re
 

G
ro
up
 E
) 

A
ft
er
 1
0 
da
ys
 o
f 

ex
po
su
re
 

(G
ro
up
 F
) 

A
ft
er
 1
5 
da
ys
 o
f 

ex
po
su
re
 

(G
ro
up
 G
) 

C
hl
or
op
hy
ll 
‘a
’ 
(m

g/
l)

10
.4
6 
± 

0.
08

9.
51
 ±

 0.
35

9.
45
 ±

 0.
38

9.
38
 ±

 0.
32

6.
42
 ±

 0.
31

5.
79
 ±

 0.
28

4.
63
 ±

 0.
53
 

C
hl
or
op
hy
ll 
‘b
’ 
(m

g/
l)

3.
95
 ±

 0.
79

3.
82
 ±

 0.
88

3.
76
 ±

 0.
28

3.
65
 ±

 0.
23

3.
05
 ±

 0.
65

2.
66
 ±

 0.
49

2.
28
 ±

 0.
45
 

C
ar
ot
en
oi
d 
(m

g/
g)

3.
99
 ±

 0.
17

4.
31
 ±

 0.
25

4.
35
 ±

 0.
18

4.
42
 ±

 0.
21

5.
26
 ±

 0.
21

6.
33
 ±

 0.
17

7.
19
 ±

 0.
09
 

Fr
ag
m
en
ta
tio

n
−

−
−

+
+

+
+



Effect of Ultraviolet (UV)-B Radiation on Morphology … 163

The effects of UV-B photosynthetic pigments chlorophyll content showed 
decreasing trend with increasing duration/time period of natural solar radiation and 
artificial UV-B radiation. The chlorophyll content decreased in all exposure either 
it is natural solar radiation or artificial UV-B exposure. It was found that highest 
chlorophyll content (10.46 ± 0.08) was found in Group A (control) and lowest (4.63 
± 0.53) in Group G (15 days of UV-B exposure). Chlorophyll ‘b’ pigment was found 
maximum (3.95 ± 0.79) in Group A (control) and minimum (2.28 ± 0.45) in Group 
G (15 days of UV-B exposure). 

Carotenoids are the accessory pigments in plants that absorb light energy for use 
in photosynthesis. Highest carotenoid content (7.19 ± 0.09) was found in a group 
G (after 15 days of UV-B exposure) while lowest carotenoid content (3.99 ± 0.17) 
was found in group A (control). They also protect chlorophyll from photo damage 
[1]. The increase in the amount carotenoids when exposing algae to UV-B is due to 
its important role in protecting chlorophyll. Carotenoids cover the chlorophyll and 
protect it from the negative impact of these rays. Carotenoid content increases as the 
stress or duration of solar radiation on phytoplankton increases [14]. 

Fragmentation of filaments, shrinkage, deformation and degeneration of chloro-
plasts were frequently noticed in all treatments of UV-B radiation but not in an 
exposure of natural solar radiation and in control. The degree of the above effects 
was found to be linearly increased with increase in the time period to which the 
algae was exposed. The responses of Spirogyra sp. are depending on duration/time 
period of UV-B radiation exposure and protective mechanism of the organisms being 
exposed. Spirogyra sp. was exposed to UV radiation (artificial and solar) for 5, 10 
and 15 days. There is no fragmentation in spirogyra sp. cell wall was found in control 
and natural solar but on UV-B exposure low fragmentation was found on 5th day 
and the fragmentation increases as the number of days increases. Highest fragmen-
tation was found after 15 days. Morphological changes upon UVR exposure may 
be due to the release and accumulation of reactive oxygen species that oxidizes the 
lipids of sheath or cell membrane in the presence of UV radiation [11]. Deformation 
in Spirogyra sp. first observed in chloroplast and then breakage of filaments (after 
15 days treatment). It showed deformed chloroplast and lack of usual spiral arrange-
ment in the UV exposed Spirogyra sp. filaments. Besides, UVR also induced photo 
orientation in Spirogyra sp. it shows migration to its lit area. This behaviour may be 
considered as a tolerant strategy against UV-B radiation [2, 3, 15]. 

4 Conclusion 

In the present study it can concluded that artificial UV-B possess potential impact on 
morphology and physiology of Spirogyra sp. when exposed for 5th, 10th and 15th 
days. Morphological changes include deformation in Spirogyra sp. was observed in 
chloroplast along with the breakage of filaments (after 15 days treatment). It showed 
deformed chloroplast and lack of usual spiral arrangement in the UV exposed Spir-
ogyra filaments. Besides, UV radiation also induced photo orientation in Spirogyra
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sp. it shows migration to its little area. This behaviour may be considered as a tolerant 
strategy against UV-B radiation. The fragmentation in the selected filamentous algae 
was corresponding to its exposure to UV radiation. No fragmentation was observed 
in Group A, Group B, Group C and Group D but fragmentation increased as we move 
from Group E to Group G due to the harmful UV-B radiation effect on Spirogyra sp. 
cell wall it may be due to the release and accumulation of reactive oxygen species 
that oxidizes the lipids of sheath or cell membrane. 

Acknowledgements The Authors are highly gratefully to department of Zoology and Environ-
mental Science, Gurukul Kangri (deemed to be university), Haridwar for provide the laboratory 
facility for the research. 
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An Overview of Recent Advancements 
in the Irrigation, Fertilization, 
and Technological Revolutions 
of Agriculture 

Neeraj Pandey, Nitin Kamboj, Arvind Kumar Sharma, and Amrit Kumar 

Abstract Technological advancement in the agricultural sector for increasing the 
productivity rate of crops has become a must to fulfill the demand of the massive 
population. Though Inida is progressing at a faster rate in terms of agriculture the 
growth in horticultural and some of the major crops are very less in comparison with 
other development countries. It was estimated by Food and Agricultural Organiza-
tion (FAO) that by 2050, agricultural production would grow by 70% globally and 
almost 100% in developing countries to feed the hiking population. To fulfill this 
demand, technological invention should become fast. The invention has occurred 
in the field of irrigation, fertilization, or technology. Thus, by incorporating these 
inventions in the agriculture sector, the output gets increased to a greater extent. The 
methods of farming such as hydroponics, aeroponics, bioremediation, biosorption, 
vermicomposting, etc. have made a greater change in the agriculture output. Not 
only this even the technologies like GPS, Ultrasound, smartphones, cameras, etc. 
helps in regular monitoring of the agricultural processes and make it easy giving 
little relax to the farmers. In a very lesser space and time, yield can be hiked up to 
the maximum thereby increasing the economy. This book chapter aims to highlight 
the recent advancement that has occurred in last few decades and their effect on 
productivity and crop yield. 

Keywords Agriculture · Technologies · Advancements · Production · Yield 

1 Introduction 

Agriculture can be defined as the manners by which yielding plants and domestic 
animals endure the worldwide human populace by giving food and different items to 
fulfill the basic needs [1]. A revolution is an important tool for any sector of the envi-
ronment to upgrade the previously occurred mythological activities. Since 1950 a lot
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of changes have occurred in the agricultural segment. Previously conventional means 
of agriculture practices were used that takes a long time from sowing to harvesting. 
And, also these methods pose a serious threat to the environment by deteriorating 
soil, water, air, fungal quality. So, a time for the advancement is the need for the 
hour. Development is an essential tool that is required to upgrade the existing tech-
nical inventions without compromising the future of the upcoming generation. It was 
observed that over the last few decades a drastic change has occurred in the technolog-
ical aspects of agriculture. Previously conventional means were used for agricultural 
enhancement but in the current scenario, modern tools and techniques are adopted 
[2]. With the increasing population load on earth, the demand for food is hiking up at 
a greater pace. The land is less and the demand is more, so people have started using 
up the innovative ideas to enhance the crop yield in less space, time, and money [3]. 
An approach towards sustainable agriculture is focused nowadays. The initial step 
towards sustainable agriculture is the use of technology and external supplements 
without affecting future traits [4]. Sustainable agriculture practice may lead to the 
production of efficiently high quality and quality products thus fulfilling the neces-
sity of a huge number of consumers [5]. Upgradation in agricultural technologies is 
the major need of the hour.

In the context of Indian agriculture growth, an increase of only 3.59% was 
observed in the year 2004–2014 which is lower than the expected value of 4% per 
annum growth until 2020. The major reason behind this reduced percentage is the 
production of food grains. The per capita production of food grain gets reduced to 
179 kg in 2014/17 which was 207 kg in 1991/1995 [6]. The decreased level of food 
grain production poses a threat to the Indian population therefore much attention is 
required for maintaining food and nutritional security. With the scarce water supply 
and land resources, the target of 2020 of 4% can be obtained by improving the per-
unit production of natural resources and farm output by the use of the improved and 
advanced technologies in a judicial way. So, keeping this in mind we have included 
all the possible inventions that have occurred in the agricultural fields in the last few 
decades and what benefits it brings to the consumers and the environment as well. 

2 Developments in Varied Processes of the Farming System 

To add more flavor in the field of agriculture, more and more inventions have occurred 
by the researchers both in the technology and machinery area. These are applied for 
enhancing productivity and yield together with performing more work in a short 
period. Some of them are given below:
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2.1 Hydroponics 

Hydroponics is a farming method in which soil is not used as a growing medium for 
crops. Instead, a water solution is given to the roots of the plants. All the nutrient 
essential for the plant growth is provided by the aqueous solution used. It is a more 
environment-friendly technique and affects the climate to a minimum, so it can also 
be termed as Controlled Environmental Agriculture (CEA). As plants are grown in 
absence of soil, it may also be termed as the soil-less culture technique, where plants 
are grown in a water-based nutrient-rich medium under a greenhouse set-up [7–9]. 

The main purpose of hydroponics is to provide nutrients to the plants in a soil-less 
environment, through direct contact of the plant roots to the nutrient-rich solutions, 
having an excess of oxygen that is essential for plant growth [10]. In India, farmers 
are not that much aware of this technique as it requires a lot of skills for making it 
functionally operational. The main drawbacks for the farmers are the low literacy 
rate. To make them perfect in this field proper guidance is required with proper 
hands-on training so that they can further guide the rest of the farmers. 

2.1.1 Hydroponics Techniques 

Various techniques can be used to grow plants in soil-less conditions by providing 
required nutrients through nutrient solutions. Some of them are described below and 
represented in Fig. 1. 

Hydroponics Technique 

Wick System Water culture Ebb and 
flow System N.F.T. 

Fig. 1 Representing different types of hydroponics system
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Wick System 

It is one of the simplest methods of hydroponics which works passively without any 
moving part. The reservoir present at the bottom of the system are used to draw up 
the nutrient solution via several wicks present in the growing nutrient medium. This 
system uses a different variety of mediums, soil, perlite, and coco. 

Water Culture 

This system works actively having a moving part. In the water having the specific 
growth nutrient, the roots of the plants are immersed completely. The air pump which 
is joined with the water solution oxygenates the water thereby allowing the plant roots 
to breathe. This system works well for lettuce and some other plants. 

Ebb and Flow System (Flood and Drain) 

The hydroponics system that works on the flooding of the growing tray is known as 
the ebb and flow system or flood and drain system. The reservoir having the nutrient 
solution surrounds the roots and then starts draining. The whole system works on 
the automated water pump with a timer. 

Nutrient Film Technique (N.F.T. System) 

In this method the continuous flow of the growth nutrient solution is maintained so 
there is no need for a timer. There is no requirement for any growing medium in the 
growing tray. The nutrients are drawn up by the roots from the flowing system. The 
descending flow decants back into the reservoir where it should be recycled again. 
Through the process pumping and electrical supply, control is a must to avoid the 
failure of the system. If the supply gets hindered, the flow stops, and the roots dried 
up. 

2.2 Aeroponics 

Cultivation of plants in absence of soil or substrate culture. In this system, the plant 
grows in the air with the help of artificial support [11]. In other words, we can say, 
it is an air–water-associated cultivation technique, in which plants are hanged in the 
air inside the sealed pack container under the dark condition and the nutrient-rich 
solution is sprayed through the atomizer. The leaves and the exposed outwardly above 
the wet zone whereas the root zone is separated by the artificially made structure. 
The whole system utilizes the nutrient-rich droplets coming out from the pressurized
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Fig. 2 Aeroponics system functioning 

atomizer nozzles or froggers to sustain plant growth under the controlled environment 
[12]. The whole process of aeroponics is illustrated in Fig. 2. 

3 Bioremediation 

With the increasing pattern of agriculture practices, more and more supplements 
(i.e. pesticides and fertilizers) are being used to enhance the performance of the soil 
and plant growth. These supplements when directly or indirectly discharged into 
the water channels without prior treatment poses a serious to the aquatic body. The 
water contaminated with the supplements mainly contains a huge quantity of nitrates, 
sulfates, phosphates, etc. [13]. The intensification of these substances leads to severe 
abnormalities both in fauna and flora; on land and inside water. In the overall context, 
it leads to pollution on a wider scale and control becomes a tedious task [14]. 

To check the pollution level in water bodies through agriculture, a technique called 
bioremediation is being used. It can be defined as the process in which microorgan-
isms degrade the harmful toxic substances into non-harmful ones likes water and 
carbon dioxide. Bioremediation is divided into different groups depending upon the 
substrate used for the remediation. 

3.1 Mycoremediation 

The type of remediation in which fungi and mushrooms are used as a substrate 
to remove the waste/pollutants from the environment is called mycoremediation. 
Mushrooms and fungi contain a set of enzymatic machinery that helps them to clean 
out the pollutants/waste products [15, 16]. In today’s scenario, a mushroom belonging
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to the basidiomycetes group is trending. This is because it not only be used as a tool 
for remediation but acts as a supplier of protein to the mycelium and the fruiting body. 
The efficacy of the fungus species to create food protein as biomass or fruiting bodies 
from different types of wastes depends upon the capacity to degrade waste through 
exudation of diversified hydrolyzing and oxidizing enzymes [17, 18]. Therefore, the 
researchers are now focusing on mushroom cultivation and remediation of waste 
through it (Fig. 3). 

3.2 Phytoremediation 

The process in which plants are used for remediating the contaminants present in 
water, wastewater, soil, sediments, sludge, etc. is called phytoremediation. Aquatic, 
semi-aquatic and terrestrial plants may be used in this process [19]. The whole process 
of phytoremediation is well illustrated in Fig. 4. 
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3.3 Vermiremediation 

Vermicomposting technology is recovering option for recycling the biodegradable 
waste into nutrient-rich manure which enhances the productivity of the soil by 
enhancing nutrients in the soil like NPK. Today rapid civilization and agricultural 
cultivation huge amount of biodegradable waste is produced from developed as well 
as developing countries. This organic biodegradable waste is a stinky smell which 
irritates and cause the various health problem to the mankind. By the vermicom-
posting techniques, we can easily convert this stinky smelly waste into the nutri-
ents rich manure utilized in the agriculture field for the production of the crop. 
The vermicomposting enhances the productivity of the plants because the vermi-
compost is rich in nutrients who essential for the plant’s development and growth. 
Vermicompost with microbial activities which present in the soil releases much of 
the nitrogen in the form of the nitrate while composting releases nitrogen into the 
soil in the formed ammonia, plant accumulates nitrogen in the form of nitrate, not 
ammonia the nitrate form of the nitrogen is easy to uptake by the. Vermicompost 
is an extreme organic biofertilizer, it initiates and propagates the rooting system in 
plants mung bean and positively elongates the shoot development in watercress and 
lettuce [21]. In vermicomposting to decompose the organic waste into the organic 
fertilizer (vermicompost) use various species of earthworms. Commonly used earth-
worm species are Eisenia fetida and Eudrilus eugeniae both species are epigeic, 
they feed on surface decaying organic matter and convert it into manure. Through 
vermicomposting improve the soil fertility vermicast improve the aeration in the soil. 

Types of earthworm: there are three types of earthworms; epigeic, endogeic, and 
anecic. Epigeic earthworms are surface feeders of decaying organic wastes they 
consume approximately their weight of food per day also they do not construct the 
burrow live on the upper surface of the organic matter e.g.; Eisenia fetida. Hence this 
species of earthworms are most suitable for vermicomposting. Endogeic species of 
earthworms are live in horizontal borrow and feed minerals that present in the soil 
particles and decaying organic matter e.g.; Aporrectodea calignosa. Anecic species 
built vertical burrows and live up to 5–6 feet deep in the soil. They feed deep soil 
minerals and are called geophagous [22] (Fig. 5). 

4 Bio-sorption 

It is the process in which biological materials are used for the exclusion of contami-
nants from the water system through absorption, adsorption, ions exchange, complex-
ation of surfaces, and precipitation [13]. The efficiency rate of the bio-absorbents is 
very high and they are easily available. They have a high tendency to bind heavy 
metals on their surface. Regeneration properties help it to create a favorable condi-
tion for the removal of contaminants. Regardless, if the concentration of the feed 
solution is remarkably high, the cycle of the process reaches its peak thus limiting
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further removal of pollutants [23, 24]. The whole process of bio-sorption is shown 
below via a flowchart (Fig. 6). 
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Fig. 6 Flowchart representing process of bio-sorption
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5 Organic Farming 

Organic farming is one of the agriculture practices in which the use of synthetic 
supplements (viz., fertilizers, weedicides, rodenticides, fungicides, additives in food, 
hormones, etc.) is avoided or excluded entirely. Instead of these supplements, organic 
products (viz., green manure, compost, vermicompost, crop residues, cow dungs, 
off-yard organic wastes, etc.) are used for enhancing productivity and crop yield. 
Organic farming works in favor of nature and depend on crop rotation, mobilization 
of nutrients and protection of plant in a natural way. Organic farming emphasizes 
chemical-less foodstuffs without the involvement of any chemical supplements, in a 
way to maintain the fertility of the soil for a longer period. Organic farming plays an 
important role in maintaining the soil micro and macro-diversity, maintains ecolog-
ical balance, foster cycling of nutrients, etc. In today’s time, this farming practice 
is developing at a greater pace and almost 170 countries globally produce organic 
agriculture products commercially [25]. 

Organic Farming is adopted these days globally because it does not involve expen-
sive chemical supplements, thus it reduces the cost of production for the farmworkers 
and also the chance of pollution gets reduced. The fruits and vegetables grown 
through organic farming are nutrient-rich and are very tasteful as they are grown 
in the given time required for proper growth. So, organic farming can be considered 
an environment-friendly agriculture practice that helps in promoting the concept of 
sustainability [26]. Some of the basic steps of organic farming are illustrated in Fig. 7. 

Green leaf manure 
Vermicompost 

Crop rotation 

Biological managementAnimal husbandry 

Biofertilizers 

Manure 

Organic Farming 

Fig. 7 Basic steps of organic farming
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6 Biochar  

When the biomass such as wood, manures, or leaves get undergoes a process called 
pyrolysis (i.e. heating of biomass in the complete absence or partially negligible 
oxygen and getting oil and different gases as a byproduct) leads to the formation 
of biochar. It is the highly enriched organic carbon that affects the sequestration of 
soil carbon by modifying its physicochemical and biological properties [27]. Due 
to the huge specific surface area of the biochar, porosity, functional groups such as 
hydroxyl, carbonyl, carboxyl, etc., it helps in eliminating contaminants from water 
bodies. These contaminants include heavy metals, dyes, antibiotics, which are toxic 
and affect the aquatic environment [28–31]. If the contaminants are not eliminated 
from the water bodies, it affects the soil properties when used in the field for irrigation, 
thus affecting the productivity and yield of crops. As it is a new kind of absorbent, it 
can be applied to improve the environment, energy, agricultural sustainability [32]. 

In recent scenarios, biochar provides a platform for the farmers to use it as a 
supplement in the fields in a way to increase the soil aeration, water holding capacity, 
enhanced activity of the soil organisms, maintaining the nutrient status of the soil, 
etc. Even some of the physicochemical properties of the soil get maintained to the 
equilibrium state, which is beneficial for increasing the productivity and yields of 
the crops [33]. The working process of the biochar, production methods, and its 
application is well demonstrated in the Fig. 8a–c. 

7 Nanotechnology in Agriculture 

In scientific advancements, nanotechnology holds an important place in maintaining 
the nutrient status of any soil and also increasing the productivity and yield of crops 
[34]. Nanotechnology can be defined as the branch of science that works on the 
particle size of nanometer dimensions (1–100 nm). When nanotechnology is linked 
with the agricultural sectors, it is known as agriculture nanotechnology. In the last 
few decades, it has gained momentum and is chiefly used in the fields for enhancing 
soil productivity and crop yield. In the Indian context, the application of nanotech-
nology is dependent on the acceptance of the stakeholders, a strong mechanism of 
governance, and effective regulations. Nanotechnology thus provides a step forward 
towards the second green revolution and also focuses on sustainable crop production. 

The nanoparticles are required for increasing the efficiency of the fertilization via 
fertilizer use, the yield of crops, pesticidal reduction; detection of chemical toxins in 
food items, early pathogenic activities; shrewd transport systems of pesticides and 
fertilizers, the system and methods used for processing and packaging of foodstuffs; 
and agricultural food safety regulation [35, 36]. The degradation and reduction of 
the existing pollutants are achieved by the nano filters or the nano-catalysts. Thus, 
nanotechnology serves as a good resource management tool in the agricultural field, 
delivering drugs to the plants and helps in the maintenance of the fertility of the soil.
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The role of this technology is also well observed in the usage of the biomass and waste 
from agriculture processes, food processing units, and packaging systems and also 
in the risk assessment [37]. Therefore, it can be easily said that the new and future 
advancements in nanotechnology that make a pathway for the food supply chain 
(from the agriculture field to the table: agrochemical usages such as nano-fertilizers, 
nano-pesticides, nano-fungicide, nano-herbicide, précised agricultural techniques, 
enrichment of food quality, quantity, and texture, feed in an intelligent way, nutrient 
standards and bioavailability, packaging, labeling, etc.) around the whole agricul-
tural unit. More advancements are still to be faced in the way of nano-foods in the 
upcoming years [38].

8 Vertical Farming 

Vertical farming is an innovative concept given by the eminent professor Despom-
mier, that involves the use of basic methods of farming i.e. hydroponic and aero-
ponics, for faster yield. It can also be considered as the commercial farming method 
in which different life entities viz. plants, animals, fungi, etc. are cultivated for 
obtaining food, fiber, fodder, fuel, and other essential products. It involves the plan-
tation vertically, stacked one above the other, in a very lesser space [39]. Vertical 
farming is taking momentum in megacities, where space is less and the requirement 
of products is much higher. It is in demand nowadays because (i) production capacity 
is more in comparison to the outdoor cultivation, (ii) water requirement is 70–95% 
lesser than that required for normal cultivation, (iii) do not get affected by natural 
calamities such as cyclones, flood, heavy rains, drought, etc. (iv) It helps grow pesti-
cides free organic crops, (v) the occupational hazard is very less, and (vi) farmers 
are free from heavy farm equipment’s and also the diseases like Malaria, exposure to 
poisonous chemicals, and so on. The vertical farm of around the size of a city block 
(9300 m2), with a height of 30 stories, provides the nutrition of 200 kcal per day to 
around 15,000 people [40]. 

Vertical farming primarily involves three categories of farming: (a) In the first 
category of farming, the utopian concept of farming is used. It is also known as the 
“Phrase vertical farming”. In this concept, vertical farming is done in an underground 
manner and is well observed in the Netherlands (b) In the second category of farming, 
vertical farming is done in open air or the skyscrapers for the control of climate and 
the consumption for the local feeders. This is done for personal or community use 
and not for commercial selling. A more innovative idea involved in it nowadays, 
that the plantation is done at the periphery of the skyscrapers, for getting an ambient 
quantity of light, (c) In the third category of vertical farming, cultivation is done in 
a closed sky scrapper for the large-scale production. This type of farming is well 
adopted in the countries like Singapore, Canada, London, etc. By 2050 it is expected 
that the population of the world gets increased by about 80% and most of the people 
live in urban areas. Due to this demand for food get hiked up, then vertical farming 
will be the best option to fulfill the food requirement [39, 40].
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9 Modern Technological and Mechanical Inventions 
in the Field of Agriculture 

Advanced technology and types of machinery that are employed in the current 
scenario for the enhancement of the crop yield and productivity is given below: 

9.1 Autopilot Tractors 

These are driverless tractors and sprayers worked on GPS in the agriculture fields. 
Previously, basic tractors are used in the fields to perform different works related to 
agriculture which is hectic for the farmers as they have to be continuously available 
in the fields. But, after the invention of autopilot tractors, this tedious task of farmers 
comes to nil. On the steering of the tractor, GPS is tied up that keeps it on the track, 
relaxing the driver from driving the vehicle. Even the spreading of fertilizers and 
pesticides is done in a controlled manner uniformly via a GPS tied on the tractors. 

9.2 Crop Sensors 

Crop sensors act as a means to apply the fertilizers in the field effectively for 
maximum uptake. Through sensing one can get information about how the crop 
is feeling, the amount of leaching that occurred, and also the amount of runoff in 
the underground water channel. This is taking variable rate innovation to a higher 
level. Crop sensors direct that how much quantity of fertilizers is to be applied in 
real-time into the field. This saves time in making the prescribed map for the fertilizer 
application in the field. The optical sensor senses what quantity of fertilizers a plant 
needs to be based on the light reflected in the sensor. 

9.3 Biotechnology 

Though biotechnology is not a new technique, it places an important role in having 
the potential to produce a product that is of more enhanced properties. Herbicidal 
resistance is most common in genetic engineering [41]. To make the crop resistant 
to pests, certain toxins are sprayed in the crop fields named herbicides that direct 
towards proper growth of the crops. Many of the farmers apply the same toxins that 
are found in certain organic pesticides, due to which they do not have to move to 
their fields for applying it [42]. This in turn saves the number of pesticides used, 
labor, fuel for operating machines, equipment, etc. Even there will be a cutback of 
the water used for irrigation by the farmers and also the crops yield does not suffer.
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9.4 Documentation of Fields via GPS 

In conventional methods, the documentation of the fields is done manually by moving 
one farm to another. But, with the invention of the GPS, the documentation work has 
become very easy and the data is obtained in a very precise way. Through the GPS 
data, farmers can figure out the possible changes that have to be made in the field for 
proper functioning. That means the data obtained via GPS technology are of very 
good quality. The yield map is the best form of documentation for the farmers by 
which they can figure out the years’ cost of planning and the labor on a piece of a 
colorful paper sheet. The yield and moisture are being calculated when the harvesting 
equipment rolls through the field and binding it with the GPS coordinates. Then the 
map is printed, after the completion of tying. These maps are called the map of yield 
or the heat maps. Through these maps’ farmers can find out that what varieties were 
the best, worst, or of steady yield in varied conditions. Even these maps can predict 
the drainage pattern working in that area. 

9.5 Smartphones for Monitoring and Controlling 
the Irrigation System of Crops 

Smartphones provide a new pathway to the farmers, thus playing a crucial role 
in maintaining and controlling the irrigation system in the agriculture fields [43]. 
Previously, farmers use to check their fields by driving themselves to each field indi-
vidually, but after the launching of new software in smartphones and computers, the 
work becomes easy and is controlled by these gadgets. The moisture level in the soil 
is checked through the moisture sensors in the ground. These moisture sensors can 
transfer information about the availability of moisture at a certain deepness in the 
soil. Due to the flexibility, the water control and input of several supplements (such 
as fertilizers, pesticides, etc.) become precise when applied through the irrigation 
hinges. Farmers can also link it via Variable Rate Technology (VRT), for control-
ling the water rate applied precisely. Hence, it provides a way to use the resources 
effectively and efficiently. 

9.6 Use of Mobile and Camera Technology 

Mobile and cameras enable farmers to use social media sites effectively for multiple 
reasons. The apps like foursquare support to keep tabs on the workers. In order to 
keep an eye on the farm, nowadays cameras are placed around it. Even the livestock 
breeders put cameras around their barns, feedlot areas, meadows, etc. that sends the 
picture to the central location like home and office computers. Through this, they
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can able to put an eye on their livestock, when they are far away from their homes at 
night. 

9.7 Livestock Ultrasounds 

Ultrasounds are mostly used for checking out the status of the baby animal in the 
womb but in some cases, they can also be used to see the quality of the meat that 
has to be sent to the market. DNA testing enables the manufacturers to analyze the 
animals having good pedigrees and other necessary qualities. To improve the quality 
of the livestock, the information obtained from ultrasounds enables the farm keepers 
to improve the quality [44]. 

9.8 Robotics 

An intelligent machine that is prepared with the collaboration of mechanical, elec-
tronics and computing field engineers to match the working outline of humans is 
called robotics [45]. In the agricultural sectors robotics is applied for various tasks 
such as plowing, seeding, planting the saplings, spraying supplements in the fields, 
irrigation of crops, harvest, and post-harvest operations, etc. [46]. Through this 
machine one can also work under the stressed environmental conditions and the 
farmers get relax from the long day’s tiresome workload. Throughout the cycle of 
the production of crops, robotic can be applicable at three levels viz. seeding, plan-
tation, and caring of plants and harvesting i.e. pre and post [5]. Though robotics 
reduced the stressful working environment and attracts the farming profession, its 
applicability is quite tough. Only the trained and knowledge-keeping manpower can 
handle it properly. 

10 Conclusion 

The population globally is increasing at a greater pace so the demand for food also 
gets increased. To provide an ample amount of feeding material advanced tools and 
techniques are to be adopted to fulfill the demand. Modernization in agricultural 
tools and techniques requires two most vital things: firstly, the higher yield of crops 
in lesser investment and secondly, high profit in the economy. Different Agriculture 
processes such as hydroponics, aeroponics, bioremediation, vermi-remediation, etc. 
help in enhancing crop productivity in a very lesser period and even have less impact 
on the environment. The technologies like GPS, Ultrasound, smartphones, cameras, 
etc. helps in regular monitoring of the agricultural processes and make it easy giving
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little relaxation to the farmers. In a very lesser space and time, yield can be hiked up 
to the maximum thereby increasing the economy. 
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Dynamics of Soil Cationic Micronutrients 
in Different Land Use Systems in Lower 
Shiwalik Region of Uttarakhand, India 

Manisha Bharti, Nitin Kamboj, Vishal Kamboj, Aditi Bisht, 
and Amrit Kumar 

Abstract Due to the low nutrient content, high erosion rate, poverty, increasing 
urbanization and increasing agricultural intensity, micronutrients problem in 
ecosystem are widespread. Topography, soil texture and land use types are key factors 
affecting the soil nutrient availability. The current study provides information on the 
micronutrient status of soil in different land use patterns (forest, industrial, residen-
tial, agro-residential and agricultural area) in lower shiwalik region of Uttarakhand, 
India. Results indicated that significant differences in soil micronutrients among 
different land uses were observed. Iron content was found low in industrial area and 
medium to high in other selected land use patterns. Soil of selected land use patterns 
has high range of copper content except only forest area. Zinc content was found low 
in selected land uses and showing the negative correlation (p < 0.05) with organic 
matter in soil. Further observations suggested that type of land use patterns was the 
dominant factor altering the nutrient dynamics vertically as well as horizontally. 

Keywords Land use · Micronutrient status · Nutrient dynamics · Soil properties ·
Urbanization 

1 Introduction 

Soil fertility is one of the most significant factors for crop yield and development. 
Soil fertility evaluation is an important aspect in sustainable agriculture production 
[1]. A total of 16 soil nutrients are occurring as macronutrients and micronutrients 
which are essential for plant growth. Macronutrients (C, H, O, N, P, K, Ca, Mg and S) 
are needed in large quantity and micronutrients (Fe, Zn, Cu, Mn, Bo, Cl, and Mo) are 
needed in small quantities. Five additional elements (Na, Co, Ve, Ni and Si) are also 
considered as nutrients in soil system. On the basis of nutrient utility and requirement,
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minerals nutrients are classified into different classes i.e. macronutrient and micronu-
trient. Further, soil micronutrients are playing an effective role in plant metabolism, 
nutrient regulation, chlorophyll synthesis, reproductive growth, production of carbo-
hydrates, development of seed and fruits [2]. Micronutrients are declining due to 
various abiotic and biotic stresses. One of the most responsible factors for micronu-
trient deficiency is uncontrolled use of NPK fertilizers that substantially contributed 
to the worldwide problem in devastating human health consequences like malnu-
trition and under nutrition [3]. Agriculture is the main source of nutrition in India. 
Government of India introduced many policies to this respect for high agricultural 
production with food security goals and nutrition security that are most important 
for plants and human being [4–6].

Land use may be defined as a part of land used by human for various purposes such 
as industrialization, settlements and agricultural activities [7]. Changes in extent and 
composition of forests, urbanized areas, residential areas and other agricultural areas 
have large impacts on provision of soil nutrient dynamics. Different type of land 
use has different type of soil structure and their nutrient properties. Soil nutrients 
concentration are different in each and every type of land use which directly affect the 
crop productivity, ground water quality, soil fertility, soil microbial behaviour, soil 
respiration etc. Unfortunately, many soils do not have adequate levels of all neces-
sary nutrients due to contamination and leaching of pollutants from anthropogenic 
activities in particular type of land use. Then conditions in the soil are unfavourable 
for plant uptake of certain nutrients [8–10] 

2 Materials and Method 

2.1 Description of Study Area 

Ranipur Rao is situated between 29° 56′ 9′ N to 78° 4′ 50′ E, south-western part of 
Shiwalik foot hills range. Some of the study area falls on the Rajaji National Park 
which is selected for forest area. The rest of the area is assortment of wasteland, 
residential, agricultural land under different crops, plantations and villages. This 
seasonal stream originates from Shiwalik hills of Rajaji National Park passes from 
the SIDCUL, BHEL industrial area, Shivalik Nagar and Tehri colony residential 
area and reaches and merges upto the agricultural land of Bhagtantpur Abidpur 
village in district Haridwar. The total length of Ranipur Rao seasonal stream is about 
12.83 km. Out of the its total length, approximately 2.15 km is under forest area of 
Rajaji National Park and remaining 10.68 km part is under industrial, residential and 
agricultural areas. However, for the study point of view the total length of Ranipur 
Rao is divided into 5 zones and which mentioned Table 1. 

Haridwar is humid and sub humid agro climatic region with three different crop-
ping seasons. The summer season is called zaid (April–May), rainy season is called 
kharif (June–September) and winter season is called Rabi (October–March). The
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Table 1 Details of sampling sites along with their locations and types 

S. No. Sampling zone Location Type of land use 
area 

Geo-coordinates Elevation (ft) 

1 Zone-A Sureshwari 
temple trail 
sector 

Forest area 29° 58′ 10.66′′
N, 
78° 06′ 27.73′′ E 

1057 

2 Zone-B between the 
SIDCUL and 
BHEL industrial 
area 

Industrial area 29°57′11.31′′ N, 
78° 05′ 10.62′′ E 

984 

3 Zone-C Tehri colony and 
Shivalik Nagar 

Residential area 29° 55′ 29.60′′
N, 
78° 04′ 43.57′′ E 

931 

4 Zone-D Alipur Ibrahim 
village 

Agro-residential 
area 

29° 54′ 20.93′′
N, 
78° 04′ 30.14′′ E 

898 

5 Zone-E Bhagtanpur 
Abidpur village 

Agricultural area 
ending point of 
the Ranipur Rao 
seasonal river 

29° 52′ 35.18′′
N, 
78° 04′ 36.43′′ E 

872 

average annual rainfall of the district is about 1074 mm and distribution is variable 
recording high in northern part and low in southern part. Ganges is the main and peren-
nial stream flowing through the district and some Seasonal streams (Solani, Ratmau, 
Ranipur, and Pathari) are also occurs which originating from Shiwalik ranges. 

2.2 Topography 

The topography of the study area mainly consisted of the shiwalik hills and alluvial 
deposits. The upland area is subjected to heavy erosion because the hills and lowland 
plains are mainly composed of the sandstone and sand rocks, due to which there is 
a rapid and fast runoff from heavy rains during monsoon season. The bottom of the 
streams, rivulets and valleys consist mainly of large and small-sized rounded stones 
and pebbles which are used as shelter by many wild animals such as reptiles and 
amphibians. The formation occurring of Shiwalik hills are alluvial fan deposits of 
recent age. Ranipur Rao is also comprised of two hydrogeo-morphological units i.e. 
shiwalik and upper piedmont or bhabbar zone.
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2.3 Soil Classification 

The hills and sub-montane areas have sandy loam to loamy sand and dry soil, in the 
adjoining and moist areas the soil is covered by humus and is dry. The soil of study 
area shows wide variations in soil physico-chemical characteristics, soil microbial 
biomass, macro and micro nutrient availability due to many variations in topography, 
intensity of soil erosion, parent weathered material and other environmental factors. 
Agricultural soils of study area are suitable for sugarcane, wheat, rice and oil seeds 
cultivation. Study areas have Orthent (Entisol) type of soil except RNP. In RNP is 
characterized by Ultisol type of soil which is the brown hill soil. 

These piedmont soils are highly fertile which consists boulders, pebbles, sand, silt 
and clay. It is relatively logical to use the factors like colour of soil layers, thickness, 
soil texture, density of soil, maturity of soil profile and the nature of sediments for 
the classification of soil in relation to time and physiographic divisions. 

2.4 Atmospheric Temperature 

There is a thrilling variation in climate of the study area, giving rise to three 
different seasons namely winter, summer and monsoon. Winter commences from 
mid-November and lasts till March. Summer starts by mid of March and lasts till 
the onset of monsoon in July. During summer there is occasional short duration sand 
and dust storms accompanied by rain or sometimes hail. Onset of monsoon varies 
but usually July witnesses the first shower and rains last till October. People do many 
activities for living. Most of them are laborers, working in the nearby factors and 
newly established industrial estate. About 25 to 30% of the population is cultivator. 

2.5 Agriculture 

Farmers grow varied crops including maize, sorgum, pear millet, foxtail millet, rice, 
ground nut and dhaincha. Sugar cane and tomato are also grown. These crops are 
grown either as sole crops or intercropped in different combinations. About 20–40% 
of the population is dependent on the forests especially Rajaji National Park for daily 
fuel wood needs. 

2.6 Collection of Soil Sample 

Soil samples were collected from the five different selected Land Use Pattern (LUP) 
followed by composite soil sampling method during 2016–17. These sites were
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distributed throughout the catchment according to different land use and topography. 
Each sampling site was surveyed for analyze the spatial characteristics of particular 
land use types. For collection of soil samples five 10 m × 10 m sampling plots were 
laid down in each of the land use pattern. These collected soil samples will brought 
to the laboratory in sterilized polythene bags and further stored at 4 °C temperature 
until further analysis [11]. 

2.7 Soil Analysis 

Soil samples were analyzed for selected physic-chemical and micronutrient charac-
teristics in soil. Particle size distribution was analyzed by the international pipette 
method [11], soil temperature was recorded by soil thermometer, soil pH was 
analyzed by digital pH meter (ESICO-1012), moisture content (gravimetrically 
method) and organic matter [12] were estimated [13]. 

Some selected micronutrients were analyzed in soil samples by using atomic 
absorption spectroscopy (AAS; model no. AAS4129, ECIL, India). Operate AAS 
according to the instructions provided for the instrument. Run the selected micronu-
trient standards and draw a celebration curve. Measure the concentration if elements 
in soil extracts by using appropriate lamp for each element. Finally, calculate the 
micronutrient concentration according to the calibration curve. 

Micronutreintscation( ppm) = ppm MC (from calibration curve) × 
V 

Wt 

where: 

MC Micronutrient cation 
V Total volume of the extract (mL) 
Wt Weight of air-dry soil (g) 

3 Results and Discussion 

3.1 Physico-Chemical Properties of Soil 

Physico-chemical and micronutrient characteristics of soil and their correlation with 
each other in different land use patterns were depicted in Tables 2, 3 and 4. 

Particle size distribution: The highest sand concentration was found in agro-
residential area (79.11 ± 1.16%) followed by the other land uses, whereas the silt 
content was found maximum in forest soil (44.60 ± 0.76%). Clay content was found 
maximum in agro-residential area (6.13 ± 0.94%). Generally, there was a significant 
difference in soil particle size distribution in different land use patterns. The soil of 
Forest, industrial, residential and agriculture area were classified as sandy loam type
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Table 2 Seasonal variation in soil texture of Ranipur Rao watershed under different land uses 
patterns during 2016–2017 (Mean ± S.D.) 
Type of land use Particle 

type 
Summer Monsoon Winter Mean ± S.D Textural 

classes 

Forest area Sand 49.72 ± 1.546 51.94 ± 2.07 51.72 ± 2.33 51.13 ± 1.00 Sandy 
loamSilt 44.74 ± 2.71 43.59 ± 1.25 45.45 ± 1.48 44.60 ± 0.76 

Clay 5.53 ± 3.58 4.47 ± 1.18 2.83 ± 1.80 4.28 ± 1.11 
Industrial area Sand 52.55 ± 1.63 56.39 ± 2.11 55.00 ± 2.28 54.65 ± 1.59 Sandy 

loamSilt 44.19 ± 2.12 37.47 ± 1.44 42.95 ± 1.94 43.35 ± 0.59 
Clay 3.26 ± 2.20 6.14 ± 2.21 2.05 ± 1.18 2.00 ± 1.05 

Residential area Sand 53.13 ± 1.37 54.33 ± 0.98 53.34 ± 0.56 53.60 ± 0.52 Sandy 
loamSilt 43.86 ± 2.25 43.33 ± 2.24 43.11 ± 1.34 42.78 ± 0.32 

Clay 3.01 ± 1.20 2.34 ± 1.82 3.56 ± 1.76 2.75 ± 0.50 
Agro-residential 
area 

Sand 78.87 ± 4.52 80.64 ± 2.92 77.83 ± 2.01 79.11 ± 1.16 Loamy 
sandSilt 15.36 ± 2.91 14.17 ± 3.18 14.76 ± 2.66 14.76 ± 0.49 

Clay 5.78 ± 2.25 5.19 ± 3.29 7.42 ± 1.40 6.13 ± 0.94 
Agricultural 
area 

Sand 52.55 ± 1.63 56.61 ± 2.16 55.00 ± 2.28 54.72 ± 1.67 Sandy 
loamSilt 46.00 ± 2.43 42.10 ± 2.24 43.45 ± 1.43 43.85 ± 1.62 

Clay 1.46 ± 1.82 1.29 ± 0.60 1.55 ± 1.45 1.43 ± 0.11 

of soil. Due to maximum concentration of sand and clay, soil of agro-residential area 
was classified as loamy sand. 

Soil temperature (ST): Maximum soil temperature was recorded in industrial 
area (23.48 ± 0.17 °C) during the summers. The average soil temperature was found 
maximum in agro-residential area (19.88 ± 3.71 °C). Minimum soil temperature 
was found in forest area (11.45 ± 0.43 °C) during the winter season. The average 
soil temperature was found minimum in residential area (19.43 ± 2.71 °C) (Fig. 1). 
There was a significant positive correlation (p < 0.05;0.01) was found between soil 
temperature and all selected cationic micronutrients. 

Moisture Content (MC): Maximum moisture content was recorded in forest 
area (14.98 ± 0.55%) during the monsoon. The average moisture content was found 
maximum in residential area (13.11± 1.48%). Minimum moisture content was found 
in industrial area (8.34 ± 0.14%) during the summer season. Soils of industrial area 
also have average minimum moisture content (11.53 ± 1.47%) among the different 
land use patterns in watershed area (Fig. 2). 

pH: Maximum pH was recorded in soil of agricultural area (8.17 ± 0.18) during 
the monsoon and also having maximum average pH value (7.27 ± 0.40) in the study 
area. Minimum soil pH was found in industrial area (6.13 ± 0.21) during the winter 
season. Soils of forest area have minimum average pH value (6.63 ± 0.29) among 
the different land use patterns in watershed area (Fig. 3). 

Organic matter (OM): Maximum organic matter was recorded in soil of forest 
area (3.57 ± 0.41%) during the monsoon and also having maximum average organic
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Table 4 Correlation between selected soil properties under different land use patterns of Ranipur 
Rao watershed 

ST MC pH OM Fe Cu Zn Mn 

ST 1.0 

MC −0.158 1.000 

pH 0.670* 0.388* 1.000 

OM −0.117 0.543** −0.271* 1.000 

Fe 0.606* 0.661** 0.878** 0.211 1.000 

Cu 0.295* −0.840** −0.094 −0.666* −0.471* 1.000 

Zn 0.714** 0.174 0.868** −0.268* 0.792** −0.149 1.000 

Mn 0.523** 0.505* 0.346* 0.736** 0.720** −0.559* 0.418* 1.000 

*Significant at p 0.05; **significant at p 0.01 

Fig. 1 Seasonal variation in 
soil temperature at selected 
zones during April 2016 to 
March 2017 

Fig. 2 Seasonal variation in 
moisture content at selected 
zones during April 2016 to 
March 2017
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Fig. 3 Seasonal variation in 
pH at selected zones during 
April 2016 to March 2017 

content (3.07 ± 0.26%) among the other type of land uses. Minimum organic matter 
was found in industrial area (1.02 ± 0.11%) during the summer season and also 
having minimum average organic content (1.35 ± 0.45%) in watershed area (Fig. 4).

Iron (Fe): Maximum iron content was recorded in soil of agro-residential area 
(6.87 ± 1.21 mg/kg) during the monsoon and also having maximum average iron 
content (6.13 ± 0.48 mg/kg) among the other type of land uses. Minimum iron 
content was found in industrial area (3.21 ± 0.06 mg/kg) during the summer season 
and also having minimum average iron content (3.60 ± 0.29 mg/kg) in the watershed 
area (Fig. 5). 

Copper (Cu): Maximum copper content was recorded in soil of industrial area 
(2.56 ± 0.05 mg/kg) during the winters and also having maximum average copper 
content (1.11 ± 0.72 mg/kg) among the other type of land uses. Minimum copper 
content was found in forest area (0.163 ± 0.002 mg/kg) during the summer season

Fig. 4 Seasonal variation in 
organic matter at selected 
zones during April 2016 to 
March 2017
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Fig. 5 Seasonal variation in 
iron content at selected zones 
during April 2016 to March 
2017 

Fig. 6 Seasonal variation in 
copper content at selected 
zones during April 2016 to 
March 2017 

and also having minimum average copper content (0.184 ± 0.008 mg/kg) in the 
watershed area (Fig. 6).

Zinc (Zn): Maximum zinc content was recorded in soil of agriculture area (0.443 
± 0.01 mg/kg) during the monsoon and maximum average zinc content (0.35 ± 
0.02 mg/kg) was found in soil of agro-residential area. Minimum zinc content was 
found in residential area (0.116 ± 0.04 mg/kg) during the summer season and 
minimum average zinc content (0.16 ± 0.246 mg/kg) in soil of forest area (Fig. 7). 

Manganese (Mn): Maximum manganese content was recorded in soil of agro-
residential area (2.024 ± 0.18 mg/kg) during the monsoon and also found the 
maximum average manganese content (1.83 ± 0.10 mg/kg) among the other land 
uses. Minimum manganese content was found in industrial area (0.221± 0.02 mg/kg) 
during the summer season and also having minimum average manganese content 
(0.57 ± 0.19 mg/kg) in soil of forest area (Fig. 8). 

Correlation analysis: Correlation among micronutrients were found to be statis-
tically significant (p < 0.05;0.01) for soil temperature, moisture content except with 
Zn, pH except with Cu, organic matter except with Fe and Copper except Zn (Table 
4).
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Fig. 7 Seasonal variation in 
zinc content at selected 
zones during April 2016 to 
March 2017 
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Fig. 8 Seasonal variation in 
manganese content at 
selected zones during April 
2016 to March 2017 
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4 Discussion 

Dynamics of soil cationic micronutrients were significantly affected by land use 
systems in lower shiwalik region of Uttarakhand, India. Soil particle size distribution 
is primarily a sand fraction. Slightly a variation in soil texture was found among the 
all-land use patterns except agro-residential area. Soil texture is mostly affected by 
parent materials. Similar study was done by Kaur et al. [14], they also found the sandy 
loam texture of soils under different land use systems of lower shiwalik foothills of 
Himalaya, India. 

High pH in soil of agricultural area might be due to attributed to the periodic use 
of lime (dolomite) in the agricultural fields to better productivity [15]. So, significant 
difference was observed in pH of different land use systems. The lowest pH in 
the forest area due to soil acidification resulting from litter decomposition of tree 
leaves, stems, barks, logs, flowers and fruits etc. [7, 16, 17]. It may be due to its
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highest microbial oxidation that produces organic acids which afford H ions to the 
soil system and thereby decrease the pH of soil. Industrial area also showed the 
acidic pH because industrial waste and waste water have the acidic constituents and 
diminishes the pH and mineralization of organic acid containing elements [18, 19]. 
OM was significantly affected by land use patterns in the study area. Soil OM was 
highest in forest area and lowest in industrial area. Urbanization process increasing 
the socio-economic and demographic activities in a particular area but their land 
quality has been degraded significantly. Deforestation and conversion to built-up 
area might have been aggravated by the insufficient inputs of nutrient substrate, OM 
reduction and decrease soil fertility. 

4.1 Micronutrients Status in Soil of Different Land Use 
Patterns 

Soil micronutrients play an important role in Indian sustainable agricultural/crop 
production. Values of selected micronutrients were found significantly different 
among the all land use patterns of study area. According to soil nutrient index given 
by Bharti et al. [20], modified from [19, 21] soil pH found to be acidic in forest 
and industrial area. According the index value, another all type of land use has the 
pH within the safe limit. There was positive correlation of pH with Fe, Mn and Zn 
except Cu. Similar study was done by Brajendra et al. [22], they found that pH was 
significantly positively correlated with Fe, Mn and Zn in of Mount Kilimanjaro, 
Tanzania. 

Soil temperature plays an important role in micronutrient availability [23]. When 
soil temperature is low, mineralization of OM slows down resulting less amount of 
micronutrient being released in the soil system [24, 25]. Fe is essential in chlorophyll 
and protein synthesis, enzyme activities and electron transfer chain reactions [26]. Its 
deficiency causes the chlorosis in newly young leaves due to reduction in chlorophyll 
synthesis. Iron content was found in the following ascending order in different land 
uses: IA < RA < FA < AA < ARA, respectively. Lowest iron content was found in 
industrial area due to low organic matter concentration in cultivated soils of industrial 
area. Only contaminated site and areas surrounding the industries like steel factories, 
chemical factories etc. have high Fe because of heavy metal contamination from 
various industrial waste sources. Fe status in other all land use patterns in the study 
area was sufficient to meet the crop recruitments. 

Copper plays an important role in various enzyme activities and for chloro-
phyll and seed production. There was a significantly negative correlation was found 
between organic matter and copper content. Cu content was found in the following 
ascending order in different land uses: FA < ARA < AA < RA < IA, respectively. Soil 
of selected land use patterns has high range of copper content except only forest area. 
Cu content was high in industrial area due to copper toxicity from various copper 
containing metals dumped into the soils and also from accumulation soils have been
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contaminated. In the residential area, the sources of Cu content were sewage sludge, 
dumping of solid waste and industrial effluent passing through the residential area 
[27]. Continuous application of copper containing fertilizers can develop copper 
toxicity in soil. It affects seed germination, development of root system, and plant 
strength [28]. 

Zinc occurs naturally in rocks and their availability depends on the parent material 
[29]. Zn is an important component in many metabolic reaction and enzyme activities 
for crop growth and development [30, 31]. Low Zn content was found in soil of all 
land use patterns. It was found in the following ascending order in different land uses: 
FA < IA < RA < ARA < AA, respectively. Carbohydrate, protein and chlorophyll 
formation are significantly affected by Zn deficiency in soil. Therefore, continue 
application of zinc fertilizer is needed for optimum growth of crop and maximum 
yield. 

Manganese is a major contributor to various biological processes like photo-
synthesis, respiration and nitrogen assimilation [32]. It is also an important for 
pollen germination, growth of pollen tube, root cell elongation and resistance to 
root pathogens. Mn values found to be high in all land use patterns and take place in 
the following trend: IA < RA < AA < FA < ARA. Reddish brown spots, burning of 
their tips and margins have occurs due to the manganese toxicity. 

5 Conclusion 

Above results of this study concluded that micronutrient cations (Fe, Cu, Zn and Mn) 
are widely associated with crop productivity, animals and human health. Adoption 
of intensive and new cropping practices for high yield and imbalanced fertilizer 
used resulted in emergence of soil micronutrient deficiency and toxicity. Industrial 
activities and domestic waste generation also cause the same problems due to soil 
contamination in the study area. Therefore, micronutrient management depending 
on the soil types, land use types, soil properties and time, rate source and frequency 
of the application needs for the suitable agricultural production and maintenance 
of human health. Soil micronutrients analysis would be helpful for understanding 
regarding nature and extent of micronutrient deficiencies and toxicity in soil, plants, 
animals and human being. 
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Monitoring of Channel Morphology 
of Ganga River Using Remote Sensing 
and GIS Data 

Vishal Kamboj, Aditi Bisht, and Nitin Kamboj 

Abstract The present study deals with the dynamics of channel morphology of 
river Ganga in Haridwar region during the last two decades (1992–2019). Land 
Use/Land cover classification and channel geometry characteristics of river Ganga 
were assessed using remote sensing and GIS analysis approach. The LULC classifica-
tion was divided into three classes: River, Dry Riverbed and River Ganga catchment 
or floodplain covering an area of 8366.22 ha. Moreover, channel geometry was calcu-
lated using sinuosity index and geomorphological features. The study area is divided 
into 10 segments showing the different types of channel patterns. It was found that 
LULC classification of river banks depends on water flow and seasonal ecological and 
anthropogenic activities. The channel pattern of river Ganga is modified by natural 
processes such as heavy rainfall, floods, bank erosion and anthropogenic processes 
such as dams, riverbed mining and agricultural activities near the banks. 

Keywords Channel morphology · Ganga river · Remote sensing and GIS ·
Sinuosity index · Haridwar 

1 Introduction 

Rivers serve as geological agents that transfer material from one ecosystem to another 
and are also responsible for the formation of various landforms on the earth’s surface 
[1]. Flowing water serves as a constant erosional factor and shapes the channel 
pattern of a river [2, 3]. Moreover, the process of erosion and deposition of river 
sediments creates, destroys and recreates the channel pattern, landforms and finally 
habitat [1, 3]. The shape of the riverbed depends on some geomorphological features 
such as point bars, bars, islands and natural dams [1, 4]. Basically, a river system 
is a combination of corridors such as channel patterns, bars, levees, floodplains,
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Fig. 1 Showing the river corridors from upland to lowland area 

riparian zones, etc., extending from the uplands or mountains to the lowlands or 
plains (Fig. 1).

2 Geological Characteristics of the River System 

The river bed consists of a combination of stones, boulders, gravel, sand and silt 
known as bed material and depends on the depositional areas [5]. A fluvial water 
system is divided into three zones based on its function and structure: Production 
zone, Transport zone and Deposition zone. In all three zones, the most affected part 
of the fluvial system is the channel pattern [1, 6]. The production zone is very steep 
and eroded. The eroded material is transported by flowing water through the transport 
zone and later deposited in the depositional zone under favourable conditions [1].
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2.1 Substrate Structure and River Channelization 

According to [7, 8], the composition of sediments in fluvial systems is classified 
according to the size of boulder (>256 mm), cobble (64–256 mm), pebble (16– 
64 mm), gravel (2–16 mm), sand (0.0625–2 mm), silt (0.0039–0.0625 mm) and clay 
(0.000244–0.0039 mm). Sediments are non-cohesive, granular particles composed 
mainly of a mixture of rocks and minerals that move with the flow in quartz form [3, 
9, 10]. The availability of larger sediment particles is higher in the upper reaches than 
in the lower reaches. The small particles are deposited in the lower reaches due to 
their size and gravity and form the floodplain [4]. The amount of sediment depends 
on the erosion rate and water flow of the river and forms and maintains the channels 
and floodplains [11]. The river channels are continuously damaged due to natural 
and anthropogenic disasters all over the world. 

In the present era, the changes in the rivers are studied with the help of remote 
sensing images and GIS applications. These scientific tools are inexpensive and 
efficient for mapping and monitoring the geomorphological features of river systems 
[12, 13]. These tools and techniques provide spatial and temporal data for evaluating 
the detection of changes in river channels [14]. 

In Northern India, most of the rivers are glacier fed rivers like Ganga and Yamuna. 
Ganga is also affected by natural and anthropogenic disasters in the form of floods, 
bank erosion, high runoff, mining, agricultural and industrial activities. Due to these 
disasters, the river bed of the rivers is destroyed and altered. The objective of the 
present study is to map and monitor the changes in the river flow of Ganga during the 
last two decades at Haridwar District. The results obtained indicate that the changes 
in channel pattern and floodplain are important for the conservation of river Ganga. 

2.2 Description of the Study Area 

Haridwar district (29° 56′ N and 78° 09′ E) is located in the southwestern part of 
Uttarakhand and covers an area of about 2360 km2. Haridwar is the most famous 
holy place and also known as Gangadwara because the river Ganga touches the plains 
after a distance of 267 km in the mountains [15]. Due to the geological features of 
the river system, Haridwar is located in both the transport and deposition zones of 
the river Ganga. River Ganga provides a large amount of raw material such as sand, 
boulders, gravel and paving stones for construction purposes in Haridwar district [5, 
16]. In recent decades, excessive extraction of these materials has altered the channel 
pattern and degraded the aquatic habitat, which has affected the biotic community 
of river Ganga.
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Table 1 Satellite data used to analyse the LULC of the study area 

S.No. Data/Satellites name Path:Row Spatial resolution (m) Years 

1. Landsat 4–5 TM C1 146:39 30 1992 

2. Landsat 4–5 TM C1 146:39 30 2001 

3. Landsat 7 ETM + C1 146:39 15 2011 

4. Landsat 8 OLI/TIRS 146:39 15 2019 

Source Earth explorer (USGS) 

3 Data and Methodology 

3.1 Data Sources Used for Preparation of LULC Maps 

Land Use/Land Cover (LULC) and channel pattern was done using various data 
sources i.e. satellite imagery, toposheet and ground surveys over two decades (1992– 
2019). The cloud-free satellite image was obtained from the official website of the 
United States Geological Survey (USGS; Earth Explorer) for the years 1992, 2001, 
2011, and 2019 (see Table 1). 

3.2 Methodology Adopted for Preparation of the LULC Maps 

LULC change detection was performed using Arc GIS 10.5 software with a super-
vised classification method. First, the area of interest (AOI) was cropped from the 
downloaded satellite data of the respective years 1992, 2001, 2011 and 2019. For 
this classification, training samples were obtained during a field visit using Garmin 
GPS MAP Model No. 76CSx. During the study, the area is classified into three 
classes: Water body, river bed and river basin or floodplain. The classified image was 
validated using Arc GIS (10.5) accuracy assessment function (see Fig. 2). 

3.3 Methodology Applied for the Channel Pattern 

Channel pattern refers to the water flow paths of a river system. The study of channel 
pattern was carried out using sinuosity index and geomorphological features of the 
river [17, 18].
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Satellite Data 
i.e. Landsat 4-5 ; Landsat 7 and Landsat 8 

Extract the Area of Interest (AOI) 
from the Satellite data 

Development of Classification Scheme i.e. 
Supervised Classification 

Formulation of Training Dataset 

Supervised Classification (Name the 
maximum likelihood Classifier) 

Ground Truthing 

Validation of LULC 

LULC classification 

Accuracy Assessment 

Final LULC 

Fig. 2 Flow chart for preparation the land use/land cover 

3.3.1 Identification of Channel Pattern Based on Sinuosity Index 

Sinuosity index is the length of the watercourse divided by the shortest distance 
between two points (Fig. 3). The sinuosity index is calculated according to the 
following formula. 

Sinuosi ty index (SI  ) = lenght  o f  water course (Lw) 

shortest  length  o f  the  r i  ver (SLw) 

Based on the sinuosity index, the river channel is divided into three types: straight 
channel, sinuous channel and meandering channel (Table 2). 

SDw 

Legends 
ALw=  actual length of the water course 

SDw= Shortest distance of the water course 

ALw 

Fig. 3 Methods for calculating the sinuosity index [19]
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Table 2 Types of the river 
channel based on sinuosity 
index 

S.No. Types of river Sinuosity index 

1. Straight channel <1.05 

2. Sinuous channel 1.05–1.50 

3. Meandering channel >1.50 

Water Course 

Bars and other landforms 

Legends 

Water Course 

Bars and other landforms 

Fig. 4 Sketch map showing the braided channel condition [19] 

3.3.2 Identification of Channel Patterns Based on Geomorphological 
Features 

On the basis of geomorphological features, channel patterns are classified into two 
types, namely braided channel and Anabranching. Braided channel is a fragmentation 
of the river channel by permanent and temporary bars and islands, which are shown 
in Fig. 4 [20]. Moreover, Anabranching channel is a separation of the river into 
different channels by vegetation, an alluvial island in the active channel and not in 
the floodplain [21]. 

4 Results and Discussion 

4.1 LULC Classification to Detect the Changes in River 
Morphology in the Catchment Area of Ganga River 

In the present study, the total area of 8366.22 ha of the river Ganga was analysed 
to detect the changes in the river basin in Haridwar (see Table 3). The LULC was 
classified into three classes: River or Water, Dry Riverbed and Basin or Floodplain 
of the selected years 1992–2019 (Figs. 5, 6, 7 and 8). The river or water covers an 
area of 781.92 ha, 1463.49 ha, 856.89 ha and 934.92 ha in the respective years 1992,
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Table 3 LULC classes of Ganga river basin for river morphology in selected study zones 

S.No. Classes 
name 

1992 2001 2011 2019 

Area 
(ha) 

Area 
(%) 

Area 
(ha) 

Area 
(%) 

Area 
(ha) 

Area 
(%) 

Area 
(ha) 

Area 
(%) 

1. River 781.92 9.35 1463.49 17.49 856.89 10.24 934.92 11.17 

2. Dry 
river 
bed 

2324.43 27.78 2109.60 25.22 4025.52 48.12 2978.55 35.60 

3. River 
basin 

5259.87 62.87 4793.13 57.29 3483.81 41.64 4452.75 53.22 

Total 
area 
(ha) 

8366.22 100.00 8366.22 100.00 8366.22 100.00 8366.22 100.00 

ha = hectares, % = percentage 

Fig. 5 LULC map of Ganga river basin during 1992–2001 

2001, 2011 and 2019. In addition, the dry riverbed covers an area of 2324.43 ha, 
2109.60 ha, 4025.52 ha and 2978.55 ha in the years 1992, 2001, 2011 and 2019. 
In addition, the floodplain or river basin covers an area of 5259.87 ha, 4793.13 ha, 
3483.81 ha and 4452.75 ha in the respective years 1992, 2001, 2011 and 2019. 

The LULC results of Ganga Basin show that the selected classes, i.e., water or 
river, dry riverbed and floodplain or river basin, depend on the flow discharge of 
the river and other environmental factors. Water covers a large area in the monsoon
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Fig. 6 LULC map of Ganga river basin during 2011–2019 

Fig. 7 Water and dry river bed areas during 1992–2001

season due to heavy rainfall and high runoff. The dry riverbed and floodplain or river 
basin cover a large area in summer and winter as the discharge of river water is less. 
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Fig. 8 Water and dry river bed areas during 2011–2019 

4.2 Detection of Changes in Channel Morphology 

Channel morphology refers to the shape, size, length, depth, width, slope, cross-
sectional area, and presence of bed material. The characteristics of channel 
morphology depend on the geologic setting and discharge of a river. Most rivers have 
a cross-sectional area, also known as traverse section, which shows unique features 
of the river. At the cross-section site, the channel forms in the form of valleys and 
terraces and increases the width, depth, sediment character, gradient and floodplain 
area of the channel. 

During the study, satellite data of selected years from two decades were used 
to analyse the changes in the channel, discharge pattern and river flow (see Figs. 9 
and 10). Then, the current channel pattern was analysed using sinuosity index and 
geomorphological features of the river. 

To study the current channel morphology, geometry and stream type, the selected 
stretch of Ganga was divided into 10 segments based on the channel pattern shown 
in Table 4 and Figs. 11 and 12. In the selected 10 segments, segment I shows the 
straight channel with sinuosity index of 0.89 while the six segments II, III, IV, VI, VII 
and X show the sinuous channel. Moreover, the left segment namely V, VIII and IX, 
shows the braided channel. The result shows that the formation of straight channel is 
possible due to the short length of the segment I. However, the formation of sinuous 
and meandering channel depends on the cross-sectional areas. In this area, riffles 
are mostly present in the cross section and pools in the bands. Many researchers 
also reported the higher number of pools and riffles in the cross section and bands 
of a river system [1, 4, 10, 14]. However, based on the geomorphological features,
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Fig. 9 Channel pattern of Ganga river during 1992–2001 

Fig. 10 Channel pattern of Ganga river during 2011–2019

braided conditions were found in the downstream sections. The braided condition 
is due to the unstable bars and numerous channels. The braided condition depends 
on the natural and anthropogenic activities and changes from day to day, month to 
month and season to season [4, 10]. In the present study, it was found that the braided 
channel formed in the river Ganga may be due to the unplanned mining of river bed 
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Table 4 Channel geometry of the Ganga river in selected stretch 

S.No. Segment 
name 

Segment 
code 

Width (m) Depth 
(ft) 
(range) 

Length 
of 
stream 
channel 
(m) 

Length of 
straight-line 
distance 
(m) 

Sinuosity 
index 
value 

Type of 
channel 

1 Bhimgoda 
barrage to 
Chandi 
bridge 

I 517.42–594.54 5–8 1653.5 1853 0.89 Straight 
channel 

2 Chandi 
bridge to 
upstream 
of Kangri 
village 

II 547–1072.13 6–12 3158 2822.90 1.12 Sinuous 
channel 

3 Kangri 
village to 
Gajiwala 
(left bank) 

III 274.54–711.71 4–9 3089.06 2,858.19 1.08 Sinuous 
channel 

4 Gajiwala 
to 
Shyampur 
(left bank) 

IV 180.55–798.37 5–8 2241.86 1909.25 1.17 Sinuous 
channel 

5 Shyampur 
to 
Sajanpur 
Peeli 

V 775.53–991 4–9 2761.58 2511.23 1.09 Sinuous 
and 
braided 
channel 

6 Kangri 
village to 
Ajitpur 
(right 
bank) 

VI 311.05–654.92 4–8 3941.28 3757.06 1.05 Sinuous 
and 
braided 
channel 

7 Ajitpur to 
Bisanpur 

VII 654.92–805.47 4–12 3778.89 3282.22 1.15 Sinuous 
and 
braided 
channel 

8 Bisanpur 
to Tanda 

VIII 805.47–991.37 4–11 2403.23 2264.19 1.06 Sinuous 
and 
braided 
channel 

9 Tanda to 
Bhogpur 

IX 991.37–1145 4–13 2683.13 2530.55 1.06 Sinuous 
and 
braided 
channel 

10 Sajanpur 
to 
Bhogpur 

X 991–1145 4–13 3192.33 2849.77 1.12 Sinuous 
and 
braided 
channel
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Fig. 11 Map showing the channel pattern with segment number I–X of river Ganga 

in this area as well as natural flooding and flood discharges in the monsoon season. 
The study conducted by [22, 23] showed the conditions of river Ganga due to mining 
activities in the area (see Fig. 13) and reported that river Ganga is changing its actual 
water course and water quality and aquatic biodiversity due to mining activities.
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Segment I Segment II Segment III Segment IV Segment V 

Segment VI Segment VII Segment VIII Segment IX Segment X 

Legend Shortest distance of the river Actual length of the river 

Fig. 12 Segments of river Ganga 

5 Conclusion 

The present study focused on the changes in LULC and channel pattern in the catch-
ment area of River Ganga in Haridwar during the last two decades (1992–2019). The 
present study covers a total area of 8366.22 ha in the catchment area of river Ganga. 
It is to be noted that the three classes selected for LULC mapping of Ganga catch-
ment mainly depend on the discharge of the river. Moreover, the study of channel 
pattern of river Ganga is divided into ten segments on the basis of morphological 
characteristics. Out of the 10 river segments, segments I have straight channel, II–IV 
have sinuous channel and segments V–X have both sinuous and braded channel. The 
reasons for channel alteration may be natural processes i.e. bed load and sedimen-
tation, floods and anthropogenic activities like unscientific mining in the selected 
catchment.
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Fig. 13 Mining activity at selected stretch of Ganga river at Haridwar 
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Identification of Aspect Impact 
of Construction Site: A Case Study 

Mukesh Ruhela, Vishal Dixit, and Faheem Ahamad 

Abstract Now-a-days the project implementation period is getting further 
compressed resulting in more intense activity of construction and much more increase 
in pollution level in the shorter period of construction which may lead to very 
prolonged adverse effect on the public health in general. The present study was 
carried out at the construction sites of metro and elevated viaduct to identify the 
aspects and their impacts and to perform the risk analysis of the identified aspects 
impacts. Different aspects such as consumption of natural resources, usage of new 
spare parts, generation of food, sewage, metal, and E-waste, noise and vibration, 
fire and explosion, damage of material due to rusting, generation of toxic fumes, 
water and land contamination, gas leakages, spillage of transformer oil, and biomed-
ical waste generation, etc. are identified. Depletion of natural resource, water, air 
and noise pollution, odour, and land contamination are the impacts of the identified 
aspects. In case of operation of plant and machinery, all the identified aspects and 
impacts fall in legal concern category which results the risk in significant category. 
In case of form work and finished of concrete process, all the identified aspects and 
impacts didn’t need legal concern category which results the risk in non-significant 
category. In all the other processes a mix trend was observed where the risk in both 
significant and non-significant category. 
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1 Introduction 

Ever increasing population exerts a pressure on cities, especially in developing coun-
tries, are rendering the existing infrastructure facilities totally inadequate and pushing 
the pollution level to a new high [1]. To mitigate the problem of city dwellers, infras-
tructure projects are undertaken on a large scale including the construction of metro 
system to relieve the city from problem of transportation and consequent reduction 
in pollution [2]. The existing level of pollution in such cities for most of the param-
eters like suspended particulate matter (SPM), CO2, CO, SOX, NOX, etc. is either 
already on higher side or above the acceptable level causing serious concern to the 
health of city dwellers [3–6]. Major construction activity, by its very nature cannot 
be environmental friendly and is known to grossly aggravate the existing problems 
due to pollution especially when such activities are underway in a dense habitation 
[7, 8]. Small rise in pollution for a short duration at places where the pollution is 
already at threshold level is bound to leave adverse effect for a long period to a large 
cross section of people [9–11]. Along with asthmatics and old people, air pollution 
also impacts the young people which results in different diseases throughout their 
remaining life [12]. Increase in pollution level also affects the heath of pregnant 
ladies along with the child in womb [13]. Apart from human health in general, the 
effect on certain historical structures, patients in hospitals and children in the school 
in the area where there is sudden increase in the pollution level are likely to be 
much worse [14, 15]. Thus before starting any construction activity, assessment of 
existing pollution level, traffic density, socio-economic consideration and density of 
population etc. and then prediction in the increase in pollution level is necessary to 
safeguards the people [16–19]. This will enable the metro planning to have an overall 
view of the problem of pollution as well as the project’s requirements (Fig. 1). 

New Delhi having a population of almost 14 million people and being one among 
the most polluted cities of the world. The city is considered as the fourth-most

Fig. 1 Showing the 
procedure followed at the 
construction site during the 
study period
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Table 1 Showing the study sites 

S. No. Location Station CH (M) 

1 Maujpur–Yamuna Vihar Yamuna 
Vihar 

0.000–1466.179 

2 Yamuna Vihar–Bhajanpura Bhajanpura 1466.179–2903.877 

3 Bhajanpura–Khajuri Khas Khajuri Khas 2903.877–3742.748 

4 Khajuri Khas–Sonia Vihar Sonia Vihar 3742.748–4984.848 

5 Sonia Vihar–Soorghat (Yamuna River Bed) Soorghat 4984.848–6673.148 
(5644.659–6204.659) 

6 Soorghat–Jagatpur Village Jagatpur 
Village 

6673.148–8039.343 

7 Jagatpur Village–Jharoda Jharoda 8039.343–9098.572 

8 Jharoda–Majlis Park Burari 9098.572–12,098.520 

polluted city in the world due to Suspended Particulate Matter content in Delhi, 
which is much higher than the acceptable limits of MOEF and other the concentration 
of other pollutants is also higher but within acceptable level of MOEF which is 
amply. Periodical assessment of air quality is mandatory before, during and after 
the construction activity in any area [19]. Project Implementation Agencies should 
carry out an assessment with major sources for other relevant pollution parameters 
and population density not only along the locations where environment is likely to 
be affected because of construction but on the alternative routes for movement of 
materials [20]. The above information can form a key input for further planning, 
design, execution and monitoring of metro rail system. The construction industry 
of India accounted about 40% of the development investment in the last 50 years. 
The Indian construction industry provides employment to about 30 million people 
(20% of the India’s working peoples) and creates assets worth over Rupee 200 billion 
contributing more than 5% to the nation’s GDP [21] (Table 1).

2 Materials and Methods 

2.1 Study Area 

For the present study, chosen site was the construction site of Elevated Viaduct 
from Maujpur (excluding) to Majlis Park (excluding) including Bridge across river 
Yamuna, Integrated Elevated Viaduct with PWD flyover at lower deck and metro line 
at upper deck from Yamuna Vihar to Bhajanpura and 08 Elevated Stations viz Bhajan-
pura, Yamuna Vihar, Khajuri Khas, Sonia Vihar, Soorghat, Jagatpura, Jharoda, and 
Burari. The present study was carried out to find out the aspect impact of construction 
at the selected sites and to perform the risk analysis in the study area (Table 2).
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Table 2 Showing the numerical value assigned to scale (Sc), severity (Se), probability (P) and 
duration (D) against activities 

Scale of impact 

No action required 1 

Low impact No action required—unless escalation of impact is possible 2 

Medium impact Process need to be modified 3 

High impact Process cannot be done in this form 4 

Severity of environmental impact 

Slight effect Remediable immediately 1 

Minor effect Remediable within 3 days 2 

Localized effect Remediable within 1 month 3 

Major effect Not remediable 4 

Probability of occurrence 

Rare Occur rarely 1 

Once a year Occurs any once in a year 2 

Once a month May occur once in a month 3 

Once a week Duration of occurrence is weekly 4 

Duration of impact 

Unlikely to last for 24 h 1 

Unlikely to last for more than 1 week 2 

Unlikely to last beyond 1 month 3 

Unlikely to last beyond 12 months 4 

2.2 Steps for the Identification of Aspects—Impacts 

a. Listing of all the activities to be undertaken during execution of project work. 
b. Identification of environmental aspect from those activities. 
c. Control/mitigation measures were put in place against each significant aspect. 
d. Once the impact was reduced by implementing control measures again the 

process is carried out to evaluate the residual impacts. 
e. Assigning of numerical value to each impact against Scale (Sc), Severity (Se), 

Probability (P) and Duration (D). 
f. The sum value of Scale (Sc), Severity (Se), Probability (P), and Duration (D) 

impacts is compared with the significant impacts and hence significant aspects. 

3 Results and Discussion 

All the abbreviation used in the tables of results is given in Table 3. The identified 
aspect, impact and risk assessment of operation of plant and machinery, running 
of project site office and facilities, piling and excavation work (including Yamuna
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Table 3 Showing 
abbreviation used in the 
tables of results 

Abbreviations 

RA Routine activity 

NRA Non-routine activity 

AP Air pollution 

NP Noise pollution 

WP Water pollution 

NRD Natural resource depletion 

LC Land contamination 

Lc Legal concern 

BC Business concern 

IPC Interested party concern 

Sc Scale of impact 

Se Severity of impact 

P Probability of occurrence 

D Duration of impact 

SI Significant impact 

NSI Non-significant impact 

Bridge), casting yard work, natural resource depletion (NRD), site storage, FORM 
work and finished of concrete, and first aid activity was given in Table 4. Mitigation 
measures of significant environmental impacts (Air quality impacts of casting yard 
and viaduct and station, noise and vibration impacts, surface water quality impacts, 
and soil and ground water quality impacts) are given in Table 5a, 5b. 

3.1 Operation of Plant and Machinery 

In the operation of equipment’s process (routine activity-RA), the aspect observed 
was consumption of natural resources and its impact observed was natural resource 
depletion (NRD), noise pollution (NP), and air pollution (AP) with an impact scale 
(Sc) of 3 and severity scale (Se) of 2. All the impacts observed falls in legal (Lc), 
business (BC) and interested party concern (IPC). The scale of probability of occur-
rence and duration of the impact was 2 and 1 respectively. The risk scale of the 
identified impact was calculated as 8 which is found as significant as the aspect falls 
in legal concern category. In the maintenance of plant and machinery (RA), the aspect 
observed was lubrication of mechanical parts, usage of new spare parts, and used 
oil, oily rags and contaminated material/discarded batteries and its impact observed 
was NRD, NP, LC, WP, and AP) with an Sc of 2 and 1 and Se of 3 and 2. All the 
impacts observed falls in Lc, BC and IPC. The scale of probability of occurrence and 
duration of the impact was 2 and 3 and 2 respectively. The risk scale of the identified
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impact was calculated as 9 and 8 which is found as significant as the aspect falls in 
legal concern category.

Table 5a Mitigation measure for significant environmental impacts 

Pollutant Source Impact Rating Required mitigation measures 

Air quality impacts (casting yard) 

Dust and 
particulate 
matter 

Vehicular 
movement 
loadingand 
hauling of 
materials 
Excavation work 

Air pollution 
and health 
impacts to 
workers 

Medium 1. Peripheral barricade to be 
erected at casting yard 
2. Wheel wash facility with 
high pressure water jets near 
exit gate, surface from wheel 
wash to exit gate to be paved 
(either bitumen or concrete) 
3. Storage facility for dust 
generation material covered 
with tarpaulin or hessian cloth 
sprinkling to be carried out 3 
times a day or as directed if 
done manually 
4. No construction material 
will be stored outside 
barricaded area 
5. Soil, sand, aggregate, debris 
of any kind and all dust prone 
material will be fully covered 
with tarpaulin or hessian cloth 
6. Mist sprinkling system to 
be used, during delivery and 
handling of material 
7. Casting yard and batching 
plant, where regular 
movement of vehicles PCC 
will be done 
8. Speed limit of vehicles at 
10 kmph 
9. No usage of star batching 
plant, cement to be purchased 
through bulkers, wind 
breaking system of 6 m 
barricades in surrounding of 
RMC plant, conveyor belt 
will be covered, provision of 
exhaust fans with ducts in 
cement go-down

(continued)
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Table 5a (continued)

Pollutant Source Impact Rating Required mitigation measures

Gaseous 
pollutants NOx, 
SOx, CO, HC, 
etc 

Emission from 
plant and 
machinery, 
transport 
vehicle, diesel 
generator and 
vessel operation, 
stack emissions 

Air pollutionand 
deterioration of 
health 
of workers 

Medium 1. Use of generators 
prohibited during 
implementation of GRAP 
from 15 Sept to 15 March 
2. PUC certification of 
vehicles 
3. Air monitoring will be 
conducted as planned and 
mitigation measures will be 
taken in its accordance 

Green house 
gases 

Burning of fossil 
fuel during 
construction 
work 

Global warming Low 1. Burning of any waste is not 
allowed at site 

Air quality impacts (viaduct & station) 

Dust and 
particulate 
matter 

Excavation, 
breaking of 
concrete, 
vehicular 
movement 
loading and 
hauling of 
materials 

Air pollution 
and health 
impacts to 
workers 

Medium 1. Barricades to be erected on 
either side 
2. No gap between bottom of 
road and barrier 
3. Pre wet area of excavation 
or during breaking of concrete 
structure 
4. Dust suppression through 
sprinkling of water will be 
carried out 
5. Where there is building or 
other important structures, 
green net will be provided 
above barricades 
6. Storage facility for dust 
generation material covered 
with tarpaulin or hessian cloth 
and 0.5 m below barricade 
board 
7. If storage is for long 
period, dust control measures 
like growing grass to be done 
8. Air monitoring will be 
conducted as planned and 
mitigation measures will be 
taken in its accordance 

Noise and vibration impacts and its mitigation measures

(continued)
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Table 5a (continued)

Pollutant Source Impact Rating Required mitigation measures

Running of plant 
and machinery, 
diesel generator, 
compressor, 
compactor, jack 
hammer, 
drilling, grinding 
and chipping 
work 

Increased noise 
level of the 
surrounding 
causing 
annoyance to 
living organism, 
occupational 
health impacts 
(reduced 
hearing, 
deafness, 
numbness, 
sleeplessness, 
depression, high 
blood pressure, 
irritation and 
headache) to 
worker 

Medium 1. Early identification and 
assessment of potential 
problem areas 
2. Monitoring of ambient 
noise and mitigation measures 
will be taken in its accordance 
3. Acoustic barriers to be 
placed near influence zone at 
viaduct and station 
4. Minimize usage of impact 
device, instead pneumatic 
tools to be used 
5. DG complying with noise 
regulations to be used 
6. Equipment’s to adhere with 
noise standards 
7. Schedule and deploy 
machinery in manner to 
reduce noise pollution as 
simultaneous nearby noise 
generating activity not to be 
taken, plant and equipment 
not kept idle when not in use, 
noisy operation during 
highest ambient noise levels, 
well maintained plant and 
equipment will be used 
hauling of heavy load dump 
trucks away from residential 
area to reduce vibration, avoid 
impact piling 

Surface water quality impacts and its mitigation measures 

Waste water Waste water 
from ablution 
facility, canteen, 
pantry and 
kitchen 

Water pollution 
leads to the 
deterioration of 
water quality 
and makes it 
unfit for 
drinking, 
irrigation, 
domestic use 
and for the 
survival of 
aquatic animals 

Medium 1. Baton wash system for 
RMC plant 
2. Storm water drainage and 
wheel wash system’s 
sedimentation tank with oil 
and grease separator 
3. Provision of bio-toilets at 
viaduct and stations 

Fuel and 
lubricants 

Hydrocarbon 
spill 

Weather proof shed to stop 
entering storm water inside 
storage area 

Hazardous 
chemical 

Chemical spill No storage of chemicals near 
drain/bank of river

(continued)
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Table 5a (continued)

Pollutant Source Impact Rating Required mitigation measures

Waste water Surface runoff in 
construction side 
containing 
contaminants 

1. Polymer slurry to be 
collected and reused if 
possible if not to be disposed 
at landfill site (Clause No. 
52.5.4) 
2. No storage of chemicals 
and hydrocarbons near any 
drain/river 

Soil and ground water quality impacts and its mitigation measures 

Discharge of 
wastewater to 
ground from 
sanitation 
facility, wheel 
washing, 
concrete 
washout and 
other 
maintenance 
area 

Soil and ground 
water 
contamination 

Medium Reuse for dust suppression, 
and gardening 

Spill of 
chemicals and 
hydrocarbons 

1. Drip pans of suitable size 
provided 
2. Hazardous waste is 
segregated and stored in 
designated area, later send to 
authorized dealer for disposal 

Dumping of 
waste 

1. Processing of C and D 
waste is done as govt. 
designated site 
2. Material is procured as per 
the guidelines given C and D 
waste management rules 2016 

Dumping of 
excavated soil 
and reclaimed 
sediments 

Excavated material is used in 
the dumping areas designated 
in the drawings 

3.2 Running of Project Site Office and Facilities 

In the office refreshment process (RA), the aspect observed was food waste and 
sewage generation and its impact observed was LC, WP, and odor with and Sc of 
1 and Se of 2. All the impacts observed falls in BC and IPC category. The P and 
D of the impact was 3 and 2 respectively. The risk scale of the identified impact 
was calculated as 8 which is found as significant as the aspect falls in legal concern 
category. In the site office ablution facility process (RA), the aspect observed was
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generation of domestic sewage and its impact observed was LC and WP with and Sc 
of 2 and Se of 3. All the impacts observed falls in Lc, BC and IPC category. The P and 
D of the impact was 2 and 2 respectively. The risk scale of the identified impact was 
calculated as 9 which is found as significant. In the consumption of office stationery 
process (RA), the aspect observed was refuse generation and its impact observed 
was NRD and LC with and Sc of 1 and Se of 2. All the impacts observed falls in 
BC category. The P and D of the impact was 2 and 1 respectively. The risk scale of 
the identified impact was calculated as 6 which is found as non-significant. In the 
use of electronic equipment’s process (routine activity-RA), the aspect observed was 
generation of E-waste and its impact observed was LC and AP with and Sc of 1 and 
Se of 3. All the impacts observed falls in business concern (BC) category. The P and 
D of the impact was 2 and 2 respectively. The risk scale of the identified impact was 
calculated as 9 which is found as non-significant. 

3.3 Piling and Excavation Work (Including Yamuna Bridge) 

In the piling and excavation process (routine activity-RA), the aspect observed was 
sediments and its impact observed was LC, WP and NP with and Sc of 2 and Se of 2. 
All the impacts observed falls in BC and IPC category. The P and D of the impact was 
2 and 3 respectively. The risk scale of the identified impact was calculated as 8 which 
is found as non-significant. In the disposal of excavated soil process (routine activity-
RA), the aspect observed was muck and excavated soil and its impact observed was 
LC, WP and AP with and Sc of 2 and Se of 2. All the impacts observed falls in Lc, BC 
and IPC category. The P and D of the impact was 3 and 2 respectively. The risk scale 
of the identified impact was calculated as 8 which is found as non-significant. In the 
land dumping of wall grip (Polymer) slurry process (non-routine activity-NRA), the 
aspect observed was used and discarded slurry and its impact observed was LC with 
and Sc of 2 and Se of 2. All the impacts observed falls in Lc, BC and IPC category. 
The P and D of the impact was 3 and 2 respectively. The risk scale of the identified 
impact was calculated as 9 which is found as significant as the aspect falls in legal 
concern category. In the land dumping of muck slurry (Yamuna Bed) process (NRA), 
the aspect observed was used and discarded slurry and its impact observed was WP 
and LC with and Sc of 2 and Se of 2. All the impacts observed falls in Lc, BC and 
IPC category. The P and D of the impact was 3 and 2 respectively. The risk scale of 
the identified impact was calculated as 9 which is found as significant as the aspect 
falls in legal concern category. 

3.4 Casting Yard Work 

In the rebar cutting and bending work process (RA), the aspect observed was rebar 
cage fabrication and its impact observed was NRD, AP and LC with and Sc of 1
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and Se of 2. All the impacts observed falls in BC and IPC category. The P and 
D of the impact was 2 and 3 respectively. The risk scale of the identified impact 
was calculated as 8 which is found as non-significant. In the material loading and 
unloading process (RA), the aspect observed was noise and vibration and its impact 
observed was NP with and Sc of 3 and Se of 2. All the impacts observed falls in BC 
and IPC category. The P and D of the impact was 2 and 1 respectively. The risk scale 
of the identified impact was calculated as 8 which is found as non-significant. In the 
stacking of material process (NRA), the aspect observed was fall and damage and 
its impact observed was LC and AP with and Sc of 2 and Se of 2. All the impacts 
observed falls in IPC category. The P and D of the impact was 3 and 2 respectively. 
The risk scale of the identified impact was calculated as 9 which is found as non-
significant. In the storage of cylinder process (NRA), the aspect observed was fire 
and explosion and its impact observed was AP with and Sc of 2 and Se of 2. All the 
impacts observed falls in Lc, BC and IPC category. The P and D of the impact was 3 
and 2 respectively. The risk scale of the identified impact was calculated as 9 which 
is found as significant as the aspect falls in legal concern category. In the form work 
process (RA), the aspect observed was generation of noise and damage of material 
due to rusting and its impact observed was LC and AP with and Sc of 2 and Se of 3. 
All the impacts observed falls in BC and IPC category. The P and D of the impact 
was 3 and 2 respectively. The risk scale of the identified impact was calculated as 10 
which is found as significant. 

In the concreting work process (RA), the aspect observed was slurry and chemical 
generation and its impact observed was LC and WP with and Sc of 2 and Se of 3. 
All the impacts observed falls in BC and IPC category. The P and D of the impact 
was 3 and 2 respectively. The risk scale of the identified impact was calculated as 
10 which is found as significant. In the erection of plant process (NRA), the aspect 
observed was generation of toxic fumes and noise and its impact observed was AP 
and NP with and Sc of 2 and Se of 3. All the impacts observed falls in Lc, BC and 
IPC category. The P and D of the impact was 3 and 2 respectively. The risk scale 
of the identified impact was calculated as 10 which is found as significant. In the 
raw material storage process (NRA), the aspect observed was generation of dust and 
noise and its impact observed was AP and NP with and Sc of 2 and Se of 2. All the 
impacts observed falls in BC and IPC category. The P and D of the impact was 3 and 
2 respectively. The risk scale of the identified impact was calculated as 9 which is 
found as non-significant. In the loading of concrete batch process (RA), the aspect 
observed was generation of dust and noise and its impact observed was LC and WP 
with and Sc of 1 and Se of 2. All the impacts observed falls in BC and IPC category. 
The P and D of the impact was 3 and 1 respectively. The risk scale of the identified 
impact was calculated as 7 which is found as non-significant. In the cleaning of plant 
process (RA), the aspect observed was water and land contamination and its impact 
observed was LC and WP with and Sc of 2 and Se of 2. All the impacts observed falls 
in Lc, BC and IPC category. The P and D of the impact was 3 and 1 respectively. The 
risk scale of the identified impact was calculated as 8 which is found as significant as 
the aspect falls in legal concern category. In the gas cutting process (RA), the aspect 
observed was gas leakages, fire and explosion and its impact observed was NRD, AP
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and NP with and Sc of 2 and Se of 2. All the impacts observed falls in Lc, BC and 
IPC category. The P and D of the impact was 3 and 2 respectively. The risk scale of 
the identified impact was calculated as 9 which is found as significant as the aspect 
falls in legal concern category. In the welding process (RA), the aspect observed was 
toxic fumes generation and metal waste and its impact observed was AP and LC with 
and Sc of 2 and Se of 2. All the impacts observed falls in Lc, BC and IPC category. 
The P and D of the impact was 3 and 2 respectively. The risk scale of the identified 
impact was calculated as 9 which is found as significant as the aspect falls in legal 
concern category. In the grinding process (RA), the aspect observed was dust and 
noise generation and its impact observed was AP and NP with and Sc of 2 and Se of 
2. All the impacts observed falls in BC and IPC category. The P and D of the impact 
was 3 and 2 respectively. The risk scale of the identified impact was calculated as 9 
which is found as non-significant. 

3.5 NRD 

In the electricity transmission process (RA), the aspect observed was spillage of 
transformer oil and its impact observed was NRD and LC with and Sc of 2 and Se of 
2. All the impacts observed falls in BC and IPC category. The P and D of the impact 
was 2 and 2 respectively. The risk scale of the identified impact was calculated as 8 
which is found as non-significant. In the production of electricity by DG sets (RA), 
the aspect observed was generation of noise, stack emission, consumption of fuel, 
spillage of oil and its impact observed was NRD, AP and LC with and Sc of 2 and Se 
of 2. All the impacts observed falls in Lc, BC and IPC category. The P and D of the 
impact was 3 and 1 respectively. The risk scale of the identified impact was calculated 
as 8 which is found as significant as the aspect falls in legal concern category. In 
the running of diesel generator (RA), the aspect observed was generation of used 
oil, discharged parts (filters, batteries etc.), noise generation and its impact observed 
was AP and LC with and Sc of 2 and Se of 2. All the impacts observed falls in Lc 
category. The P and D of the impact was 3 and 2 respectively. The risk scale of the 
identified impact was calculated as 8 which is found as significant as the aspect falls 
in legal concern category. 

3.6 Site Storage 

In the storage of batteries (NRA), the aspect observed was spillage of acid and its 
impact observed was LC with and Sc of 2 and Se of 2. All the impacts observed 
falls in BC category. The P and D of the impact was 2 and 2 respectively. The risk 
scale of the identified impact was calculated as 8 which is found as non-significant. 
In the storage of gas cylinders (NRA), the aspect observed was leakage of gas and 
its impact observed was LC with Sc of 2 and Se of 2. All the impacts observed falls
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in BC category. The P and D of the impact was 3 and 2 respectively. The risk scale 
of the identified impact was calculated as 9 which is found as non-significant. In the 
process of hazardous waste storage (NRA), the aspect observed was dust generation, 
fire in oil storage area and its impact observed was LC and AP with Sc of 2 and Se 
of 2. All the impacts observed falls in Lc category. The P and D of the impact was 3 
and 1 respectively. The risk scale of the identified impact was calculated as 8 which 
is found as significant as the aspect falls in legal concern category. In the storage 
and handling of oil and fuel (RA), the aspect observed was spillage of oil, waste oil 
lubricants etc. fire in oil storage and its impact observed was LC and AP with Sc of 
2 and Se of 2. All the impacts observed falls in BC and IPC category. The P and D 
of the impact was 3 and 1 respectively. The risk scale of the identified impact was 
calculated as 8 which is found as non-significant. In the transportation and storage 
of material (RA), the aspect observed was oil leakage and its impact observed was 
LC and NRD with Sc of 2 and Se of 3. All the impacts observed falls in BC and IPC 
category. The P and D of the impact was 2 and 2 respectively. The risk scale of the 
identified impact was calculated as 9 which is found as non-significant. 

3.7 FORM Work and Finished of Concrete 

In the consumption of material as a form work such as timber/metals (RA), the aspect 
observed was damage and corrosion of material and its impact observed was LC and 
NRD with Sc of 2 and Se of 3. All the impacts observed falls in BC and IPC category. 
The P and D of the impact was 2 and 2 respectively. The risk scale of the identified 
impact was calculated as 9 which is found as non-significant. In the consumption 
of material as a form work such as timber/metals (RA), the aspect observed was 
damage and corrosion of material and its impact observed was LC and NRD with Sc 
of 2 and Se of 3. All the impacts observed falls in BC and IPC category. The P and 
D of the impact was 2 and 2 respectively. The risk scale of the identified impact was 
calculated as 9 which is found as non-significant. In the process of consumption of 
cement mortar (RA), the aspect observed was consumption of material and its impact 
observed was LC and NRD with Sc of 2 and Se of 3. All the impacts observed falls 
in BC and IPC category. The P and D of the impact was 2 and 2 respectively. The risk 
scale of the identified impact was calculated as 9 which is found as non-significant. 
In the process of consumption of nuts, bolts, screw etc. for form work (RA), the 
aspect observed was corrosion of material and its impact observed was NRD with 
Sc of 2 and Se of 3. All the impacts observed falls in BC and IPC category. The P 
and D of the impact was 2 and 2 respectively. The risk scale of the identified impact 
was calculated as 9 which is found as non-significant.
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3.8 First Aid Activity 

In the process of first aid activity (RA), the aspect observed was biomedical waste 
generation, Sewage Water generation and its impact observed was LC and WP with 
Sc of 2 and Se of 3. All the impacts observed falls in BC and IPC category. The P 
and D of the impact was 3 and 2 respectively. The risk scale of the identified impact 
was calculated as 10 which is found as significant. 

4 Conclusion 

The present study was carried out for the identification of aspect impact of construc-
tion sites of metro and elevated viaduct. For the present study, chosen site was 
the construction site of elevated viaduct from Maujpur (excluding) to Majlis Park 
(excluding) including dridge across river Yamuna, integrated elevated viaduct with 
PWD flyover at lower deck and metro line at upper deck from Yamuna Vihar to 
Bhajanpura and 08 other elevated stations. Various processes of construction industry 
was elaborated and consumption of natural resources, usage of new spare parts, food 
waste, sewage generation, E-waste generation, muck and excavated soil, used and 
discarded slurry, noise and vibration, fire and explosion, damage of material due 
to rusting, generation of toxic fumes, water and land contamination, gas leakages, 
metal waste, spillage of transformer oil, corrosion of material, and biomedical waste 
generation, etc. are the identified aspects of the activities running at construction sites. 
The impacts of the identified aspects were natural resource depletion, water, air and 
noise pollution, odour, and land contamination. In case of operation of plant and 
machinery, all the identified aspects and impacts fall in legal concern category which 
results the risk in significant category. In case of form work and finished of concrete 
process, all the identified aspects and impacts didn’t need legal concern category 
which results the risk in non-significant category. In all the other processes a mix 
trend was observed where the risk in both significant and non-significant category.
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Table 5b Mitigation measure for significant environmental impacts 

S. 
No. 

Activity/process Aspect Required control Additional 
control 

Legal app 

Operation of plant and machinery 

1 Operation of 
equipment 

Consumption of 
natural resources 

1. All plant and 
equipment’s shall be 
regularly inspected and 
maintained to reduce 
2. Use of techniques 
such as enclosure and 
acoustical treatment to 
reduce engine noise 
3. PUC where necessary 
to be maintained at site 

Noise barrier 
shall be used 
to control any 
unwanted 
noise, 
exhaust 
system/height 
of exhaust to 
be 
maintained as 
per regulatory 
requirements 

Center Motor 
Vehicle Act 
Amendment 
May 2019 

2 Maintenance of 
plant and 
machinery 

Lubrication of 
mechanical parts 
Usage of new 
spare parts 
Used oil, oily rags 
and contaminated 
material/discarded 
batteries 

1. All plants and 
equipment’s must be 
regularly inspected and 
maintained to reduce 
spillages and leakages 
2. Oil spillage collection 
trays/spill kits shall be 
used to prevent wastage 
and contamination of 
land and water 
3. Routinely inspect all 
fuel, oil or fluid 
containing fittings, 
hoses and seals, and 
hydraulic lines 
3. Environmental 
training and awareness 
programs 

Oil spills kits 
will be used 
remedial 
measure and 
control in any 
spilled oil 
situation, 
further will 
be handed 
over to 
authorized 
facility for 
disposal 

Hazardous and 
other wastes 
(Management 
and 
Transboundary 
Movement) 
Rules, 2016 

1. Optimum utilization 
of scrap at work site 
2. Developing a proper 
channel for collection 
and storage of scraps to 
reduce excess-wastage 
3. Recycling of scrap by 
giving it to authorized 
vendors 

Handling and 
end disposal 
process of 
refused 
material will 
be done as 
per regulatory 
requirements 

1. Returning of 
old/refused/discarded 
material to agencies 
supplying new one 
2. Recycling of used 
engine oil and batteries 
3. Use oil collection tray 
to prevent 
contamination of land 

Storage of 
old/discarded 
will be done 
as per 
regulatory 
requirements

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

Running of project site office and facilities 

1 Office 
refreshment 

Food waste 
Sewage water 

1. Avoid over buying 
stock 
2. Train educate 
employee to reduce 
waste 
3. Donate leftovers 
foods to needy people 
4. Use waste food for 
generating compost 
which will be further 
used for gardening 
purpose 
5. Reducing, reusing 
and recycling of 
generated wastewater 

The Water 
(Prevention 
and Control of 
Pollution) Act, 
1974 
(Amended 
1988) and 
Amended 
Rules, 2011 

2 Site office 
ablution facility 

Domestic sewage 1. Proper sewage 
channel connectivity 
channel shall be 
prepared seeking 
approvals from 
concerned authority 
2. Septic tank shall be 
setup for treatment of 
waste generated 

The Water 
(Prevention 
and Control of 
Pollution) Act, 
1974 
(Amended 
1988) and 
Amended 
Rules, 2011 

3 Consumption of 
office stationery 

Refuse generation 1. Efforts shall be made 
to make all office work 
digitized 
2. Recycling of refuse 
by handing over to 
authorized vendors 

4 Use of 
electronic 
equipment’s 

Generation of 
E-waste 

1. Efforts shall be taken 
to generate less E- waste 
2. Proper E-waste 
collection system shall 
be developed 
3. E-waste shall be 
carefully disposed of by 
handing over to 
authorize vendors for 
recycling purpose

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

Piling and excavation work (including Yamuna bridge) 

1 Piling and 
excavation 

Sediments 1. Muck collection 
system shall be 
developed to avoid its 
spillage 
2. Generated muck shall 
be analyzed, and it shall 
be disposed accordingly 
in safe area designated 
for this purpose only 

2 Disposal of 
excavated soil 

Muck and 
excavated soil 

1. Wet process shall be 
adopted to prevent dust 
generation 
2. Dust mask shall be 
used while performing 
such operation 

Will be 
disposed to 
authorized 
vendor as per 
regulatory 
requirement, 
4 copy  
challan 
system and 
monitoring of 
process will 
be done 

C&D Waste 
Management 
Rules 2016 

3 Land dumping 
of wallgrip 
(polymer) slurry 

Used and 
discarded slurry 

1. The slurry materials 
shall be analyzed prior 
to dumping/disposal in 
the identified locations 
2. Approvals shall be 
taken from competent 
authority for dumping of 
slurry so that it does not 
cause any other impact 
to the environment 

1. Generated 
muck shall be 
used, for the 
purpose of 
back filling of 
low-lying 
areas at 
stations and 
viaduct 
2. Drip tray 
and spill kit 
provided 
3. Color bins 
for waste 
segregation 
and collection 

4 Land dumping 
of muck slurry 
(Yamuna Bed) 

Waste 
Management 
Rules 2016

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

Casting yard work 

1 Rebar cutting 
and bending 
work 

Rebar cage 
fabrication 

1. Working with 
approved construction 
drawings only 
2. Cut pieces shall be 
adequately collected to 
avoid spreading of scrap 
in entire site 
3. Collected scrap shall 
be reused to optimum 
level 
4. The waste left out 
after optimum 
utilization shall be sold 
to authorized vendors 
5. Trained workforce 
shall be engaged to 
perform the job 

2 Material 
loading and 
unloading work 

Noise and 
vibration 

1. Mechanical material 
handling shall be 
performed 
2. All mechanical 
machinery and 
equipment shall be well 
maintained to be free 
from noise and smoke 
generation 

3 Stacking of 
material 

Fall and damage 1. Store cool and dry 
place under the shed to 
avoid direct exposure of 
sun 
2. Sufficient fire 
extinguisher shall be 
provided to mitigate the 
cause 
3. Loading and 
unloading shall be done 
using ramp and rubber 
matt arrangement and 
transportation of 
cylinders should be 
done using trolley to 
avoid dust generation

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

4 Storage of 
cylinder 

Fire and explosion 1. Store cool and dry 
place under the shed to 
avoid direct exposure of 
sun 
2. Sufficient fire 
extinguisher shall be 
provided to mitigate the 
cause 
3. Loading and 
unloading shall be done 
using ramp and rubber 
matt arrangement and 
transportation of 
cylinders should be 
done using trolley to 
avoid dust generation 

1. Test and 
inspection 
certificate of 
cylinder will 
be maintained 
2. Empty 
cylinder to be 
segregate 
from the 
filled ones 
and care shall 
be taken that 
al the valves 
are tightly 
shut 
3. Cylinder 
will not be 
stored along 
with any 
combustible 
material 

The Gas 
Cylinders 
Rules, 2004 

5 Form work Generation of 
noise damage of 
material due to 
rusting 

1. Care shall be taken to 
avoid spillage of 
concrete 
2. Proper collection 
system shall be 
maintained, and excess 
concrete generation 
shall be avoided 

6 Concreting 
work 

Slurry and 
chemical 
generation 

1. Care shall be taken to 
avoid spillage of 
concrete 
2. Proper collection 
system shall be 
maintained, and excess 
concrete generation 
shall be avoided 

Will be sent 
to authorized 
vendor for 
disposal and 
reuse, challan 
system will 
be used for 
monitoring 

C&D Waste 
Management 
Rules 2016 

7 Erection of 
plant 

Generation of 
toxic fumes and 
noise 

1. Plant erection should 
be done in isolated place 
2. Filters shall be 
installed 

Bulker will 
be used 
instead of 
loose bags of 
cement 

The Air 
(Prevention 
and Control of 
Pollution) Act, 
1981 
(Amendment 
in 1987) and 
Rules, 1982

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

8 Storage of raw 
material 

Generation of dust 
and noise 

1. Plant erection should 
be done in isolated place 
2. Filters shall be 
installed 
3. Ducting for collection 
of dust generated 

9 Loading of 
concrete batch 

Care shall be taken to 
avoid concrete wastage 

10 Cleaning of 
plant 

Water and land 
contamination 

1. Proper collection of 
wastewaters shall be 
carried out 
2. Wastewater treatment 
shall be carried out 
3. Sediments shall be 
cleared before releasing 
water freely in land 

RO system 
will be used 
for treatment 
and then 
water will be 
reused 

The Water 
(Prevention 
and control of 
pollution) Act, 
1974 
(Amended 
1988) and 
Amended 
Rules, 2011 

11 Gas Cutting Gas leakages, fire 
& Explosion 

1. Cylinder shall be 
always in vertical 
position stacked on a 
trolley which chain 
locking arrangement to 
arrest its fall 
2. Flashback arresters 
shall be used on both 
cylinder and torch sides 
3. Entire gas cutting 
area shall be free from 
flammable materials 
4. Adequate fire 
extinguishers shall be 
installed to avoid fire 
and explosion hazard 

1. Inspection 
and marking 
of cylinder to 
be done 
2. A safe 
distance of 
10 m will be 
maintained 
from 
combustible 
material 
3. Empty and 
filled cylinder 
to be kept 
separately 

The Gas 
Cylinders 
Rules, 2004 

12 Welding Toxic fumes 
generation, metal 
waste 

1. Electrodes with less 
toxic emission shall be 
preferred 
2. LEV system shall be 
preferred 
3. Face shield and 
filtered nose mask shall 
be used 
4. Waste to be disposed 
at waste collection bins 

The Air 
(Prevention 
and Control of 
Pollution) Act, 
1981 
(Amendment 
in 1987) and 
Rules, 1982 

13 Grinding Dust and noise 
generation 

1. Electrodes with less 
toxic’s emission shall be 
preferred 
2. LEV system shall be 
preferred 
3. Filtered nose mask 
shall be used

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

NRD 

1 Transmission of 
electricity 

Spillage of 
transformer oil, 
con 

1.Drip pans shall be 
used to protect oil 
spillage 
2.Regular maintenance 
of transformer 
3.Monitoring of fuel 
consumption shall be 
carried out on monthly 
basis 

2 Production of 
electricity by 
DG Sets 

Generation of 
noise, stack 
emission, 
consumption of 
fuel, spillage of oil 

1. Regular maintenance 
of DG set to be done 
2. Maintain proper stack 
height of DG as per the 
guidelines given by 
CPCB/NGT/DPCC 
3. Drip pans shall be 
used to protect oil 
spillage 
4. Monitoring of fuel 
consumption shall be 
carried out on monthly 
basis 

Only acoustic 
DG sets are 
used 

Notification on 
Control of 
Noise from 
Diesel 
generator (DG 
Sets), 2002 

3 Running of 
diesel generator 

Generation of 
used oil 
Discharged parts 
(filters, batteries 
etc.) 
noise generation 

1. Spill collection trays 
shall be used as required 
2. Arrangements shall 
be made required to 
avoid spillage of used 
oil 
3. Used oil shall be 
collected properly and 
must be disposed off to 
authorized vendors only 
for further treatment 

Oil 
contaminated 
cloths shall 
also be 
treated as 
hazardous 
waste and 
must be 
disposed of 
separately to 
authorized 
vendors only 

Hazardous and 
other Wastes 
(Management 
and 
Transboundary 
Movement) 
Rules, 2016 

1. All the dischargeable 
parts shall be considered 
as hazardous waste 
2. Proper collection of 
all the parts shall be 
carried out and must be 
disposed off to 
authorized vendors only 

Handing and 
end disposal 
process of 
refused 
material will 
be done as 
per regulatory 
requirements 

Hazardous and 
other Wastes 
(Management 
and 
Transboundary 
Movement) 
Rules, 2016 

Acoustic barriers wall 
enclosures fencing, 
anti-vibration mounts, 
exhaust silencer 
attenuators shall be used 
to reduce noise 

Notification on 
Control of 
Noise from 
Diesel 
Generator (DG 
Sets), 2002

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

While working in close 
vision of DG set ear 
plugs shall be used 

Site storage 

1 Storage of 
batteries 

Spillage of acid Proper handling shall be 
carried out 

2 Storage of gas 
cylinders 

Leakage of gas 1. Store cool and dry 
place under the shed to 
avoid direct exposure of 
sun 
2. Sufficient fire 
extinguisher shall be 
provided to mitigate the 
cause 
3. Loading and 
unloading shall be done 
using ramp and rubber 
matt arrangement 
4. Filled and empty 
cylinders shall be 
stacked separately 

3 Storage of 
Hazardous 
waste 

Dust generation, 
fire in oil storage 
area 

1. All hazardous waste 
material disposals shall 
be done as per 
hazardous waste 
management rules 2016 
2. Hazardous waste 
shall be collected and 
stacked properly as 
stated in the rules 
3. It shall be handed 
over to authorized 
vendors for its recycling 
4. Adequate fire 
extinguishers shall be 
provided 

1. Loading of 
wastes in 
storage sheds 
should only 
be done 
under the 
supervision 
of the well 
trained and 
experienced 
staff 
2. Minimum 
of 1-m clear 
space should 
be left 
between two 
adjacent rows 
of drums in 
pair for 
inspection 

Hazardous and 
Other Wastes 
(Management 
and 
Transboundary 
Movement) 
Rules, 2016

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

4 Storage and 
handling of oil 
and fuel 

Spillage of oil, 
waste oil 
lubricants etc., fire 
in oil storage 

1. Use drip tray or 
absorbent materials 
under the oil drums 
2. Maintain good 
housekeeping and 
Provide concrete floor 
3. No electric 
connection shall be 
present inside the 
storage yard, only 
battery-operated hand 
lamps shall be preferred 
4. Firefighting 
arrangement shall be 
provided 

5 Transportation 
and storage of 
material 

Oil leakage 1. The vehicles and 
equipment shall be 
checked for leakage and 
if found shall be 
attended 
2. Regular maintenance 
of plants and 
equipment’s shall be 
done 
3. Provide hearing 
protection wherever 
found necessary 

FORM work and finished of concrete 

1 Consumption of 
material as a 
form work such 
as timber/metals 

Damage and 
corrosion of 
material 

1. Foam work material 
stacking area must be 
isolated keep in dry 
place 
2. Material stacking 
height should not be 
above 2 m and shall be 
according to shape and 
size 
3. Optimum utilization 
of materials shall be 
carried out 
4. Damaged materials 
shall be properly 
collected and sold to 
scrap agency if not to be 
used again

(continued)
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Table 5b (continued)

S.
No.

Activity/process Aspect Required control Additional
control

Legal app

2 Consumption of 
cement mortar 

Consumption of 
material 

1. Optimum utilization 
of the material shall be 
carried out 
2. Wastage shall be 
reduced 
3. Only trained persons 
should be allowed to 
perform the job 

3 Consumption of 
nuts, bolts, 
screw etc. for 
form work 

Corrosion of 
material 

1. Stacking of material 
in dry places 
2. Regular 
oiling/greasing of 
material 
3. Handling of materials 
shall be specially taken 
care of 

First aid activity 

1 First aid activity Biomedical waste 
generation, 
sewage water 
generation 

1. Biomedical waste 
shall be sent to the local 
Govt. Hospital for 
further treatment and 
disposal 
2. Biomedical waste 
shall be collected in 
different bin with color 
codes for clear 
identification 
3. Reducing, reusing 
and recycling of 
generated wastewater 

1. Waste will 
be collected 
daily or as 
frequently as 
required 
2. Good 
lightning and 
least passive 
ventilation 
will be done 

Bio Medical 
Waste 
Management 
Rules 2016 
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Abstract Glaciers play a major role in the human ecosystem. Since they are the 
primary source of our freshwater reserve, glaciers are very much crucial to sustaining 
life on the planet. Moreover, its highly sensitive nature to the changes in the envi-
ronment and climatic conditions, glaciers also act as a major indicator for climate 
change. Hence, the inventory and monitoring of glaciers have significant impor-
tance in today’s world. Rapid deglaciation primarily caused by the global increase in 
temperature can lead to a rise in the sea level to an extreme level. Remote sensing tech-
niques help the researchers a lot to identify and monitor the changes that occurred 
to the most physically inaccessible glaciers. Normalized Differential Indexes like 
Normalised Differential Snow Index (NDSI) can help the researchers to identify the 
snow cover regions and also to make an inventory of the glaciers supported by other 
techniques. While monitoring snow cover and glacier-covered regions, researchers 
need to understand different characteristics such as knowledge of reflectance char-
acteristics, spatial resolution requirement, repeat data acquisition duration, sensor 
saturation, discrimination toward snow clouds, and monitoring of snow cover under 
mountain shadow. 
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1 Introduction 

Mapping of glaciers is one of the key applications areas of remote sensing data 
which has been widely applied in particular after the launch of Landsat imageries for 
the public and offering orthorectified (i.e., terrain corrected) products [1]. Because 
glacier changes are key climate change indicators [2] and their outlines are manda-
tory for any glacier-specific measurements and modelling (e.g., changes in length, 
volume/mass, run-off, ice thickness, and potential glacier development), there has 
been a strong demand for a full global inventory of glaciers [3]. The classification 
of glaciers is based on a clear difference in the visible and near-infrared (VNIR) 
spectral reflectance of snow and glacier ice compared to shortwave infrared (SWIR). 
Since snow absorbs most of the incident radiation in the SWIR while clouds do not, 
Normalised Differential Snow Index (NDSI) can distinguish snow from clouds. It 
prepares a basis for snow/ice cover mapping and glacier monitoring applications 
[4]. Illumination effects due to topography are reduced by separating the raw digital 
numbers (DN’s) of a VNIR band by those of the SWIR, and glaciers stand out 
bright against a dark background. The ratio image is transformed into a glacier map 
(clean ice only) with a simple threshold, and the corresponding glacier outlines [5]. 
Compared to other, much more complex and computationally intensive approaches, 
simple band ratios have proven to be fast, robust (results are insensitive to the thresh-
olds) and precise [6, 7] or reference datasets [8]. The method has thus been widely 
adopted for a large-scale glacier inventory with medium resolution satellite datasets 
in many areas of the globe [9–13]. However, due to their spectral similarity to the 
surrounding landscape, it is not possible to map debris-covered glacier sections 
from spectral properties alone. Accordingly, a wide range of different combined 
approaches has been developed to separate debris-covered from glacier parts [14–17]. 

As per the report of IPCC 2014 [18], the glaciers are continuously shrinking very 
rapidly at the global level because of the ongoing phenomenon of climate changing. 
The recession of glacier in the Himalayan region has not only showed impact on the 
streamflow but also on the proglacial lakes [19, 20]. The shrinking of the Himalayan 
cryosphere and retreat occurrences in different glaciers resulted in decreasing the 
streamflows in the Himalayan rivers and impacting vegetation and grasslands [21– 
24] which directly affects the availability of water in downstream. Moreover, growing 
freshwater scarcity or inequitable availability of fresh and safe potable water leads to 
severe health issues, poverty, and degradation of the environment that might result in 
global hunger, civil unrest, and conflicts [25]. The overall land use land cover pattern 
system changes in the region of interest have been linked to depleting streamflows, 
unplanned land transformation and economic considerations [26]. 

In this research, 11 Glaciers have been identified and selected based on field 
survey and visual interpretation of satellite imagery observations. The locations of
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glaciers are highlighted with red marks. The five selected Glaciers are named Kafini 
Glacier, Chayanguchha Glacier, Pindari Glacier, Baljuri Base Camp Glacier and 
Sundardhung Glacier from east to west, respectively in Fig. 7. There were also 
Six unnamed Glaciers selected in the vicinity of the research area. Approximately 
Permanent snow cover is 213.77 km2 area which is 54.61% of the study area. All 
Identified 11 glaciers are cover ~45 km2 area which is 21.05% of the permanent 
snow cover area in the upper valley of the Pindari region. The Sundardhung Glacier 
is located at the highest elevation point among these glaciers, which is at ~6785 m 
above sea level, while the Pindari Glacier is located at the lowest point, i.e., 3800 m 
above sea level. 

2 Study Area 

Uttarakhand, which is located on the North of India, experiences great weather and 
climatic conditions. Most of Uttarakhand comes under the lesser Himalayas which 
belong to the Western Himalayan site. Uttarakhand Himalaya includes a 320 km 
stretch of the mountains between Kali river to Satluj river, which forms the Indo-
Nepal border in the east and the Tons Pabar valleys (concerning Kali river) forming 
the eastern border of Himachal Pradesh (concerning Satluj river). The study area, viz., 
the Pinder watershed (Kumaun Himalaya) (Fig. 1) extends between 30°6′15.429′′ N 
30°19′15.45′′ N latitudes and 79° 47′57.434′′ E to 80°5′41.672′′ E longitudes and 
encompasses an area of 391.05 km2. Pindari Glacier is a prime glacier in the study 
area which is located in Bageshwar district of Uttarakhand State, India. It comes in 
Upper Himalayan range and is neighbour to Chhanguch glacier. Pindar river is the 
biggest tributary of the Ganga river, and the current snout point location of Pindar 
River is recorded at 80°00′29′′ E and 30°16′28′′ N, situated at 3847 m elevation. 
The study area has mixed weather conditions, ranging from sunny to heavy snowfall 
and a track of around 70 km on foot from Song village [27]. The average approximate 
temperature of the region lies between−10 and−15 °C during summers and−20 to− 
40 °C during winters. The tongue of Pindari Glacier is called ‘Trail pass’ which is the 
shortest way to Milam glacier. G.W. Trail, the first British Deputy Commissioner of 
Kumaun division, was the first to reach the pass in 1830. Prominent peaks near Pindari 
glacier from right to left are Baljuri (5922 m), Pawalidwar (6663 m), Nandakhat (6611 
m), Changuch (6322 m, Unclimbed Peak) and Nandakot (6860 m). Pindari Kanda 
Trail’s Pass (el. 5300 m or 17,400 ft) is a mountain pass through the Himalaya located 
between Nanda Devi and Nanda Kot peaks in the Uttarakhand state in the districts 
of Pithoragarh and Bageshwer.
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Fig. 1 Study area map 

3 Data and Methodology 

In this study, we used Sentinel multi-resolution satellite data downloaded from the 
copernicus for extraction the glacier covers over the study sites. The sentinel multi 
resolution data provides us with resolution varying from 10, 20 and 60 m. Visual 
image interpretation techniques were used to identify the glacier boundary. ERDAS 
imagine and ArcGIS softwares were used to pre-process the images to reduce the 
atmospheric noises and identifying the glaciers respectively (Fig. 2 and Table 1). 

4 Results 

4.1 Kafini Glacier 

Kafini Glacier is one of the main glaciers in the study area and the source of the Kafini 
River, Pindar River’s main tributary, Dwali confluence, 30°10′36.55′ N River, Dwali
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Fig. 2 Methodology flow chart 

Table 1 Area of important 
glaciers 

S. No Glacier Area (km2) 

1 Kafini 1.86 

2 Pindari 4.29 

3 Sundardhung 5.36 

4 Baljuri Base 1.40 

5 Others 13.25

confluence (30°10′36.55′ N latitude and 79°59′31.48). Kafini glacier is situated in 
the easternmost representative of the entire study area, Kafini Glacier extended from 
the upper portion of the Kumaun Himalayan region to the southeast part of Nanda 
Devi mountain. Kafini Glacier, the shifting blaze at an elevation of 3860 m on the lap 
of Nanda Kot (6861 m), is one of the hubs for the trekkers in the Kumaun Himalayan 
region that can be accessed during the summer and autumn seasons. The trek to Kafini 
Glacier snakes through some steep uphill sections laid with stones and expunges into 
the thick wood till manoeuvring to the gentle meadows. 
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In Fig. 3 the Kafini glacier is shown in the red highlighted mark. The slope of 
the glacier is 10° in the tongue and gradually increases to above 60° near the source. 
The aspect of the glacier is towards the west. The approximate length of the glacier 
is 500 m and covers an area of ~1 km2. 

Figure 4 represents the ground survey imagery of the Kafini glacier. A is a closer 
view of the glacier, and B is the farther view of the glacier. Many human-induced 
and climatic factors have resulted in the melting of snow, which covered the entire 
region in previous times. 

Fig. 3 Kafni glacier in the red marked area in 2018 

Fig. 4 Field survey imagery of Kafini glacier in 2017
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4.2 Pindari Glacier 

Pindari Glacier is the second important glacier in this study which is situated between 
the upper part of Kumaun Himalaya to the southeast of Nanda Devi and Nanda Kot. 
The source of the Pindar River, which is an important tributary of the Alaknanda 
River, is the Pindari glacier. The Pindar River travels around 118 km, nourishing the 
beautiful Pinder valley of 339.39 km2 surrounding area before it confluence with the 
Alaknanda river at Karnprayag. Pindar River flows along a fault [28], who gave a 
general description of the glacier and augmented it with a few sketches, first visited 
the Pindari Glacier [29]. Chhayanguchha is the tributary glacier of Pindari Glacier. 

Tiwari and Jangpangi resurveyed Pindari Glacier in 1958, and since 1906, reported 
the retreat of their snout by 1040 m [30]. The snout had shown a further retreat of 
approximately 200 m during their 1966 expedition. The division of the Chhanguch 
Branch, a tributary to the Pindari glacier, was also observed by them. The two glaciers 
have two separate ice caves as a consequence of this retreat. Pandey et al. [21] reported 
a significant magnitude of retreats in some of the selected glaciers, namely Pindari, 
Sundardhunga, Kafni, and Baljuri base camp glaciers. From 1972 to 2018, approxi-
mately 1719.95 m, 1751.21 m, 1057.01 m, and 810.78 m retreats, respectively, were 
observed from Pindari, Sundardhunga, Kafni, and Baljuri base camp glaciers. The 
most remarkable change was observed in the Pindari and Sundardhunga glaciers of 
over 1700 m [31]. The impact of climate change is the leading cause of net shrinkage, 
glacier retreat, and river snout transformation [32, 33]. 

Figure 5 is showing the location of the Pindari glacier in the study area, viz., 
the Pindar watershed (Kumaun Himalaya) (Fig. 1) extends between 30°6′15.429′′
N 30°19′15.45′′ N latitudes and 79°47′57.434′′ E to 80°5′41.672′′ E longitudes. The 
aspect of the glacier is towards the west. 

Figure 6 is a ground survey photograph of the Pindari glacier, where A is showing 
the Pindari Glacier while B is showing Chhayanguchha Glacier. The picture shows 
the ground condition of the glacier. Both glaciers were the tributary glacier in the past 
decades. Pindari glacier goes back 600 m from the confluence and Chhayanguchha 
glacier is 500 m in length. 

4.3 Sundardhung Glacier 

Sundardhung Glacier is the third major glacier studied in this research, which conflu-
ence with the Pindar River at latitude 30°6′48.73′′ and longitude 79°55′39.48′′ E 
down part of the Khati village, the last valley village. Nine glaciers have been identi-
fied between Pindari and Sundardhung glaciers, such as Baljuri base camp, Maktoli 
Glacier, and some other unnamed glaciers (Figs. 7 and 8).
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Fig. 5 Pindari (Chhayanguchha) glacier in 2018 

Fig. 6 Field photograph-Pindari glacier a and Chhayanghuchh glacier b in 2012 

4.4 Baljuri Base Camp Glacier 

Compared to other selected glaciers from the study, Baljuri base camp glacier is a 
relatively small glacier-formed at the base of Baljuri peak and the primary source of 
the Sundardhung river tributary river and it confluences with the Sundardhung river 
at latitude 30°13′30.32′′ N and longitude 79°55′0.12′′ E. Maktoli Glacier formed in 
the upper side of the Sundardhung glacier and contributed with Sundardhung glacier 
and is a significant source of water of Sundardhung river (Fig. 9).
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Fig. 7 Sundardhung glacier in 2018 

Fig. 8 Field photograph 

4.5 Other Unnamed Glacier 

Some unnamed glaciers also have been included during the fieldwork in this research. 
The location of these unnamed glaciers is described as following. 

(A) In between Baljuri Base Camp Glacier and Sundardhung, 
(B) the upper left side of Sundardhung and 
(C) in between Pindari glacier and Baljuri Base camp. 

All the unnamed glaciers are newly formed glaciers (Fig. 10).
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Fig. 9 Location of Baljuri base camp glacier 

5 Discussion 

Fastly increasing in the accessibility of the technology of remote sensing and 
geographic information system allows to the users a financially low-cost method 
of monitoring and mapping of glacier region in a large coverage of area. At present 
there are several freely satellite data available such as Landsat, Sentinel, NOAA, and 
Modis which makes growth in research of the field of cryosphere. With the worse 
condition for the field visit in the glacier region some time it will makes tough to 
study of the glaciers but with the application of remote sensing and Geographic infor-
mation system it is now possible to take attention on glaciers study. With the wide 
range of electromagnetic spectrum range the better study of cryosphere is possible. 
The technology of remote sensing uses visible, microwave, thermal, hyperspectral 
and Lider technology for the study of a snow covered region. 

In the last few decades, it was noticed by the scientific community that the rate of 
deglaciation is increasing very rapidly, which is very harmful to the overall earth’s 
ecosystem. There are several causes for the increasing rate of deglaciation such as 
global warming, increasing in concertation of black carbon, and extensive use of fossil 
fuels, which causes the changing in the overall climate system and retreat of a glacier. 
Snow and glacier-stored water is an essential natural resource in the Himalaya region. 
They feed many North Indian rivers, and water supplies from this source are acces-
sible in lean summer months. Therefore, for the optimum management of Himalayan
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Fig. 10 Location map of some other unnamed glacier included in the research study 

water resources, understanding the distribution and variation of snow and glaciers is 
essential. Monitoring of snow cover needs to understand different characteristics such 
as knowledge of reflectance characteristics, spatial resolution requirement, repeat 
data acquisition duration, sensor saturation, discrimination toward snow clouds and 
monitoring of snow cover under mountain shadow. These aspects and salient results 
of inventory on 1:250,000, 1:50,000 scales and glacial retreat estimates in the Pindar 
basin using ortho-images are discussed in this topic. The accuracy is better than 3% 
for debris-free glacier areas. 

References 

1. Wulder, M.A.; Masek, J.G.; Cohen, W.B.; Loveland, T.R.; Woodcock, C.E. Opening the archive: 
How free data has enabled the science and monitoring promise of Landsat. Remote Sens. 
Environ. 2012, 122: 2–10.



258 A. Pandey et al.

2. Vaughan, D.G.; Comiso, J.C.; Allison, I.; Carrasco, J.; Kaser, G.; Kwok, R.; Mote, P.; Murray, 
T.; Paul, F.; Ren, J.; et al. Observations: Cryosphere. In Climate Change 2013: The Physical 
Science Basis; Contribution of Working Group I to the Fifth Assessment Report of the IPCC; 
Cambridge University Press: Cambridge, UK, 2013: 317–378. 

3. Paul, F., Winsvlod, S.H., Kaab, A., Nagler, T., and Schwaizer, G. Glacier Remote Sensing 
Using Sentinel-2. Part II: Mapping Glacier Extents and Surface Facies, and Comparison to 
Landsat 8. MDPI Remote sensing. 2016, pp. 02–10. 

4. Dozier, J. Spectral signature of alpine snow cover from Landsat 5 TM. Remote Sens. Environ. 
1989, 28:9–20. 

5. Paul, F.; Kääb, A.; Maisch, M.; Kellenberger, T.; Haeberli, W. The new remote-sensing-derived 
Swiss glacier inventory: I. Methods. Ann. Glaciol. 2002, 34: 355–359. 

6. Albert, T.H. Evaluation of remote sensing techniques for ice-area classification applied to the 
tropical Quelccaya Ice Cap, Peru. Polar Geogr. 2002, 26: 210–226. 

7. Paul, F.; Kääb, A. Perspectives on the production of a glacier inventory from multispectral 
satellite data in Arctic Canada: Cumberland Peninsula, Baffin Island. Ann. Glaciol. 2005, 42: 
59–66. 

8. Paul, F.; Bolch, T.; Kääb, A.; Nagler, T.; Nuth, C.; Scharrer, K.; Shepherd, A.; Strozzi, T.; 
Ticconi, F.; Bhambri, R.; et al. The glaciers climate change initiative: Methods for creating 
glacier area, elevation change and velocity products. Remote Sens. Environ. 2015, 162: 408– 
426. 

9. Bolch, T.; Menounos, B.; Wheate, R. Landsat-based glacier inventory of western Canada, 
1985–2005. Remote Sens. Environ. 2010, 114: 127–137. 

10. Frey, H.; Paul, F.; Strozzi, T. Compilation of a glacier inventory for the western Himalayas from 
satellite data: Methods, challenges and results. Remote Sens. Environ. 2012, 124: 832–843. 

11. Rastner, P.; Bolch, T.; Mölg, N.; Machguth, H.; LeBris, R.; Paul, F. The first complete inventory 
of the local glaciers and ice caps on Greenland. Cryosphere 2012, 6: 1483–1495. 

12. Paul, F.; Mölg, N. Hasty retreat of glaciers in northern Patagonia from 1985 to 2011. J. Glaciol. 
2014, 60:1033–1043. 

13. Guo, W.; Liu, S.; Xu, J.; Wu, L.; Shangguan, D.; Yao, X.; Wei, J.; Bao, W.; Yu, P.; Liu, Q.; 
et al. The secondChinese glacier inventory: Data, methods and results. J. Glaciol. 2015, 61: 
357–372. 

14. Paul, F.; Huggel, C.; Kääb, A. Combining satellite multispectral image data and a digital 
elevation model for mapping debris-covered glaciers. Remote Sens. Environ. 2004, 89: 510– 
518. 

15. Shukla, A.; Arora, M.; Gupta, R. Synergistic approach for mapping debris-covered glaciers 
using optical-thermal remote sensing data with inputs from geomorphometric parameters. 
Remote Sens. Environ. 2010, 114: 1378–1387. 

16. Racoviteanu, A.; Williams, M.W. Decision tree and texture analysis for mapping debris-covered 
glaciers in the Kangchenjunga area, Eastern Himalaya. Remote Sens. 2012, 4: 3078–3109. 

17. Robson, B.A.; Nuth, C.; Dahl, S.O.; Hölbling, D.; Strozzi, T.; Nielsen, P.R. Automated clas-
sification of debris-covered glaciers combining optical, SAR and topographic data in an 
object-based environment. Remote Sens. Environ. 2015, 170: 372–387. 

18. IPCC (2014) In: Core Writing Team, Pachauri RK, Meyer LA (eds) Climate change 2014: 
synthesis report. Contribution of working groups I, II and III to the fifth assessment report of 
the intergovernmental panel on climate change. IPCC, Geneva. 

19. Rashid, I.; Majeed, U. Recent recession and potential future lake formation on Drang Drung 
glacier, Zanskar Himalaya, as assessed with earth observation data and glacier modelling. 
Environ. Earth Sci. 2018, 77(12): 1–13. 

20. Mir, R.A.; Jain, S.K.; Lohani, A.K.; Saraf, A.K. Glacier recession and glacial lake outburst 
flood studies in Zanskar basin, western Himalaya. J. Hydrol. 2018, 564: 376–394. 

21. Pandey, A., Parashar, D., Bhatt, N.C., Palni, S., Pundir, C., Yadav, A.S., Singh, A.P., Bhatt, P.K. 
Impact of climate on vegetation in Pindari watershed of Western Himalayas, Kumaun, India 
using spatiotemporal analysis: 1972–2018. Environ. Sci. Pollut. Res. 2022. https://doi.org/10. 
1007/s11356-022-19711-z

https://doi.org/10.1007/s11356-022-19711-z
https://doi.org/10.1007/s11356-022-19711-z


Inventory of Glaciers in the Himalayan Region: A Study … 259

22. Azmat, M.; Liaqat, U.W.; Qamar, M.U.; Awan, U.K. Impacts of changing climate and snow 
cover on the flow regime of Jhelum River, Western Himalayas. Reg. Environ. Chang. 2017, 
17: 813–823. 

23. Pandey, A., Singh, G., Palni, S., Chandra, N., Rawat, J.S., Singh, A.P. Application of remote 
sensing in alpine grasslands cover mapping of western Himalaya, Uttarakhand, India. Environ. 
Monit. Assess. 2021, 193: 166. https://doi.org/10.1007/s10661-021-08956-9 

24. Immerzeel, W.W.; van Beek, L.P.H.; Konz, M.; Shrestha, A.B.; Bierkens, M.F.P. Hydrological 
response to climate change in a glacierized catchment in the Himalayas. Clim. Change 2012, 
110: 721–736. 

25. Singh, A.P., Bhakar, P. Development of groundwater sustainability index: a case study of 
western arid region of Rajasthan, India. Environ. Dev. Sustain. 2021, 23: 1844–1868. https:// 
doi.org/10.1007/s10668-020-00654-9 

26. Rashid, I., Majeed, U., Aneaus, S., and Pelto, M. Linking the Recent Glacier Retreat and 
Depleting Streamflow Patterns with Land System Changes in Kashmir Himalaya, India, Water, 
2020, 12(4): 1168. 

27. Bali, R., Agarwal, K.K., Patil, S.K., Ali, S.N., Rastogi, S.K., Krishna, K. Record of Neotec-
tonic Activity in the Pindari Glacier valley: study Based on Glacio geomorphic and AMS 
Fabric evidences. IIG Institutional Repository, 2011. http://localhost:8080/xmlui/handle/123 
456789/633 

28. Strachey R. A description of the glaciers of the Pindari and Kuphinee Rivers in the Kumaon 
Himalayas. The Journal Asiatic Society Bengal, 1847, 16(2): 203. 

29. Tewari, A.P. Recent changes in the position of the snout of the Pindari glacier (Kumaon 
Himalaya), Almora District, Uttar Pradesh, India. In The role of snow and ice in hydrology, 
Proceedings of the Banff symposia, 1972, 2: 1144–1149. 

30. Tiwari, A.P. and Jangpangi, B.S.. The retreat of the snout of the Pindari Glaciers. In Proceedings 
of the symposium of Obergurage. International Association of Hydrological Sciences, 1962: 
245–248. 

31. Pandey, A., Parashar, D., Baruah, B., Palni, S., Yadav, A.S., Singh, A.P., Bhatt, P.K., Pundir, 
C. Assessment of snout analysis of Himalayan glaciers: Impact studies on Pindari, Kafni, 
Sundardhunga and Baljuri Base Camp Glaciers. Environ. Monit. Assess. 2022, 194: 338. https:// 
doi.org/10.1007/s10661-022-09925-6 

32. Bajracharya, S.R., Mool, P.K. and Shrestha, B.R. Global climate change and melting of 
Himalayan glaciers. Melting glaciers and rising sea levels: Impacts and implications, 2008: 
28–46. 

33. Dobhal, D.P., Gergan, J.T. and Thayyen, R.J. Recession and morphogeometrical changes of 
Dokriani glacier (1962–1995) Garhwal Himalaya, India. CURRENT SCIENCE-BANGALORE, 
2004, 86(5): 692–696.

https://doi.org/10.1007/s10661-021-08956-9
https://doi.org/10.1007/s10668-020-00654-9
https://doi.org/10.1007/s10668-020-00654-9
http://localhost:8080/xmlui/handle/123456789/633
http://localhost:8080/xmlui/handle/123456789/633
https://doi.org/10.1007/s10661-022-09925-6
https://doi.org/10.1007/s10661-022-09925-6


Spatio-Temporal Change Detection Using 
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Study of District Bageshwar, 
Uttarakhand, India 
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Abstract The study of changes over the ground has become an important compo-
nent of contemporary natural resource management and environmental monitoring 
techniques. The current study depicts the spatiotemporal dynamics of LULC in the 
district of Bageshwar, Uttarakhand, India. Landsat satellite images from three distinct 
periods, including Landsat MSS 1976, Landsat ETM+ 1999, and Landsat 8 TIRS 
2016, were obtained by the official webpage of Earth Explorer and used to assess 
spatial–temporal change analysis in the Bageshwar District from 1976 to 2016. The 
supervised classification approach and the maximum likelihood algorithm were used 
to group pixels in a meaningful way. Based on satellite imagery, the research area’s 
categorization result was divided into seven separate classes, including forest, agri-
cultural, waterbody, settlement, barren land/grassland, scrubland, and snow. The 
study results show that forest cover has faced the highest negative amount of change 
from 1976 to 2016, about (−)76.07 km2 and on the other hand, barren land/grassland 
shows the highest positive change of land cover about (+)43.86 km2. The LULC clas-
sification shows an overall accuracy of 76%, 82%, and 84% for the different years of 
1976, 1999, and 2016 respectively. The present study helps understand the spatial– 
temporal pattern of LULC changes and highlights the significance of digital image 
change detection methods in determining the amount of LULC change and shifting 
in Bageshwar district Uttarakhand, India. 
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1 Introduction 

Mapping of land features is critical for land management, ecological and climatic 
studies [1]. Changes in land cover provide information for appropriate planning and 
optimization of natural resource usage and management [2]. Shifting over the ground 
pattern with time serves as a warning system to keep an eye on actions that harm the 
environment while also highlighting the outcomes of environmental conservation 
efforts such as afforestation [3]. Remote sensing is one of the most effective methods 
for monitoring changes on Earth, providing valuable sources of information about 
different ecosystems, including terrestrial ecosystems, and ideal solutions for LULC 
mapping [4]. In order to make a decision, a contemporary nation, like a modern 
company, need enough information on many complicated linked elements of its 
activity. Land use is only one of these aspects. However, understanding land use 
and land cover is becoming increasingly important as the country plans to address 
the issues of haphazard, deteriorating environmental quality, destruction of essential 
wetlands, uncontrolled development, loss of prime agricultural lands, and loss of fish 
and wildlife habitat [5]. Data regarding Land use information is required to evaluate 
ecological processes and issues that must be comprehended to improve or maintain 
living conditions and standards at present levels. The range of land use and land cover 
data requirements is enormous. To implement any development plan, it is essential 
to know the present information about the status of land use and land cover [6]. 

Central, state, and municipal governments also require land use and land cover 
data for water resource assessment, planning for water supply, flood control, water 
waste treatment, etc. [7]. To better public land management, several Federal agencies 
require updated complete maps of existing public lands and the present and evolving 
uses of neighboring land properties. Land use data is also required by federal agencies 
to monitor the environmental degradation by the development of energy resources, to 
manage the conflicts between the ecosystem of wildlife resources and man-wildlife, 
to prepare a national-level overview of land use patterns and changes for the formu-
lation of national policy, and to generate environmental impact statements and assess 
future impacts on environment condition. The physical state of the ground surface 
is described as land cover [8], i.e., forest, grassland, barren land, sandy land, etc., 
while on the other hand, the land use reflects human activities [9], i.e., residential 
area and industrial area, etc. 

Land use influences land cover, and land cover shift over a time period directly 
influences land use. Changes in land cover due to land use may not always reflect a 
deterioration of the land. However, changing land-use patterns, induced by various 
socioeconomic reasons, result in the land cover shift that affects radiation and water 
budgets, trace gas emissions, biodiversity of a particular region, and other processes 
that contribute to climate and biosphere change [10]. Detection of change and shift
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over land is critical for better knowledge about landscape dynamics over a specified 
time period with sustainable management. Land use/cover changes are an increasing 
and continuous process primarily driven by natural occurrences and anthropogenic 
activities, resulting in changes that influence natural ecosystems [11, 12]. Identi-
fying the pattern of landscape, transformations, and interactions between mankind 
activities and natural phenomena is not easy for effective management and decision 
making for land resources. Satellites, which are used to gather information about 
earth resources, are now extremely relevant and valuable for detecting change and 
shifting over LULC research [13, 14]. 

2 Study Area 

The division of Kumaon is one of two regions and administrative divisions of the 
Indian state of Uttarakhand, which is located in the Central Himalaya. It covers an area 
of roughly 20,397 km2 and is primarily hilly with a forest-dominated ecology. The 
study area, viz., district Bageshwar is one of the districts of the state of Uttarakhand 
situated in the part of Lesser Himalayan in India. It extends in between 29º40′ and 
30º20′ N latitude and 79º25′ and 80º10′ E longitudes and encompasses an area of 
about 2231.31 km2 (Fig. 1). The district’s geological structure is highly complicated 
due to recurrent tectonic disturbances induced by distinct orogenic cycles. Valdiya

Fig. 1 Location map of the study area, viz., Bageshwar District, Uttarakhand (India)
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(1980) conducted comprehensive geological and structural mapping in the region 
[15]. The total area of Bageshwar is 2231.31 km2, in which the share of the rural 
area is approximately about 2225.50 km2, and 5.81 km2 is about the urban area. The 
district’s total population is 259,898 people as per the census of India 2011 [16]. 
The study region in the Bageshwar district has a temperate to sub-humid climate. 
The northern portion of the area is sub-zero temperature practically all year, but 
the centre and parts of the southern area are fairly humid and warm. Except for 
the northern portion, which has a cool temperate temperature, the district has a 
tropical to sub-tropical and sub-humid climate. The coldest month is January, about 
ten °C of maximum mean temperature and two °C of minimum mean temperature. 
In the northern portion of the area, temperatures can dip below –6 °C in January 
and February. The hottest month is June, with an average maximum of 25 °C and 
the lowest 15 °C temperatures. The highest recorded temperature in the district was 
about 43 °C in May 2003, while the lowest recorded temperature was about 4 °C 
(January 2003).

3 Methodology 

For conducting this study, ERDAS Imagine remote sensing application (Leica 
Geosystems, Atlanta, U.S.A.) is used to import satellite data sets and also used 
to process the satellite image to generate a false colour composite (FCC). To create 
FCCs for the study regions, the layer stacking operation was applied. For extracting 
the area of interest, the sub-set operation was included on overall collected satellite 
imageries by using the geo-referenced outline border shapefile of the Bageshwar 
District. For LULC categorization, Landsat’s different series satellite MSS, Landsat 
ETM+, and Landsat 8 TIRS images with resolutions of 60, 30, 30 m (Multi), and 
15 m (PAN) from 1976, 1999, and 2016 were used. The study area’s satellite data 
were collected from the Earth Explorer official web page (http://earthexplorer.usgs. 
gov/). 

3.1 LULC Classification 

The research area’s various LULC classes were divided into five categories to facil-
itate the process of assessment and analysis of change detection. Forest, agriculture, 
water, settlement, scrubland, grassland, and snow are all included in the classification 
output.

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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3.2 Image Classification 

The method of supervised classification was performed using the algorithm of 
maximum likelihood and a band composition of Green, Red, and NIR to select 
training samples for the feature classes of water bodies and shrubs/grass, while the 
true composite of blue, green, and red bands was included for collecting the training 
samples of features classes of settlement, agriculture, and other classes. The training 
sample contributes to the map’s production by identifying a region in the image on 
the basis of colour given to that category and the spectral homogeneity of the pixel 
in the designated area. 

The two independently classified images were compared after classification to 
provide a change detection analysis. The matrix table of the “from-to” change 
class was generated for the post-classification assessment. Finally, this classifica-
tion proved to be useful since it had the benefit of identifying the type and degree of 
shift and change that has occurred via pixel-level comparison. 

The accuracy evaluation compares the classified imagery against testing samples 
or collected ground data by going on the field to measure how the classified image 
is accurate with respect to ground. This results in a matrix table that displays four 
various varieties of accuracies. The accuracy assessment is one of the initial parts of 
any image analysis part. The main objective of this part is to validate the classified 
image with respect to the available testing sets. There are several types of accuracy 
assessment methods available for validating the correctness of the classified images. 
In this present study, we adopted the most commonly used accuracy assessment 
method consisting of consumer, producer, and overall accuracy, generated by an 
error matrix. 

3.3 Magnitude Assessment of Change 

The magnitude assessment of change is a measure of how much the LULC size has 
grown or shrunk. A negative number indicates a reduction in the size of the LULC 
class, whereas a positive value indicates an increase in the size of the LULC class. 

4 Results 

The multi-temporal satellite imagery analysis findings are depicted in Figs. 2, 3 and 
4, and data are given in Tables 2. Figure 3 depicts land use/cover status, categories 
and Fig. 4 illustrates the magnitude of change in the significant features classes of 
the forest, grassland, and settlement.
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Fig. 2 Land use/cover status of the Bageshwar district in 1976 (a), 1999 (b) and 2016 (c) 

Fig. 3 Graphical representation of LULC statics from 1976 to 2016 of the Bageshwar District of 
Uttarakhand India 

Fig. 4 Changes in pattern of agricultural land (a), forest area (b) and  built up area (c) during 
1976–2016 in Bageshwar district
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4.1 Land Use/Cover Status 

The operation of accuracy assessment for the obtained result of the land use/cover 
classification shows an overall accuracy of 76%, 82%, and 84% for the different 
years of 1976, 1999, and 2016 respectively (Table 1). The user, producer, and overall 
accuracies for the different years are also shown in Table 1. The statics of different 
years LULC is represented in Table 2. The classified result of 1976 shows the area 
of different features class viz; forest 1306.04 km2, settlement 32.27 km2, water 
52.69 km2, agriculture 425.11 km2, grassland 82.43 km2, scrubland 66.24 km2, 
snow 266.53 km2 (Figs. 2 and 3; Table 2). The distribution of feature classes in 1999 
showed about 1296.26 km2 for forest cover, which was decreased by 9.78 km2. The  
area of feature classes settlement, grassland, and scrubland showed positive changes 
from 1976 to 1999 by 32.27–32.87 km2, 82.43–95.06 km2, and 66.24–70.04 km2, 
respectively (Table 2). The feature classes of water, agriculture, and the snow showed

Table 1 Accuracy assessment of the LULC classification for Bageshwar district during the years 
of 1976, 1999, and 2016 

LULC category 1976 1999 2016 

UA PA UA PA UA PA 

Forest area 81 86 83 80 89 79 

Agricultural land 65 71 74 83 84 81 

Grassland/Barren land 77 63 80 83 82 80 

Built up 75 79 81 84 86 81 

Scrubland 80 87 86 79 76 82 

Water bodies 76 80 84 76 81 86 

Snow cover 76 69 84 80 89 77 

Overall accuracy 76 82 84 

User accuracy is denoted by UA and producer accuracy is denoted by PA 

Table 2 Land use land cover statics from 1976 to 2016 of the Bageshwar District of Uttarakhand 
India 

LULC categories 1976 1999 2016 

km2 % km2 % km2 % 

Forest area 1306.04 58.53 1296.26 58.09 1232.97 55.26 

Agricultural land 425.11 19.05 421.43 18.89 416.41 18.66 

Grassland/Barren land 82.43 3.69 95.06 4.26 126.29 5.66 

Built up area 32.27 1.45 35.87 1.61 63.04 2.83 

Scrubland 66.24 2.97 70.04 3.14 89.36 4 

Water bodies 52.69 2.36 49.41 2.21 45.98 2.06 

Snow cover 266.53 11.95 263.24 11.85 257.26 11.53
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a decrease in the overall land cover from 1976 to 1999 by 52.69–49.41 km2, 425.11– 
421.43 km2, and 266.53–263.24 km2 respectively.

Figure 3 shows the graphical representation of the change in the area of different 
feature classes from 1976 to 2016 of the study area. The obtained result from the 
year 2016 illustrated in Fig. 3 shows that the land use land cover area for the feature 
class of forest was 1232.97 km2, 63.04 km2 for settlement, 45.98 km2 for a water 
body, 416.41 km2 for agriculture, 126.29 km2 for grassland, 89.36 km2 for scrubland 
and 257.26 km2 for snow cover (Table 2). The positive changes in the area coverage 
for the different features classes are noticed in the settlement, grassland, and snow 
cover, while on the other hand, the negative changes are noticed in the features class 
of forest cover, water, agriculture, and snow cover (Fig. 3). 

5 Discussion 

5.1 Overall Changes on LULC Pattern 

The data in Table 3 and Figs. 4 and 5 show the positive and negative shifts and 
changes in the study area’s ground surface. 

Over the previous two decades, the study region’s forest has shrunk from 
1296.26 km2 in 1999 to 1232.97 km2 in 2016, accounting for 0.09% of the overall 
study area. The settlement grew from about 35.87 km2 in 1999 to 63.04 km2 in 2016, 
a 0.04% growth. The water body has a negative shift from 49.41 km2 in 1999 to 
45.98 km2 in 2016, accounting for a 0.01% change. Agriculture practices are also 
decreased from 421.43 km2 in 1999 to 416.41 km2 in 2016, which accounts for 0.01% 
of the total study area. The grassland showed positive growth in the land cover of 
about 95.06 km2 in 1999 to 126.29 km2 in 2016, accounting for 0.05% of the total 
study area. The scrubland is also increased from 70.04 km2 in 1999 to 89.36 km2 in

Table 3 The overall loss and gain (in km2) in LULC categories during different time periods in 
the Bageshwar District of Uttarakhand 

LULC categories 1976–1999 1999–2016 1976–2016 Rate of change per year 
(1976–2016) 

Forest area (−)9.78 (−)63.29 (−)73.07 (−)2.09 

Agricultural land (−)3.68 (−)5.02 (−)8.7 (−)0.25 

Grassland/Barren land 
areas 

12.63 31.23 43.86 1.25 

Built up area 3.6 27.17 30.77 0.88 

Scrubland 3.8 19.32 23.12 0.66 

Water bodies (−)3.28 (−)3.43 (−)6.71 (−)0.19 

Snow cover (−)3.29 (−)5.98 (−)9.27 0.26
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Fig. 5 Graphical representation of loss and gain in LULC cover categories during 1976–1999 and 
1999–2016 of Bageshwar district of Uttarakhand in India 

2016, which accounts for 0.03% of the total study area. The snow has decreased from 
263.24 km2 in 1999 to 257.26 km2 in 2016, accounting for the same as scrubland 
0.01% of the study site.

The study shows the change in classes where agriculture, forest, water, and snow 
area decreases from 1976 to 2016 and other classes settlement, grassland and scrub-
land are increase. Therefore, studying changes has become essential in sustainable 
development, especially when systematic approaches and techniques like remote 
sensing are available [17]. 

5.2 Pattern of LULC Over the Time Period of 1976–1999 

Figures 4 and 5 show the magnitude of change from 1976 to 1999. The major positive 
changes occurred in the feature classes of settlement, grassland, and scrubland, which 
were about 3.6 km2, 12.63 km2, and 3.8 km2, respectively (Table 3). On the other 
hand, the major negative changes were about 9.78, 3.28, 3.68, and 3.29 km2 for 
the feature classes of the forest, waterbody, agricultural land, and snow cover. The 
greatest positive change in the area of feature class was noticed in the grassland 
(12.63 km2), and forest cover showed the maximum negative changes over the study 
site, which was about 9.78 km2 (Figs. 4 and 5; Table 3). 

5.3 Pattern of LULC Over the Time Period of 1999–2016 

During the time period between 1999 and 2016, the forest cover and grassland cover 
showed maximum changes of −63.29 km2 and 31.23 km2, respectively. The major 
positive changes were noticed in the features classes of settlement and scrubland, 
which were about 27.17 and 19.32 km2. The negative LULCC were found in the 
feature classes of water body, agriculture, and snow cover near about 3.43 km2, 
5.02 km2, and 5.98 km2, respectively (Figs. 4 and 5; Table 3). All LULC classes
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except forest, water, agriculture, snow cover has shown positive growth in the land 
over time, the built-up feature class were increased from 1976 to 2016 by 30.77 km2, 
about 49.86 km2 increased grassland, and the features class of scrubland got increased 
by 23.12 km2, between 1976 and 2016 while agriculture and water have witnessed a 
decrease in the overall land cover area about 8.7 km2, and 6.71 km2 respectively due 
to increasing demand for shelter within the study area. The second main important 
reason for this change is that several farmers in the study region have given up farming 
to pursue other minor enterprises. As a result, part of the abandoned agricultural land 
has been converted to shrub/grass. 

6 Conclusion 

The current study examined and tracked changes in the LULC pattern over the 
Bageshwar district of Kumaun Himalaya, India, using LANDSAT-MSS, LANDSAT-
7 ETM+, and LANDSAT-8 TIRS from 1976 to 2016. The study is useful for analyzing 
the pattern of change in the study site over time and predicting the future pattern of 
the LULC pattern over the study site. The analysis indicates that the most important 
land feature class in the study region is forest cover. The study site’s significant 
variations in LULC classes were seen in the characteristics of forest cover, built-up 
land, grassland, and scrubland, which were about 73.07 km2, 30.77 km2, 43.86 km2, 
and 23.12 km2, respectively. The current study uses the geospatial technique, which 
is currently one of the most prominent technologies for LULCC analysis, which is 
not feasible with other standard mapping methods. These technologies enable change 
detection in less time, at a lower cost, and with better precision. The study’s research 
and conclusions have significant policy implications for sustainable land use/cover 
practices in the Kumaun Himalaya. 
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A Review of Municipal Solid Waste: Its 
Generation, Composition, Impacts, 
Management and Challenges in Urban 
Areas with Special Focus on India 

Kanchan Deoli Bahukhandi and Saswat Ollemman 

Abstract Municipal Solid waste (MSW) is a rapidly growing issue in the world of 
today along with countless number of other issues as well in all grounds. The trend 
of urbanization, growth of industrialization, advancements in technology etc. seen 
in urban areas of the world are some of the perks that attract the population towards 
living an urban life for more income, better comfort and improved lifestyles. But 
the same has led to a number of issues over the years as well, including a very high 
generation rate of MSW (with varied compositions) due to certain and ever-growing 
urban lifestyles and also ever-increasing demands of the population to adjust to the 
modern way of living. Today, these generation rates have reached such high levels that 
proper and effective management has become a huge challenge for the urban areas of 
the world. The developing nations of the world like India are suffering quite a lot due 
to it compared to certain developed nations despite generating comparatively lesser 
amounts of MSW, reasons being both economical as well as various social grounds 
too. An effort to describe MSW along with its generation and composition figures 
in various parts of the world has been made through this paper keeping a primary 
focus towards India. Studies have also been made about the various impacts MSW 
could have towards people, other living beings and also the environment along with 
the means for its management. Different steps like: waste segregation, collection, 
transportation, recycling, treatment and disposal are involved in the process of MSW 
management and the same needs to be executed effectively in order to call the MSW 
management which has been or is being performed as a proper one. But doing so is 
easier said than done as various challenges are faced along the way towards MSW 
management of an area/city/country. Several factors may be responsible for it ranging 
from economic, political and even social, all of which have been discussed by means
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of this review work. Once again, special attention has been given towards the nation 
of India while doing the same.

Keywords Municipal solid waste (MSW) ·MSW management · Urbanization ·
Generation and composition 

1 Introduction 

The wastes which are generally solid in nature and generated as a result of certain 
deeds of human beings and also animals could be termed as Municipal Solid Wastes 
(MSW). They are usually regarded as futile and having no purpose in daily life 
[13]. Various terms like “trash” or “garbage” are seen to be in common use to denote 
Municipal Solid Waste which might include even several categories of waste products 
ranging from durable, non-durable, packaging and other household or even office 
refuses. MSW could also range from the refuse generated by various household jobs 
to certain industrial/manufacturing ventures. Some examples are: plastic cups/plates, 
wrappers, food wastes etc. while other types like industrial, constructional or toxic 
wastes do not fall under this category [1, 18]. The rise of industrialization has been 
a major reason for the increase in the solid waste amounts in developing countries 
like India [38]. Vast rise in industrialization has led to the movement of more and 
more of the population from rural to urban areas thus leading to the increase in the 
amounts of MSW which is produced and the same is expected in the future as well 
[8, 9, 12, 92, 22]. The amounts of solid wastes produced in China has increased due 
to rise in population over the decades and also due to its economic development as a 
result. The rise in the amounts of solid wastes produced hasn’t been observed in any 
other nation such as in China [7, 32, 48]. 

According to Hoornweg and Bhada-Tata [49], urbanized areas of the world 
generate as much as over a billion tonnes of MSW annually with that figure predicted 
to rise up to over 2.2 billion by the year 2025 with no signs of lowering down anytime 
soon. Such kind of results are not just adversely affecting the lands and water bodies 
by causing pollution, but certain other aspects as well. Methane gas could be produced 
in higher fractions from solid waste products with is a Green House Gas thus resulting 
in air pollution and a contributor towards global warming as well. Along with that, 
un-managed or poorly managed MSW could lead to issues like floods in the cities, 
adverse health effects such as dengue, diarrhoea, respiratory issues etc. According 
to [10, 74, 77, 119, 125], the issues related to management of MSW in developing 
countries are enhanced by factors like extreme rates of generation which is a resul-
tant of sharp increases in population and the preferred practice of urban dwelling 
by people in today’s world. Along with that, lack of education and poor economic 
conditions leading to insufficient financial aid towards waste management also act 
as contributing factors for the same. 

The generated solid wastes in households could vary up to nine different types 
with food/vegetable wastes being the most common and highest generated category
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and that a number of issues could be faced in proper management of the same by the 
municipal corporations who bear the responsibility of MSW management in urban 
cities. This is a common issue in highly populated developing countries [104]. The 
biggest issue related to MSW management in developing nations is lack of proper 
means for treatment and discarding of the gigantic amounts of solid wastes that are 
produced in their urban areas. Along with that, lack of ample facilities for collection 
and means of transportation of the wastes further adds to the already existing issues. 
As a result of all, the management and discarding of the wastes is done in various 
unscientific or rather absurd manners which in turn affects the health and well-being 
of residents of the city and also its surrounding environment [44, 59, 62, 87]. The 
above-mentioned issues are the prime reasons for the designing of a proper waste 
management system in developing nations to satisfy both economy and environment 
being an extremely challenging job [3]. 

2 Review of Literature 

Sharholy et al. [96], have highlighted how generation of municipal solid waste in 
developing countries like India is rapidly increasing stating various reasons behind 
it. It has also been claimed that such wastes can adversely affect human health if 
not managed effectively and doing so by various irrational means like dumping in 
open grounds surrounding public areas. It has also been claimed that as much as 
90% wastes are being managed by such manners adversely affecting human health. 
Various treatment and disposal methods of MSW have been discussed while also 
throwing light on waste management rules existent in India. Suggestions on spreading 
awareness among general public encouraging participation on MSW management via 
NGOs have also been made. Shekdar [98], has primarily focus his study about waste 
management in Asian countries arguing that the various approaches made towards 
management of MSW should be adaptable with the surroundings or environment 
in which they are performed as different areas with different conditions require 
different management techniques. Various situations have been analysed throughout 
the study to know the reasons for high waste generation rates in Asian countries 
which are quite complex and varying in terms of culture. Finally, discussions on 
various integrated approach methods have been discussed which could be followed 
by all Asian countries in order to achieve sustainable solid waste management while 
also pointing towards the importance of “sustainable development”. 

Imam et al. [54], focussed on the study in management of solid waste in the city of 
Abuja, Nigeria. Rates of waste generation, its increase and the problems arising due 
to it in the entire nation of Nigeria with prime focus on Abuja have been discussed 
along with the means of managing wastes that are followed. Finally, it has been argued 
that improvements are required in the fields of waste management also suggesting 
that developing certain management techniques like waste composting plants (small-
scale) could also turn out to be a means of employment and a source of income for 
the public. Zhang et al. [126], made a review study on the management of MSW in
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the largest population of the world China having put forward generation rates and 
composition of wastes that are seen in China. Along with that, the various methods 
for management of MSW in the nation and issues in the management processes have 
also been discussed. At last, certain ways or methods have also been studied and put 
forward about potential opportunities of future improvemens in the management of 
MSW in China. 

Minghua et al. [70], have also made a study on solid waste management methods 
followed in China with prime focus on the “Pudong New Area”. The different solid 
waste management techniques followed in Pudong have been discussed in a very 
detailed manner with special attention towards the collection, transportation and treat-
ment techniques of the generated waste. It was brought into light that a geographic 
information system (GIS) was also in place in the waste management system of 
Pudong. This provided easier access of routes for trucks and helped reduce fuel 
consumption. A prominent focus upon the separation of source of the wastes to 
reduce the requirement for its disposal and also the need to utilize more and more of 
recycled items have been recommended. Wilson et al. [124], analysed the manage-
ment of waste in 20 different cities from varied continents all around the world and 
made a comparative study by means of integrated and sustainable waste management 
(ISWM). Comparative study about the area, population and its growth rate etc. of the 
20 cities along with population size, GNI per capita etc. of the respective countries 
to which they belonged was done thus recognizing the respective income levels of 
the different cities (categorized as: High, Upper-middle, Lower-middle and Low). 
Per capita waste generation and also its composition were calculated based on the 
income levels. Certain major indicators or dimensions were made use to carry out the 
comparative study of waste management and hence concluding that a certain type of 
management system doesn’t work for all and that the prime strength is the usage of 
diverse methods. 

Tanskanen [106], discussed the concept of integrated municipal solid waste 
management (MSWM) by usage of computer-based model designed for the Helsinki 
Metropolitan Area (HMA) with the goal of designing strategies for waste separation 
to achieve the intended recovery rate of municipal solid waste that was in place for 
the country of Finland. The developed HMA model, consisting of different stages 
(six to be precise) and certain formulas to calculate various components, proved to 
be fruitful in achieving the intended goals, thus qualifying to be an ideal tool for 
the integrated municipal solid waste management planning strategies. Demirer et al. 
(2005), performed a case study about the life cycle assessment of municipal solid 
waste management in the Turkish capital of Ankara by means of integrated waste 
management (IWM) model. Certain scenarios were under consideration in the course 
of study and the various types of wastes produced as well as the amounts of waste 
managed in different scenarios were compared. This helped attain the most suitable 
system for MSW in the city of Ankara in terms of its effect towards the environment.
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3 MSW Generation and Composition: A Global Scenario 

According to Guerrero et al. [43], the management of solid wastes in urban areas 
is a great challenge for officials responsible for its management in city areas of 
developing countries due to various reasons such as: increment in waste generation, 
lower capital available with the authorities and complexity in the processes involved 
in waste management, improper knowledge and understanding of factors which can 
affect the waste management process etc. A study depicting the GDP and solid wastes 
produced from certain cities of various countries along with its area of origin was 
presented and is shown in Table 1. 

In 2015, the total population of the earth was predicted to be about 7.3 billion 
out of which the total strength that resided in urban areas was calculated to be 
around 49% [112]. Due to this, the exact amounts of MSW produced globally is 
very complicated to be known precisely. According to World Bank data [61], in the 
year 2016 the amount of MSW that was produced globally ranged to accounted for 
around 2 billion tonnes. Most of that generated waste (about 33%) was managed in an 
unsuitable manner which affected both people and environment. Around 115 tonnes 
of organic waste are produced by just 37 megacities in the world every year. Urban 
areas of the world play vital roles in both the development as well as production of 
maximum amounts of MSW all over the world. An estimate of total waste generation 
performed by World Bank is shown in Figs. 1a–b and 2. 

In Canada, the households were reported to generate around 12.9 million tonnes of 
MSW in the year of 2008, out of which about 8.5 million tonnes were sent for disposal 
while the remaining 4.4 million tonnes were recycled. Due to this, the disposal rate 
of MSW reduced by 4% between the years of 2006–2008 [72]. The total amount of 
MSW produced in USA amounted to about 238 million tonnes accounting for about 
2.02 kg per capita/day in the year 2015. Out of this, about 28% of the waste produced 
was organic forms of waste [89]. According to a US-EPA report (EPA 2021), the total 
MSW generation in USA increased to 292.4 million tonnes in 2018 or the per capita 
produce increasing to 2.2 kg/day. 69 million tonnes of waste out of this were sent for 
recycle process. Like other areas of the world, the MSW generated in USA came in 
varied compositions of different products or items. The MSW which was generated 
with varied compositions in the year 2018 has been shown in Fig. 3. The European 
Union has 27 member nations generating wastes of different forms and in different 
quantities based on varied factors like total consumption by its population and also 
the economic conditions of the different nations. It could also depend upon the ways 
in which waste collection and management is done. Based on such factors the MSW 
produced vary in amounts such as 280 kg per capita in the nation of Romania while 
countries like Denmark producing up to 844 kg per capita in the year 2019 [35]. 
Figure 4 shows the total MSW generated in different nations of the European Union 
as well as comparisons between the difference in amounts produced in 2005 and 
2019. 

The total generated waste in Australia between 2016 and 2017 amounted to be 
around 67 million tonnes out of which 54 million tonnes accounted for core waste.
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Table 1 Waste generation rate and area of origin in various cities with the numbers indicating 
different areas as follows: 1: household, 2: offices, schools, 3: construction, 4: health care, 5: 
agriculture, 6: industry and 7: shops 

Continent Country GDP 
(In US 
Dollars) 

Year 
of 
study 

City Waste origin 
arriving at 
the official 
disposal site 

Waste 
generation rate 
(kg/capita/day) 

Africa Ethiopia 344 2009 Adis Ababa 1,2,4,6,7 0.32 

Kenya 738 2009 Nakuru 1,2,3,4,5,6,7 0.50 

Malawi 326 2009 Lilongwe 1 0.50 

South Africa 5786 2009 Pretoria 1,2,3,4,7 0.65 

South Africa 5786 2009 Langeberg 1,3,4,5,6,7 0.65 

South Africa 5786 2009 Emfuleni 1,3,6 0.60 

Tanzania 509 2010 Dar es Salam 1,2,4,5,6,7 0.50 

Zambia 985 2010 Lusaka 1,2,3,4,6,7 0.37 

Asia Bangladesh 551 2007, 
2008, 
2009 

Gazipur 1,4 0.25 

Bhutan 1805 2010 Thimphu 1,2,3,7 0.54 

China 3744 2010 Beijing 1,3,4,7 0.80 

India 9232 2010 Doddaballapur 1,2,3,6,7 0.28 

Indonesia 2349 2009, 
2010 

Banda Aceh 1,4 0.90 

Indonesia 2349 2009, 
2010 

Ambon 1,4 0.90 

Indonesia 2349 2010 Jogjakarta 1,2,5,7 0.90 

Nepal 364 2007 Kathmandu 1,2,6,7 0.35 

Pakistan 495 1995 Lahore 1,2,6,7 0.84 

Philippines 1995 2009 Quezon City 1,2,3,4,7 0.67 

Sri Lanka 2068 2010 Balangoda 1,2,3,4,6,7 0.83 

Sri Lanka 2068 2010 Hambantota 1,2,3,4,7 0.81 

Thailand 4043 2009, 
2010 

Bangkok 1,2,3,4,6,7 1.10 

Turkey 8215 2010 Kutahya 1,2,4,6,7 0.60 

Turkey 8215 2010 Bitlis 1,2,3,4,5,6,7 0.90 

Turkey 8215 2010 Amasya 1,2,4,7 1.20 

Central & 
South 
America 

Costa Rica 4084 1985, 
1995 

Cartago 1,2,3,4,5,7 0.7–0.8 

Costa Rica 6386 2011 San Jose 1,2,3,4,6,7 1.10 

Costa Rica 3370 1991 Talamanca 1,7 0.30 

Costa Rica 4084 1992, 
1995 

Tarcoles 1,7 0.30–0.50 

Costa Rica 5529 2001 Tuis 1,7 0.30

(continued)
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Table 1 (continued)

Continent Country GDP
(In US
Dollars)

Year
of
study

City Waste origin
arriving at
the official
disposal site

Waste
generation rate
(kg/capita/day)

Ecuador 1771 1995 Pillaro 1,7 0.50 

Ecuador 1771 1995 El Carmen de 
los Colorados 

1,7 0.50 

Nicaragua 1069 2008, 
2009, 
2010 

Managua 1,2,3,4,5,6,7 0.48 

Nicaragua 1069 2009, 
2010 

Masaya 1,2,4,7 0.40 

Peru 4447 2008, 
2009, 
2010 

Canete 1,2,3,4,5,6,7 0.47 

Suriname 5888 2008, 
2009 

Paramaribo 1,7 0.47 

Suriname 5888 2008 Asidonhopo – 0.28 

Source Guerrero et al. [43] 

Out of that total amount of core waste, about 13.8 of municipal solid waste was 
produced from different areas in different parts of the country. This amounted for 
around 560 kg per capita of waste which was generated (Grant et al. 2018). A sharp 
increase of 145% in waste generation rate has been observed in Australia between 
the years of 1997 to 2012 which was much higher than the rate of population increase 
[6].

4 Waste Generation in India 

The urban dwelling population of India is in the range of over 370 million which 
accounts for over 31% of the total population of the country that was estimated to 
be about 1.2 billion [17]. With a population strength accounting for 18% of the total 
population of the entire world, India is predicted to overcome China in becoming the 
most populated nation in the world by 2022 and by 2050, the figures predicted to be 
as high as 1.6 billion [81]. India being second largest populated nation of the world 
and with an ever-increasing population has seen an increase in the rates of MSW 
generation in recent years. An estimated generation of over 147,000 metric tonnes 
(MT) of MSW was calculated from over 84,000 wards in January of 2020 by India. 
The figures for MSW generation by India are predicted to increase for in future as: 
276,342 tonnes per day (in 2021); 450,132 tonnes per day (in 2031); 1,195,000 tonnes 
per day (in 2050). An increase of 1.3% has been observed in the per capita waste
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Fig. 1 a Global waste generation figures. (Source Kaza et al.[61]), b Global Waste Generation per 
capita figures. (Source Kaza et al. [61]) 

generation ate in India per annum [100]. Waste Generation in India was estimated 
as 100,000 MT for the year 2000 as per the Ministry of Urban Development. Survey 
conducted by the Central Pollution Control Board over the period of 1999 to 2016 
in various parts of India has shown the amounts of waste which was generated by 
various cities/urban areas of the country, some of which has been provided in Table 
2 [20] (Fig. 5). 

The MSW that is generated from a particular city, state or even area can be linked 
with its population. In India, the Northern portion has been found to contribute the 
most (around 30%) whereas the Eastern portion has been found to contribute the least 
(around 17%) of MSW generated in the entire country with figures of its components 
varying with different classes of cities [5].
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Fig. 2 Compositions of Waste in different income categories. (Source Kaza et al. [61]) 

Fig. 3 MSW Generated in 2018 by USA with varied compositions. (Source of data EPA 2021) 

The solid wastes containing organic fragments that could be decomposed via 
microorganisms can be termed as compostable wastes [94]. A recycling process 
is one where previously utilized material (waste products) could be processed into 
newer products considering that the life cycle of the material does not get aborted
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Fig. 4 MSW generated in European Union Nations. (Source Eurostat [35]) 

Table 2 Waste generation in 11 most populated cities of India 

City Population (as of 
2011) 

Waste generation 

1999–00 
(TPD) 

2004–05 
(TPD) 

2010–11 
(TPD) 

2015–16 
(TPD) 

Mumbai 12,442,373 5355 5320 6500 11,000 

Delhi 11,034,555 400 5922 6800 8700 

Bangalore 8,443,675 200 1669 3700 3700 

Chennai 7,088,000 3124 3036 4500 5000 

Hyderabad 6,731,790 1566 2187 4200 4000 

Ahmedabad 5,577,940 1683 1302 2300 2500 

Kolkata 4,496,694 3692 2653 3670 4000 

Surat 4,467,797 900 1000 1200 1680 

Pune 3,124,458 700 1175 1300 1600 

Jaipur 3,046,163 580 904 310 1000 

Lucknow 2,817,105 1010 475 1200 1200 

Source of data CPCB [20] 

upon consumption and such wastes could be termed as recyclable wastes (Ramos 
et al. 2013) (Figs. 6, 7, 8 and 9). 

The total generation of MSW in the city of Pune is estimated to be about 1600 MT 
per day which could be categorized into certain types but broadly as biodegradable 
and non-biodegradable waste as shown in Table 4 [101]. The average figures of 
MSW generation of the country are around 450 gms/per capita/day compared to 
over 1 kg/per capita/day generated by many developed nations. The waste generated 
by India also has the capability of being a potential source of (electrical) energy with 
potential up to 500 megawatts (MW) of electricity generation which is predicted to 
keep increasing in the future [110] (Fig. 10).
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Fig. 5 Top 10 most waste generating states of India [here, MT = Metric tonnes]. (Source of data: 
[100]) 

Table 3 MSW components with compositions in different classes of cities 

City or 
Region 

MSW 
(TPD) 

Compostables 
(%) 

Recyclables 
(%) 

Inerts 
(%) 

Moisture 
(%) 

Cal. 
Value 
(MJ/kg) 

Cal. Value 
(kcal/kg) 

Metros 51,402 50.89 16.28 32.82 46 6.4 1,523 

Other 
cities 

2,723 51.91 19.23 28.86 49 8.7 2,084 

East 
India 

380 50.41 21.44 28.15 46 9.8 2,341 

North 
India 

6,835 52.38 16.78 30.85 49 6.8 1,623 

South 
India 

2,343 53.41 17.02 29.57 51 7.6 1,827 

West 
India 

380 50.41 21.44 28.15 46 9.8 2,341 

Overall 
Urban 
India 

130,000 51.3 17.48 31.21 47 7.3 1,751 

Source Annepu [5] 

5 Impact of Municipal Solid Waste Generated 

So far, details on the enormous amounts of solid wastes that are generated or were 
generated at certain periods of time has been observed. Such amounts of solid waste
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Fig. 6 Comparison of total waste generated over different time periods in the top 11 most populated 
cities in India (as per Table 2) 

Fig. 7 Comparison of MSW generated in different classes of cities (as per Table 3)

could bring about adverse effects to the public, the surroundings as well as atmo-
sphere if not fruitfully and efficiently managed. Effects of MSW could be varied 
and may depend mostly on the amounts generated and also how it is managed or 
what techniques are being utilized for its management. The study put forward by 
Vergara and Tchobanoglous [118] lists the major impacts that solid waste could have 
as follows: 
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Fig. 8 Comparison of % compostables in different classes of cities (as per Table 3) 

Fig. 9 Comparison of % recyclables in different classes of cities (as per Table 3) 

Table 4 Types of MSW 
generated in Pune city 

Biodegradable waste (720 
MT/D) 

Non-biodegradable waste (880 
MT/D) 

Organic waste-400 MT Inorganic waste-560 MT 

Household waste-320 MT Inert waste–320 MT 

Source Soni et al. [101]
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Fig. 10 Comparison of generated MSW compositions in India (as per Table 5) 

Table 5 Composition of 
MSW generated in India 

Type of waste generated % of Generation 

Bio-degradable 45–55 

Paper 8–13 

Plastics/Rubber 9–10 

Metal, glass and rags 1–1.5 

Inerts 20–25 

Source of data Tripathy [110] 

5.1 Pollutant Emission to the Environment 

Pollutants of varying sizes, properties, types and proportions could get released into 
the environment and adversely affect its various components like air, water bodies 
or land leading to their pollution if the generated MSW is not effectively managed. 
Sometimes certain management techniques could also result in release of pollutants. 
According to Cheng et al. [23], the burning of MSW in the open could be hazardous 
and release gaseous pollutants like CO, CO2, SO2 etc. into the atmosphere. According 
to Bahukhandi and Aaron [8], generation of MSW in very high rates along with 
its poor management has led to pollution of underground water which is a major 
source for drinking purposes for large sections of population in the country of India. 
An increase in amounts of TDS, SO4, NO3, total hardness etc. of water beyond 
permissible limits has been an outcome for the same reasons. 

5.2 Climate Change and Rise in Average Temperature 

Improperly managed solid waste could be a source of Green House Gases (GHGs) 
which could get released into the air and could be a prime factor leading up to possible 
climate change although not at a rapid pace [15]. Climate change could lead to issues 
like increment in the average temperatures, rise in sea level, global warming, glacier 
melting, harsh weather conditions etc. thus affecting humans as well as the nature
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[53]. Decrease in GHG emissions, which can aid in avoiding the above conditions, 
can be achieved either by reduction in the generation of waste or by practicing better 
management methods such as recycling [25]. 

5.3 Adverse Effect on Public Health 

Improperly managed waste could affect human/public health in different ways. The 
prime reasons behind this include attraction of disease spreading vectors due to its 
mass accumulation, blockage of drainage systems serving as habitat for those vectors 
etc. [52]. Sometimes even waste management techniques could end up affecting the 
health of the public, such as birth defects observed in people with work or habitat 
near landfills, respiratory issues observed in people living or inhaling the air in the 
proximity of composting zones etc. [39]. It has been observed that the economically 
weaker sections of the society are affected more by wastes as they reside in close 
proximities to the waste dumping areas or disposal grounds. Along with them, waste 
workers also remain at high risk of getting affected by the ill-effects of solid waste 
generated [111]. The unethical export activity of certain toxic wastes to another 
country or region also puts their population at greater risks to face its ill-effects 
[24, 95, 122]. 

5.4 Adverse Effect on Ecological Health 

The management and disposal of waste acts as a kind of alteration in the use of 
a particular land or zone which in turn could remould the livelihood/dwellings of 
certain species belonging to that zone. Exposure to hazardous wastes cause ill-effects 
on plants, animals and also water bodies like oceans upon direct release to the envi-
ronment [118]. MSW like plastics get released into the ocean bodies in the range of 
“millions of tons” which has resulted in the ratio between plastic and other marine 
wastes to be around 6:1 [42], Moore et al. [71]. Plastic wastes have showcased its 
effects on about 267 kinds of species who get affected by either its consumption or 
entanglement by it, thus leading to health issues and fatal conditions of the species 
[31, 42]. Plastics can also serve as disease carrying vectors within the food chain as 
it has the ability for absorption of organic pollutants and harmful toxins [66]. 

6 Management of Municipal Solid Waste 

The management of MSW has been a big issue for almost all parts of the world, be 
it developed or in a developing stage. Improper handling or management of solid 
wastes has proved to be one of the chief sources of causing adverse effects on human
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health while also affecting the environment by polluting the air, water bodies and also 
bringing about climatic changes by causing overall rise of average Earth temperature 
thus leading towards global warming as discussed previously. This makes proper and 
effective management of MSW a necessity in the world of today. According to Rajput 
et al. [83], the figures of collection of generated wastes in many major cities of the 
world being performed effectively is as low as 25–55% with about 60% of the of 
the world’s nations facing major issue related to environmental due to inefficient 
management and disposal of waste. 

The practice of control over the generation of waste along with its storage, collec-
tion, transportation and discarding can be termed as solid waste management. Mean-
while reducing the overall amount of waste generation by virtue of re-using or 
recycling of goods could be termed as waste minimization [108]. Pollution of the 
environment is a possibility if any of those factors aren’t performed effectively [65]. 
Ensuring proper health conditions of the general public, especially the poorer sections 
of the society is the primary focus of Municipal Solid Waste Management (MSWM). 
Along with that, maintenance of proper environmental conditions, economic stability, 
overall sustainability, efficient productivity as well as generation of employment are 
also some of major goals which are aims by MSWM and could only be achieved by 
the virtue of practicing proper and effective systems for MSWM [93]. History has 
been evidence of waste management being an engineering function. Advancement 
in technology in the modern society has led to amounts of solid waste generation 
reach big figures thus making MSWM the need of the hour [107]. 

There are quite a lot of differences observed between the developing and developed 
countries of the world when it comes to waste management. This difference could 
also be observed in regards to management in urban or rural areas or whether the area 
of generation is residential or an industrial one [28]. A waste management process 
is hugely influenced by the composition of waste that is being generated, which also 
differs largely according to income levels of the population. MSW such as paper, 
glass, plastics etc. are generated in more amounts among the communities with 
higher income as usage of packaged items are more common in those areas [102]. 
According to Joshi and Ahmed [57], waste management practice in India has always 
faced various issues with urban local bodies not taking necessary steps towards 
its proper implementation and also due to inefficiencies observed in other grounds 
like collection and processing of wastes as well. In order for a successful MSWM 
programme to take place, the following practices with solid wastes are compulsory 
to be performed in an efficient manner:

• Segregation
• Collection
• Recycle/Reuse
• Disposal
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6.1 Segregation of MSW 

Waste segregation could be described as source separation and is generally the method 
of separating items which could prove to be of some utility from the MSW which has 
been generated. This method could prove beneficial in many ways such as reducing 
the overall amounts of waste which would require further management thus saving 
time and energy during the waste management process. Segregation also helps keep 
the environment clean thereby also aiding towards well-being of the public health 
conditions [68]. The cost as well as complications in waste management could be 
reduced to a greater extent by the segregation process [37]. Segregation also acts 
as an important agent for the recycling process. Waste management is improved 
by a large scale if various items amidst the generated MSW could be treated as 
resources with economic values and be re-utilized for other activities while ensuring 
that sustainability is being maintained in the process [115]. 

Inappropriate, low scale or even absence in the practice of source segregation 
process is a prime reason for the various issues which are observed in many devel-
oping Asian countries like India, Bangladesh, Sri Lanka, Malaysia etc. during the 
practice of MSW management. Another issue is the loss of ability of a lot of gener-
ated wastes to be re-utilized the reason being it getting mixed with certain other 
hazardous wastes [46]. While carrying out segregation in countries like India, no 
scientific method is technique is generally observed at any level. Also, the condi-
tions under which it takes place has been observed to be unhygienic for human health 
and the overall process hasn’t proven to be very much fruitful due to it not being 
performed by experts and thus only items with visible economic value in the market 
being segregated [60]. 

6.2 Collection and Transportation of MSW 

Waste collection which could be the first step towards management is performed via 
diverse means by different nations considering various factors with health concerns 
of public, economic issues, political conditions etc. being some of them. Generated 
waste could present adverse effects towards health and nature on the basis of the 
way it has been stored, handled, collection or managed [121]. The process of waste 
collection could end up being the largest cut out of the total expenditure bill of the 
entire MSW management process. This is usually the case in city/urban dwellings 
with to the large concentrations of the generated waste. Quite a few nations in Asia 
still struggle for possession of effective and efficient waste collection systems [120]. 
The methods of waste collection observed in European nations could be termed as 
perfect due to the diverse methods being utilized as well the effectiveness in collection 
of MSW in fractions [34]. In certain huge and developed cities of Latin America and 
the Caribbean regions waste collection methods observed have also been satisfactory 
even though there exist various cities that struggle to do the same [113].
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According to Olukanni et al. [78], various challenges are encountered during 
waste collection process in various nations of the African continent owing to certain 
factors like insufficient capital for proper techniques to be practised, low knowledge 
of the general population about threats posed by untreated waste etc. The major waste 
collection methods described in the study are:

• Mode of Operation based waste collection: The major systems discussed under 
this category include:

• Haul container system
• Stationary container system

• Type of Waste based waste collection: Here, the systems of collection described 
are:

• Collection of unseparated waste
• Collection of separated waste 

According to Hui et al. [51], a fruitful way to attain “Integrated Solid Waste 
Management (ISWM)” is the source separation of the MSW which is collected, but 
is not at practice in Chongqing, China. The major collection mechanisms of MSW 
in practice at Chongqing are said to be the following:

• Wastes by residential areas: Household wastes are collected in all towns/villages in 
dumping vessels which is transferred to waste collection stations. The Chongqing 
Municipal Administration Commission’s (CMAC) department of Environmental 
Sanitary Protection takes on the responsibility to further transport it to waste 
treating zones.

• Wastes by institutions: The particular institution generating the waste is held 
responsible its transfer to treatment zones for which private parties could be hired 
by them as well.

• Wastes by Commercial areas: Here the job is mainly carried out by the manage-
ment office of that commercial area who transfers the generated waste to treatment 
sites.

• Wastes by cleaners of public places: In this case well, CMAC is held responsible 
for the waste generated to be transferred to treating locations.

• Wastes by construction sites: The organization whose construction activity is 
in progress is given the responsibility of transferring non-recyclable wastes to 
treatment zones generally without involvement of a third party. 

According to Jin et al. [55], the responsibility for the collection of generated MSW 
in Macao lies on the shoulders of the Government who in turn had appointed privately 
owned waste service company (WSC) for the same purpose from the year 1992. 
The activities like collection of wastes generated in households, various institutions, 
industries, commercial areas etc. and its transportation is carried out by the WSC. 
A total of 380 appointed staff members, 25 waste collection trucks, 4 high pressure 
water jet vehicles and 6 sweeping vehicles are under the possession of WSC who
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utilizing the same collects about 500 tpd of solid waste. The Port Authority of the 
SAR Government of Macao are the ones responsible for removal of refuse in water 
bodies of Macao. 

According to Nandan et al. [73], the responsibility of collection of generated waste 
in India is to be taken up by the Government’s Municipality Department. Collection 
of waste from different households has to be performed by the Municipal Authority 
by virtue of:

• Collection of MSW in Community containers
• Household to household collection
• Waste collection in regular intervals
• Provision of collecting vehicles with ringing bells to alert the public 

The collected waste is then transferred into treatment zones in time intervals of 
generally two times in a week. 

Community vessels constructed out of different materials ranging from concrete, 
metals etc. act as collection means for wastes which is generated from different 
households in a city/town/area. Along with that, wastes generated from industries, 
commercial areas, roadside garbage etc. also makes its way into these community 
waste collecting containers/vessels with the exception of any organization/body who 
may make payments to municipal authorities for transferring the generated waste 
directly from their premises to treatment zones [64]. 

Gonzàlez-Torre et al. [41], have discussed about the various types of container 
systems that could be utilized for collection of MSW in urban cities. Some of them 
are:

• Household Containers: Comprises of plastic vessels received by families for 
collecting wastes. Each household may receive a single container to store all 
wastes or multiple colour coded ones to store wastes of different compositions 
accordingly which later helps in easier to sort up the waste.

• Neighbourhood Containers: A common vessel/storage container for a group 
of people to collect all their generated waste together. Generally seen in 
flats/apartments.

• Zone Containers: Larger sized collection containers placed in particular areas 
outside one’s premises to collect waste generated by a number of societies or 
neighbourhoods of people and could be easily collected again by waste collecting 
vehicles who transfers it to appropriate locations. 

6.3 Recycling of MSW 

The process by virtue of which goods discarded off as refuse or waste is remodelled 
or re-utilized for other purposes is termed as recycling. Examples include: paper 
recycling to avoid cutting down of trees, reduction in mining jobs by re-utilization 
of refused metals etc. [80]. Recycling could be achieved through different means, 
either by reusing a refused item for the same or some different purpose and also
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by re-modelling the wastes generated into other products, like composting [47]. In 
recent times, a “throwaway mentality” has been instilled in the minds of the society 
with the advancements in the fields of industrialization and progress in economic 
grounds as well. Recycling process has also become complicated and got limited to 
just industrial wastes [11]. The increased usage of plastics in the world of today has 
become a big issue due to it being a chief source of non-biodegradable waste. The 
cities with very high plastic (single-use) waste generation figures face problems like 
floods as a result of drainage systems getting choked and pollution of marine bodies 
[4]. 

Carrying out recycling process by virtue of mechanical means may be reasonable 
for some certain wastes such as bioplastic polymers like PLA but it could become 
less efficient due to limited supply of such polymers in required amounts [27]. The 
barrier properties of various biopolymers may require to be intensified for usage 
in certain areas such as packaging of food items, multilayer lamination etc [69]. 
Countries like India are coming up in the face of the world as to having one of 
the most prominent markets in the sector of waste recycling but still it is not being 
performed up to satisfiable levels [14]. In the Indian city of Pondicherry, a lot of the 
recycling activities are performed by waste/rag-pickers who separate useful goods 
like glass, metals, plastics etc. from the refuse collected from community containers 
and makes an earning out of it [82]. 

6.4 Treatment and Disposal of MSW 

The disposal process could also be termed as the final step towards the completion 
of an MSW management process. It could be the biggest decisive factor of how 
successful or efficient the solid waste management performance of a country, city 
or even area has been which could also have an influence on the public health, 
environmental conditions etc. of the particular place. According to Hamer [45], 
waste disposal has an inevitable relation with pollution. Since waste is referred as 
unnecessary remnants with adversely affecting characteristics and on the other hand, 
pollution can be termed as the introduction of objects that could adversely affect 
the environment, hence disposal of waste is seemed to always have some kind of 
pollution associated with it. According to Williams [123], effective waste treatment 
and proper disposal became a necessity with the rise of urbanization and increasing 
communities of people in city areas, which has led to higher waste generation rates 
and quantities which turned into a serious issue with passing time. 

The disposal of solid wastes into open grounds by virtue of irrational practices 
is very commonly seen in India without any proper management methods being 
followed which as a reuslt has displayed many adverse effects on both public and 
environment [20]. Methane gas in the range of around 48% is emitted from the waste 
dumping grounds of just about seven megacities of India due to ineffective waste 
management techniques that are practiced [67, 86]. Therefore, it has become the need 
of the hour to practice some scientific and efficient waste management techniques
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so that adverse effects as such could be avoided for the present as well as future 
generations. Some of the commonly followed methods for achieving proper waste 
management are as follows. 

6.5 Landfilling 

Landfilling can be simply defined as the deposition of the generated waste on earth 
(land). It is known by different terms that are used to denote this practice in different 
parts of the world such as “sanitary landfill” in USA, “controlled tipping” in the 
United Kingdom but “dumps” in the whole world as common [29]. It could also be 
described as the waste disposal by means of stuffing it (under pressure) in selected 
sites or area of land. This is a commonly practiced waste management method in 
many nations of the world owing to the convenience it offers from a financial point of 
view. For this reason, landfilling practices for MSWM is very common in developing 
nations [36, 40, 58, 117], made a study on landfilling practices in many different parts 
of the world for MSWM and the acquired data has been provided in Table 6. 

Landfilling is a common practice for MSWM in many urban areas of India but 
is also facing issues at the same time due to unavailability of large areas of land 
required for it to be performed in many major cities [96]. As many as 59 sites for 
landfill practices have been developed in India with plans of further 1305 more such 
areas in sight for development in the near future. Many landfilling zones have been 
either constructed or the pre-existing ones were increased in size in many major states 
in India such as: Delhi, Maharashtra, Andhra Pradesh, Madhya Pradesh, Punjab etc 
[21]. 

Although landfilling process for MSWM seems a very efficient method especially 
for developing nations, improper practice of the same could lead to adverse effects 
on both people and environment. According to Vallero et al. [116], there exists a fine 
line between landfilling and dumping with the latter being a practice of depositing 
the solid waste without providing a separation from the underlying rock beds and 
also where excavations made for landfills reach beyond groundwater levels which

Table 6 Disposal of 
municipal waste by different 
countries by landfilling 
method 

Country % MSW managed by landfilling (%) 

USA 52.6 

Brazil 59.1 

Saudi Arabia 85 

Malaysia 94.5 

China 79 

Venezuela 32 

Mexico 65 

Thailand 27
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Table 7 Collection, treatment and landfilling amounts in some high solid waste producing states 
of India 

State Solid waste 
generated (TPD) 

Waste collected 
(TPD) 

Waste treated 
(TPD) 

Waste landfilled 
(TPD) 

Maharashtra 23,844.551 23,675.7 12,623.33 11,052.37 

Uttar Pradesh 17,377.3 17,329.4 4615 0 

West Bengal 14,613.3 13,064.63 916 334 

Tamil Nadu 13,968 13,968 7196 5654 

Karnataka 11,958 10,011 4515 – 

Telangana 8497 8360 5747 869 

Madhya Pradesh 8000 7500 6100 1400 

Rajasthan 6625.56 6475.39 780.18 780.18 

Punjab 4634.48 4574.93 917.56 3657.37 

Kerala 3903.023 742.23 437.74 – 

Source of Data CPCB [19] 

results in pollution of the groundwater and subsequently causing ill-effects to the 
health of people who utilize it. Thus, the concept of “sanitary landfilling” is needed 
to be practiced for efficient management. According to [16, 88], improper landfilling 
of MSW in India could rate as high as 90% in total. When groundwater zones are 
invaded by the waste from landfills, leachate is formed as the wastes come into 
contact with water. They are generally comprised of both organic and inorganic 
constituents along with certain metallic components as well forming a complex 
mixture and having potential to adversely affect the public health and environment 
as well. According to Hudgins [50], performing landfilling on certain types of wastes 
like bioplastic polymers along with certain organic waste as well could result in 
methane gas formation under specific conditions which could affect the environment 
being a greenhouse gas.

But with the practice of correct methods and application of modern technology, 
such drawbacks could actually be turned into an advantage by converting the 
produced “landfill gases” into sources of energy. According to Joshi and Ahmed 
[57], landfill grounds could act as a potential source of energy as methane emitted 
from those grounds constitute for about 13% of the global methane. Siddiqui and 
Khan [99], provided data through their study of various amounts of potential energy 
that could be generated from landfill zones of various cities in India, which is as 
follows: 

Delhi—8.4 Megawatts 
Mumbai—5.6 Megawatts 
Ahmadabad—1.3 Megawatts 
Pune—0.7 Megawatts.
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6.6 Incineration 

Incineration is a technique to achieve management of MSW via means of thermal 
treatment. There exists other process like pyrolysis as well under this category [57]. 
Thermal treatments methods like incineration are used in very limited countries with 
a reduction in waste volume and volume of leachate formed being some of the major 
intensions for its applications [91]. Complete elimination of solid waste is not attained 
by incineration but rather a reduction of it in terms of both weight and volume, thus 
aiding in the landfilling process. This is a common practice in Europe and helps 
greatly in two areas of MSWM: i reduction in weight and volume of MSW; ii use 
of the method as a potential source of energy such as heat by burning of the wastes. 
Hence it is feasible in areas where huge land areas aren’t available for landfilling 
[85]. 

One of the major setbacks offered by waste incineration in the country of Japan 
is the high amounts of residue which is produced as a result and which ends up 
requiring separate treatment. Such residue is also signified as “air pollution control 
residue (AR)” and requires certain treatment before landfilling processes could be 
performed [33]. In the nation of India, incineration of MSW is not often a suitable 
waste management technique owing to the large amounts of organic natured wastes 
that is generated in the country. Also, setbacks towards the method are put forward by 
the high values of moisture content in the generated waste with 800 to 1100 kcal/kg 
being a common range of its calorific value (Jalan and Srivastava 1995), [103]. 
Certain high-capacity incineration plants in the country like a one developed in the 
Tirampur region of Delhi in 1987 resulted in failure due to unavailability of right 
amounts of MSW with properties suitable for performing incineration [97]. 

6.7 Biological Treatment 

As the name suggests, this is a waste treatment mechanism which is performed by 
the aid of certain living organisms. This method is generally suited to the treat-
ment of wastes containing greater fractions of organic constituents. According to 
Hamer [45], for the treatment of biodegradable wastes, biological treatment has long 
been a suitable method. This method generally is performed by two means namely: 
Aerobic and anaerobic treatment. Composting of waste is a very widely known and 
practiced waste treatment method all over the world. According to Bharadwaj et al. 
[13], composting is a famous treatment technique seen in the UK where annual waste 
composting figures reach up to 2 MT/year in more than 300 zones for composting 
activities which have been developed. Composting is more widely observed in devel-
oping countries like India where generation of organic wastes is much higher than 
in developed countries.
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6.8 Aerobic Composting 

This is the organic solid waste composting method which is performed in the pres-
ence of air (oxygen) with under warm conditions. The end product of the process 
performed is known as compost and is a commodity which is very rich in nutrients 
(Bhide and Shekdar, 1998). This is a very widely practiced method in India with 
composting zones for MSW having been setup in many major urban cities of the 
country like Delhi, Mumbai, Indore, Bengaluru etc. including composting plants of 
treating capacities reaching up to 300 tonnes per day in many of those cities [97]. One 
of the most commonly practiced aerobic composting methods is “vermicomposting”, 
where treatment of MSW is carried out with the aid of earthworms that consume the 
organic fractions from the solid waste and decomposed to form a nutrient rich product 
via actions of microorganisms. Major vermicomposting plants are also situated in 
many major urban areas of India [57]. 

6.9 Anaerobic Composting 

Anaerobic composting which is also referred to as “anaerobic digestion” is the treat-
ment/decomposition of organic wastes without the presence of air (oxygen). The 
magnitudes of required energy levels in this type of composting are generally lesser 
compared to aerobic composting [26]. This type of composting method is usually 
carried out in 2 stages namely: (i) acid formation stage where proteins, lipids or 
carbohydrates are transformed into certain fatty acids by action of microorganisms 
and (ii) conversion of the end products of previous stage into methane and CO2 by 
the action of special type of bacteria [109]. Another term which can be used for this 
method is known as “bio methanation” and in India, it is a process often supported 
well by the Government in the treatment of agricultural and industrial wastes as 
well along with MSW. Developmental plans for a number of bio methanation plants 
are underway for many major urban cities of India like Delhi, Bengaluru etc. [2] 
(Fig. 11). 

7 Challenges Faced in MSW Management 

Throughout the study, we have come across the waste generation and composition 
data of various regions of the world and also the needs and techniques for its effective 
management. But that job is easier said than done. Development of a fully effective 
technique for MSW management for a particular nation or urban city is very difficult 
owing to many different reasons. This is an issue faced more often by the developing 
nations of the world than the developed ones. The reasons behind it might vary from 
nation to nation with some common points probably shared by them as well.
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Fig. 11 Comparison of generation, collection, treatment and landfilling quantities of solid waste 
by some highest solid waste generating Indian States (as per Table 7) 

Sulemana et al. [105], through their study have highlighted certain challenges 
which are commonly encountered by develop nations of the world in the process of 
waste collection. Some of the issue described are as follows: 

Financial Issues: Developing countries often do not receive the required finan-
cial assistance from their central or state governments due to which an effective 
and efficient waste management process cannot be carried out. Governments show 
unwillingness in providing required funds to carry out the process successful due to 
which proper waste collecting vehicles like collection trucks could not be bought in 
required numbers. Because of reasons such as these, collection of MSW do not reach 
satisfactory figures and most of it gets openly dumped in unscientific manners. 

Lacking in willingness and political support: Participation of the public is equally 
important along with the Government for a proper waste management process to take 
place. In most developing countries, it has been observed the mentality of people and 
their responsibility shown towards MSW management is very disappointing. Public 
awareness towards the importance of proper waste collection is very poor. On top of 
that, lack of political or governmental support is also very often seen in developing 
countries due to which an effective waste management process never becomes a 
reality. 

Unsatisfactory schedule for collectors and routing of vehicles: This is perhaps 
the biggest roadblock in the path towards a proper waste collection system. Waste 
pickers/collectors aren’t provided with proper schedules to perform the collection 
activities which results in non-uniformity in the process. Along with that the poor 
quality of waste collection components such as community containers which makes
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collection process further difficult. Finally, required number of vehicles are also not 
available in hand for which waste collection process goes further away from success. 

Improper routes towards collection grounds: In many areas of the world, waste 
dumping areas are very commonly located in very compact or narrow passages. This 
is a very common scene in developing countries due to which, collection vehicles 
aren’t able to properly reach those sites making the waste collection process an 
inefficient one. 

Low expertise on technical grounds: Unlike many developed nations of the world, the 
waste collection methods followed by many developing countries are quite simple and 
most mechanical ones. The people involved in the waste management systems often 
lack proper technical expertise which could result in a more effective management 
process with improper infrastructure further contributing to the problems. Compared 
to developing nations, most developed nations expertise in technicality and also have 
much better assets and infrastructure which makes their waste management process 
much better and effective. 

Kumar and Agrawal [63], have discussed various issues which faced while MSW 
management process is practiced in India, which are as follows:

• Issues of public health and environment: Methods like landfilling are very 
commonly utilized in India which results in high rates of leachate formations, high 
CH4 emissions into the atmosphere and other factors like pollution of groundwater. 
The environment gets greatly affected by this which also results in the ill-effects 
to the public health who are very much dependent upon the environment for their 
life and activities.

• Lack of financial aid and proper infrastructure: Like many other developing 
nations, the Government of India often fails to provide adequate financial support 
which is required for an effective waste management process to take place. 
Although many steps have been taken throughout the years to bring improvement 
in this factor.

• Necessary policies not effectively implemented: Certain national policies are 
necessary to be formulated and followed for an effective waste management. 
But very often, a sense of negligence is observed among the people of India when 
it comes to waste management due to which importance towards certain is not 
given in required sense.

• Challenges faced in various MSWM processes: MSWM consists of many 
processes as discussed previously ranging from segregation to proper disposal. For 
the waste management to take place, each of those processes have to be performed 
effectively. But this could not happen in India due to various reasons like lack of 
capital and sound infrastructure along with certain social issues as well.

• Social issues: Along with financial and infrastructural, MSW management in India 
faces certain social issues as well du to which it is not as effective as desired. One 
such issue is lack of proper education and understanding about the importance of 
MSW management and how it can impact the health of individual and environment 
as well. Lack of space is also an issue in many urban areas of India due to which
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proper disposal could not take place. Along with that, the issue of division of jobs 
according to classes to people has always existed in India. The ones working in 
management of wastes are often considered to be at lower levels than those at the 
upper sections of the society. Hence, the upper classed society often neglects the 
importance of MSW management considering it a job lower for their standards. 
Hence, waste management process suffers as a whole. 

8 Conclusion and Recommendation 

On completion of the study, it could be concluded that MSW generation has become 
a serious issue all over the world with its generation rates with varied compositions 
increasing with time and rapid urbanization in the modern day. There is quite a 
difference observed in the compositions of MSW generated by developed countries 
compared to developing countries with the former generating more of paper based 
solid wastes. The adverse effects of MSW could be seen in large extent over the 
developing nations of the world due to financial grounds and also other social and 
communal issues. The country of India is a good example of that. Due to this, 
the practice of MSW management could not be carried out in the urban areas of 
those nations either due to lack of proper and required funding towards it by the 
Government, lack of required infrastructure and also lack of a culture where everyone 
takes active participation towards waste management to mitigate its possible hazards 
without depending completely on the Government and also without letting any social 
barriers interfere the same. A few suggestions to overcome various issues and have 
an efficient MSW management process in order to keep the people and environment 
free from ill-effects are as follows: 

(i) People, especially from the developing countries lacking proper MSW 
management systems must be provided proper education on the same and 
its importance and effects if not performed effectively. Waste Manage-
ment should be made a compulsory course in schools/colleges regardless 
of whatever line of study a student pursues. 

(ii) State as well as central Governments of all nations must make their utmost 
efforts so that the required funds could be provided for MSW management 
to be carried out without failure. 

(iii) It should be the responsibility of every individual of the country to make an 
effort towards the reduction in the generation rates of MSW in the first place. 
More the generation and composition, more complicated and expensive the 
management process becomes. Hence, unnecessary desires and demands 
need to be subsidised so and the concept of “re-use” should be promoted and 
practiced. 

(iv) It is also necessary that the correct management techniques for MSW are 
followed by a certain nation, city, town or area so that the overall process 
turns out to be effective. For e.g.: In India the generation of organic waste 
is observed to be in greater amounts than many other developed nations of
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the world. On the contrary, there is shortage of free land areas for prac-
ticing landfilling. So, the practice of certain biological treatments of waste 
such as vermicomposting should be practiced and promoted rather than land-
filling. This would not only make waste management better but also act as 
an employment opportunity and potential source of income. 

(v) Effective treatment of waste is needed to be done before disposal. Direct 
disposal of collected waste in open dumping grounds or landfilled is not 
termed as MSW management. Steps like segregation, incineration etc. need 
to be carried out before disposal. Otherwise, the disposed waste could lead 
to pollution of environment and ill-effects on human health 

(vi) Recycling process of generated wastes should be given priority all over the 
world. The 4R policy of: Reduce, Re-use, Recycle and Recover should be 
given priority. This way, the total volume of waste needed to be disposed 
decreases which protects the environment and the ones depending on it. 
On the other hand, this could also become a potential source of income for 
people. 

(vii) Use of plastics should be reduced as it constitutes for highest amounts in 
MSW generation in all parts of the world, be it developed or developing 
nations and is non-bio-degradable. 

(viii) A focus should be given towards “waste to energy” practices in India, espe-
cially for landfilled wastes as methane is extracted in very large amounts and 
could be converted to biogas making the generated MSW into a potential 
source of non-conventional energy. 
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Environmental Impact of Emerging 
Electro World with Special Focus 
on Electrical-Vehicles and Its Impact 
on Global Environment 
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and Kanchan Deoli Bahukhandi 

Abstract With the introduction of the electric vehicle, plenty of lifecycle evaluations 
calculating CO2 emissions have sprung up. Electric vehicle emissions, including 
battery and charging, are compared to those of conventional vehicles. According 
to the most recent evidence, an average electric car is already close to three times 
better than an equivalent conventional car today. As new evidence accumulates on: 
the longer lifetime of batteries thanks to innovation, the ramping up of battery reuse, 
repurpose, and recycling, and the accelerating uptake of renewables, the life cycle 
assessment emissions of electric cars are bound to decrease even further than what 
is presented in this case. The major disadvantage that’s are been connected with the 
EV are the environmental impact of battery production for electric vehicles (EVs) 
and the mining of rare earth metals for the car production. The purpose of this paper 
is to investigate the environmental impact of electric vehicles. And how the batteries 
used in electric vehicles can pose a risk to humans. 

Keywords Global warming · Electric vehicle · Global environment 

1 Introduction 

During the past 10-year the number of vehicles on the road have increases signif-
icantly. And it is the major contributor of greenhouse gases [1]. Recent trend in 
the automotive industry is the introduction of fully electric vehicles. By replacing 
internal combustion engine with electric vehicle will not resolve the problem. Energy 
needed to charge the battery pack is received by burning fossil fuel in many countries. 

Scotsman Robert Anderson is credited with inventing the first electric car some-
time between 1832 and 1839. But it was in 2008 when the tesla introduced its roadster
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model people thought about electric deeply [2]. Electric cars have the reputation as 
a possible solution to many modern environmental and economic issues. People 
around the world also started realizing the importance of environmental changes 
and realize the fact that environmental change is real. To growth an alternative for 
the CO2 emission from the gasoline vehicle. Zero tailpipe emission will reduce the 
amount of CO2 produced.

The environment suffers from industrialized nations as the amount of greenhouse 
gas emissions reach new heights every year. The electric vehicle market has been 
rapidly expanding since 2008 [3]. Electric vehicles have also grown in popularity 
because of the increasing concern for the environmental impact that greenhouse 
gas emissions cause This increase in emissions is due to the rising population and 
increased production and consumption of energy and transportation the amount of 
greenhouse gas emissions increased by 41% internationally The emissions of fully 
electric vehicles (FEVs), when taking the energy production emissions into account, 
will be analysed to prove that FEVs will make a significant reduction in greenhouse 
gas emissions [4]. 

The major concern about electric vehicle Is the energy required in making the 
vehicle and energy spent on making and running fully electric vehicle. Only the 
emission is zero, carbon dioxide production is happening in other steps of process. 
Which we have to overcome with newer technologies. 

Electric vehicles have a significant advantage in terms of energy efficiency. They 
also produce zero emissions at the time of use, reducing greenhouse gas emissions 
from the transportation sector significantly [5]. 

The electric car manufacturing is booming because the technology is widely in 
use and cost of production has significantly come down. The long charging durations 
of the batteries, the vehicle’s relatively low range, and the high initial cost are all 
downsides of electric cars. 

The environment suffers from industrialized nations as the amount of greenhouse 
gas emissions reach new heights every year. The electric vehicle market has been 
rapidly expanding since 2008. Electric vehicles have also grown in popularity because 
of the increasing concern for the environmental impact that greenhouse gas emis-
sions because This increase in emissions is due to the rising population and increased 
production and consumption of energy [6]. In transportation the amount of green-
house gas emissions increased by 41% internationally the emissions of fully electric 
vehicles (FEVs), when taking the energy production emissions into account, will 
be analysed to prove that FEVs will make a significant reduction in greenhouse gas 
emissions. 

When we compare Cabon footprint of the electric and gasoline driven car, in the 
initial stages of the of the production electric car the carbon footprint is significantly 
larger as there is requirement of excavation for finding minerals for making battery 
and resources for powering the battery pack of the car [7]. 

Fully electric does produce carbon dioxide but it is only 50% of what gasoline 
produce. Driving an electric car instead of a gasoline car could save carbon emission 
of about 4096 pounds a year. The major concern about electric vehicle Is the energy 
required in making the vehicle and energy spent on making and running fully electric
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vehicle. Only the emission is zero, carbon dioxide production is happening in other 
steps of process. Which we have to overcome with newer technologies. 

As the electric vehicle market grows and technology improves to accommodate 
bidirectional charging, EVs may become significant grid resources. Operators of 
electric vehicles will profit from lower energy and maintenance costs [8]. Benefits 
to society as a whole, frequently through the elimination of negative effects, are 
referred to as societal benefits. Environmental or health repercussions are examples 
of externalities. 

Compared to conventional internal combustion engines, electric vehicles have 
much fewer moving parts. The drive train’s battery, motor, and electronics don’t 
need to be serviced on a regular basis. Oil changes are no longer necessary, and there 
are no additional fluids to replace except brake fluid. The wear on the brakes of an 
electric vehicle is greatly decreased due to regenerative braking, hence they require 
less maintenance than brakes on a conventional automobile [9]. 

Driving an EV saves roughly 344 gallons of gas each year, or 3440 gallons 
throughout the vehicle’s lifetime. Widespread use of EV comes at a cost to the 
economy Job losses in the oil business, at petrol stations, and possibly in the auto 
maintenance and mechanic industry will occur. In the auto industry, direct jobs will be 
created in production, research and development, and battery manufacturing. Instal-
lation and maintenance of electric vehicle supply equipment will create indirect jobs 
(EVSE) [10]. 

1.1 Effect on Environment 

There are many reasons to promote sustainable energy sources because the amount 
of greenhouse gas emission in most of the cities are already above the allowable 
level. This rise in greenhouse gases is resulting in premature death due to asthma, 
cardiovascular disease, lung cancer is the few.th global cost of air pollution is about 3 
trillion dollars per year [11]. To achieve this goal, transportation must be electrified, 
electricity must be generated without carbon emissions, agricultural operations must 
be electrified, buildings must be heated with solar energy and electricity, and carbon 
emissions from construction, mining, and industrial production must be reduced. One 
significant advantage of all of this is improved air quality due to lower emissions. 

The electrification of transportation is one of the global developments that has 
begun. In 2017, approximately 2 million electric vehicles were in use. Electric vehi-
cles account for more than 25% of new car sales in Norway. There are 30 cities in 
California where the percentage of new car sales that are plug-in vehicles ranges 
from 6 to 18% [12]. 

For electric power companies, the last ten years have been a period of transition, 
with large increases in power generated from wind and solar energy. Brown et al. 
have written a book about the major shift to wind and solar energy [13]. Natural 
gas, wind, and solar energy are displacing coal-fired power plants. From 2008 to 
2015, Obama claims that the cost of wind-generated electricity has decreased by
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41%, while the cost of roof-top solar photovoltaic power has decreased by 54%. 
According to current sources, the amount of new wind capacity added in 2015 was 
first, while the amount of new solar capacity added was second. One of the causes 
for the decrease in greenhouse gas emissions is the expansion of wind and solar 
generating capacity [14]. 

The extensive deployment of a fleet primarily made up of electric vehicles would 
pose several issues to the grid’s electricity producing infrastructure. Charging a large 
number of cars during peak hours could result in a major rise in electricity demand, 
resulting in grid overload. 

1.2 Electricity Production in India 

As per current study India is generating about 384,116 MW of energy each year. And 
is increasing each year due to increase in population, urbanization, and digitalization 
the few. When the electric market in India is fully fledged demand of electricity will 
increase exponentially. 

To compensate for this increase in electricity demand, an additional 4 GWh of 
electricity per year will be required. The amount of carbon emissions from the elec-
trical grid is predicted to increase slightly by 0.47 megatons CO2 per year as power 
generation rises. Given that the amount of carbon dioxide produced by light internal 
combustion cars is currently 3.6 megatons per year [15] (Table 1). 

Our country mainly produces electricity from thermal energy derived from coal 
which is a fossil fuel which will emit greenhouse gases that are harmful for the 
environment. Countries will be benefited from using electric vehicle only if they 
start to transform into renewable source of electricity production otherwise only the 
tailpipe emission remains zero and other pollution will remain the same (Fig. 1). 

2 Cost Analysis 

Here we are considering two vehicle of the same brand tata Nexon EV verses tata 
Nexon petrol versions, and analysing different cost that it has to be paid during the 
life of the car. 

Every government is promoting the use of electric vehicle to make the environment 
cleaner. Because of the same reason they are proving incentives and wave off when 
we buy an electric vehicle. Each government have different policy (Fig. 2). 

Table 2 shows the amount that we have to take into account when we buy the car. 
In the first look itself we might consider petrol vehicle as our first choice but when 
we analyse it in long span, we will come to the conclusion that EV is better with few 
drawbacks (Fig. 3; Table 3).
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TOTAL PRODUCTION 3,84,116MW ELECTRICITY 

Coal: 200,284.5 MW (53.1%)   Lignite: 6,120 MW (1.6%)

  Large Hydro: 46,059.22 MW (12.2%)   Small Hydro: 4,758.46 MW (1.3%)

  Solar Power: 38,794.07 MW (10.3%)   Wind Power: 38,683.65 MW (10.3%)

  Gas: 24,956.51 MW (6.6%)   Biomass: 10,314.56 MW (2.7%)

  Nuclear: 6,780 MW (1.8%)   Diesel: 509.71 MW (0.1%) 

Fig. 1 Total power generation around the world 

15 

100 

6.6 

312 

75.034.5 

MILAGE COST OF FUEL PER KM COST 

Tata nexon xma amt petrol  9,94,418 Tata nexon ev  14,75,964 

Fig. 2 Cost to run vehicle 

Both cars need regular maintenance and fuel to run considering both these. EV 
is cheaper as it is easier to maintain, contains fewer moving parts as compared to 
internal combustion engine. 

2.1 Cost Spend on Life of Car 

Here we consider there is no problem to the parts of the vehicle. Price of fuel and 
electricity is considered to be constant during the life of the vehicle (Table 4).
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Table 1 Power generated by 
different fuel sources 

Fuel MW % of total  

Total thermal 234,058 60.90 

Coal 202,005 52.60 

Lignite 6620 1.7 

Gas 24,924 6.50 

Diesel 510 0.10 

Hydro (renewable) 46,322 12.10 

Nuclear 6780 1.80 

RES* (MNRE) 96,956 25.20 

Total 384,116 

Table 2 Nexon EV verses nexon petrol 

Model On road price Milage Cost of fuel Per km cost 

Tata nexon xma amt petrol 994,418 15 100 6.6 

Tata nexon ev 1,475,964 312 5.43 0.57 

5000 

6600 

075005 

MAINTANACE COST COST OF RUNNING 1000 KM 

YEARLY EXPENSE 

Tata nexon xma amt petrol Tata nexon ev 

Fig. 3 Yearly expense of car 

Table 3 Maintenance cost 
comparison 

Model Maintanace cost Cost of running 
1000 km 

Tata nexon xma amt 
petrol 

5000 6600 

Tata nexon ev 500 570
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Table 4 Amount that should 
be spent on insurance 

Years Nexon ev Nexon petrol 

1 42,777 20,231 

2 18,406 8918 

3 18,406 8918 

4 9440 4261 

5 9440 4261 

6 9440 4261 

7 9440 4261 

8 9440 4261 

0 
200000 
400000 
600000 
800000 

1000000 
1200000 
1400000 
1600000 
1800000 
2000000 

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 

Chart Title 

Nexon EV Nexon petrol 

Fig. 4 Total distance covered in each year 

Taking into account of the money spent on fuel, insurance, and considering both 
vehicles travel about 10,000 km per year the amount that the user will have to spent 
on each year are (Fig. 4; Table 5). 

When we consider the amount that we have to spent on vehicle for 10 years it 
comes to the conclusion that electric vehicle is cheaper than internal combustion 
engine. 

2.2 What Will Happen at the End of Life? 

At the end of cars life, it will be demolished at will be recycled and used its elements 
for other purposes. In the case of internal combustion engine most of its part is being 
demolished and no much environmental damage is produced with it. But in the case 
of electric car, it’s not the same. Battery is the component that will be affect the 
environment the most. A proper method to recycle battery should be in place to take 
care of the battery in these electric vehicles [16].
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In country like India where most of the recyclable materials thrown off to 
oceans and landfills. Electric car boom will be a concern unless we make necessary 
arrangements to recycling battery. 

3 Working 

An electric vehicle is one that is propelled by electric motors and draws power from an 
onboard electric source. It is more durable and has a simpler mechanical design than 
a gasoline vehicle. Because it does not emit emissions like an internal combustion 
engine, it has a higher fuel economy than gasoline. 

Major components of motor are

• Motor
• Motor controller
• Battery 

The primary purpose of a motor is to transform electrical energy into mechanical 
energy. There are only two primary elements to it. There are rotors and stators. The 
rotor is a revolving component that contains a permanent magnet, whereas the stator 
is a stationary component that houses the stator winding. The stator’s construction is 
similar to that of an induction motor. It’s made of steel lamination that’s been axially 
sliced to allow for winding. 

In most of the electric vehicle, Brushless DC motor is used which is better than 
brushed DC motor, permanent magnet DC motor. Because brushless DC motors do 
not have a brush or commutator, electric vehicles that use them must have a motor 
controller to manage the motor’s numerous attributes and ensure that appropriate 
current and voltage are given to the motor. When the accelerating pedal is pressed, 
the linked variable resistor type controller sends a signal to the motor controller, 
which adjusts the speed according to our requirements. 

A battery’s primary function is to store electric energy. Lithium-ion batteries were 
employed in the majority of hybrid and electric vehicles. For hybrid electric vehi-
cles, plug-in hybrid electric vehicles, and all types of electric vehicles, this storage 
system is frequently required. The majority of automotive manufacturers now employ 
rechargeable batteries as a result of advancements in technology [17] (Fig. 5). 

4 Types of Electric Vehicle 

1. Battery EV:—A battery electric vehicle is made up of an electric motor that is 
powered by a battery. In this sort of vehicle, the movement is powered by an 
electric motor. It doesn’t emit anything. BEVs provide more torque to the wheels 
and smoother acceleration in traffic than internal combustion engines. While the



318 P. T. Hemand Chandran et al.

Fig. 5 Schematic diagram 
of electric motor in a car 

motor is running, it makes no noise. However, there are several drawbacks, such 
as high production costs, a limited top speed, and a longer recharge time. 

2. Hybrid EV:—A hybrid electric car is one that combines an electric motor with 
a modern internal combustion engine. This vehicle is compatible with both 
electric and gasoline engines. Switch to Fuel mode when the electric motor 
stops working. Low-speed mechanical electric motors are employed in HEVs 
for city traffic. There are no emissions when a car runs on electric power. 

3. Range extended EV:—The majority of range-extended electric vehicles are 
designed to run on batteries, but they also contain a gasoline generator to 
replenish the batteries when the battery charge is low [18]. 

5 Types of Batteries Used in Electrical Vehicles 

5.1 Lithium Ion 

Li-ion batteries can be characterized as energy storage systems that rely on insertion 
reactions from both electrodes where lithium ions act as the charge carrier. Negative 
electrodes in Li-ion batteries are primarily made of carbon (e.g., graphite) or lithium 
titanate (Li4Ti5O12), with certain unique materials, such as Li metal and Li (Si) 
alloys. The electrolyte utilised varies depending on the electrode materials employed, 
however it is commonly made up of a mixture of lithium salts and an organic solvent 
to facilitate ion transport. A separating membrane is used to allow lithium ions to 
pass between the electrodes while preventing an internal short circuit [19] (Fig. 6). 

The electrolyte must offer the highest possible lithium-ion transport under use 
conditions. 

The batteries must operate in the general environment, likely to extend from, 
example -30 °C for a vehicle that has been parked for a period of time in extreme 
cold, to +60 °C for a battery that has heated as a consequence of the combination 
of environmental conditions and heat generated by charging. The separator must 
likewise offer the highest possible lithium ion conduction under the same operational
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Fig. 6 Energy cycle in 
electric car 

conditions and must offer the ability for a rapid thermal shutdown if significant 
overheating occurs to prevent a thermal runaway process [20]. 

In terms of rechargeable batteries, lithium-ion batteries have one of the greatest 
columbic efficiencies (CE) ratings. CE is the ratio of total charge extracted from the 
battery to total charge placed into the battery over a full cycle, and it describes the 
charge efficiency by which electrons are moved in batteries. The columbic efficiency 
of Li-ion batteries improves with cycling. To prove this, Panasonic, E-one Moil, 
Sony, LG and Samsung Li-ion batteries in 18,650 cell formats where cycled. Some 
cells began with a columbic efficiency of 99.1% and improved to 99.5% with 15 
cycles. Some started at 99.5% and reached 99.9% with 30 cycles. The consistency 
on repeat tests was high, reflecting in Li-ion being a very stable battery system [12]. 

5.2 Nickel–Metal Hydride 

The hydrogen-absorbing negative electrode replaces the cadmium-based electrode 
in nickel–metal hydride batteries, which are simply an extension of the established 
sealed nickel–cadmium battery technology. While this substitution enhances the 
battery’s electrical capacity for a given weight and volume and removes the cadmium, 
which raises toxicity concerns, the nickel–metal hydride battery’s rest of the compo-
nents are quite similar to the nickel–cadmium product. Many application character-
istics do not differ significantly between the two types of batteries. The nickel–metal 
hydride battery chemistry is a combination of the sealed nickel–cadmium battery’s
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proven positive electrode chemistry and the energy storage properties of metal alloys 
developed for advanced hydrogen energy storage concepts [21]. 

The positive and negative electrodes are separated by separators and form the 
basic components. After injecting electrolyte, the sandwiched electrodes are wrapped 
together and inserted into a metallic container. nickel–metal hydride batteries are 
typically sealed designs with electrically insulated metallic casings and tops. The 
cover serves as the battery’s negative terminal, while the top serves as the positive 
terminal. 

5.3 Lead Acid Battery 

The lead acid battery’s major components are the container and plates. The plates 
transform chemical energy into electrical energy, which is stored in the container. The 
lead acid battery’s container is made of glass, lead lined wood, ebonite, bituminous 
hard rubber, ceramic materials, or moulded plastics and is seated at the top to prevent 
electrolyte discharge. There are four ribs at the bottom of the container, two of which 
support the positive plate and the others the negative plate. The prism supports the 
plates while also protecting them from a short circuit [10]. The material used to make 
the battery containers must be resistant to sulphuric acid, not distort or porous, and 
not have pollutants that harm the electrolyte. The lead-acid cell plate comes in a 
variety of shapes and sizes, but they all have a grid constructed of lead and the active 
material. The grid is necessary for carrying electric current and evenly dispersing it 
across the active material. The active material will loosen and fall out if the current 
is not dispersed evenly. Thin sheets of non-conducting material, such as chemically 
treated Leadwood, porous rubbers, or glass fibre mats, are placed between the positive 
and negative to insulate them from each other. On one side, separators are grooved 
vertically and smooth on the other. The positive and negative terminals of a battery 
are connected. The positive terminal, which has a top diameter of 17.5 mm, is slightly 
larger than the negative terminal, which has a diameter of 16 mm. 

When sulphuric acid dissolves, its molecules split into two types of ions: positive 
hydrogen ions (2H+) and sulphate negative ions (SO4−) that can freely move around. 
If the two electrodes are immersed in solutions and linked to a DC supply, positively 
charged hydrogen ions will migrate towards the electrodes and attach to the supply’s 
negative terminal. The negatively charged SO4− ions gravitated toward the electrodes 
attached to the supply main’s positive end (i.e., anode) [16]. Each hydrogen ion takes 
one electron from the cathode, and each sulphates ion absorbs two negative ions from 
the anodes, forming sulphuric and hydrogen acid when they combine with water. 
The oxygen produced by the above equation reacts with lead oxide to produce lead 
peroxide. As a result, although the lead cathode remains as lead during charging, the 
lead anode is transformed to lead peroxide.
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6 Safety Issues in Battery 

6.1 Over Charging 

Li-ion cells have a very narrow range of operating voltage and temperature. The safe 
voltage charging occurs in three steps: constant current charge (bulk charge), constant 
voltage charge (saturation charge) and trickle charge. A Li-ion cell is considered 
fully charged when its voltage reaches the nominal value and the charging current 
drops to about 3% of the rated value. After the battery’s designed capacity has been 
attained, surplus energy is pumped into the battery in the form of trickle current. 
Overcharge cannot be absorbed by lithium-ion batteries. After attaining full charge, 
forcing even a tiny continuous current causes the cell voltage to rise. The electrolyte 
and solvents breakdown and generate combustible fumes when the cell voltage hits 
roughly. Pressurization of these gases result in battery swelling along with high 
cell temperature, which, in worst condition, may lead to explosion and fire. The 
pressurisation of these gases causes battery swelling and a rise in cell temperature, 
which, in the worst-case scenario, might end in an explosion and fire. 

6.2 Over Discharge 

This is also known as current-collector dissolution. This phenomenon known as over-
discharge happens when a cell is discharged below the designated lower voltage limit. 
This occurs in battery packs that use series–parallel cell combinations to achieve high 
voltage and current. Because it is difficult to have all of the cells in a pack at the same 
charge level, the cells with lower capacity are required to release the same amount 
of energy as the other cells while discharging. When a Li-ion cell is overcharged, 
the copper current collector at the anode dissolves. This copper can be deposited on 
other components, resulting in an internal short. This causes capacity to deteriorate 
or fail over time. 

6.3 Thermal Runaway 

Cycle life of the battery reduces significantly at temperature below 15 ºC and slightly 
above 50 ºC. However, beyond 60 ºC cell temperature, fast reduction in life besides 
the danger of battery going in to thermal runaway is very high.
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6.4 Gas Evalaution 

Gas generation will grow under abnormal conditions such as overcharge, over-
discharge, thermal runaway, and so on, potentially leading to pressurisation and 
explosion. The breakdown of the electrolyte and its reactions with the posi-
tive/negative electrodes are the primary causes of gas generation in Li-ion batteries. 
The amount of gas produced will vary depending on the state of the battery. A safety 
valve is supplied in some high-power Li-ion battery systems to expel the gas [22]. 

7 Life Span of Battery 

The health and lifespan of Li-ion batteries are affected by a number of factors. The loss 
of either capacity or power is a symptom of Li-ion battery performance degradation. 
Capacity is lost when active materials are changed into inactive phases as a result of 
parasitic chemical events, though the problem is complex and difficult to model using 
basic methodologies. When coming to power, parasitic processes occur, the battery 
materials are converted to other compounds that act as transport barriers, raising the 
cell’s internal impedance and, as a result, lowering the operational voltage at each 
discharge rate. 

7.1 Temperature 

One of the most important elements affecting the performance and lifespan of a Li-
ion battery is the temperature of the cells, especially during charging and discharging. 
Overheating the batteries can cause a thermal runaway, with temperatures reaching 
500 ºC. Even a single cell’s thermal runaway can cause a chain reaction with other 
cells, potentially resulting in fire and death. 

All Li-ion batteries have a battery management system (BMS) that regulates and 
controls all aspects of the batteries, including charging, discharging, cell equalisa-
tion and monitoring, as well as controlling the overall temperature of the system, to 
improve the battery’s lifespan and solve the greater safety issue [21]. A BMS in an 
electric vehicle can perform data logging, report to a Supervisory Control Module, 
and improve battery performance and optimise vehicle operation, such as protecting 
from safety hazards such as fire and shock, maintaining an optimal operating envi-
ronment, state of charge, depth of discharge, charge/discharge power, and battery 
cell balancing for improved battery life and efficiency.
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7.2 Charge and Discharge Rate 

A common charging convention known as constant current constant voltage is recom-
mended by most manufacturers (CC-CV). When charging, the system maintains a 
steady current until the battery reaches the maximum charging voltage, then decreases 
the current to keep the charging voltage constant to avoid the cell being overcharged. 
The charger evaluates the battery condition while it is being charged and adjusts the 
charge current as needed. An ultra-fast charger may charge at up to 10 ºC at first, then 
drop to 1 ºC or even lower when the battery reaches its typical working voltage. This 
extra current increases the stress on the battery during the initial charging time, which 
raises the battery temperature. The goal is to keep the electrodes from becoming 
lithium plated while maintaining a normal working temperature. As a result, only 
use ultra-fast chargers when absolutely essential [23]. 

7.3 Ways by Which We can Increase the Life Span of Battery 

It is also feasible to improve the electrode design and boost battery capacity by exam-
ining the design and/or size of the materials used in the battery’s manufacture. It is 
possible to reduce the heat created during operation by lowering the internal resis-
tance of the electrodes, hence increasing the cell capacity and lifespan. It is feasible 
to optimise transport distances or route ion travel to increase overall conductivity 
and thermal performance by altering the material as it is manufactured. This can be 
accomplished by coating, doping, or depositing electrodes as they are manufactured. 
These modifications have improved the material’s strength while also increasing its 
thermal efficiency and total capacity [16]. 

8 Impact on Human 

One study estimates that the potential human toxicity effects of the production phase 
to be between 2.2 and 3.3 times greater for BEVs than ICEVs. Cobalt, graphite, and 
lithium are all used in the production of lithium-ion batteries. 

8.1 Cobalt 

Food and beverages are the most common sources of cobalt exposure for the general 
public. Cobalt is sometimes present in cement and other things that we use on a daily 
basis. When cobalt enters the environment through dust, water, or soil, it generates a 
slew of negative consequences including contamination. Estimates of cobalt exposure
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imply that more than 99 percent of it comes from the food we eat every day. Cobalt 
can induce dermatitis, rhinitis, and asthma in people who are sensitive to it. Some of 
the health effect of cobalt is cancer, respiratory effects cardiac effects, haematolog-
ical effects, cardiovascular effects, renal effects and hepatic effects. Adsorption, bio 
sorption of metal by various fungal species, bio sorption by bacteria, bio sorption by 
yeast, and phytoremediation are all physical methods for removing cobalt. Chem-
ical processes include chemical precipitation, coagulation, and flocculation, as well 
as electrochemical chemical treatments, ion exchange, membrane filtration, metal 
precipitation, and electro dialysis [24]. 

8.2 Lithium 

Many lithium reactions can result in fire or explosion. In a fire, emits unpleasant or 
hazardous fumes (or gases). The chemical is harmful to the eyes, skin, and respiratory 
system. When consumed, it is corrosive. Lung oedema may occur if the chemical 
is inhaled. Lung oedema symptoms often do not appear until a few hours later, and 
they are exacerbated by physical exertion. As a result, rest and medical observation 
are required [6]. 

8.3 Lead 

Lead serves no biological purpose in the human body. It builds up in the body and 
affects nearly every organ system. Lead poisoning can have long-term and devastating 
effects on people of all ages, but it is especially hazardous to children. Lead serves 
no biological purpose in the human body. It builds up in the body and affects nearly 
every organ system. Lead poisoning can have long-term and devastating effects on 
people of all ages, but it is especially hazardous to children. Lead-acid batteries are 
used in automobiles, to store energy generated by solar panels and wind turbines, 
and to provide backup power. The growing usage of renewable energy sources, 
which necessitates the need for storage batteries, as well as the rising need for motor 
vehicles as countries progress economically, means that lead-acid battery demand 
will continue to rise. 

Lead can be emitted in the form of fumes, particles, and dust at any point during 
the battery recycling process, from draining and dismantling the batteries to smelting 
and purifying the lead. Recycling can pollute the environment, exposing workers and 
the surrounding community to dangerous levels of contamination. Recycling workers 
who do not wash and change their clothes before leaving work may transport lead 
pollution home with them, potentially exposing family members. Recycling workers 
who do not wash and change their clothes before leaving work may transport lead 
pollution home with them, potentially exposing family members [8].
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9 Conclusion 

As the E vehicle industry is expanding at a exponential rate, there are many advantages 
attracting people to get a hold of these new generational automobile. Of all the 
points discussed in the above paper, two of them which need utmost attention are the 
recycling of the battery which are used in the vehicle and the mining of rare earth 
metals for the manufacturing of automobile. With current raw material prices and 
battery composition, all recycling methods have been proved to be cost-effective in 
large volumes. When opposed to the extraction of virgin materials, recycling has a 
lesser environmental impact. 
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Flash Flood in Himalayan Region 
of Uttrakhand (A Case Study 
of Kedarnath Flood 2013 and Rishi 
Ganga Flash Flood, Reini Village 2021) 

Nitesh Sharma, Kanchan Deoli Bahukhandi, and Siddiqui Nihal Anwar 

Abstract The climate change significantly affect the glacial of Himalayan region. 
The flash floods are one of the most perilous climate-related disastrous events in the 
Himalayan region. Such floods grow under six hours after the rainfall that prompted 
risky circumstances for individuals and cause loss of life, property and environ-
ment. Just about seven years after such flash floods attacked the Kedarnath valley in 
Uttarakhand, around 5000 individuals were killed, and the scientists have cautioned 
that conditions were creating for a comparative misfortune going to happen in the 
district again. The cloudburst situation on every next day had occurred mainly in the 
Uttarakhand caused decimating floods and landslides turning into the nation’s most 
exceedingly awful natural disaster event since the tsunami in the year of 2004, which 
was about 375% more than the benchmark rainfall during an ordinary rainstorm. 
Aside from the social, political, and affordable misfortunes, such natural disasters 
adjust the prior landscape of Kedarnath region. This paper provided the satellite data 
for the year 2007, 2013, and 2019. The information and data are compared with 
before the event of the flash flood and after the flash flood and its impact caused 
alongside. The comparative analysis have also been carried out by using the GIS and 
Remote Sensing techniques by comparing before and after flash flood event. 

Keywords Flash flood · Himalayan region · Geographic Information System ·
Natural disaster · Remote Sensing · Risk assessment 

1 Introduction 

The weak idea of worldwide tourism is one of the significant worries for possible 
management. Disaster management is a significant part of any tourism destination
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(particularly despite an emergency). The particular possibilities, for example, war, 
crime waves, epidemic, and natural disasters impacts affect any community, region, 
state, or country. Any potential objective is presented to at least one of the above 
dangers, which can scrutinize the security of residents, travelers, and can hamper the 
market view of that particular destination [1].

The 2013 calamity in Uttarakhand is viewed as India’s most noticeably awful 
natural disaster since the December 2004 caused by Indian Ocean tidal wave, these 
areas are in danger from the staggering impacts of future tidal wave because of the 
presence of a structural intelligent plate [2], absence of a tsunami warning system in 
the Indian Ocean, and absence of set up correspondence network giving opportune 
data to that region [3]. Weighty, constant downpours have made uncommon harm to 
life and property where heavy waterways from the Himalaya cleared away streets, 
scaffolds, houses, and structures in the whirling water, whirling is main driver of 
harm like exhaustion, scraped spot of toward the back harsh cylinder bearing and oil 
spillage at the fixing and makes different issues emerge, for example, propeller shaft, 
harsh cylinder orientation and harsh cylinder fixing gadget [2]. As per government 
authorities, in excess of 1000 people are normal dead with in excess of 6000 absent 
and many thousands have been uprooted. The heavy rainfall somewhere in the range 
of 15 and 17 June 2013 flooded the zone causing unreasonable gulley disintegrations 
and silt statements on its way. It is proposed that during the evening of 16 June 2013, 
because of perpetual precipitation, a huge volume of water conveying an immense 
measure of residue, and trash from cold moraines also, encompassing zones struck 
Kedarnath town and washed off its upper parts [4]. Using a daily rainfall data set, 
Goswami et al. [5] have shown (i) significant rising trends in the frequency and 
the magnitude of extreme rain events and (ii) a significant decreasing trend in the 
frequency of moderate events over central India during the monsoon season [6]. 

Different reasons have been seen for this catastrophe. Some propose this the 
occasion happened because of flash floods and others are agreeable to a cloud burst. 
The primary reason behind such a voluminous stream is a penetrate in the snowmelt 
and rain fed Chorabari Lake (3960 m AMSL, roughly 400 m long, 200 m wide, 
15–20 m profundity) otherwise called Gandhi Sarovar Lake, which was dammed by 
the moraines stored by the Chorabari glacier [4]. 

Despite the fact that all potential results of the environmental disaster are yet to be 
determined it has been considered as a critical factor for expanding the weakness of 
communities, particularly of poor people, ladies, and negligible networks living in 
disaster-inclined zone. There are a few factor adding to the flooding issue covering 
from geography, geomorphology, seepage, designing constructions and environment 
as indicated by the current work done by nearby scholars [7]. These segments of 
the social orders are generally more vulnerable to the account of more prominent 
reliance on atmosphere delicate areas like farming and forestry for their occupations 
or restricted versatile limit. In the current years, the constancy of natural and anthro-
pogenic calamities has expanded in the whole Himalayan district making it one of 
the most powerless and delicate areas of the world. 

Changes in rainfall pattern and bursting of high-height glacial lakes conjure flash 
floods and cloud burst in the upper Himalayas prompting flooding circumstances in
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the down-stream, the effect of large stream bodies outpouring might cause changes in 
downstream hydrology and geomorphology like change in absolute streams, change 
in occasional planning of streams, momentary vacillations in streams, change in 
outrageous high and low of stream, channel disintegration and statement, riverbed 
creation, and so forth [8]. Also, the expanded frequency of forest fires, soil disin-
tegration, and changes in land use the example that is influencing the natural life 
and people similarly. A gigantic flash flood after hefty rainfall in the high height 
districts of Kedarnath valley in Uttarakhand in the year 2013 caused the greatest 
provincial natural disaster of the century that slaughtered a large number of individ-
uals which incorporates local people and sightseers from everywhere India just as 
far off nations. The disaster was bothered because of the few disregarded develop-
ments in the delicate mountains and monstrous infringement of the stream beds. It 
has additionally brought about long haul socio-efficient and biological emergency 
in the area. The current paper subsequently means to underline and talk about the 
social and environmental weakness in the Kedar valley in the outcome of the 2013 
disaster [9]. 

2 Rishi Ganga Valley Flash Flood 

The Flash Flood in Rishi & Dhauli Ganga river, Uttarakhand Himalayan region 
occurred on 7th Feb 2021, Because of the collison, the Himalaya is seismically 
exceptionally dynamic, rough and delicate mountain framework. Further, slants in the 
higher Himalaya are by and large exceptionally steep and subsequently profoundly 
inclined to landslides, prompting weighty loss of both life and property [10]. There 
were casualty of 65 people and more than 141 people had missing report and Devas-
tated 2 Hydropower projects. Flood was triggered by a combination of avalanche 
and debris flow. Glacier was melt due to global warming (climate change). Climate 
change is the subject of how weather examples change over many years or more, 
Climate change happens because of regular and human impacts and Since the Indus-
trial Revolution (i.e., 1750), people have added to environmental change through the 
outflows of GHGs and vapor sprayers, and through changes in land use, bringing 
about an ascent in worldwide temperatures [11]. After Glacier was melt, it mixed 
with the Rishi & Dhauli ganga river. Since, the lakes are formed at higher elevations, 
the downstream impact is going to be severe due to extremely rapid debris flow. 
The breaching and associated flash flood are called GLOFs (Glacial Lake Outburst 
Floods). The study is not only for incorporating the disaster risk assessment in devel-
opment planning of Himalayan region but also routine monitoring of potential area 
of geological failures in glaciated valleys along with supra-glacial lake [12].
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3 Hydraulic and Hydrological Simulation 

A significant test related to flash floods is the quantitative character of the forecast; 
the undertaking isn’t simply to estimate the event of an occasion, which is trouble-
some enough without anyone else, however, to foresee the extent of the occasion. It 
is the measure of precipitation that changes a generally conventional rainfall into an 
unprecedented, dangerous circumstance, The increase the recurrence of outrageous 
precipitation, for example the quantity of occasions per unit time with force over a 
given limit, has commonly gotten substantially less consideration [13]. This test is 
exacerbated by the cooperation of meteorology with hydrology. Advances in flood 
estimating past the current situation with the-workmanship are to be accomplished, 
among others, based on broadening figure lead-time. This should be possible by 
climate gauging at different worldly and spatial goals. The downpour check is the 
most fundamental meteorological instrument for estimating the measure of precip-
itation at a specific area. Downpour measure records are helpful for meteorology, 
hydrology, agribusiness, and scientific and viable exercises. For the last mentioned, 
precipitation records can be utilized to assess the effect of the measure of precipitation 
on the plant water needs and its nonappearance in dry spell conditions [14]. 

The unremitting rainfall occurred at Uttarakhand region during 15–17 June 2013, 
caused annihilating floods and avalanches in the nation’s most exceedingly terrible 
natural disaster since the 2004 wave. Specialists stated that it is another alert with 
respect to the effect of fast environmental change on the environment. 

The extraordinary decimation in rainfall in Uttarakhand caused due to an excep-
tional meteorological occasion as because of informal formative exercises attempted 
in ongoing many years adding to the loss of lives and property. The satellite symbol-
isms show that gigantic avalanches happened in the upstream upper east district of 
the Kedarnath valley because of focused energy rainfall. 

In the current work, a hydrological and hydraulic reenactment study was done 
on the Mandakini River to comprehend the occasions which occurred in the Kedar-
nath valley during 10–18 June 2013. The disaster was because of a coordinated 
impact of hefty rainfall power, the abrupt outburst of a lake (Chorabari), and steep 
geological conditions. The total situation was reenacted in the Geographic Informa-
tion System (GIS) environment utilizing far off detecting information contributions 
through HEC–HMS and HEC–RAS hydrological demonstrating software. 

As per the India Meteorological Department, combined rainfall during 14–18 June 
2013 at Tehri, Uttarkasi, Tharali, and Jakoli was 381, 359, 326 and 390 mm separately. 
This high rainfall was because of a solid connection between an approaching box in 
the westerlies and the solid southeasterly storm wind stream in relationship with a 
rainstorm low-pressure framework over the North Indian district, bringing about the 
advancement of lower tropospheric wind combination over Uttarakhand and neigh-
boring areas. Due to the solid collaboration between an approaching mid tropo-
spheric box in the westerlies and the solid lower-tropospheric south easterly storm 
wind stream in relationship with a rainstorm low-pressure framework over the North
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Indian locale, a lower tropospheric wind assembly zone created over Uttarakhand 
and its adjoining areas [15]. 

Because of the non-availability of adequate rainfall field information, satellite-
based rainfall information was utilized in the current examination. Tropical Rainfall 
Measuring Mission (TRMM) 3 h rainfall information of 0.25 × 0.25° spatial goal 
pictures were utilized in the examination for the period 10–18 June 2013, covering 
the Alaknanda and Bhagirathi catchments, the variability of release from both the 
catchments decides the stream system in the waterway Ganga. The worldwide idea of 
waterway Ganga and its colossal bowl makes its review muddled and its hydrological 
information hard to get [16]. Day by day aggregated rainfall was determined. The day 
by day rainfall dispersion fluctuates spatially from 50 to 200 mm during 15–17 June 
2013. Gathered rainfall figured in the Bhagirathi and Alaknanda catchments during 
10–18 June 2013 was discovered to be 550 and 530 mm separately. It was seen that 
substantial rainfall happened on 10 and 11 June 2013 also; these predecessor weighty 
rainfall occasions raised the dirt dampness to immersion level and the ensuing rainfall 
occasions brought about full run-off in the catchments. Transient dispersion of rainfall 
in these two bowls from 10 to 18 June 2013. Accordingly, the residue were contributed 
from two significant sources: the moraines and alluvial fans situated in the Trans and 
Higher Himalaya; and the avalanches in the Higher and Lesser Himalaya, Although 
the flood was the aftereffect of a focused energy precipitation occasion, the greatness 
was expanded because of the multiplication of settlements along the waterway and 
a progression of to some extent developed blasts on the river bed [17]. It tends to be 
discovered that rainfall which happened during 15–17 June 2013 was the primary 
setting off power behind the disaster. Remote satellite pictures of 28 May and 21 June 
2013 showed that there was roughly 30% expansion in snow cover in the Alaknanda 
and Mandakini catchment territory. 

It is an uncommon marvel to have a snowfall of this degree during June. As per 
the energy balance hypothesis, snowmelt during the snowfall time frame will be 
less. However, Spatial variety of rainfall in Bhagirathi and Alaknanda catchments 
as blocked by TRMM on 15, 16, and 17 June 2013 (in mm). But, because of the 
kinetic energy of extreme focus rainfall, dissolve might have quickened from the 
new day off. The stream in the Mandakini River preceding the occasion, as indicated 
by the Central Water Commission information, was of the request for 50–150 m/sec, 
which was an aftereffect of snowmelt as there was no critical rainfall before the occa-
sion. Consequently, considering the pre-occasion snowmelt run-off and increment 
in the new snow cover during the occasion, an accepted normal snowmelt run-off of 
150 m/sec was considered in the flood hydrograph calculations. 

4 Geological Structure 

The geological set-up of a zone assumes an indispensable job, which controls the 
whole lithological surface of the specific region. The region among Sonprayag and 
Kedarnath lies in Vaikrita Group [4] of Central Crystalline, which includes the
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Munsiari, Joshimath, Pandukeshwar, and Pindari Formation. In Kumaon, these crys-
talline were incorporated as a fundamental piece of the “Focal Crystalline Zone” by 
Kazunori. Kedarnath sanctuary and the municipality are situated over the stones of 
Kyanite Sillimanite zone of Higher Central Himalaya. The geological statement of 
the zone proof that the higher focal glasslike mass overlying the lower Meta silt of 
Garhwal window arrangement alongside Thrust contact for example Fundamental 
Central Thrust (MCT). 

5 Geomorphology Structure 

Geomorphology of any hilly locale incorporates mostly four qualities that are 
significant for depicting the cycle following up on them. These are: 

1. Height, regularly in outright terms; 
2. Steep, even sharp slopes; 
3. Rough landscape; and 
4. The presence of day off ice. 

The examination zone is exceptionally analyzed into various little edges and prods, 
wide U—molded to limit V—formed valleys, profound chasms to wide outwash 
fields with an assortment of inclines. The whole valley from Rambara up to the nose 
of the Mandakini waterway (Chorabari Glacier) is shrouded with frosty stores as the 
sidelong and average moraine. The region is covered by erosional just as depositional 
highlights including cirques, horns, edges, alluvial fans, morainic stores, bone cones, 
porches, and so on The absolute bottom in the Kedarnath region is Sonprayag for 
example the intersection purpose of Mandakini and Songanga Rivers, though the 
most noteworthy raised culmination is known as Kedarnath top (6940 m) Wadia 
establishment of Himalayan Geology, 2013, is the institute which has been set up to 
do investigate towards the advancement of new ideas and models for the geodynamic 
development of the Himalaya and foster investigation procedures and the executives 
of the regular holds like minerals, modern material, icy masses, and water [18]. 

6 Analysis of Weakness to Environmental Risks 
in Kedarnath Valley 

Extraordinary atmosphere related fiascoes emerge because of the connection of atmo-
sphere related unsafe occasions with the human and natural weakness, and their 
presentation and adapting capacity. Increasing paces of such negative changes in the 
atmosphere framework increment the danger of disasters, effects of which are by and 
large irreversible and inconvenient. It has now settled by an investigation of Wadia 
Institute of Himalayan Geology, that the impact of atmosphere inconstancy was one 
of the main considerations behind the disaster as the absolute terminal retreat of



Flash Flood in Himalayan Region of Uttrakhand … 333

Chorabari glacier somewhere in the range of 1962 and 2003 was around 262 m at a 
normal pace of 6.4 m per annum, and during 2003–2010 at a normal of 9.3 m per 
annum. It shows that about 9.6% territory of the glacier has been lost and which has 
been affirmed by the IPCC Synthesis Report too, which is the cryosphere coordinates 
climate varieties throughout a wide scope of time scales, making it a characteristic 
sensor of environment changeability and giving a noticeable articulation of climate 
change, Previously, the cryosphere has gone through enormous minor departure from 
many time scales related with ice ages and with more limited term varieties like the 
Younger Dryas or the Little Ice Age [19]. 

River Mandakini begins from the Chor Bamak glacier close to Kedarnath hallowed 
place and is generally taken care of by a few mountain streams. Mandakini joins 
Alaknanda at Rudraprayag and afterward Alaknanda joins Bhagirathi at Devprayag 
to frame the Ganga. The June 2013 catastrophe happened during the pinnacle trav-
eler and journey season and not long previously the beginning of storm when by 
and large such hefty downpours are not anticipated. It was maybe the most exceed-
ingly terrible disaster of the ongoing hundreds of years in which in excess of 6000 
journey and local occupants were cleared away by the flash flood. It high measures 
of precipitation, joined with exceptionally productive and fast overflow on gener-
ally little catchments, are common of flash floods. A flash flood promptly follows 
the actuating storm occasion whereas the term ‘flash’ itself demonstrates an abrupt 
fast hydrological reaction of a generally little catchment, where water levels might 
ascend to their most extreme in no time or a couple of hours after the beginning of 
the downpour occasion [20]. The disaster harmed around 2174 streets, 85 engine 
spans, 140 harness spans, 995 public structures including school structures, emer-
gency clinics, ladies and kid improvement focuses, block workplaces, and other 
private structures, 2540 houses either completely or then again incompletely harmed 
in the five influenced regions. It grabbed network to around 4200 towns and upset 
the whole correspondence framework. Radio semiconductor set is viewed as one of 
the significant public location frameworks around the world, which can be utilized 
effectively during any crisis, for example, environmental disaster, war, pestilence at 
least expense and support. In the examination zone, just 10.85% of families had a 
radio semiconductor set before the disaster, which was decreased to 3.89% after the 
misfortune. Nonetheless, about 90.28% of families in the influenced locale had TVs 
before the disaster, which was likewise decreased to 57.89% after the misfortune. 
It is assessed that the area endured an absolute loss of property worth 12 million 
including the loss of correspondence lines and other framework. Despite the fact 
that the accessibility of web association among the considered families was very 
poor before the disaster as just 12.33% of groups of Chandrapuri bunch had the 
web association yet it went to invalid after the fiasco. Presently 64% of individuals 
have cell phones while before the disaster practically 98% of individuals had it. The 
significance of cell phones as a wellspring of availability is notable to the individ-
uals however because of helpless organization just as sporadic power individuals are 
being debilitated to have cell phones. Any appraisal of the effect of disaster-related 
weakness includes community cooperation at all levels. The recognizable proof of
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dangers and the elements liable for weakness are pivotal in the investigation and 
outlining techniques for adapting and transformation to the circumstance. 

The customary method for dealing with stress to the weaknesses dependent 
on the conventional information framework should be converged with present day 
logical systems and techniques to accomplish better outcomes in the distant moun-
tain regions. Considering this, community support, joint effort, ID of objectives, 
hazards, appraisal of community limit, combination of customary and current inno-
vations, mindfulness, and expertise improvement of the community could be useful 
in lessening weakness in the valley. 

7 Sequence of Happened Event in the Area of Mandakini 
River 

There is no denying the way that there were hefty downpours in the region that 
prompted the expanded release of the streams and waterways. The equivalent is 
affirmed by rainfall and water level information. 

Decimation in the Mandakini valley occurred in two flood occasions on 16 and 
17 June 2013 and the last was related to the break of Chorabari Tal that had collected 
enough water to compel the moraine hindrance to give way. The previous occasion 
that washed off Rambara in the late night of 16 June 2013 could just occur by the 
bar of the course of Mandakini in the nearness of Kedarnath in order to (i) flood 
Kedarnath, (ii) power water into the relinquished eastern the channel of Mandakini 
and (iii) guarantee that enough water is seized to obliterate Bambara and Gaurikund 
with the unexpected evacuation of the hindrance. Hydro—geomorphic arrangement 
of the zone shows that Dudh Ganga is the just significant stream joining Mandakini 
among Kedarnath and Rambara that has the capability of cutting down enough trash 
in order to guarantee impoundment of Mandakini stream. Besides, the conversion 
of Mandakini and Dudh Ganga is situated at a spot bar over which could flood 
Kedarnath. Barricade at a downstream spot would not influence Kedarnath in view 
of the high angle of the stream in the zone. 

It was this bar of Mandakini on 16 June 2013 that prompted the impoundment of 
the channel toward the west of Kedarnath. The dike on the left bank of the channel 
before long gave way and the relinquished channel of Mandakini toward the east 
of Kedarnath got dynamic. It was this occasion that brought about washing off of a 
few individuals in the late night of 16 June 2013 from Kedarnath, that in this way 
became water bolted. The rising degree of the landslide dammed lake constrained 
the boundary to give way furthermore, the resulting floods crushed Rambara and 
Gaurikund as additionally, the walker connect over Mandakini close to Kedarnath. 
All networks with the territory was along these lines snapped. 

Constant downpours caused the degree of water in Chorabari Tal to rise. With 
the downturn of the glacier, the lake had a powerless moraine boundary that proved 
unable to withstand persistently rising hydrostatic weight. The stage was hence set
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for a significant disaster in Kedarnath and the boundary gave path around 0700 h on 
17 June 2013. The volume of water was colossal and it conveyed with it enormous 
cold stones and outwash material that gagged the western channel of Mandakini and 
the progression of water and trash got redirected towards Kedarnath municipality that 
was in this manner attacked. There was definitely no admonition and a great many 
people were overwhelmed furthermore, had the opportunity to react. Other than 
Kedarnath, this occasion caused demolition in Bambara, Gaurikund, Sonprayag, and 
different spots. 

8 Optical Remote Sensing of the Floods 

9 Microwave Remote Sensing 

Satellite information comparing to High Flood Levels (HFL) utilized (Figs. 1 and 
2). 

Mostly during 2003–2013 (around 100 satellite datasets) Important occasions 
remembered for expansion to 2003–13 information. 

i. 1998-Assam 
ii. 2000-West Bengal 
iii. 2002-Bihar floods 
iv. 1988-Delhi floods 

Fig. 1 Optical remote sensing map of pre-flood and during flood
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Fig. 2 Optical and microwave remote sensing map of Flood 

Complete satellite-based greatest flood immersed region—Aggregated Flood 
Area—is about 10.934 MHA. 

10 Role of Geographical Information System in Disaster 
Management 

Disaster Mitigation and Management Center (DMMC) of Uttarakhand Government 
has given a brief description of drainage residence, street, water system, health frame-
work, remote correspondence offices, and wellbeing maps for all locale of Uttarak-
hand arranged in GIS. NRSC has arranged Landslide danger maps for all the Char 
Dham courses utilizing GIS. For J&K, the Ministry of Environment and Forests as a 
team with the Indian Space Research Organization has gathered a National Wetland 
Atlas where point by point wetlands, settlements, streets, railroads, and waste guides 
have been made in GIS. 

The above data ought to be made accessible to Disaster Management bodies, 
Public Administrative bodies and local individuals for arranging, asset assembly, 
and quick and composed reaction when natural disasters strike at the individual and 
community level [21]. 

11 Impact of the Disaster 

The following disaster was statewide. Of all shapes and sizes waterways and mountain 
streams all through the state burst their banks unleashing devastation in close by 
towns. The weighty downpours destabilized mountain inclines causing landslides at 
a great many areas. The fundamental effect was felt close to the more delicate high
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ranges. It was given the primer appraisal information incorporated by various offices. 
In spite of the fact that a portion of the numbers was not clear, they uncovered the size 
of the disaster. The accompanying passages quickly portray the idea of the effects. 

Floods: Flash floods are a typical event in the Himalayas however the oblitera-
tion at numerous areas this year was exceptionally unordinary. Huge streams like 
the Ganga, Kali, Saryu, and Ramganga (E) penetrated their risk marks. The Ganga 
immersed Rishikesh and Haridwar. Its feeder, River Bhagirathi, flooded pieces of 
Uttarkashi while the Alaknanda suffocated portions of Srinagar under 30 feet of 
water, mud, and residue. The Mandakini level rose 30–50 feet in its lower reach, close 
to Rudraprayag. Floods influenced all aspects of the state; country and metropolitan 
zones the same. The Yamuna immersed Vikasnagar. 

Landslides: In a starter appraisal, the Indian Space Research Organization (ISRO) 
distinguished 2395 landslides in different pieces of the Mandakini, Alaknanda, and 
Bhagirathi watersheds (www.bhuvan-noeda.nrsc.gov.in). Just about 200 of them 
were among Kedarnath and Gaurikund. Street and media transmission joins were 
seriously influenced. 

Loss of infra: Infrastructure in Uttarakhand was gravely hit. Streets, spans, elec-
trical cables, irrigation trenches, drinking water flexibly frameworks, media trans-
mission pinnacles and lodgings and houses were obliterated or harmed. Authorities 
esteemed the lost structures at several billion rupees (www.tehelka.com). The ensuing 
business misfortunes were comparable. The vast majority of the serious harm was in 
the northern locale of Uttarkashi, Rudraprayag, Chamoli, Bageshwar, and Pithora-
garh. Government information indicated that 145 extensions had been cleared away 
and that streets were harmed at more than 2300 areas. A rampaging Mandakini stream 
cleared away most scaffolds across it. The more than 100-years of age connect inter-
facing India to Nepal at Jauljibi was washed away by the Kali waterway. In certain 
spots, individuals suffocated attempting to cross swollen mountain streams on shoddy 
extensions. 

Life and Livelihoods: The human misfortune coming about because of the disaster 
is grimmer. Without homes, lands, and domesticated animals, the fundamental voca-
tion resources of thousands of rustic families, reestablishing jobs will be a significant 
test. The sudden finish of the yatra season and its far-fetched resumption on this scale 
soon will ruin a great many families whose men administration travelers and sight-
seers on the yatra courses. They work taxis, transports lodges, dhabas, and slow 
down; some guide doormen conveying the youthful, old, and weak on their backs 
thousands of these individuals and the creatures were simply swept the Kedarnath. 

12 Methodology 

Information source.

• To satisfy the motivation behind this exploration paper computerized rise model 
(DEM),

http://www.bhuvan-noeda.nrsc.gov.in
http://www.tehelka.com
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Fig. 3 Flow chart of risk map of flood 

• Survey of India (SOI) toposheets,
• pre and post-disaster satellite picture of the investigation territory,
• CARTOSAT-1 and CARTOSAT-2 information could be used. 

13 Technique 

The land use and land cover (LULC) guide of the investigation zone were character-
ized utilizing the administered grouping procedure. To contemplate the harmed zone 
of Kedarnath, distant detecting and GIS methods were a utilized, and the harmed terri-
tory delegated high, moderate and low dependent on the force of the harms. The Built-
up land, chilly/day off, slant, late moraine land, spring/tank, transport/foundation, 
valley, and water body are the LULC highlights characterized in this examination 
(Fig. 3). 

The lessons learned while reacting to this disaster can help in fortifying the 
a disaster management framework. 

14 Data Management 

Interchanges having been disturbed not long after the disaster, there was no data 
coming to Emergency Operations Center (EOC) from the disaster influenced terri-
tory. Other than postponing the reaction this simultaneously added to the disarray as 
various adaptations were being circulated because of the absence of real data. EOC
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simultaneously was accepting countless solicitations for refreshed data from author-
ities, media, and the closest relative of the people who had approached Uttarakhand. 
To adapt up to the expanding heap of quarries various new phone associations were 
hastily enacted at the EOC. The emergency operations center (EOC) is a fundamental 
part of current emergency managements, previously understood as where authori-
ties speak with the general population, support coordination, oversee tasks, create 
strategy, accumulate data, and host guests [22]. 

Many phone numbers were subsequently coursed through different modes and the 
equivalent added up to disarray. Earlier courses of action for media preparation and 
giving data to the closest relative of the people visiting Uttarakhand were additionally 
not set up. This brought about congestion at the EOC that frequently upset everyday 
practice working. 

The consistent inflow of refreshed, true, and dependable data is fundamental to 
the powerful management of any disaster. There subsequently must be a component 
for guaranteeing the inflow of refreshed data from the disaster-influenced zone. The 
data got at the EOC from various sources is frequently voluminous and therefore 
there must be satisfactory data taking care of abilities with the goal that the data is 
immediately dissected and utilized for dynamic for reaction and asset assembly. The 
correspondence framework ought to be strong and solid with at any rate triple repe-
tition to guarantee the accessibility of elective correspondence under all conditions. 
EOC ought to simultaneously have a solitary phone number with various lines and 
with the capacity of being upscaled during serious disaster occurrences. A committed 
four-digit complementary number of the EOC (1070) can be utilized for this reason. 
The equivalent can be promoted through different modes. The utilization of one 
number would be advantageous for all concerned. After any disaster media people 
are under gigantic strain to report the most recent updates and absence of data from 
the genuine sources frequently results in gossipy tidbits that add to disarray and 
injury of the influenced populace. This at the same time cripples the ones occupied 
with post-disaster tasks. Unique care, therefore, should be taken for a preparation of 
media at standard stretches by the properly approved individual approaching verified 
cutting-edge data and the people engaged with tasks ought not be overburdened with 
the duty of associating with media. Media ought to simultaneously be deterred from 
wandering into the EOC. 

In the repercussions of any disaster closest relative of the influenced people are 
anxious to think about the government assistance of their friends and family. Separate 
courses of action have therefore to be made for reacting to such quarries. Unique 
consideration should be taken in cases where there is a chance of semantic contrasts 
between the ones answerable for reacting to public quarries and the expected guests. 

In spite of cases of preemptive guidance with respect to the rate having been 
imparted to the government that was conveyed was nothing in a way that is better 
than a general forecast foreseeing hefty rainfall all through the state. Endeavors for 
the departure of the people prone to be influenced could therefore not be started ahead 
of time. Dependable admonition, with adequate lead-time, that is exact in reality and 
its powerful correspondence, in an understandable way, to the populace liable to
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be influenced by the occasion is the way to sparing human lives and moderating 
misfortunes. 

15 Warning 

With the current situation with logical information and the technological headway 
it is conceivable to produce and scatter admonitions of meteorological occasions 
well ahead of time. The adequately thick network of meteorological observatories 
with genuine time information transmission offices is anyway an essential for this, 
especially in the Himalayan landscape where climate boundaries are profoundly 
factored over short separations, which is keeping a limit among science an strategy 
in process of synthesizing science for strategy [23]. 

The network of meteorological observatories with ongoing information transmis-
sion abilities coordinated with rainfall—based landslide and flood forecast module 
can be used for creating dependable alerts well ahead of time. A framework skilled 
of promptly imparting these admonitions to the grassroots level, in a way that recom-
mends activities to be started by individuals everywhere, must be an indispensable 
part of the notice framework. As the area is visited by vacationers and explorers 
in enormous numbers, portable informing administration with the arrangement of 
programmed conveyance of the notice to all dynamic cell phones in the zone prone 
to be influenced by the said cautioning could be considered for this. The admoni-
tion can simultaneously be shown at places where individuals assemble in enormous 
numbers and the equivalent can likewise be broadcasted through FM and other radio 
networks as additionally broadcasted through TV channels. Arrangements of the 
Disaster Management Act, 2005 can be used to guarantee that these messages are 
given high need by all media houses. 

16 Relief and Rescue 

In spite of the fact that profoundly specific and well prepared, the reaction powers 
brought in for search and salvage in the fallout of any disaster are regularly not 
familiar with the local landscape and climate conditions. They simultaneously don’t 
have reasonable information on the elective courses, locally accessible resources and 
challenges, and difficulties that are probably going to be confronted while under-
taking salvage. This is regularly basic, especially in the rugged landscape, and along 
these lines, the responders got from outside are regularly not excessively powerful. 

The local individuals, therefore, appreciate the particular vital preferred position 
and in nearly all disaster occasions local individuals and different survivors are the 
people on the call. It is therefore suggested that local masses be prepared in search 
and save and be sufficiently prepared so they are more ready to confront the disaster 
and help their community. The particular reaction powers being raised by the states
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ought to simultaneously have an adequate number of people knowing about local 
ground real factors. This would guarantee their adequacy in case of any disaster. 

17 Governance 

Disaster management is a multi-departmental issue, coordination, and solidarity of 
order are basic to the accomplishment of the post-disaster reaction. SOPs and conven-
tions relating to the equivalent must be therefore to be set down, coursed, and prac-
ticed well ahead of time to preclude the chance of breaches after a disaster has 
struck. As per the set down, SOPs senior individuals telling authority should assume 
responsibility for the issues not long after the disaster darning or sway. 

Surveying the quantity of people engaged with the disaster was a significant test 
furthermore, there were differing claims from different quarters that additional to the 
disarray. 

It is therefore necessitated that the journey, in regions where individuals need to 
travel, be managed and the main a predetermined number of people be permitted 
past a specific point after appropriately enlisting their subtleties. 

Wellbeing registration should be made compulsory for all people wishing to 
wander past a given elevation. They ought to simultaneously additionally be informed 
on the territory conditions, climate, and related perils. 

Bar of engine streets because of landslide and flash flood is normal in the slopes. 
It is therefore necessitated that elective engine streets be arranged and created to 
guarantee network during disaster rates. Considering the landscape conditions heli-
pads are needed to be created in the slopes at vital areas. This would make disaster 
reaction quick and successful. 

In the fallout of the disaster, correspondence with countless saved people turned 
into an issue because of etymological imperatives. It is suggested that the alleviation 
camps are enough to be set up with people who are acquainted with the language of 
the possible casualties. 

Aside from the unfamiliar public, the disaster included individuals from more 
than 23 states of India and authorities from these states were deputed to deal with the 
explicit necessities of people from their state. There were anyway no past courses of 
action for the instructions of these authorities that necessary data on geology, territory, 
climate conditions, approach, and endeavors being made for search furthermore, 
salvage. This additional to crafted by the EOC. Explicit courses of action taking 
into account the necessities of the authorities rolling in from various states/countries 
relying upon the likely arrangement of the standard guests have this to be consolidated 
in the concerning SOP.
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18 Conclusion 

Flash floods are a natural phenomenon because of weighty rainfall in rugged terri-
tory like Kedarnath, which is constrained by the recognized geographic, orographic, 
and geomorphic boundaries of the Himalayan mountain ranges. In these boundaries, 
the stature of the specific territory, cirques, saddles, hanging valleys like geography, 
cumulus downpour clouds with stickiness, the arrangement of cold and warm convec-
tion current, and so forth assumes a significant job. These conditions furthermore, 
boundaries are constrained essentially. In this manner, the occasions of cloud burst 
can’t be confined however the death toll and properties can be limited by taking 
certain careful steps. In such territories, development ought to be completed after 
exhaustive and point by point geologic, geomorphic, structural, land use, and risk 
zonation examines for the improvement of the locale by previously arranging. 
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Disposal of Non-biodegradable Waste 
Using Eco-Friendly Methods 

S. V. Mohanaprasadh, Pranshu Singh, and Kanchan Deoli Bahukhandi 

Abstract From bags to computers non-biodegradable wastes found their way into 
everything. We knew little about how this is going to affect the environment when 
it was found. Many non-biodegradable wastes are complex polymers and are very 
hard to recycle. Usually, these non-biodegradable wastes end up in landfills and 
oceans. The world is moving towards a healthier and cleaner the best way to achieve 
it is by eradicating this waste, but it’s a long way to go. At the present we slow the 
accumulation of these wastes and can concentrate on safe and eco-friendly ways to 
dispose this waste. In this article various methods are described to how improve waste 
management, use waste in as one of the consequent materials for other products or 
using waste for producing energy. All data is considered and recommended regarding 
improving waste management system in India. 

1 Introduction 

There are 195 countries in the world, 7.79 billion people in the world as of 2020. 
The plastic is inevitably one of the cheapest, lightweight, strong, durable, corrosion-
resistant material, with high thermal and electrical insulation properties. The diversity 
of plastic polymers and the versatility of their properties will make plastic being 
heavily consumed, lead to production of a broad variety of products which have led to 
development in medical and technological industries, contributed to energy savings
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and other various technological advances, this has led to massive consumption of 
plastics and production of plastic waste which has led to massive negative impacts 
on the world [1].

Recent population growth and urbanization have led to a rise in non-biodegradable 
garbage, which has had a negative impact on our ecology. Since the 1950s, when the 
first plastic was produced, the world has been contaminated by more than 8 billion 
tons of plastic. This massive amount of plastic has ended up in landfills and seas. 
According to scientists, around 7–12 million metric tons of plastic enter our seas 
each year [2]. This destroys marine life and releases poisons into the water body. 
Only a tiny portion is recycled and reused. According to researchers, just 9% of the 
world’s 8 billion tons of plastic garbage makes it to recycling centers [3]. 

Biodegradable waste has no negative impact on the environment. Natural forces 
such as fire, water, air, microorganisms, or soil easily decompose them [4]. Further-
more, these are all good for the environment in some way. This category includes 
plant and animal waste, dead animals and plants, vegetables, paper, food, and other 
items. Waste that does not decompose naturally is called “non-biodegradable waste”. 
Landfill sites are being utilized as open dumping grounds, with much too much trash 
being dumped without resource recovery, resulting in leachate and methane gas. The 
global quantity of municipal solid trash was created in 2016, with predictions for 
2030 and 2050. Globally, it is estimated that 3.4 billion metric tons of municipal 
solid trash would be created by 2050 [5]. Waste generation is increasing day by day 
at a very high rate and if we don’t do something about this, the world will become a 
huge dump yard of non-biodegradable waste, and this is not very far away from our 
current scenario. 

Segregation of the wastes is the initial stage in handling these non-biodegradable 
wastes. When trash is segregated into basic categories such as wet, dry, and metallic, 
it has a significant improvement potential, and as a result, recycling and reusing [6]. 
Moreover, failure to maintain waste segregation obstructs proper recycling, efficient 
bio-methanation, and safe waste-to-energy plant operation, resulting in the release 
of hazardous chemicals into the atmosphere. 

1.1 Plastic Waste Production in the World 

According to UN environment, it is estimated that more than 8.3 million tons of 
plastic has been generated since the 1950s, where only 60% of the plastic waste is 
dumped in the environment or it is dumped in the landfills. Most of the world uses 
the rivers to get rid of the plastic, the plastic is dumped into the rivers and led to the 
ocean by the flow of river. 10 rivers in the world alone carry about 90% of the plastic 
in the world. [UN environment] The ten rivers are (Fig. 1 and Table 1). 

According to 2010 data, China manufactured the most plastic, totaling 59.08 tons 
of plastic. Despite being the world’s greatest producer of plastic garbage, the average 
daily plastic waste per person in the country is one of the lowest in the world, at.12 
kilos. China intends to outlaw single-use, non-biodegradable plastic bags in all major
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Fig. 1 Showing plastic carried by rivers in Tons 

Table 1 Source Data from 
[6] 

Rivers Plastic Carried by Rivers in 
Tonnes 

Chang Jiang 1,469,481 

Indus 164,332 

Huang He 124,249 

Hai He 91,858 

Nile 84,792 

Meghna, Brahmaputra, 
Ganges 

72,845 

Zhujiang 52,958 

Amur 38,267 

Mekong 33,431 

Niger 25,196 

Grand Total 2,157,409 

cities by the end of 2020, and in all cities and villages by 2022. Furthermore, eateries 
will be prohibited from using single-use straws by the end of 2020 [7]. 

The United States is the world’s second-largest producer of plastic trash. In 2010, 
the United States generated around 37.83 million tons of plastic trash and over 
275,000 tons of plastic litter. The United States burns almost six times as much 
plastic garbage as it recycles. The United States, along with other nations such as 
Canada and the United Kingdom, is notorious for exporting plastic waste to Asian 
countries in order to dump their problem onto another country [8].
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Fig. 2 Plastic waste dumped by countries. Sourcehttps://www.science.org/doi/abs/10.1126/sci 
ence.1260352 

Germany generates 14.48 million tons of plastic trash every year, with 31,239 tons 
of plastic litter potentially entering rivers. At.46 kilos per person per day, Germany has 
one of the highest rates of plastic trash in the world. In 2018, Germany’s Environment 
Ministry unveiled a five-point strategy to minimize the country’s plastic waste [9]. 

Brazil, the world’s fifth-largest country, is the fourth-largest producer of plastic 
trash. Brazil produces around 11.85 million tons of plastic trash each year. Brazil 
is expected to recycle just 1.28% of its total plastic trash, resulting in 7.7 million 
tons of garbage ending up in landfills. Every year, Japan creates around 7.99 tons of 
plastic trash and over 143,000 tons of plastic litter. 

Japan has a coastline that stretches for almost 18,000 km. Some argue that because 
of Japan’s preoccupation with sanitation, many items are wrapped, re-wrapped, and 
packaged in many layers of plastic. The Japanese government has set a target of 
decreasing plastic consumption by 25% by 2030 [10] (Figs. 2 and 3). 

1.2 Plastic Waste in India 

The volume of waste in India is projected to increase from 64 to 72 million tons 
at present to 125 million tons by 2031. Untreated waste from Indian cities lies for 
months and years at dumpsites where land was originally allocated for developing 
landfills for safe disposal [11]. 

India is a fast-developing nation, with growing urbanization and it has 17.7% of 
the total world population. India generates around 9.46 MT plastic waste annually 
and was the third-largest consumer of plastic waste in 2009 with a total consumption

https://www.science.org/doi/abs/10.1126/science.1260352
https://www.science.org/doi/abs/10.1126/science.1260352
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Fig. 3 Ocean plastic. Source Jambeck et al. science February 2015, UNEP, NCEAS-BBC 

of 12.5 MT. It is very hard for a country with such a large area and population to 
remove waste immediately. It is commendable that several Indian governments have 
outlawed single-use plastics, but we still have a long way to go to decompose the 
other wastes that have been piling up in our dump-yards for years. The total amount 
of solid waste created in 2018–2019 is 152,076 TPD, of which 149,748 TPD is 
collected, equivalent to 98.5% of the total waste. 50,161 TPD was deposited of in 
a landfill, whereas 55,759 TPD was handled as MSW. According to the research, 
the country now has 3159 dumpsites, which are a major cause of air pollution and 
ground water contamination. According to a study conducted by ASSOCHAM and 
PwC, “an estimated amount of 7.46 million metric tons (MT) of hazardous waste 
is generated by the country’s 43,936 industries, of which 3.41 million MT (46%) is 
landfill waste, 0.69 million MT (9%) is waste that can be burned in an incinerator, 
and 3.35 million MT (45%) is recyclable hazardous waste” [12]. 

The Ministry of Environment, Forest and Climate change and Government of 
India have distinguished waste in the following type: 

1. Municipal solid waste: Commercial and Residential waste, including treated 
bio-medical waste. 

2. Bio-Medical waste: Generated by treatment of human beings or animals, 
research, or in the production or testing of the biological. 

3. Plastic Waste: waste generated by disposal of plastic. 
4. E-Waste: electrical or electronic equipment. 
5. Hazardous Waste: Waste which causes corrosion, reactivity or toxicity. 
6. Industrial Waste: Waste Material produced during Industrial activity.
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Unfortunately, no city in India can claim to have 100% trash segregation at the 
household level, and on average, only 70% of waste gets collected, with the other 
30% being mixed up and lost in the urban environment, out of which only 12.45% 
of the trash collected is technologically treated, while the remainder is dumped in 
the open dumping [13]. 

2 Impact of Non-biodegradable Waste 

2.1 Impact of Non-biodegradable Waste Environment 

Soil contamination non-biodegradable wastes such as chemical insecticides (D.D.T) 
and fertilizers are used in excess, causing the soil to become acidic or alkaline, 
reducing soil fertility. 

Cattles ingest plastic from soil, after consumption it leads to fatality. Plastic in soil 
also affects the nutrient efficiently of soils, a decline in quality of crops is noticed 
because of this. Plastic contaminates water bodies; water gets clogged as well as 
water gets contaminated. 

Ecological imbalance, air pollution, water pollution, and land pollution are some 
of the negative effects of non-biodegradable waste. They pollute soil and water 
resources because they don’t break down naturally. Stacks of these wastes serve as 
breeding grounds for disease carriers such as mosquito’s and Flies, which transmit 
a wide range of infectious illnesses. 

2.2 Impact of Non-biodegradable Wastes in Drainage 
Systems 

Due to no segregation or improper dumping of plastics, most end up in drainage 
system. Flooding on the roads is caused by poorly designed drainage systems 
combined with reckless waste dumping. It leads to various diseases and acts as 
breeding ground for mosquitoes [14]. 

2.3 Impact of Non-biodegradable Waste on Human Being 

An average person’s day starts with a packet of milk, which he cuts it open pours the 
milk into the cup and disposes the plastic cover in trash can. We have started to coexist 
with plastic and plastic has become an unavoidable. The US, for instance, generates 
more than 250 million tons of waste every year. In India, it is estimated that the same
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as 62,000,000 tons. This, according to experts, will increase to 150,000,000 tons by 
2030 [op]. India alone produces 40 million tonnes urban municipal waste annually 
and most of it are sent to unsanitary open landfills, due to poor infrastructure for 
recycling plastic. Rapid urbanization, which increased by a ratio of 8.9 in Mumbai, 
13.6 in Bangalore, and 20.4 in Delhi between 1990 and 2000, is the main cause of 
failure. From 1950 to 2015, the population of the United States grew at an exponential 
rate in India [15]. 

2.4 Impact of Plastics on Ocean 

Marine plastics are the result of poor trash disposal infrastructure and management, 
as well as a lack of public awareness about their environmental impact. The financial 
impact of marine plastics on coastal communities is also significant, particularly for 
fisheries and to maintain tourism [16]. Currently, half of the world’s population lives 
within 60 km of the sea, and three-quarters of the world’s major cities are located 
on coasts. Very little information on causes aesthetic issues. It endangers marine 
operations such as fishing as well as tourism [17]. 

3 Basic Plastic Waste Management Techniques 

3.1 Segregation 

At the home level or in the communal bin, there is no coordinated and scientifically 
designed segregation of MSW. Waste sorting is primarily done by the unorganized 
sector and is rarely used. There is no organized and scientifically planned segrega-
tion of MSW. Segregation and sorting take place under very unsafe and hazardous 
conditions. Lack of segregation deprive proper scientific receivership of MSW from 
being solicited by waste producers. 

3.2 Collection 

Household waste is generally collected in community containers made of metal, 
concrete, or a mix of the two. Street sweepings are also collected and deposited in 
communal bins. Rag pickers also collect certain amount of waste.



352 S. V. Mohanaprasadh et al.

3.3 Reuse/Recycle 

Recycling includes actions such as gathering items from garbage that may be prof-
itably recovered and used to create new goods. Non-segregated waste is deposited into 
community landfills, its optimal recycling is not feasible due to the lack of containers. 
Rag-pickers, on the other hand, typically sifted and took what they wanted to sell. 
The main aspects influencing the recycling of plastics are identified as: polymer cross 
contamination, additives, non-polymer impurities, and degradation [18]. 

3.4 Transportation 

Modes of transportation for MSWM practiced in India are bullock carts, hand rick-
shaws, compactors, trucks, tractor, trailers, and dumpers. Trucks with a capacity of 
5–9 tonnes are employed in smaller towns. MSW is carried via stationary compactors, 
mobile compactors, and tarpaulin-covered trucks, with roughly 65, 15, and 20% of 
trash transported through these compactors, respectively. In certain urban areas, such 
as Mumbai, there are just a few transfer stations [19]. 

4 Recycling and Reuse 

4.1 Recycling 

Non-biodegradable plastics that enter municipal garbage streams may complicate 
existing plastic recycling facilities. Recycling is not always cost efficient, it’s good 
to find ways to reuse it other products which does not affect the environment. It’s 
better to reuse the waste in different forms (Fig. 4). 

4.2 Chemical Recycling 

Chemical recycling is a process where the polymer is broken down into smaller 
molecules that can be easily separated from impurities. Chemical recycling is a 
process in which polymers are broken down into smaller molecules that may be 
readily separated from contaminants such as waxes and paraffin. Cracking and 
hydrogenation are two examples of such processes [20].
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Fig. 4 Process involved in 
recycling 

4.3 Reuse 

It is very hard to eradicate non-biodegradable waste totally from this planet. These 
waste very hard to separate from other wastes only way is to separate it while 
disposing and reuse it, until we find a permanent solution for eradicating these wastes. 
These are few ways to reusing it smartly.
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5 Pyrolysis Methods 

5.1 Incineration or Combustion Method 

Plastic combustion is a complex chemical reaction. Plastics can be micro-molecular 
or macro-molecular substances, depending on their structure. Warming, deteriora-
tion, flash over and combustion are all present at the same time during plastic combus-
tion. Low-molecular compounds can be evaporated directly in the air and, depending 
on their composition, can either produce a flammable mixture or oxidize in solid 
form. To start the combustion process, macro-molecular plastics must breakdown 
into small molecule components. 

Incineration of plastic waste in an open field is a major source of air pollution. Most 
of the times, the Municipal Solid Waste containing about 12% of plastics is burnt, 
releasing toxic gases like Dioxins, Furans, Mercury and Poly-chlorinated Biphenyls 
into the atmosphere [21]. 

5.2 Thermal Cracking 

Breaking down of long polymer plastics into smaller useful components is called 
cracking. Products obtained are used for making fuels and other chemicals. The 
pyrolysis process can be carried out with or without a catalyst. It is thermal cracking 
in the absence of a catalyst, and catalytic pyrolysis in the presence of a catalyst [22]. 

6 Biodegradable Alternatives over Conventional Plastics 

Biodegradable polymers or biodegradable plastics are polymers that can break down 
into carbon dioxide, methane, and other compounds. Water, or biomass in inorganic 
compounds Enzymatic activity is the prevailing mechanism of standardized measur-
able germs. Tests that reflect in a specific time frame Condition of disposal available. 
Bio plastic polymers stay relatively much more costly than their conventional plastic 
alternatives, this is the restriction for its widespread use. Biodegradable alternatives 
have less performance, less durable and life of the product is less compared to its 
counterparts. These are the few cons in using these alternatives, but if you see the 
bigger picture, we are helping our planet [23] (Table 2).
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Table 2 Non-biodegradable 
and their eco-friendly 
alternatives 

Non-biodegradable products Eco-friendly alternatives 

Bottles Bamboo cans 

Metal scraps Stainless steel 

Batteries Rechargeable batteries 

Grocery bags Cloth bags 

Styrofoam Beeswax wrap 

Aluminum cans Reusable cans 

7 Reuse of Non-biodegradable Waste into 

7.1 Using Non-biodegradable Waste for Making Road 

Plastic being used in road construction is not a new concept, as PVC (Polyvinyl chlo-
ride) or HDPE (High-Density polyethylene) are already in use for road construction. 
PVC and HDPE are used to form plastic mats. The plastic roads include transition 
mats to ease the passage of tires up to and down from the crossing. Both PVC and 
HDPE help in the protection of wetland haul roads from rutting by distributing the 
load across the surface [24]. 

7.1.1 Use of Tire and Plastic Waste 

Plastic and tire are two of the non-biodegradable waste, used tires waste and plastic 
waste is increasing day by day at a tremendous amount. Therefore, one of the methods 
suggested is to use this waste for construction of roads [25]. 

Plastic is mixed with bitumen; plastic increases the melting point of bitumen and 
makes the road retain its flexibility during winters leading to its long life [26]. As per 
Singh and Sahu there are two methods for using plastics in road construction Dry 
Process and Wet Process, in dry process the plastic is separated, washed, shredded 
and mixed with bitumen at 160–170 °C. In the wet process, after washing the plastic 
is ground into powder form. 6–8% of the new plastic powder is added to the bitumen 
beforehand the aggregate is added. The Bitumen and the powdered plastic are mixed, 
they should be thoroughly and evenly mixed at the temperature of 155–165 °C [27]. 
The LDPE (low density polyethylene) plastic can also be used in construction of by 
using it in the dry process. Rakode used LDPE in road construction in using the dry 
process to generate the aggregate, he also suggests that rubber from Tire waste can 
be used as well, by utilizing the wet process [28]. Rakode used the Marshal method, 
marshal method was developed by Bruce Marshal in 1939, the method involves the 
selection of asphalt binder content with a suitable density which satisfies minimum 
stability and range of flow values.
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7.2 Non-biodegradable Wastes to Fuel 

There are two methods in this to obtain fuel from plastics.

• Incineration
• Thermal cracking 

7.2.1 Incineration Method 

In this method energy is recovered from incineration of plastic waste, Hydrocarbons 
or obtained and they can be used as substitute for fossil fuels. By this Carbon-dioxide 
burden is reduced on the environment. Polyethylene has a calorific value close to fuel 
oil, and the energy produced by combustion of polyethylene is equal to the amount 
created by the manufacturing process, which makes it an acceptable alternative [29]. 

Disadvantages on this method

• Produces greenhouse gases
• Produces toxic pollutants
• Yield is low 

We can overcome these disadvantages using scrubbers and other filters which stop 
these toxic gases from entering the atmosphere. 

7.2.2 Thermal Cracking 

Thermal cracking is breaking down of large polymers by heating at very high temper-
ature. Heating is carried out in in absence of oxygen to make sure oxidation does not 
occur. (Temp range 300–900 °C). The generated products comprise carbohydrates 
and a percentage of volatility. Some volatile fractions may be condensed to produce 
paraffins, is paraffins, olefines, naphthene and aromas, while remaining portion is 
a no condensable high calorific value gas. The produced products and their precise 
composition depend on the kind of plastic waste and the circumstances of the process. 

7.2.3 Catalytic Cracking 

In catalytic cracking, the same process is carried out in the presence of a catalyst. 
Catalyst presence decreases the temperature and duration of the process. Another 
benefit is that the breakdown of the polymeric chain in thermal cracking forms a 
wide range of products, while the distribution of products is much narrower, at peaks 
with lighter hydrocarbons, in catalytic degradation [26].
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7.3 Using Non-biodegradable Waste to Make Bricks 

Clay bricks are the most used as the building materials around the world. In the 
process of manufacturing clay bricks a lot of non-renewable resources are required 
as well as the process also contributes to global warming, by releasing greenhouse 
gasses and chemical pollutants. The clay bricks are fired up for achieving the required 
strength, the heating is done on coal, 24 million tons/year coal is consumed globally 
for the process. The consumption of coal and the entire process of manufacturing 
bricks has catastrophic consequences, it leads to smog, global warming, climate 
change, and other health issues. Other than coal being a non-renewable source, the 
materials which the bricks are made of also not available in abundance, as well as the 
60 to 70% of cost of construction is associated with the material. On the other hand, 
plastic waste is available in abundance, with 300 million tons of plastic waste being 
produced globally. The plastic is either dumped on the landfill or in the ocean, either 
way they contribute to pollution, harm the environment and acquire unnecessary 
space. A common solution to waste management and the Brick problem can be to 
use plastic waste as the consequent material for making bricks [30]. 

As in the methodology used and described R. S. Kognole, Kiran Shipkule, Manish 
Patil, Lokesh Patil, Udaysinh Survase. Plastic waste must be dried post collection, 
the moisture content from the waste must be removed. The dried plastic is crushed 
into fine particle sizes. The fine particle sized plastic waste is subjected to massive 
heat in a furnace, where it can be liquidized, stone dust is added and mixed to the 
melted plastic, the mixture is then poured into molds and left to dry to finally form 
bricks [31]. A variety of plastic waste can be used in the process, such as polythene, 
high density polythene (nylon 66), plastic bottles, plastic composite. In the process 
conducted by Frank Ikechukwu Aneke and Celumusa Shabangu scarp plastic waste 
was used collected directly from the Mariannhill landfill, the SPW consists of long 
chains of hydrocarbon compounds containing Carbon, Hydrogen and Oxygen [32]. 

With addition to reduction in usage of non-renewable resources, a productive 
method of waste management, reducing the manufacturing cost and most importantly 
reducing the negative impacts on the environment in the process of manufacturing 
bricks, bricks made from plastic and sand have additional advantages over clay bricks 
as well [33]. The water absorption of plastic sand bricks is zero percent. In the test 
conducted by Frank, the results show that the bricks recorded compressive strength of 
38.14 MPa and tensile strength of 9.51 MPa, showing that the compressive strength 
of plastic strength was 2.5 and 3 times higher than the clay fired bricks [34]. Clay 
brick samples fired in the muffle furnace at a reduced temperature of 6000 °C were 
tested for compressive strength after 3 days of firing which showed that the value 
ranges from 11 to 21 N/mm2. Experimental results inferred that glass powder and 
quarry dust in the ratio 1.5:2.5 gave higher compressive strength of 21.31 N/mm2 
with a standard deviation of 1.28 [35].
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7.4 Tire Waste as Fuel 

The fossil fuel sources in the world are limited. According to the BP statistical review 
of World energy Coal reserves will be exhausted by the year 2169, Natural Gas by 
2068 and Crude Oil by year 2066. Other than the supply of these sources being 
limited there are also negative impacts of consuming these fuels. Considering these 
issues there is a need to find alternative sources of energy. Annually there are 1.5 
billion tires produced in the world which leads 17 million of used tires or tire waste 
being produced. 

European Tire and Rubber Manufacturers Association, Brussels, Belgium. Tires 
are mainly made from rubber, carbon black, steel and textile components which also 
gives an option to recycled and reuse them. As well as their chemical and physical 
properties make them an extremely valuable resource Tire is waste either dumped in 
landfills or used to provide energy for cement kilns. 

Pyrolysis is the process of chemically decomposing solid waste by heat in an 
atmosphere whose oxygen levels has been reduced. It is also defined as a thermal 
process of degrading residues into gases after combustion as taken place [34]. 

Pyrolysis of tires produces a variety of products, in particular oils and gasses, 
which are largely depended upon the type of reactor used, the temperature and heating 
rate. A chemically complex oil is produced by the pyrolysis of tires which contains 
aliphatic, aromatic, hetero-atom and polar fractions. The main aromatic compounds 
found are benzene, toluene, xylene, styrene, limonene, and indene and their alkylated 
homologous and polyclinic aromatic hydrocarbons from 2 to 5 rings. Dai and team 
conducted the pyrolysis and reported a tire oil composition from the pyrolysis of tires 
in a circulating liquidized bed of 26.77 wt. % of alkane, 42.09 wt.% aromatics, 26.64 
wt.% of non-hydrocarbons and 4.05 wt.% as asphalt. Conesa and team reported a 
39.5 wt.% aliphatic fraction, 19.1 wt.% aromatic fraction, 21.3 wt.% hetero-atom 
fraction and 20.1 wt.% polar fraction for oils produced from a laboratory scale 
liquidized bed reactor at 700 °C. Aylón et al., used a screw kiln reactor to pyrolyze 
tires at 600 °C reported an alkane fraction of 6.7 wt.%, aromatic fraction of 65.6 
wt.% and polar fraction of 27.8 wt.%. Laresgoiti and team reported an increase in 
15 aromatic content of tire pyrolysis oils from a fixed bed reactor from 53.4 to 74.8 
wt.% as the temperature was raised from 300 to 700 °C [36]. Gas from the pyrolysis 
of scrap tires in a liquidized bed reactor, Energy and Fuels. Waste tire pyrolysis: 
Comparison between fixed bed reactor and moving bed reactor. The oil produced 
shows like a gas oil, Diesel fuel or light fuel oil and have successfully been tested 
and combusted in test furnaces or blended with diesel fuel or burned with Diesel 
engines [37].
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8 Waste Recovery Methods Around the World Which Can 
Be Implemented in India 

8.1 Germany 

Germany is one of the leading countries in waste recovery, having highest waste 
recovery rate in the world. The government of Germany has made laws which ensures 
provisions on the obligation of the producers and distributors to take back used pack-
aging. Retailers participate in the system of collection and recycling of the packaging 
materials. There are various provisions made to recover paper, packaging materials 
and recovering biodegradable waste. Most of the packaging materials is used for 
storing and containing food and water. For example, Germany has machines built on 
the streets to recover packaging of the food from the consumers. In 2010, Germany 
has recorded packaging waste recovery rate at almost 85%, which implies that the 
population of Germany also participates effectively in the programs established by 
the government. Many countries are trying to have an effective waste management 
system, the reason why Germany is successful in this is because they have estab-
lished an effective system by using methods such as separating waste bin, not just as 
biodegradable or non-biodegradable but also different method for collecting waste 
glass, wastepaper, cardboard and used water bottles individually and establishing 
laws which oblige the producers and distributors to participate in the process of 
waste recovery [38]. 

8.2 Columbia 

Colombia’s municipalities generate about 28,800 tonnes of solid waste each day, 
with the major cities of Bogotá, Cali, Medellin, and Barranquilla each producing 
10,000 tonnes. To tackle their significant waste issue, they came up with a solution 
called Eco-bot. 

Eco-bot 

This is a national recycling project that promotes the culture of recycling. No, not by 
merely informing its inhabitants about the benefits of recycling, but by encouraging 
and rewarding every item that is recycled. ECOBOT stands for “reverse vending 
machine,” which may be seen in shopping malls, institutions, and public areas and 
encourages PET bottle recycling. 

How does this work? 

Every time you deposit plastic bottle or cap you found, the machine gives you restau-
rant coupon or movie ticket. This encourages many youngsters collect plastic wastes 
and deposit in this vending machine, so that this these plastics don’t end up in landfills 
and they are sent to recycling plants [39] (Fig. 5).
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Fig. 5 https://www.ndtv.com/photos/news/5-countries-that-redefined-waste-management-techni 
ques-23853 

8.3 Sweden 

Sweden is teaching the whole how deal with the trash present in fact they run out of 
trash and asking other countries for their trash so that they can run their recycling 
plants. In Sweden, less than 1% of residential trash is disposed of in landfills. In 
Sweden, 32 waste treatment plants provide heat to 810,000 homes and power to 
roughly 250,000 private residences. Every year, almost a million tonnes of trash 
are recycled. Sweden’s first district heating system has been in operation since the 
1940s. The city of Gothenburg is home to one of the world’s largest waste-to-energy 
incinerators, with a capacity of more than tonnes per year. 

Waste incineration in Sweden produced as much energy in 2007 as 1.1 million 
m3 of oil. The waste sector will reduce its emissions of greenhouse gases by 76% 
during the years 1990–2020, according to the Climate Committee’s forecast [40]. 

9 Biodegradable Plastics 

In recent years, biodegradable plastics have been extensively studied and have been 
commercialized in the manufacture of a variety of products, including garbage bags, 
compost bags, poly bags, and agricultural mulch films. After being disposed of in the 
environment, biodegradable plastics can be degraded by microorganisms to create 
CO2 and H2O. Recycling of plastics and other non-degradable waste are usually time 
consuming, expensive and requires lot of processes. Researchers have come up with 
a new biodegradable plastic. The negative influence of synthetic polymers on the 
natural environment causes several issues with waste deposition and consumption. 
The major benefit of biodegradable polymers is that they may be composted with 
organic waste and returned to the soil to nourish it. So, they are parsed by nature,

https://www.ndtv.com/photos/news/5-countries-that-redefined-waste-management-techniques-23853
https://www.ndtv.com/photos/news/5-countries-that-redefined-waste-management-techniques-23853
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their usage not only reduces the threats to animals posed by dumping conventional 
plastic, but it also reduces the expense of labor for removing plastic waste from the 
environment. By decreasing the amount of waste that can be recycled into useful 
monomers and oligomers by microbial and enzyme treatments, decomposition will 
help landfills last longer and be more sustainable [41]. Using biodegradable poly-
mers instead of synthetic materials in a number of sectors can assist to conserve the 
environment considerably. Biodegradable plastics can be the future of plastics, but 
it has a long way to go to be produced in large scale. 

Biodegradable plastics give best solution against the synthetic plastics, because 
of its easily degradable nature. There are many types of biodegradable plastics with 
different degrees of biodegradability, among them polyhydroxybutyrate (PHBs) are 
the only 100% biodegradable ones. 

9.1 Polyhydroxybutyrate 

Polyhydroxybutyrate are macro molecules produced by bacteria and inclusion bodies 
that accumulate as reserve material when bacteria develop under various stress situ-
ations [42]. They are polymers with characteristics that are similar to synthetic ther-
moplastics such as polypropylene. This makes them suitable for a wide range of uses 
for potential commercial mass manufacturing of biodegradable polymers that can 
replace petroleum-based plastics [43]. 

10 Conclusion 

Non-biodegradable waste problems are increasing daily and it’s a never-ending fight 
against it. In the present what we can do is stall the non-biodegradable waste from 
entering landfills treat it and reuse. This can be done only by educating people and 
changing their attitude towards non-biodegradable wastes. Many countries have come 
with different solutions by converting these waste into something useful. Producing 
energy by using tire fuels is also a good recycling method; fuel obtained from the 
pyrolysis of tires was producing energy in comparisons of diesel fuel. Pyrolysis of 
tires is also very good method for recycling waste, but it will also lead to toxic gas 
emissions. In this paper we have discussed various methods such as laying roads with 
plastic infused tar can be very effective because construction of roads in any country 
is inevitable and roads made with plastics provide better strength and durability. 
Making of bricks out of non-biodegradable waste is a every eco-friendly method we 
can adopt for country with big population such as India. It will help in reducing the 
cost of construction as well as solve the problem of the abundance of plastic waste. 
Construction as well as solve the problem of the abundance of plastic waste. Provided 
the plastic waste bricks must not deform under pressure and withstand hot and cold 
temperatures as clay bricks do Waste management techniques adopted by Germany
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can be a good option for India, but for that there is need of proper infrastructure, 
laws and developing a mode of communication to show the importance of recycle 
and reuse. Bio-degradable plastic and Polyhydroxybutyrate plastic can be the future 
of plastics, but they are very far from mass production. So, there is a long way to go 
but it’s now or never with increase in non-biodegradable waste rates. 
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UAS and Sustainable Development 

Sudhir Kumar Chaturvedi and Surya Prakash Tiwari 

Abstract Unmanned Aerial System (UAS) is an aerial vehicle that operates without 
human intervention using a ground-based controller. UASs are expected to observe 
and protect very large areas as well as control and monitor remote areas that are 
beyond the reach of humans. Drones or unmanned aerial vehicles are changing the 
way we communicate with the world and earth environment. These are, essentially, 
flying robots that can be remotely controlled or fly self-governing by programming-
controlled flight designs in their installed frameworks, working related to locally 
available sensors and its general components include body frames, propellers, flight 
controllers, ESC (Electronic speed controller), batteries, motors and sensors required 
for use. Applications of UASs are widely increasing around the world for civilian, 
commercial as well as military purposes. We have examined some of the applications 
of UASs and the possible futuristic applications of UASs in India. This paper explores 
the use of UAAs in a variety of fields, including forest fire, land detection, coastal 
surveillance, agriculture, and a variety of commercial applications, since these flying 
machines are fast and do not endanger human life. Until now, UASs in India are 
primarily used for observation, reconnaissance and air navigation in military and 
defense zones. It is therefore important to establish more UAS-based research on 
these topics. 

Keywords UAS · Drones · Forest fire · Coastal surveillance · Agriculture · Land 
detection 
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1 Introduction 

Technologies are those inventive concepts that reflect progressive creativity in a 
sector to achieve a competitive edge. UAS is one of the most creative systems 
used in the world. UAS are basically unmanned aerial vehicles that are remotely 
controlled or equipped to operate independently. An autonomous flying machine 
frame is defined as a powered aerial vehicle that does not convey a human oper-
ator, uses aerodynamic forces to lift the vehicle, and can operate independently or 
remotely. Recently, UASs have made rapid progress due to their varied applications 
in the area of gadgets, optics, digital engineering, vitality storage, etc. Technical 
advances such as Global Navigation Satellite Systems, Inertial Measurement Units, 
Light Detection and Range, Synthetic Aperture Radar, Imaging Sensors and Mechan-
ical Autonomy have contributed to the growth of UAS. The UASs are grouped into six 
categories: aim and decoy, observation, logistics, battle, research and development, 
and for economic and corporate purposes. Popular and company UASs are used by 
professionals in applications such as photography and film, precision agriculture, 
infrastructure examination, etc. 

Figure 1 shows the UAS classification tree. Details on the drone surveying is 
presented in subsequent section of this study. 

Fig. 1 UAS classification tree [1]
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2 Study of Drone Surveying Method 

2.1 Background of UAS 

Drone surveying is something that many countries are adapting but the use of UAS by 
civilians is relatively a new concept. Hence one should need to be licensed for making 
use of UAS and should know the rules and regulations before using it. The best and 
most precious benefit of drone surveying is at once obvious even to individuals who 
are not professionals within the discipline. Using a drone to take aerial pictures of 
full-size portions of land makes the entire technique a lot simpler rather than using 
traditional techniques. 

Other benefits include: 

1. It is much safer 
2. They provide excellent detail 
3. It is faster and cheaper 
4. It consolidates your toolkit 

2.2 Drone Surveying Method 

There are two types of drone surveying: 

(1) Interior drone surveying: Inside looking over comprises of giving countless 
estimations to deliver a geometric portrayal of a structure anytime. There are 
many applications: industrial buildings, public buildings (sports halls, exhibi-
tion hall), historic buildings (museums, castles, and churches), archaeological 
sites, etc. Demonstrating structures empowers the creation of plans, models 
and warm adjusts which help in checking and reporting the development of a 
structure. Good knowledge of the structure allows for the implementation of 
evacuation or contingency plans. 

(2) Exterior drone surveying: Exterior drone overviews include estimating all 
components recognizable from outside. A variety of survey techniques 
are available, including terrestrial photogrammetric, aerial photogrammetric, 
laser scanning, LiDAR, tachometry, and GNSS rover. Flexible tracking and 
mapping, rambles, VTOL aircraft, knapsack, and so on are examples of survey 
vehicles (see kinds of looking over). 

2.3 Drones in Agriculture 

The long-term aim is to create drones for farmers that can carry 20 L of pesticides for 
larger farms. Farmers can buy Agri-drones, but maintaining them is expensive, both 
in terms of fuel innovation and maintenance. Drones today operate on batteries, and
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the cost of maintaining the batteries is high. If the rancher chooses, automaton will 
check the harvest on a regular basis. Weekly, regular, or even hourly photographs 
will display the changes in the plants over time, showing possible “problem spots”. 
After finding these trouble spots, the farmer will work to strengthen crop manage-
ment and manufacturing. With the era constantly improving, imaging of the crops 
will want to enhance for better analysis. With the facts that drones gather, store 
and visualize information from the crops the farmers are able to investigate their 
vegetation and make educated decisions on how to proceed given the correct crop 
facts. Software programs for studying and correcting crop manufacturing have the 
capability to develop on this marketplace. Farmers will fly a drone over their crops, 
accurately perceive a difficulty in a specific area, and take the important moves to 
accurate the trouble. This offers the farmer time to awareness on the huge photo-
graph of manufacturing instead of spending time surveying their crops. Additional 
uses include maintaining track of cattle, surveying fences, and tracking for plant 
pathogens. Examples of agricultural drones: Fixed-wing Ag drones, eBee Ag UAV, 
Precision Hawk’s Lancaster fixed wing UAV. 

A few estimates required in Indian agribusiness are: 

1. Prevention of natural harm 
2. Viable checking of crop wellbeing 
3. Getting bits of knowledge into the soil wellbeing 
4. Arranging water system and the correct utilization of compost 

2.4 Drones in Land Surveying 

UAS remote sensing has an immense potential for landslide mapping. Multi-temporal 
images can be used to examine the sequence of the slides. In fact, it also requires 
advanced image processing technologies. In the case of category drone images, there 
is a broad scale mapping such that it will not be paintings of daily form algorithms. 
Often segmentation algorithms are used for the type of algorithm. They are also used 
to have public-earthquake, landslide maps: it is useful that we didn’t have to wait for 
satellite imagery, so we could get a high decision map shortly after the earthquake. 
One can also render multi-temporal maps by flying drones again daily (e.g., after 
a main rainfall or aftershock to correlate those inputs with landslide remobilization 
or the prevalence of extra landslides). Thanks to the rapid organization of Fox6 or 
Foxy Slim and the centimeter accuracy of the Drone Box RTK, the essence of the 
calculation is the same as the accuracy of the summary charts. 

2.5 Drones in Mining Industry 

With the potential to map much as in land surveying, the UAS has also found its use 
in the mining industry. Mines are the areas from which different minerals are mined
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and these sites are risky and time-consuming for the user to carry out inspections of 
stocks or dumps or mines with a risk of soil or rockslides. Drone surveying is very 
effective and can offer a more detailed outcome. Some UAS, such as Fox6, FoxySlim 
VTOL and FoxyPro VTOL, can hold more than 100 ha and FoxyWalk is capable of 
measuring stocks while FoxBathy can survey underwater stocks with both tools and 
DroneBox RTK vehicles compatible. 

2.6 Drones in Smart Cities 

UAVs are engaged with a wide scope of utilizations and capacities in smart cities. 
A portion of these applications are observing traffic, key foundations and checking 
improvement at a normal premise. UAVs can give a few administrations and openings 
that can profit keen urban areas. Some of the applications of drones in smart cities 
include traffic and crowd management, natural disaster control and checking, smart 
transportation. What could be simpler than to fly an elevated review automaton, for 
example, Fox4 or Fox6 (in consistence with current guidelines), or to walk or roll a 
Foxy Walk earthly study apparatus which in under a half-day permits the organizer 
access to precise and refreshed plans in regard to consider territories- consistently 
with centimeter exactness on account of Drone Box RTX (Table 1). 

3 Major Applications of Drone 

3.1 Application of UAS in Forest Firing 

Forest Fires has been part of the Earth’s natural cycle for thousands of years. Forests 
have a variety of essential functions in general. They can refine water, balance dirt, 
cycle supplements, moderate the environment, and store fuel. They also provide 
ecosystems for biodiversity and nurturing ecosystems rich in biological diversity. 
Economically, forests sustain the forest goods sector, which provides hundreds of 
thousands of jobs and adds billions of dollars to the country’s national wealth. 
Unfortunately, every year millions of hectares of land are burned by forest fires, 
and hundreds of millions of dollars are spent on this burning. 

Early identification and containment of forest fires is essential to minimize the 
damage that fires can cause as a result of their rapid spread of convection and 
long combustion period. Generally blackwood fire checks and locations use either 
mechanical gadgets or environmental scanners, but both methods may be both 
dangerous and exorbitant in that remote sensing technology has been one of the 
most commonly employed resources for successful forest survey and management. 
The Use of Small Drones for Environmental Mapping and Monitoring. As with small
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Table 1 Agriculture and land surveying examples 

Application Agricluture Land detection, mining industry 

Example Fixed-wing ag drones, eBee Ag 
UAV 

Hex copter 

About This uses propelled, flight 
arranging, flight management 
and image preparing software, 
incorporates their restrictive 
eMotion Ag flight arranging and 
ground station software, making 
the way toward making a flight 
plan extremely straightforward 

This enables the real-time 
production of drawings and 
georeferenced 3D models. They 
provide precise mapping and 
ensure operator safety 

Information that can be 
captured 

Vegetation indices (NDVI, 
CCCI, NDRE, MCARI, CWSI, 
et al.) 
Plant counts 
Soil H20 levels 
Soil temp 
Topography / 3D mapping 
(limited/not survey quality) 

Emergency mapping of a 
territory in response to disasters 
The user gets a clear picture of 
the disaster area and can 
therefore manage relief and 
repairs 
Estimate the extent of damage. 
For long range sites such as 
earthquake sites, Fusion 
VTOL is a very effective tool 

Weight 1.1 kg/2.4 lbs 2.5 kg 

Sensors Sequoia multi-spectral sensor 
provides more accurate data than 
NIR options 

Thermal, multispectral, optical, 
hyper spectral or LIDAR 

Flight time 55 min 30 min 

Area covered Up to 500 acres per flight (400 ft 
elevation, 12 cm/pixel resolution) 

2 km( height 2 km) 

drones, technologies such as GPS are originally used for military uses but are grad-
ually being used in commercial applications. While these drones are not commonly 
used for this reason, the market for them in the future is very strong. Drones are 
mainly used for mapping and surveillance in this area, but some of those drones are 
also used for forest stand monitoring. India, which has seen a 46% rise in forest fires 
over the last 16 years (2003–17), has seen a 125 percent increase (from 15,937 to 
35,888) in such fires in just two years (2015 to 2017). In 2017, the largest amounts 
of forest fires were reported in Madhya Pradesh (4,781) followed by Odisha (4,416) 
and Chhattisgarh (4,373). In fact, 23 out of 33 states and associations. In Punjab, 
such instances of fire rose sevenfold, led by Haryana and Rajasthan, who saw four, 
and three times a leap in numbers (Fig. 2). 

Some of the drones used for this purpose are: 

(1) Matrice 200 V2: The final stage for airborne profitability consolidates the 
difficult structure and simple configurability to act as a solution to a variety of 
mechanical applications. Upgrades to the M200 Series V2 boost astute control
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Fig. 2 State of forest report (ISFR) 2017 

Fig. 3 Matrice 200 V2 

frameworks, flight execution, which provide flight well-being and information 
security highlights. 

(2) UAV Marcus zephyr: Marcus UAV systems offer on-demand real-time video 
and high-resolution aerial images. Unmanned aircraft is a safer choice than 
flying a conventional aircraft for etheric reconnaissance and research. They 
send images of elevated modeling, prosecution, catastrophe relief, and a vast 
variety of various occupations (Figs. 3 and 4, Table 2) 

3.2 Application of UAS in Military 

The way the wars are fought has changed fully when we reach the new era. Today’s 
war technology is very modern, and it is mainly concerned with defending allies 
while causing more damage to those who are not. Certain unmanned aerial systems 
are used to carry out vital missions, such as protecting the protection of human life. 
So, what exactly is an Unmanned Aerial Vehicle (UAS)? In principle, it could be 
anything from a $5 child-controlled toy to the $100 million Global HAWK by the 
United States Army. The UAS is used for vital missions such as collecting key enemy
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Fig. 4 Marcus zephyr [2] 

Table 2 Specifications of UAS used in forest firing 

Drone Sensors Payload capacity Flight time Range Dimensions 

1. Matrice 
200 V2 

Obstacle sensing 
External GPS 
module 

1.34 kg 38 min 8 km Unfolded 
propellers and 
landing gears 
included, 883 × 
886 × 398 

2.UAV 
MARCUS 
ZEPHYR 

1 h  

camp information, storage centres, surveillance of some HVTs and, in certain cases, 
destroying various sensitive HVT and military camps. These UASs are often used 
for very critical missions. 

Many of the world’s best-known UAVs are: 
Those are the numerous UAVs that are primarily used by the air force, the navy. 

But soldiers in many very critical missions often use UAV’S to find out about the 
location and number of enemies in different small UAVs. They are so fragile that 
they remain undetected (Figs. 5 and 6). 

In India for the past two decades the air force, navy, army are using UAVs. Mainly 
the DRDO (Defense research and development organization) is making these UAVs 

Fig. 5 MQ9 reaper [3]
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Fig. 6 Black hornet [4] 

Fig. 7 DRDO Rustom2 [5] 

for the forces. But India has also bought various UAV’s from its ally countries such 
as Israel, Russia (Fig. 7). 

The key components of each UAV are based on the same concept as the power 
grid, transmitter and receiver, etc. But when it comes to uses, the tools mounted 
on them differ since, for example, in military UAVs, they are mostly mounted with 
infrared cameras, very accurate HD cameras, or weapons mounted on them. 

UAVs are mostly used for reconnaissance missions in India. It is basically used 
to gather the Intel from the hiding places of various terrorists, without endangering 
human life. But this is not enough. We can use these UAVs more than we are currently 
using by making some changes. 

The weapon can be mounted on UAVs by increasing its payload capacity and 
making other modifications. And it can be used for missions where the jets are used. 
It is very expensive to use fighter jets instead of UAVs. And we are also putting 
human life at risk. These drones can be used for the border patrolling by mounting 
some sensors, such as motion detection, infrared, thermal and others. These UAVs 
can also be used to provide supplies to the ground troops under harsh conditions. 

In India, there are a range of drones with the following specifications (Table 3).
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Table 3 Specifications of UAS used in military 

Name Wingspan Payload Service ceiling Range Endurance 

DRDO rustom 7.9 m 95 kg to 350 kg 
depend on variants 

7925 m 250 km About 24 h 

DRDO nishant 6.5 m 45 kg 3962 m 100 km 4 h 30 min 

DRDO netra 0.9 m High resolution 
CCD camera 

300 m 2.5 km 30 min 

DRDO imperial 
eagle 

1.6 m 250 g 4572 m 15 km 60 min 

3.3 Application of UAS in Unmanned Undersea Vehicle 
(UUV) 

These days UAS are getting more attention by private and public sector companies 
that are working in the defense domain. Be that as it may, the skies are not the 
main playing field for unmanned vehicles. Humming underneath the tide is a school 
of unmanned undersea vehicles (UUVs) gaining popularity as those of their flying 
partners. Unmanned Underwater Vehicles (UUV), known as submerged machines, 
is any vehicles that can work submerged with no human impedance. 

These vehicles might be classified into two categories: 

(1) Remotely Operated Underwater Vehicles (ROVs) 

These are restricted by a human administrator who is based on the other side of the 
planet. ROVs are connected to ships through the umbilical or progressive interface 
connections which send a sign to the operator. 

(2) Autonomous Underwater Vehicles (AUVs) 

Autonomous Underwater Vehicles (AUVs) function independently of human inter-
ference. AUVs are customized to accomplish a given task or mission, use built-in 
sensors to determine their areas of operation and returning to a pre-modified location 
for data handling. 

Suitable for business, scholastic, rational and leisure purposes, two types of UUVs 
may perform a variety of tasks. They can, for example, test oil rigs, help researchers 
analyze and collect living beings at a much deeper level than manned vehicles can 
accomplish, and they can also help track down hidden fortunes. UUVs may typically 
be fitted with a variety of sensors such as side-scan sonar, inertial navigation systems 
(INS) and GPS support and an acoustic Doppler current profiler (ADCP) in areas 
other than protection. These devices enable UUVs to conduct overview missions, 
such as the detection and mapping of underwater wrecks, rocks and other obstructions 
that pose a challenge to the path of commercial and recreational vessels. 

Unmanned undersea vehicles are the latest in a long line of vehicles that have 
started to take the place of divers in the sea. They have been designed for marine 
research, science, research, rescue, recovery and overview.
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Table 4 Specifications of some of the UUVs [7] 

Vehicle Endurance Depth (m) Speed Weight/Payload Dimension Initial operating 
capability (FY) 

SAHRV 6 h @ 4 kt 100 5 kt 36 kg 0.2 × 1.6 m 03 

LDUUV 5 h @ 6 kt 200 12 kt 2,450 kg 0.7 × 8 m 13 

BPAUV TBD 300 6 kt 400 kg 0.5 × 3 m 06 

Despite having a booming economy and some of the world’s brightest minds, India 
has not completely devoted its capital to the production of UUVs. IURS (Indian 
Underwater Research Society) has recently been formed, an independent body of 
students interested in AUVs and ROVs. They gave India its first low-cost AUV 
named BhAUV (Bharat Autonomous Underwater Vehicle) [6]. But India is still 
lagging behind compared to other countries. AUV-150, MAYA AUV are some of 
the AUVs that have been developed in India. DRDO, NIO, the Indian Navy and 
many such organizations have shown interest in, and are currently working on, the 
development of this new technology. 

Some of the main applications of Unmanned Underwater Vehicles [7] are  as  
follows (Table 4): 

Semiautonomous Hydrographic Reconnaissance Vehicle System (SAHRV) 

PMS 325 J Expeditionary Warfare has created a semi-autonomous hydrographic 
surveillance vehicle (SAHRV) platform, an extension of a framework called the 
Remote Environmental Monitoring Unit System (REMUS), produced for routine 
independent surveys at seaside locations for the inspection network. In the examina-
tion network, the SAHRV system is commonly used. Sensors for measuring conduc-
tivity, temperature, water depth, and optical backscatter are included. It has side-filter 
sonar, much like an acoustic Doppler current profiler that looks up and down. A short-
standard acoustic system is used to present the road. Control is carried out via a PC 
phone that executes the specific path of the waypoint directions. 

Long-range Mine Reconnaissance System (LMRS) 

The Long-range Mine Reconnaissance System (LMRS) is a UUV designed to be 
propelled and retrieved from a submerged submarine while it is traveling at a very 
slow speed. The LMRS main objective is to expand the submarine’s ability to lead 
mine observation in a stealthy manner. The LMRS dispatch system necessitates a 
dedicated torpedo tube, and the recovery system necessitates an additional torpedo 
tube, suggesting a major lack of adaptability for various submarine missions. The 
LMRS is a follow-up to the Near-Term Mine Reconnaissance System (NMRS), which 
was developed in response to the submarine network’s need for a semiautonomous 
vehicle to conduct surveillance in front of submarines [8].
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Multi-Reconfigurable Unmanned Undersea Vehicle (MRUUV) 

The multi-reconfigurable unmanned undersea vehicle (MRUUV) is the next step in 
the evolution of UUVs. It is expected to continue with the LMRS. ISR sensors, as well 
as ASW capabilities, will be included in the MRUUV. By switching out modules, 
the MRUUV would be able to reconfigure for different missions. The modules will 
allow the MRUUV to perform various tasks, such as ocean surveillance, underwater 
hunting and study, interchange and route assistance, and the underwater trail and 
track [9]. 

Large Diameter Multi-Reconfigurable Unmanned Undersea Vehicle (LD MRUUV) 

The large, multi-reconfigurable UUV (LD MRUUV) diameter is designed as a large 
transport, suitable for reconfiguration to convey distinctive sensor and task pack-
ages. LD MRUUV could express and send a few smaller, more precise UUVs to a 
difficult terrain and fill the docking station as a resurrection of vitality and knowl-
edge download. It will extend the U-boat venture into the regions in question. This 
system could fulfill a vast range of occupations envisaged in the threat debate and 
future maritime practices, as discussed above, in particular ASW; coastal anti-surface 
warfare; Special Operations Forces; clandestine insight, monitoring, surveillance, 
and mine-survey emphasis [10, 11]. 

4 Conclusion and Future Prospects 

Since the use of UAS would be substantially more beneficial based on many factors. 
Carrying extinguishers to a forest fire in a helicopter or rotorcraft is very expensive 
and difficult, whereas an unmanned aerial vehicle has a slight weight and height 
advantage: not needing to carry human pilots also avoids any human loss. This adds 
a significant amount of weight to the retrieval, stretches the travel time or raises 
the payload limit. Being more heat-resistant will also have some leeway, as the 
specialization can be flew closer to the fire. Moreover, the use of UAS in the defense 
army saves both lives and manpower. It can now be seen in many ways that can 
continue to save time, money and human life. In India, there is also a need to expand 
the use of these UAVs in other fields. They can also be used for refueling and other 
uses. 

This study has summarised the possible use of UAS in land surveying, forest fire 
and underwater applications and contrasts its availability and use in India with other 
countries. For various implementations, the changed components must be fixed in 
UAVs to execute the operation. Creating UUVs that are self-sufficient, long-lasting 
and self-sustaining are critical needs for the Navy’s vital missions. It is about being 
determined and making a strategy where we need to go for unmanned vehicles. It is 
just a matter of applying and enhancing the ingenuity that we already have to carry 
out in a variety of missions and have the capacity that we need. While formatively 
behind their aerial kinfolk, UUV development is ready to accelerate.
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Impact of Discharge of Wastewater 
and Used Oil from Motor Service Stations 
on Groundwater Quality of Dehradun 
City of Outer Himalaya Region 
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Abstract The effluent discharge from automobile service stations is a matter of 
deep concern as it is directly released to the environment without any treatment 
particularly in developing countries. The different types of used oil and fluids are 
prominent contaminants from automobile sector which are being consistently let-out 
risking the environment and health of living beings. The disposition of oily wastes 
on land surface effects the soil quality and can infiltrate the sub-soil impacting the 
groundwater quality. The deterioration of groundwater quality has challenged the 
survival of the ecosystem and in the forefront need to take urgent steps to revive and 
sustain the groundwater. The current research work is based on assessment of effluent 
quality discharged from different Motor Service stations by drawing comparison 
of the physiochemical wastewater quality parameters against the BIS standard of 
drinking water quality. The analysis showed that 7 out of 15 parameters measured 
were off permissible standard limits and exhibited maximum values. High levels 
of Total Dissolved Solids (TDS) 666.65 mg/l, Dissolved Oxygen (DO) 6.8 mg/l, 
Alkalinity 457.5 mg/l, Calcium (Ca) 142.9 mg/l, Magnesium (Mg) 69.86 mg/l, Total 
Hardness 550 mg/l, Oil & Grease 76 mg/l were indicated in the collected samples 
which does not imply a positive scenario of the water ecosystem. High concentrations 
of Oil & grease at the different automobile service centers were found in the range 
of 20–76 mg/l. Thus, this study has been done to provide meaningful insights on 
the effects on aquatic biota and the importance of effluent treatment particularly in 
automobile sectors. Further, the study can be used as a source of reference to do 
research studies in this topic. 
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1 Introduction 

Growth of industrialization and urbanization has increased the necessity of fresh 
water for various needs and purposes which has resulted in environmental problems. 
In developing countries mainly, groundwater is the primary source for drinking, 
irrigation sector and industrial sector [3–5]. In today’s scenario, there is an urgent 
need to find solution on groundwater sustainability because of improper treatment 
and discharge of effluent and sewage facility which has led to deterioration of quality 
of groundwater [2, 5–7, 14, 16–19, 21, 26]. As per India’s annual inventory record 
of 2021, sewage generation from urban areas is estimated to be around 72,368 MLD 
(Millions of Litre per Day) which is based on water supply @185 lpcd (litres per 
capita per day) wherein rate of sewage generation is 80%. There is a total set-up 
of 1631 Sewage Treatment Plants (STPs) in whole of India of which 1093 STPs 
are operational with a capacity utilization of only 20,235 MLD and the difference 
of 52,133 MLD quantity of untreated sewage is let-out into the natural drainage 
system [13] which either flows towards nearby water bodies or it is accumulated in 
the immediate environ forming cesspools [14, 15]. 

In recent times, the automobile industry is one of the demand growing industries 
where India was ranked fifth largest in the year 2020 and was ranked seventh in 
2019 in terms of manufacturing commercial vehicles. With growth in population 
and modernization, the sale of domestic vehicles between financial Year 2016–2020 
increased at 1.29% CAGR (Compound Annual Growth (Foundation, n.d.). This has 
led to increase in set-up of automobile service centers which undertake different jobs 
such as workshop, servicing, repairing, car-washing, etc. In general, for car-washing 
70L of fresh water is required and 200L of water in automatic car wash station. The 
amount of usage of water may differ in stations but conclusively, a huge volume of 
water is used for washing cars where the wastewater is directly discharged into the 
drainage system rather than recycling and treating and then reusing it. Therefore, all 
types of contaminants are directly released into the environment [3, 31]. Similarly, 
numerous activities in car-servicing and workshop stations can be source of pollutant 
for contaminating the environment. These activities release various effluents and 
hazardous wastes such as oil & grease, lube oil, spent oil, heavy metals, detergents, 
paints, weld rods, plastic, rubber, etc. [4, 32]. 

One of the most common inorganic groundwater pollutants is used oil from 
automobile industries. The used oil otherwise known as waste oil or spent oil is 
categorized as hazardous waste and it is listed in Schedule I under Rule 3(1) 17(i) 
of the Hazardous and Other Wastes (Management and Transboundary Movement) 
Rules, 2016 [12]. Used oil from automobile industries includes different types of oils 
and fluids—oil filters, lubricants, motor oil, oil leaks from cars, etc. are improperly 
discarded on the ground as well as are washed off to the nearby drainage system 
without proper treatment. Consequently, it contaminates the groundwater and the 
soil [4]. Burns et al. [11] had researched that used oil takes more than six years to 
decompose in the environment causing long-term problems for the biota. And, even 
it takes weeks to months to decompose the oil by microorganisms under controlled
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laboratorial conditions. [1, 33] studied that the Polyaromatic hydrocarbons, one of the 
components of oil has been identified as carcinogenic in nature by the International 
Agency for Research on Cancer and, they are more harmful to living beings when 
present in bigger concentration in its composition. Nowak et al. [28] highlighted that 
water is considered contaminant in the presence of 1 ppm oil. The mineral oils are 
not easily biodegradable in nature and hence, it biodegradability is very low thereby, 
posing a threat to the aquatic ecosystem. 

Vazquez-Duhalt [33] analyzed and described the impact of used motor oil on soil 
and aquatic organism. It also discussed the mutagenic and carcinogenic health effects 
of used motor oil and provided information on the biodegradation of lubricating motor 
oil. These studies have highlighted the harmful effects of improper disposal of used 
oil and its consequence on the environment [29]. Therefore, there is a dire need to 
take urgent mitigation steps for prevention and abatement of environment pollution 
to ensure sustainable development. 

The current research paper evaluates the effluent discharged from different Motor 
Servicing Centers of Doon valley to determine the extent of contamination of 
ground water. The generated data can be used as a future reference to do research 
studies in this area. And, finally, acknowledging the importance of installation 
wastewater treatment and mitigate contamination of groundwater and its surrounding 
environment. 

2 Methodology 

The study was carried out in the district of Dehradun, the capital city of Uttarakhand 
which lies at 2200 feet altitude above sea level in India’s northern region. The city 
covers a total geographical area of 67.0 km2 and lies between 29o50’–30° 30’ N 
Latitude and 77° 35’–78° 20’ E Longitude having population of about 578,420 [30]. 
The Dehradun, known as Doon valley, have two main rivers Song and Asan which 
receives water from different perennial and non-perennial streams which originated 
in lesser north Himalaya and south Sub Himalaya. These rivers finally discharge its 
water from the city into the Ganga river in the East and Yamuna river lying in the 
west of Doon Valley [6, 8, 9, 25]. 

Field survey was carried out for collection of primary data of the effluent samples 
from selected 10 different Automotive stations of Doon valley. The effluent samples 
were collected from the outlet source of the stations. On-field pH, Temperature, TDS 
parameters were measured, and rest other parameters were analyzed in the Health 
Safety & Environmental Engineering Lab at UPES as per the APHA Standard 2012 
(APHA Standard 2012) of wastewater and drinking water quality. pH of effluent was 
measured using pH meter. Alkalinity of water was determined by titration where acid 
of known strength was added to a volume of treated water sample. Chloride was anal-
ysed by using titration method with standard silver nitrate using potassium chromate 
as an indicator. Total hardness, Calcium concentration and calcium hardness were 
analyzed by titration method using standard EDTA (Ethylene-diamine tetra acetic
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Fig. 1 Sampling location map of Dehradun City 

acid) solution. Magnesium hardness was determined by analyzing the total hardness 
and calcium hardness of the wastewater. The presence of Sodium and Potassium 
was based on emission spectroscopy. Used oil & grease were extracted from water 
samples by intimate contact with petroleum ether (Fig. 1). 

3 Results and Discussion 

The physiochemical water quality parameter has been presented in Table 2 and 
comparison was drawn against the BIS standards of drinking water quality [10]. The 
temperature ranged from 33.4 to 33.8 °C in all the sampling locations. The conduc-
tivity varied from 643 µSimen/cm to 995 µSimen/cm in all sampling locations 
where DDN 3 station showed highest value (Table1; Fig.  2). The TDS concentra-
tion had crossed maximum permissible limit (500 mg/l) at three sampling locations 
namely- DDN 2, DDN3 and DDN 5 where DDN 3 showed highest TDS value of 
666.65 mg/l (Table1; Fig.  3). The pH and TSS (total suspended solid) were found 
under permissible limit of BIS standard of drinking water quality. The parameters
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Table 1 Sampling locations 
from different servicing 
station 

Sl. no Code Name of the servicing 
center 

Location 

1 DDN–1 Bajaj servicing center Premnagar 

2 DDN–2 Hyundai service center Prince Chowk 

3 DDN–3 Oberoi motors 
workshop 

Majra 

4 DDN–4 Chevrolet workshop Transport nagar 

5 DDN–5 Mohit auto service 
center 

Rajpur road 

6 DDN–6 Rohan motors Chakrata road 

7 DDN–7 Hyundai workshop Haridwar road 

8 DDN–8 Roadways workshop Old ISBT 

9 DDN–9 Mayur auto Rajpur road 

10 DDN–10 Mahindra and 
Mahindra 

Kargi Chowk 

DO 6.3–6.8 mg/l and Alkalinity 353.8–457.5 mg/l of effluent exceeded than the 
normal standard range. High concentration values of Calcium 105–142.9 mg/l and 
Magnesium 46.8–69.86 mg/l were found in all collected water samples. Similarly, 
the total hardness of water was found far exceeding in the range of 520–550 mg/l 
from the permissible limit standard of 200 mg/l. Further, the concentration of oil & 
grease in DDN-8 showed 76 mg/l highest among all the collected samples and in 
fact, all the samples showed ranged 20–76 mg/l against the standard limit of 10 mg/l 
(Table 1; Figs.3, 4, 5, 6, 7, 8, 9,10, 11and12). 

4 Conclusion 

The automobile sector is huge and it is one of the fasted growing industry in today’s 
modern era. As there is increase in demand and supply, it has resulted in generation of 
waste and accompanied by environmental pollution. The growing market of automo-
bile sector is alarming and is becoming major polluters leading to detrimental effect 
on the ecosystem. With increase in number of automobile service stations, wastes 
are dumped or disposed off directly to the environment without being treated and/or 
properly stored and sent to authorized recycle vendors. They also have the same fate 
as domestic wastes in the city. A stringent regular monitoring of discharged water 
quality should be done in the motor servicing centers as majority of the wastes— 
different types of fluids and oils, lead acid batteries, fuel filters and other materials 
falls within the category of hazardous wastes [27]. Proper design facility of collec-
tion, treatment of wastewater and ensure effluent is brought to permissible standard 
limit before disposal at point source. No stagnation of wastewater should be allowed 
to avoid percolation of contaminants in groundwater. The wastes water generated by
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Table 2 Water quality analysis 

Sl. no Parameters Range BIS: 2012 

1 Temperature, oC 33.4–33.8 NA 

2 Conductivity, µSimen/cm 643–995 NA 

3 Total dissolved solids (TDS), mg/l 587–666.65 500 

4 Total suspended solids (TSS), mg/l 11 0.0–27.1 100 

5 pH 7.2–7.9 6.5–8.5 

6 Dissolved oxygen (DO), mg/l 6.3–6.8 5 

7 Alkalinity, mg/l 353.8–457.5 200 

8 Calcium (Ca), mg/l 105–142.9 75 

9 Magnesium (Mg), mg/l 46.8–69.86 30 

10 Total hardness, mg/l 520–550 200 

11 Ca hardness 262–357 NA 

12 Chlorine (Cl), mg/l 34.75–54.59 84 

13 Sodium (Na), mg/l 9.7–24 NA 

14 Potassium (K), mg/l 1.3–11 NA 

15 Oil & Grease 20–76 10 

Bajaj 
Service 
Center, 

Premnaga 
r 

Hyundai 
Service 
Center, 
Prince 
Chowk 

Oberoi 
Motors, 
Majra 

Mohit 
Auto, 
Rajpur 
Road 

Chevrolet, 
Transport 

Nagar 

Roadways 
Workshop 
, Old ISBT 

Conductivity 729 877 995 950 643 735 

μS
/ 

cm
 

Conduc vity 

Fig. 2 Conductivity concentration in waste oil generated from different service center

Motor Servicing Center get mixed with domestic wastes and pollute the groundwater. 
The Oil & Grease content in the samples were not conforming to the desirable limit 
of BIS which is 10 mg/L [10]. Roadways Workshop, Old ISBT has the highest Oil & 
Grease content with 76 mg/L (Fig. 10). All the samples from the Motor Servicing
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Fig. 3 TDS concentration in waste oil generated from different service center 
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Fig. 4 TSS concentration in waste oil generated from different service center

Centers had Cation % in the order of Ca > Mg > Na > K. Ca % contributes almost 
50% of the total Cation analyzed. Disposal of discharged water from the Servicing 
Centers should be either prohibited or limited in the city to avoid any leaching process 
into the groundwater or to provide sewerage system if it is within the city limit. It is
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Fig. 5 Ca concentration in waste oil generated from different service center 
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Fig. 6 Mg concentration in waste oil generated from different service center

suggested that some low cost and easy to implement techniques may be provided to 
the automobile service centers to avoid groundwater contamination. Further, more 
in-depth studies need to be done in this topic and provide efficacy solutions to these 
emerging problems.
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Fig. 7 Total Hardness concentration in waste oil generated from different service center 
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Fig. 8 Na concentration in waste oil generated from different service center
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Fig. 9 K concentration in waste oil generated from different service center 
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Fig. 10 Oil & grease concentration in waste oil generated from different service center
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Fig. 11 Cation % distribution of each motor servicing center 
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Fig. 12 Cation % distribution of each motor servicing center 
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Implementation of an Integrated 
Management System in Automobile 
Industry 

Reyya Pujitha, Kanchan Deoli Bahukhandi, and Rahul Silori 

Abstract Presently the international standards are in priority for Environment, 
Sustainability and Business Development as well as for Federal Laws, State Laws 
and other laws are focusing on their regional development. The implementation of 
IMS based on the foresight and vision for the organization, these can increase the 
efficiency, transparency as well as rationalization of common approaches, ideas and 
tools. This paper discuss about the integration of a different management systems 
into one cohesive system. The primary focus of this is to implement the five 
international standards-ISO45001:2018, ISO14001:2015(E), ISO28000:2007(E), 
ISO22301:2012 and ISO50001:2018(E) in Automobile Industry. It discusses about 
the levels of integration, starts with the adoption stage of Standards to the final audit 
certification. It also discuss about the challenges that may face while integrating the 
standards and the benefits of integration to an organization. The objective of this 
paper associated with the journey and the practical consideration of IMS in the stage 
of implementation. 

Keywords Integrated management system (IMS) · International organization of 
standardization (ISO) · Implementation · Standards 

1 Introduction 

Integrated Management system (IMS) is the collaboration of two or more standards 
into one cohesive system with a holistic set of documents, policies, procedures and 
processes. In order to acquire an ISO certification, certain organizations certify more 
than one certification [1]. For example an organization is certified for Quality and 
Health and Safety management. Subsequently, the quality department centers only 
on quality, while the EHS department on Health and Safety. In doing so, they do not 
emphasize on the other standards. By integrating differing standards into one system,
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we can increase the efficiency, transparency as well as rationalization of common 
approaches, ideas and tools [2].

The global realities of current business strategies emphasize individuals and orga-
nization to change and adapt IMS. Besides assisting certification, IMS helps in estab-
lishing the foresight and vision, thereby governing the present to build a brighter forth 
coming. A brighter future of an organization depends upon the maturity of present 
management systems and effectiveness through its core objective and process for the 
business continuity [3]. The objectives of IMS are towards the organizations which 
show case a single management system and has its focus on more than one manage-
ment systems which are commercially available, based on International Standards 
[4]. This effort is to rationalize the organizations design and development to approach 
IMS. Despite having initial challenges, it was a reasonable effort. The objective of 
this paper is associated with the IMS journey and the practical consideration for 
effective development and implementation of the IMS approach. While adopting a 
system, one should be sensible towards business structure to the management system 
because normally business and financial challenges are apart and the other barriers 
are in the form of personality, employee’s behavior and work culture. 

This paper helps to implement the IMS by identifying standards, tasks, recom-
mended approaches and processes (Fig. 1). The bottom line for this paper would be 
a guideline for a more efficient, effective and productive business that has rational-
ized the logic of its business practices, markets and risk with the goal of a healthier 
balance sheet. In this paper an attempt has been made with respect to the importance of 
IMS in Implementation of Environment, Energy, Business Continuity, Occupational 
Health& Safety, and Security supply chain Management Systems. 

2 Levels of Integration 

The implementation of IMS is divided into 10 levels: 

1. Awareness training 
2. Policy and Objective 
3. Internal Gap Analysis 
4. Documentation/Process Design 
5. Documentation/Process Implementation 
6. Internal Audit 
7. Organization of Management System Review Meeting 
8. Thorough Gap analysis of Implementation System 
9. Corrective Action 
10. Final Certification Audit.
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Business 
continuity 

management 
system 

Occupational 
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safety 
management 

system 

Supply chain 
security 

management 
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Environmental 
management 

system 

Energy 
management 

system 

Fig. 1 Integrated management system 

2.1 Level 1: Awareness Training 

When an organization adopts a new system either technical or management, relevant 
employer should be aware of that system as well as IMS [5]. It should be aware to 
every employee respective to their job role and surroundings. In the initial stages 
of the implementation, one has to meet different challenges and the gaps remain 
while it gets implementing for awareness of IMS towards the employers [6]. It can 
be subdivided into various categories. The first one is Management and supervisor 
level- In this level they should be well trained for the respective courses to follow, 
to supervise and for internal audits, second is for rest of the employees to be aware 
of the IMS towards their work and the last category is for the new employees. After 
the recruitment of a new employ the awareness training has to be conducted and it 
should be documented for verification.



396 R. Pujitha et al.

2.2 Level 2: Policy and Objectives 

The implementation of IMS is done by collaborating five international standards for 
the development of Integrated Energy, Environment, Health and Safety, Security and 
Business Continuity. The policy and objectives for the organization are formulated by 
considering vision, mission, goals and strategic direction of the company. To develop 
a policy or an objective the IMS team needs to work with the top management and 
middle level functional management. As the part of this commitment, the organiza-
tion should take all reasonable measures to ensure continual improvement by setting 
measurable objectives and targets for all levels of organization [7]. All appropriate 
resources should be provided to ensure effective implementation of the policies. 

These policies should be communicated and should be made available to all inter-
ested parties. The organization should provide information, protection and training on 
IMS matters to the employees, contractors, vendors, suppliers, visitors and members 
of the public who might be effected by business activities. These would make avail-
able all necessary devices and protective equipment/counter measures and supervise 
their maintenance and use. 

These policies shall be reviewed and updated if necessary, periodically for on-
going applicability, effectiveness and sustainable as part of the management review 
process and to ensure continual improvement of the IMS performance. Any changes 
made to the policies shall be immediately communicated to all relevant parties by 
emails, boards, meetings etc. 

2.3 Level 3: Internal Gap Analysis 

The identification of gaps depends up on location, type of industry, amount of produc-
tion and other factors. A gap analysis is mainly a review process or a type of minor 
auditing process or “show me the evidence” type which comes in the form of a record 
or a document [2, 8]. 

2.4 Level 4: Documentation/Process Design 

Overall process design must be documented as per the requirement of the adopted 
standards. The procedures should be written and implement to the organization 
like functional procedures, work instructions, system procedures, associated forms, 
organization charts etc. [9].
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2.5 Level 5: Documentation/Process Implementation 

Process Implementation is not only the process for documentation as it turns the 
strategies and plans into actions. In order to implement the successful plan in the 
organization, IMS should be treated into one of the work culture [10]. These imple-
menting process should be done along with the level 4 across the organization so 
that all departments are covered. 

2.6 Level 6: Internal Audit 

Internal audits are independent activity designed to add value in an organizations 
operations. It helps to increase the effectiveness of an organization objectives by 
bringing in a disciplined and systematic approach for the effectiveness of risk 
management, control and governance processes [7]. 

2.7 Level 7: Organize a Management System Review Meeting 

The purpose of the management review is to evaluate the effectiveness of the existence 
system. It is mandatory to review the various aspects like policy, strategic directions 
of the organization, setting of the objective, reviewing of the existence objectives, 
the extent they have reached, results of process performance, system performance 
if already exist, results of complaints, feedbacks, suggestions, previous incidences, 
results of an internal audit, legal and other compliance reports that related to the 
standards for integration [11, 12]. 

2.8 Level 8: Thorough Gap Analysis of Implementation 
System 

Once again conduct a formal gap analysis and also thorough with the previous 
gap analysis to assess the compliance of the IMS and its effectiveness for the final 
certification audit [13]. 

2.9 Level 9: Corrective Actions 

On the basis of gap analysis, internal audits, compliance reports nonconformities are 
discovered for corrective actions. These are usually a set of actions which require law
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and standard to eliminate an undesirable situations. For example, non conformity may 
also be a machine failure, market complaint, customer complaint, misinterpretation 
of written instructions to carry out a work. These non-conformities must be related 
to the adopted standards. 

A corrective action is designed by a team including personnel who are involved 
in the actual observation and the quality assurance in the point of non-conformance 
to implement systematically and observed to their abilities to eliminate for the future 
occurrence [14]. In this process if there any similar chances to get a nonconformity 
those all should be also corrected. To ensure the corrective action for an investigation 
root cause of the incident is pivotal [15, 16]. 

2.9.1 Level 10: Final Certification Audit 

Final certification audit will be conducted by the external person. This auditing can 
also say as self-examination to organization and these may also help for the business 
standard to show about the state of organization and statutory purpose [17, 18]. 

3 Challenges to Integrate

• The development, implementation and maintenance of a management system are 
time-consuming, and frequent challenges can be encountered.

• The main challenge to implement IMS is to integrate the people, time, Data and 
delivery then the people will increase their competence and motivation, time will 
turn into predictive, data will be modeled and finally delivery will be mauled into 
interactive dashboards.

• Having gone through this process by implementing one by one and reach to a 
certain comfort level then another storm will occur from other side.

• The most common fears encountered is the perception that defining processes and 
advocating consistency will stifle entrepreneurship, creativity, and flexibility.

• By historically we can also say that management system based on written proce-
dures and multiple of paper works that ultimately increased into directorate, 
sometimes simply doesn’t make any sense.

• The development of any new system carries with it certain costs, likewise 
integrating systems requires resources which consumes cost [19].

• If IMS is not well planned or implemented, the integrated system can quickly 
become a major cost area and a source of frustration and if not managed well, the 
whole exercise of integrating management systems and processes can contribute 
to “turf wars” due to overlap or gaps.

• In the process of integrating a system, the person tasked for this was not a compe-
tent nor experienced in this work the effort will be plagued by a false start, 
unnecessary paperwork and templates and other works.
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4 Benefits of an Integration

• Improving performance: By implementing the system in a planned manner it 
definitely shows a positive impact on the system by improving its performance of 
their standards by showing some productivity [20].

• Eliminating redundancies: When the organization following different manage-
ment system then the similarities will be there in all systems like policies, 
processes, documents, trainings etc. when you integrating a system these redun-
dancies will reduce and can save your organization a great amount of time, and 
in return money.

• Accountability: When you align the different system into an integrated system 
by collaborating policies, objectives and all will show the improvement in 
accountability.

• Establish consistency: Integration will create best consistency among the system 
that will reduce the complex and be easier to understand.

• Cost Reduction: When you have different system each system will have to do 
audits and assessments individually, when you integrated up to certain activities 
you can reduce time, eliminate the interrupted time and reduce the cost.

• Reducing maintenance: When you have an integrated management system you 
can maintain the requirements concurrently, streamlining the process and allowing 
the organization to focus on improvements rather than maintaining multiple 
systems when that is unnecessary.

• Facilitating decision making: Eliminating layoffs and creating consistency 
within the organization of the functional needs and performance. This inte-
grated approach also allows the organization to analyze functional and department 
barriers and therefore improve communication and decision making [3]. 

5 Conclusion 

The concept of an integrated management system is collaborating the occupational 
health and safety, energy, environment, security and business continuity Management 
systems into one cohesive management system in an automobile industry. It integrates 
all the set of documents, procedures, policies, processes, auditing etc. The results 
after the implementation of IMS will not only increases efficiency, transparency, 
rationalization of idea, tools but also shows some benefits in cost (Table 1).
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Development of Accident Prediction 
Model for Low Frequency and High 
Severity (LFHS) Industrial Accidents 

N. N. Pisharody, Kanchan D. Bahukhandi, Prashant S. Rawat, 
and R. K. Elangovan 

Abstract Back Ground: Industrial safety is a multi-disciplinary subject involving 
interaction of human, equipment and work environment. It is difficult to design equip-
ment and work environment for each individual as each individual is unique. There-
fore, accident control measures should be implemented by safety through design, 
supplemented by administrative controls and personal protective equipment. In order 
to implement an effective accident control program, all accidents should be investi-
gated and analyzed to identify significant contributors. Methods: Regression analysis 
is one of the tools for identification of significant contributors through development 
of accident prediction models. The paper illustrates multiple linear regression anal-
ysis of Low Frequency High Severity (LFHS) accidents occurred in a Public Sector 
Power Company in India during the period of 10 years from 2006 to 2015. The 
independent variables of the model are ‘Types of LFHS Accidents’ and depen-
dent variable is man-days loss attributed to LFHS accidents. Results: The signifi-
cant contributors of the LFHS accidents are ‘Exposure to or Contact with Electric 
Current’, ‘Fall of Persons from Height’ and ‘Stepping on Striking Against or Struck 
by Object’. The paper also gives accident control measures to be taken by ‘Safety 
through Design’, ‘Administrative Controls’ and ‘Personal Protective Equipment’. 
Conclusion: Effective implementation of these measures will support organization 
in accident prevention. 
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1 Introduction 

Accidents are unexpected events resulting in injury to persons or loss of property 
or production [1]. Accidents are classified as Near Miss, First-Aid Injury, Non-
Reportable Injury, Reportable Injury and Fatality depending upon the consequences. 
Near misses, first-aid injuries and non-reportable injuries are accidents of High 
Frequency and Low Severity (HFLS); whereas reportable injuries and fatalities 
are accidents of Low Frequency and High Severity (LFHS) [2–4]. Frequency and 
severity are estimated in terms of number of accidents and man-days loss per million 
man-hours respectively [5]. 

There were 113 LFHS accidents comprising of 95 reportable Injuries and 18 
fatalities; at 11 twin unit Operating Plants and 3 twin unit Construction Projects in a 
Public Sector Power Company in India during the period of 10 years from 2006 to 
2015. The number of LFHS accidents and man days lost are given in Table 1. 

Accidents may recur, if root causes are not identified and corrective measures 
are not taken. Therefore, all accidents shall be investigated to address the causes 
to prevent events of similar kind in future [4, 6–8]. Even though all accidents are 
analyzed and corrective measures are taken, accidents are recurring in the company. 
Therefore, it is felt necessity to further reinforce accident preventive measures. Acci-
dent prediction models help to identify dominant contributors of accidents to take 
decisions on accident preventive measures [9, 10]. 

This paper gives details on development of an accident prediction model based 
on the analysis of LFHS accidents occurred in the Public Sector Power Company 
during the period from 2006 to 2015 with reference to ‘Type of LFHS Accidents’ 
[5]. The paper also brings out safety measures to be further reinforced to minimize 
consequences of accidents as low as reasonably practicable. 

Table 1 Number of LFHS accidents during from 2006 to 2015 

Year Reportable injury Fatality Total No. of accidents Man days loss 

2006 7 3 10 18,830 

2007 18 3 21 18,357 

2008 12 1 13 6312 

2009 10 1 11 7135 

2010 11 2 13 12,355 

2011 6 1 7 6109 

2012 14 1 15 8620 

2013 8 3 11 18,450 

2014 4 2 6 18,991 

2015 5 1 6 10,724 

Total 95 18 113 125,883
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2 Materials and Methods 

2.1 Taxonomy 

The paper comprises of 9 sections. Section 1 is Introduction, Sect. 2 is Materials 
and Methods, Sect. 3 gives Results, Sect. 4 gives Discussion, Sect. 5 is Conclu-
sion, Sect. 6 gives Future Research Directions, remaining Sections give Conflicts of 
Interest, Acknowledgement, References, Tables and Figures. 

2.2 Literature Survey 

Literature survey on ‘Accident Prevention and Control’ and ‘Accident Prediction 
Models’ shows that immense literature on ‘Accident Prevention and Control’ at 
chemical process industries are available, whereas literature on conventional indus-
tries is relatively less. Similarly, large quantity of literature is available on ‘Acci-
dent Prediction Models’ on road accidents and crash models, however literature on 
accident prediction models on conventional industrial accidents is limited. 

Accident Prevention and Control 

Accident prevention and control is a multi-disciplinary subject comprising of vide 
spectrum of topics on administration, program implementation, engineering and 
technology [11, 12]. The first step for administration and implementation of safety 
program is identification of safety professionals with requisite qualifications and 
experience; and defining their role. Safety professionals facilitate establishment of 
a safety organization by development of safety and occupational health programs to 
meet statutory requirements as per the national laws, with the objective to safeguard 
safety, health and welfare of workers and to protect them from exploitation [3]. 

An organization shall establish Occupational, Health Safety Management System 
(OHSMS) for the effective implementation of safety programs. At the outset, the 
top management shall issue an OHS policy, expressing its commitment on OHS 
responsibilities. Implementation of OHSMS in an organization is based on Plan-
Do-Check-Act (PDCA) cycle. It involves review of existing OHS programs and 
establishment of programs for hazard identification and risk assessment, hazard 
control, accident prevention, accident reporting and investigation, surveillance of 
work environment and industrial hygiene; work place ergonomics, safety education, 
emergency preparedness, corrective and preventive action, development of safety 
culture, enforcement of safety legislation, maintenance of records, verification of 
system effectiveness through safety auditing and periodic management review for 
continual improvement [11, 13–18]. 

Hazard identification and risk assessment facilitate implementation of hazard 
control programs as per the hierarchy of accident control in Fig. 1 [19, 20]. In 
this hierarchy, elimination, substitution and engineering controls assume the upper
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Fig. 1 Hierarchy of accident control 

tiers. Next in the hierarchy are administrative controls such as enforcement, training, 
job hazard analysis, safe work procedures, work permit system, access control etc. 
Personal Protective Equipment (PPE) is the lowest in the hierarchy. PPE do not 
prevent accidents; however it mitigates the consequences of the accident [21]. 

A study carried out on the cause of industrial accidents in aviation, railway and 
nuclear industries validates that about 50–60% of the root causes of the accidents 
are attributed to the design and hence design improvement should be considered as 
one of the major strategies for accident prevention [21]. Accident control by design 
can be achieved by ‘Safety through Design’ in structures, systems, equipments and 
components by judicious application of elimination, substitution and engineering 
controls. ‘Safety through Design’ integrates hazard analysis and risk assessment 
right from the design stage. It has an encompassing effect on the facilities and layout. 
Though initial investment for ‘Safety through Design’ could be relatively high, cost 
is comparable with subsequent retrofitting efforts. At later stage, if safety related 
deficiencies are identified in the design, it may be impossible, impracticable and 
difficult or expensive to implement. In such cases, ‘Administrative Controls’ and 
‘Personal Protective Equipment’ can supplement ‘Safety through Design’ [11, 12]. 
Despite all these efforts, there could be accidents and injuries due to shortfalls in 
program implementation. Therefore, it is essential to investigate each accident to 
identify causes and contributors, whether it is HFLS or LFHS accident [2]. 

An accident is preceded by numerous incidents and near misses. Even near misses 
are preceded by many precursors, which are anomalous events without any imme-
diate safety impact; however may indicate unknown or insufficiently understood 
significant risks. Therefore, all precursors shall also be analyzed to identify potential
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safety risks, to take corrective measures and hence to prevent more severe acci-
dents. Therefore, organizations shall have a frame work for identification, reporting, 
investigation, causal analysis, solution identification, dissemination and resolution 
of precursors and near-misses [1, 22–24]. 

Organizations may adopt a 7 point protocol for identification of precursors to 
direct their resources to improve safety. It includes selection of area, identification of 
precursors, prioritization of precursors, identification of ineffective control processes, 
identification of latent conditions, identification of affected safety barriers and deriva-
tion of conclusions As long as precursors and near misses are kept under control, 
either by preventive or by controlling actions; it may not escalate to serious accidents. 
In fact, investigation of precursors and near misses shall be integral part of organiza-
tional safety management system. There should be a systematic mechanism to inter-
rupt and prevent precursors and immediate factors (PaIFs) through real-time tracking 
from historical accident records [4, 6–8]. However, organizational and management 
factors such as weak safety culture and ineffective root cause analysis could lead to 
failure of near miss reporting system. A near-miss reporting system should be based 
on blame free and forgiveness culture. Identification of human errors as causes for 
accidents should be based on man–machine interface and system induced errors [25]. 

A dangerous situation with potential for accident is formed due to technical 
failure, human failure and organizational failure. If adequate defenses are available, 
dangerous situation could return to normal, else it will develop into an incident. With 
adequate human recovery actions, the incident could reduce to a near miss; else it 
may escalate to an accident. Hence human recovery has an important role in accident 
prevention as it reduces a possible accident into a mere near miss [26]. 

Work place injuries are caused by both individual and organizational factors. 
Individual factors are employees’ educational level and organizational role. Organi-
zational factors are organizational culture, organizational support, job satisfaction, 
and perception on workplace safety. Workers’ perception on workplace safety has 
very high impact on accident frequency. Workplace injuries are the result of human 
and work environmental factors. An effective organizational management by paying 
attention to social structures at the workplace can reduce accident frequency. Orga-
nizational and cultural precursors such as leadership, oversight and scrutiny; and 
organizational learning play critical role in accident prevention [27, 28]. 

Accident models based on theories of accident philosophy, accident sequence, 
and accident causation help to understand and analyze accidents and assist accident 
prevention. Accident models are used in both reactive and proactive safety manage-
ment [28, 29]. Most of the accidents models are based on chemical process industries. 
The System Hazard Identification, Prediction and Prevention (SHIPP) model devel-
oped by Rathnayaka et al. uses a combination of event and fault tree concepts based 
on precursor information to establish cause-consequence relationship [30, 31]. Simi-
larly, Dynamic Sequential Accident Models (DSAMs) based on fault trees and event 
trees by utilizing precursor data such as near-misses, mishaps, incidents and acci-
dents are also available to estimate posterior risk profile and support decision making 
[32].
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There were major accidents with fire and explosion in chemical process industries 
world over at hazardous material storage facilities, where large number of highly 
flammable and toxic substances is stored in huge quantities. When highly flammable 
Liquid Petroleum Gas (LPG) is stored under pressure, it involves risk of explosion due 
to Boiling Liquid Expanding Vapor Explosion (BLEVE). Therefore, such tanks shall 
be installed at optimum safe distance such that in case of an event in one tank, other 
thanks are not harmed. Therefore, it is mandatory that chemical process industries 
are designed and operated by complying with requirements of applicable standards 
to prevent major accidents involving fire, explosion and toxic release [33].  In a tank  
farm where highly flammable liquids are stored in two or more tanks and if one of the 
storage tanks meets with an accident and leak leading to fire and explosion; adjacent 
tanks are also likely to fail due to heat. Inter-utility distances between hazardous 
facilities within the periphery of chemical process industry and risk of accidents can 
be minimized by using ‘Risk and Distance Minimization in Process industry Units 
Siting’ (RIDIMPUS) methodology [34]. The safe and optimum distance between two 
or more hazardous storage tanks in a tank farm can also be determined by accident 
models such as Point Source model, Shokri and Beyler’s model, Mudan’s model or 
Baldwin and Thomas model [35]. 

A template based quantitative risk assessment of hazardous material storage facil-
ities to identify and reduce risks could also prevent accidents in chemical process 
industries [36]. The Chemical Accident Simulation Tool (CAST) software can 
generate various scenarios of different types of accidental fires and explosions in 
chemical process industry with likely consequences in terms of area impacted and 
types of impacts. The CAST is developed with an integrated mapping tool to display 
damage zones around accident center and it makes the application useful in decision 
making [37]. 

Studies on occupational accident models, human factors and safety culture by 
Attwood et al. [38] indicate that holistic quantitative models, capable of predicting 
accident frequencies in conventional industries are scarce. Therefore, more research 
should be made in this direction. This paper is such an effort to develop an accident 
prediction model on ‘Type of LFHS Accidents’. 

Accident Prediction Models 

Accident prediction models are developed to identify significant contributors for 
the accidents to take appropriate corrective actions. Generally adopted methods for 
accident prediction are scenario analysis, regression method, time-series method, 
Markov chain method, grey model, neural networks and Bayesian networks. Some-
times a combination of different methods is also used to bring a realistic prediction 
model [13]. Amongst these methodologies, multiple linear regression and Analysis 
of Variance (ANOVA) is used for the prediction of a dependent variable with two or 
more independent variables. Multiple linear regression analysis is a statistical method 
for estimating relationship among variables for defining relationships between the 
variables in the form of an equation. It is used to estimate a dependent variable using 
certain independent variables. It is widely used for prediction to understand which 
among the independent variables are significantly related to the dependent variable.
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With some limited conditions, regression analysis is used for inferring causal rela-
tionships between independent and dependent variables also. Statistical significance 
of the model is determined by the values of coefficients of determination i.e. R2 and 
Adjusted R2 values, F-Test, T-Test and p-values for a specific values of significance 
[39–41]. 

Multiple linear regression models are used in academics to analyze student’s 
final grade as dependent variable and measurement and evaluation, educational 
psychology, curriculum development, guidance, teaching methods student’s scores in 
tests, quiz and final examination etc. as independent variables. Prediction capabilities 
of these models are adequate and the results are statistically significant [42, 43]. 

Multiple linear regression is extensively used to predict road accidents, although 
its application on prediction of occupational accidents is less. In road accident predic-
tion models, dependent variable is number of road accidents and independent vari-
ables are quantitative and qualitative parameters such as road cross-section dimen-
sions, traffic volume, speed, road shoulder width, lighting conditions, traffic signs 
and traffic signals etc. Validity of these models is checked by coefficient of determi-
nation and by comparing predicted values with actual. Coefficient of determination 
shows satisfactory goodness fit of the models [14, 44]. 

Multiple linear regression is also not free from controversies. One common issue 
with multiple linear regression is multicollinearity as sometimes it may make inter-
pretation of results difficult. However, Kraha et al. [45] opines that multicollinearity 
will not affect prediction capability of the model. They also propose to use multiple 
indices such as correlation coefficients, beta weights, structure coefficients, all 
possible subsets regression, commonality coefficients, dominance weights, and rela-
tive importance weights etc. to understand contributions of predictors in a regression 
model. 

2.3 Rationale of Model Selection 

An accident prediction model is an algorithm of pitting a dependent variable 
against several independent variables, each of which is assigned a constant [14, 
44]. Objectives of the accident prediction models are [29]:

• To create common understanding of the accident phenomena.
• To prevent personal biases on accident causation.
• To provide opening for wider range of preventive measures.
• To guide investigations regarding data collection and accident analyses.
• To analyze interrelations between factors and conditions of accident causation.
• To identify significant causes of accidents, hence to facilitate preventive measures. 

Based on the literature survey, multiple linear regression is the method considered 
for the analysis. This paper gives details of an accident prediction model on ‘Type 
of LFHS Accidents’. Independent variables considered in the model are number
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of various ‘Types of LFHS Accidents’ and dependent variable is mandays loss on 
account of LFHS accidents. 

3 Results 

3.1 Development of Accident Prediction Model 

Number Industrial Accidents on each type of accident, observed man days loss and 
estimated man days loss during the period from 2006 to 2015 are given in Table 2. 

Following are the variables considered for the regression analysis: 

Independent Variables 

X51 Fall of objects 
X52 Exposure to or contact with electric current 
X53 Over exertions or wrong movements, exposure to or contact with harmful 

substances or extreme temperature, explosions and others 
X54 Fall of persons from height 
X55 Fall of persons on the same level 
X56 Stepping on striking against or struck by object 
X57 Caught in or between objects 

Dependent Variable 

YB5MDL Observed man days loss on account of LFHS accidents 

Regression analysis and Analysis of Variance (ANOVA) was carried out with 
Microsoft Excel and results are given in Table 3. Accident Prediction model 
developed by the analysis gives following numerical expression: 

YB5MDL = 20886.47 − 19.41(X51) − 9718.00(X52) + 2189.44(X53) 
+ 1081.17(X54)1.5 + 872.58(X55) − 6623.14(X56) + 1365.29(X57) 

Goodness of Fit and Statistical Significance of Accident Prediction Model 

Goodness of fit of the model is assessed from Coefficients of Multiple Determi-
nation (R-Square and Adjusted R-Square). Statistical significance of the model is 
determined by conducting F-test, T-test and p-values [41–45]. 

Goodness of Fit 

Goodness of fit of multiple regression model is determined from the coefficients 
of multiple determination; R2 and Adjusted R2. R2 and Adjusted R2 values of the 
model are 0.9889 and 0.9502 respectively. R2 indicates that 98.89% of the total 
variation of dependent variable is explained by the independent variables. Adjusted
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Table 3 Output of regression analysis of types of LFHS accidents during from 2006 to 2015 

Summary output 

Regression Statistics 

Multiple R 0.9945 

R2 0.9889 

Adjusted R2 0.9502 

Standard 
error 

1240.2657 

Observations 10 

ANOVA 

df SS MS F-Stat Significance 
F 

Regression 7 274,903,493.98 39,271,927.71 25.53 0.038 

Residual 2 3,076,518.12 1,538,259.06 

Total 9 277,980,012.10 

Coefficients Standard 
error 

t Stat P -value Lower 95% Upper 
95% 

Intercept 20,886.47 2063.56 10.12 0.010 12,007.70 29,765.25 

X51 −19.41 349.59 −0.06 0.961 −1523.60 1484.78 

X52 −9718.00 995.85 −9.76 0.010 −14,002.79 −5433.21 

X53 2189.44 822.53 2.66 0.117 −1349.64 5728.51 

X54^1.5 1081.17 158.69 6.81 0.021 398.39 1763.96 

X55 872.58 1139.09 0.77 0.524 −4028.52 5773.69 

X56 −6623.14 1052.24 −6.29 0.024 −11,150.55 −2095.74 

X57 1365.29 466.62 2.93 0.100 −642.40 3372.98 

R2 indicates that 95.02% of the total variation of dependent variable is explained 
by the independent variables. As R2 and Adjusted R2 values are close, goodness of 
fit of the model is satisfactory and at least one independent variable will contribute 
information for the prediction of YB5MDL.

Statistical Significance 

Statistical significance of the model is assessed with reference to F-Test, T-Test and 
p-values. 

F-Test: 

F-Stat value is 25.53 and F-Critical value for the model is 19.35. Since F-Stat of 
the model is more than the F-Critical, the model is statistically significant and at 
least one independent variable will give significant information for the prediction of 
YB5MDL. 

p-values:
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Overall p-value of the model is 0.038 and it is less than the α-value of 0.05. This 
implies that the model is significant at the α-value of 0.05 and at least one of the 
regression coefficients is not zero. 

The p-values for the estimated coefficients of X52, X54 and X56 are 0.010, 0.021 
and 0.024 respectively. These values are less than the α-value of 0.05, which indicates 
that these variables are significantly related to YB5MDL at the α-value of 0.05. 

The p-values for X51, X53, X55 and X57 are 0.961, 0.117, 0.524 and 0.100 
respectively. These values are more than the α-value of 0.05.This indicates that these 
variables are not significantly related to YB5MDL at the α-value of 0.05. 

T-Test: 

Absolute T-Stat values for the estimated coefficients of X51, X52, X53, X54, X55, 
X56 and X57 are 0.06, 9.76, 2.66, 6.81, 0.77, 6.29 and 2.93 respectively. T-Critical 
value for model at the α-value of 0.05 is 4.30. 

T-Stat values of X52, X54 and X56 are more than T-Critical. This indicates that 
these variables are significantly related to YB5MDL at the α-value of 0.05. 

The T-Stat values for X51, X53, X55 and X57 are less than T-Critical value. This 
indicates that these variables are not significantly related to YB5MDL at the α-value 
of 0.05. 

Validation of Accident Prediction Model 

Validation of the model was carried out with the independent data for the year 2018. 
Values of Independent and dependent variables on types of accidents and man-days 
loss on account of LFHS accidents for the year 2018 are given below: 

Independent variables: 

X51 = 0, X52 = 1, X53 = 0, X54 = 4, . . .  X55 = 1, X56 = 0, X57 = 2 

Dependent variable: 

YB5MDL = 18764 

Estimated value of dependent variable: 

YB5MDLE = 23421 

Figure 2 shows comparison of observed and estimated man-days loss on account 
of LFHS accidents during the period from the year 2006 to 2015 and for the year 
2018. The figure indicates that estimated man-days loss is in agreement with the 
observed man-days loss. With independent data for the year 2018, estimated man-
days loss is within about 25% of the observed man-days loss. This is a fairly good 
result and the model is able to reasonably predict the dependent variable.
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Fig. 2 Observed and estimated man-days loss on account of LFHS accidents 

4 Discussion 

The paper presents an accident prediction model on ‘Types of Accidents’ for 113 
LFHS accidents comprising of, 95 reportable injuries and 18 fatalities, occurred in 
the Public Sector Power Company during the period from 2006 to 2015. Based on 
the statistical significance, following significant types of accidents can be derived 
from the model: 

1. Exposure to or contact with electric current 
2. Fall of persons from height 
3. Stepping on striking against or struck by object 

4.1 Exposure to or Contact with Electric Current 

Accidents due to ‘Exposure to or Contact with Electric Current’ occurred while 
working on switchgear and electrical equipment. 

Causes

• Flash over due to exposure to live circuit breaker components during rack-
in or rack-out operations attributed to design deficiency, lack of attention to 
live electrical circuits, dust accumulation on switchgear due to lack of periodic 
maintenance; or non-use of arc protection suits and arc rated PPEs.

• Electric shock caused by degradation of electrical cables due to ageing, defective 
insulation of cables or cable terminals, use of non-standard power plug tops, 
wrong wiring of electrical extension board, lack of Earth Leakage Circuit Breakers 
(ELCBs); or inadequate earthing of electrical circuits.
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• Insufficient hazard identification and risk assessment, non compliance to guaran-
teed isolation of power supply or work permit system before starting works on 
electrical systems.

• Insufficient awareness about the hazards, non use of arc protection suit or 
inadequate work supervision while working on electrical equipment. 

Recommendations 

Safety through Design:

• Rectification of design deficiency in the circuit breaker to prevent access to 
live components during rack-in or rack-out operations and revising technical 
specifications of circuit breakers.

• Provision of ELCBs and double earthing in electrical circuits and electrical 
equipment.

• Use of standard extension boards in electrical circuits. 

Administrative Controls:

• Conducting Job Hazard Analysis to identify hazards and risks before starting 
works on electrical systems and performing jobs with safe work procedures.

• Periodic inspection and testing of cables with respect to ageing and replacement 
of damaged or expired cables.

• Periodic inspection and maintenance of switchgear, electrical equipment and 
extension boards.

• Independent inspection of cable terminal points during wiring to ensure effective 
insulation.

• Use of proximity tester while working near electrical systems to identify live 
electrical components in the vicinity.

• Training of employees on precautions to be taken while working on electrical 
systems.

• Deploying trained and designated persons for working on electrical systems and 
wiring of electrical circuits.

• Self checking and peer checking to ensure guaranteed isolation of electrical 
equipment and compliance to work permit system.

• Performing works on electrical systems under the supervision.
• Training on Cardio-Pulmonary-Resuscitation (CPR) for persons working on 

electrical systems to rescue victims of electrical shock. 

Personal Protective Equipment:

• Conducting Arc Flash Hazard Analysis of the switchgear to determine arc flash 
incident energy and arc flash protection boundary for identifying required arc 
protection suit and arc rated PPEs for use while working on electrical switchgear, 
within arc flash protection boundaries [46, 47].

• Using arc resistant suits and arc rated PPEs while working on electrical switch 
gear.
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4.2 Fall of Persons from Height 

Accidents due to ‘Fall of Persons from Height’ occurred while working on height. 

Causes

• Insufficient hazard identification and risk assessment before starting works at 
height.

• Working at height and on fragile roof without safe scaffoldings, platforms or 
ladders, safe access, fall protection measures and safety nets; and not complying 
with safe work procedures and work permit system.

• Lack of guarding or hard barricading with caution signage at locations with fall 
potential to restrict approach.

• Not wearing or improper wearing of helmet and fall protection safety harness 
while working at height.

• Inadequate work supervision while working at height. 

Recommendations 

Safety through Design:

• Erecting scaffoldings and platforms as per standards, using standard materials 
with safe access.

• Using roof top ladders while working on fragile roofs.
• Restricting approach to floor openings, wall openings and locations with fall 

potential by guarding or hard barricading, with caution signage.
• Using materials of sufficient strength to cover floor openings, wall openings and 

manholes.
• Provision of safety net below the locations of works at height. 

Administrative Controls:

• Identification of hazards and risks before starting works at height and performing 
jobs with safe work procedures and work permits.

• Inspection and certification of scaffoldings and platforms by competent agencies 
before use.

• Prohibiting use of damaged scaffoldings, ladders and platforms, use of scaf-
foldings, ladders and platforms with expired validity; and inadequate periodic 
inspection and recertification of scaffolding, ladders and platforms.

• Performing works at height under supervision with approved work permit.
• Enforcement of work permit system for covering floor openings, wall open-

ings and manholes; and periodic inspection of floor openings, wall openings and 
manholes coverings and rectification of deficiencies if any.

• Periodic illumination survey and ensuring sufficient illumination at work places.
• Self checking and peer checking of the area with respect to fall hazards before 

starting and while performing works at height. 

Personal Protective Equipment:
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• Ensuring use of fall protection safety harness by anchoring it to a firm structure 
or lifeline; and wearing helmet with chinstrap while working at height. 

4.3 Stepping on, Striking Against or Struck by Object 

Accidents due to ‘Stepping on Striking Against or Struck by Object’ occurred while 
working in plant areas. 

Causes

• Improper installation of systems, equipment or components, not securing equip-
ment or materials, not providing soft cushions on striking hazards, use of equip-
ment with striking hazards, lack of machine guards or not restricting entry of 
unauthorized persons to work area.

• Lack of safe work procedures, adopting wrong procedure, lack of attention to 
striking hazards, non use of mechanical means for material handling, not using 
leather hand gloves or not wearing helmets in areas with bump hazards.

• Lack of coordination, supervision and signalmen while performing hazardous 
jobs with striking hazards. 

Recommendations 

Safety through Design:

• Installing and securing equipment and materials firmly at work place.
• Providing machine guards to prevent approach of workers to hazardous systems, 

equipment or components.
• Providing soft cushions with caution signage over the bump hazards. 

Administrative Controls:

• Inspection of work place before performing job to ensure secured installation of 
equipment and materials at the workplace.

• Conducting Job Hazard Analysis, implementing hazard control measures; and 
ensuring use of safe work procedure effective supervision and signalmen while 
performing operations with striking hazards.

• Restricting entry of unauthorized persons to work area by cordoning with caution 
signage.

• Self checking and peer checking of work area with respect to striking hazards 
before starting and while performing jobs.

• Training of persons on use of hazardous equipment components. 

Personal Protective Equipment:

• Using leather hand gloves while handling sharp objects and during material 
handling.

• Enforcing helmets while working in areas with bump hazards.
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5 Conclusion 

Industrial safety is a multi disciplinary subject involving interaction of human, equip-
ment and work environment. Even though equipment and work environment are 
under the control organization, human factors are not always under the control organi-
zation, as every individual is unique. It is difficult to design equipment and work envi-
ronment for each individual. Therefore, accident control measures cannot be imple-
mented by ‘Safety through Design’ alone. In fact ‘Safety through Design’ should be 
supplemented by ‘Administrative Controls’ and ‘Personal Protective Equipment’. 

Regression analysis is one of the tools for identification of significant contributors 
by development of accident prediction model. The paper illustrates development of 
an accident prediction model by multiple linear regression analysis of 113 LFHS 
accidents occurred in a Public Sector Power Company in India during the period 
of 10 years from 2006 to 2015. The model gives satisfactory goodness of fit and 
statistical significance. Validation of the model, using independent data of types of 
accidents for the year 2018 demonstrates reasonably good prediction capability. 

The significant contributors of the LFHS accidents are ‘Exposure to or Contact 
with Electric Current’, ‘Fall of Persons from Height’ and ‘Stepping on Striking 
Against or Struck by Object’. The paper also gives accident control measures to be 
taken by ‘Safety through Design’, ‘Administrative Controls’ and ‘Personal Protective 
Equipment’. 

6 Future Research Directions 

Extensive literature is available on accident prediction models of traffic accidents 
and crash modeling. However, accident prediction models on Industrial Accidents 
are found to be scarce. This gap needs to be addressed through more efforts in this 
regard. 
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