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Abstract 

To examine the degree of contamination in Yamuna River at Delhi, eight heavy metal (Pb, Cd, Hg, Cu, 

Cr and Zn) were assessed in soil, water and macrophyte (Eicchornea Crassipes). Heavy metals are one 

among the toxic chemicals and accumulation in sediments and plants has been posing serious health 

impacts. The occurrence heavy metals in water were found in the order: Cr> Zn> Pb> Cu> Cd> Hg. In 

sediment order was: Cr ˃ Zn ˃ Pb ˃ Cu ˃ Cd ˃ Hg and in macrophyte (Eicchornea Crassipes) in order: 

Zn ˃ Pb ˃ Cr ˃ Cu ˃ Cd ˃ Hg. The analyses of macrophytes and sediment samples help in evaluating 

pollution status in aquatic environment. Heavy metals in water was found above the recommended level 

set by WHO for drinking. 
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1. Introduction 

The toxicity of trace metal contamination is a serious environmental problem that not only 

threatens aquatic ecosystems, but also causes serious health hazards through food-chain 

magnification. The elements with atomic number greater than 20 with higher density (>5 

g/cm3) and metallic properties are chemically stable. These have long biological half-life 

compared to other xenobiotics and are non-biodegradable, toxic and persistent with serious 

ecological ramifications in ecosystems (Chopra et al., 2009) [2]. Trace metals are released into 

the environment by a wide range of natural and anthropogenic sources including industrial, 

agricultural, and domestic waste (Upadhyay et al., 2014) [3]. Some trace metals are persistent in 

nature and can reside in polluted environments for a longer period, which causes deleterious 

health effects to humans and aquatic organisms (Rai et al., 2015) [4]. 

Metal enrichment in river sediments reflects the upstream contamination sources and pollution 

over time, even when the levels in water are extremely low and metal concentrations 

undetectable with existing methods of analysis. Aquatic plants have not only high assimilation 

potential but also possess the ability to accumulate biogenic elements and toxic substances, 

including heavy metals. The contamination of the aquatic systems with toxic heavy metal ions 

is a problem of global concern. In addition to their toxic effects even at low concentrations, 

heavy metals can accumulate along the food chain which leads to serious ecological and health 

hazards as a result of their solubility and mobility (Yan et al. 2010) [5]. Sediments are important 

sinks for various pollutants like pesticides and play a significant role in the remobilization of 

contaminants in aquatic systems under favourable conditions with interactions between water 

and sediment (Ikem et al., 2003) [6]. The release of trace metals from sediments into water 

body depends on speciation of metals (precipitation, adsorption, and solubilisation) and other 

factors such as sediment pH and also the physical and chemical characteristics of aquatic 

system (Morgan and Stumn, 1991) [7]. Zhang (2004) [8] has said that chemical analysis of the 

environment matrix such as water, sediment is the most direct approach to reveal the heavy 

metal pollution status in the environment, while it cannot afford the powerful evidence on the 

integrated influence and possible toxicity of such pollution on the organisms and ecosystem. 

Yamuna, the life line of Delhi is the most polluted river in the country. Yamuna has witnessed 

maximum obstructions due to construction of barrages and weirs, abstraction by a number of 

canals and addition of pollution load including industrial effluents and sewage from the cities 
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along the basin make the river an extreme example of over-

exploitation for human use. Out of the total river length, about 

a 580 km stretch between Wazirabad barrage and Etawah is 

highly polluted and has resulted in a drastic decline in the 

fishery, both in respect to quality and quantity. The river 

condition is revived downstream to Etawah after receiving 

considerable flow from Chambal. The major sources 

contributing to the pollution of Yamuna are: untreated 

sewage, industrial effluents, the dumping of garbage and dead 

bodies, immersion of idols and pollution due to in-stream uses 

of water (CPCB, 2006) [9]. The capital of the nation, Delhi is 

the major contributor of pollution in the Yamuna River, 

followed by Agra and Mathura (Misra, 2010). The present 

study was, therefore, undertaken to examine the 

concentrations of six heavy metals Pb, Cd, Hg, Cu, Cr and Zn 

in order to understand the effects of human action on the 

quality of water, sediments and macrophytes growing in the 

water of river Yamuna. Interrelationships of these heavy 

metal concentrations in different components as well as with 

some other important water properties were also studied. 

 

2. Material and Methods 

2.1 Sampling  

The 1000-km-long Yamuna River originates in the Himalayan 

mountains as a main tributary of the Ganges (Ganga) River. 

After descending through the Himalaya, the river passes 

through the capital city of India, Delhi, meanders through 

Agra and joins the Ganges River at Allahabad. The present 

investigation was carried out along the capital of India i.e. 

Delhi. Monthly samples of water, soil and macrophytes were 

collected from March 2019 to February 2020 for the present 

study.  

River water samples were collected in pre cleaned 

polyethylene bottles and acidified with concentrated nitric 

acid (1.5 ml concentrated nitric acid per litre of sample). The 

bottles were stored in a refrigerator at approximately 4◦C to 

prevent change in volume due to evaporation. Soil samples 

were collected using stainless steel scoops, and put into pre-

cleaned plastic bags, which were sealed and delivered to the 

laboratory for analysis. The Macrophyte (Eicchornia 

crassipes) were collected and washed several times with the 

river water in order to remove the adhered invertebrates and 

large particles of mud. These were brought to the laboratory 

in the polyethylene bags where each sample was rinsed 

thoroughly with distilled water. 

 

2.2 Heavy metal analysis 

For the heavy metal analysis of water, 100 ml of well-mixed, 

acid-preserved sample was taken in an acid-washed beaker 

and 5 ml of concentrated nitric acid was added to it. The 

mixture was then digested at 80◦C on a hot plate to the lowest 

volume possible (about 10–20 ml) before precipitation 

occurred. Heating and addition of concentrated nitric acid was 

continued until the digestion was complete (as indicated by a 

light-colored clear solution). After cooling, the digested 

samples were filtered using Whatman no. 42 filter paper, and 

the filtrate was diluted to 50 ml using de-ionized water.  

The sediment samples were sieved through a 2 mm plastic 

sieve to obtain fine particles. 1g of the oven dried sample was 

placed in a 250 ml beaker to which 15 ml of aquaregia (35% 

HCL and 70% high purity HNO₃, in 3:1 ratio) was added. 

Then the mixture was digested at 70 °C till the solution 

became transparent. The solution was filtered through 

Whatman filter paper no. 42 and diluted to 50 ml volumetric

flask using deionised water. 

The macrophyte samples was washed with deionized water, 

air-dried and then placed in a oven at 70 0C for 48 hours. 0.5 g 

of dried powdered sample will be moistened with 1-2 ml of 

deionised water & then 10 ml of concentrated HNO3 will be 

added slowly and left overnight. The mixture was heated on a 

hot plate until complete leaching/digestion of the tissue. After 

then cooled to an ambient temperature & filtered through 

Whatman no. 40 filter paper. Filtrate was made to 50 ml with 

deionised water 

All the digested filtrates (river water, soil and macrophyte 

samples) were analyzed to quantify the amount of Pb, Cd, Hg, 

Cu, Cr and Zn using flame atomic adsorption spectrometer 

(Avanta Σ). 

 

2.3 Bio-concentration Factor 

Bio-concentration or bioaccumulation factor is the ratio of 

heavy metal concentration in the plant to that in the sediment. 

Higher values indicate of easy assimilation by plants from the 

sediment and also possibility of redistribution for the heavy 

metal (Zhang et al., 2009). Bioaccumulation factor for the 

concentration of heavy metals in macrophyte was calculated 

using equation 

 

 
 

Results were reported as average values of triplicate 

measurements. After examination of every 10 samples, blank 

and control standards were analysed to examine the 

instrument and minimize errors. Oneway ANOVA was 

applied to analyze the significant differences among sampling 

stations for different metal levels. Data was analyzed using 

IBM SPSS Statistics 26 software. 

 

3. Results and Discussion 

Average concentration of heavy metals in water of Yamuna 

river are presented in Figure 1. The range of heavy metals Pb, 

Cd, Hg, Cu, Cr & Zn were 0.768-2.78 mg/l, 0.025-0.089 mg/l, 

0.002-0.007 mg/l, 0.689-1.68 mg/l, 8.12-20.11 mg/l & 4.12-

8.84 mg/l respectively which are presented in Table 1. The 

mean concentration in water were Pb 1.97 mg/l, Cd 0.06 mg/l, 

Hg 0.004 mg/l, Cu 1.30 mg/l, Cr 14.98 mg/l & Zn 6.40 mg/l. 

The occurrence heavy metals in Yamuna river water were 

found in the order: Cr> Zn> Pb> Cu> Cd> Hg. In this study 

the high concentration levels of Pb, Cd, Hg, Cu, Cr & Zn in 

water samples at selected stations of Yamuna river which can 

be attributed to the enormous discharge of effluents from 

industries, factories and agricultural runoff directly into the 

water body without proper treatment. The lower concentration 

of heavy metals during monsoon might be due to the dilution 

effect of water (Mohiuddin et al., 2011; Islam et al., 2015; 

Adamu et al., 2015) [10, 11, 1]. High level of Cr in the industrial 

effluents has already been reported by Rawat et al., (2003). 

Pb in water could be conceived to mainly originate from 

industrial and domestic discharge of wastes in the river and is 

non-essential for plants and animals and is toxic by ingestion-

being a cumulative poison, producing damaging effects on the 

kidney, liver, tissues, blood vessels, nervous system and 

depresses sperm count (Tijani et al., 2004). The level of Pb, 

Cd, Cr & Zn at site in Yamuna river was found above 

maximum permissible limit recommended by WHO (1996). 
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Table 1: Monthly variation in heavy metals concentration (mg/l) 

detected in water sample of Yamuna River at Delhi 
 

Months Pb Cd Hg Cu Cr Zn 

March 1.68 0.057 0.005 1.123 14.85 5.821 

April 2.137 0.062 0.006 1.201 13.42 6.433 

May 2.431 0.066 0.005 1.248 15.62 6.662 

June 2.517 0.079 0.005 1.415 17.74 8.841 

July 2.581 0.077 0.004 1.418 17.54 8.801 

August 1.098 0.029 0.003 0.887 11.98 5.127 

September 0.768 0.025 0.002 0.689 8.27 4.123 

October 0.914 0.034 0.002 0.749 8.12 4.813 

November 1.382 0.049 0.004 1.918 12.93 5.947 

December 2.643 0.082 0.006 1.628 19.93 6.663 

January 2.78 0.089 0.007 1.648 20.11 6.841 

February 2.71 0.084 0.006 1.687 19.28 6.782 

Mean 1.970083 0.061083 0.004583 1.300917 14.9825 6.4045 

SD± 0.757972 0.0225 0.001621 0.390669 4.173802 1.416353 
 

Table 2: Maximum permissible limit (MPL) of heavy metals in 

water (mg/L) 
 

Heavy Metal 

Source 
Pb Cd Hg Cu Cr Zn 

WHO (2006) 0.01 0.003 0.006 2 0.05 3 
 

Average concentration of heavy metals in sediment of 

Yamuna river are presented in Figure 2. The range of heavy 

metals Pb, Cd, Hg, Cu, Cr & Zn were 58.93-79.23 mg/l, 

17.57-24.13 mg/kg, 1.20-6.41 mg/kg, 20.96-28.65 mg/kg, 

1241.23-1562.01 mg/kg & 653.66-785.54 mg/kg respectively 

which are presented in Table 3. The mean concentration in 

soil were Pb 72.03 mg/kg, Cd 20.94 mg/kg, Hg 4.84 mg/kg, 

Cu 25.53 mg/kg, Cr 1424.70 mg/kg & Zn 730.67 mg/kg. The 

order of occurrence of heavy metal in soil of Yamuna river 

was found in order: Cr ˃ Zn ˃ Pb ˃ Cu ˃ Cd ˃ Hg. Suspended 

sediments adsorb pollutants from the water, thus lowering 

their concentration in the water column Yi et al., 2011 [12]. 

Khan et al., (1998) [13] reported the Pb concentration ranged 

from 2.355 to 26.086 mg/kg in sediment in Ganges-

Brahamputra-Meghna Estuary. Highest concentration of Cr in 

Yamuna river may be due to discharge of huge tannery waste, 

less rain water and agricultural run-off are the main reasons. 

The results showed variation in heavy metals with seasonal 

difference in the river and similar results were also reported 

by Brown et al., (2000) [14] and Marchand et al., (2010) [15]. In 

summer high temperature causes warming of soil and water, 

augment decomposition of organic matter, reduction in cation 

exchange capacity, which increases nutrient and trace 

elements retention in wastewater and soil (Antoniadis and 

Alloway, 2001; Sardans et al. 2008; Van Gestel, 2008) 
[16,

 
17,

 
18]. 

 

Table 3: Monthly variation in heavy metals concentration (mg/l) 

detected in soil sample at of Yamuna River at Delhi 
 

Months Pb Cd Hg Cu Cr Zn 

March 68.72 19.19 5.314 24.72 1442.5 719.43 

April 74.92 19.92 5.217 25.62 1389.55 721.55 

May 75.64 21.96 5.847 25.19 1474.64 734.64 

June 77.92 24.13 6.215 26.86 1562.01 774.62 

July 77.16 20.19 6.342 27.14 1435.21 768.72 

August 58.93 18.86 3.129 21.42 1268.96 672.42 

September 59.06 17.57 1.208 20.96 1314.34 653.66 

October 60.44 18.01 1.429 22.46 1241.23 706.71 

November 75.22 21.16 4.892 26.91 1375.66 701.13 

December 78.39 22.91 5.892 28.13 1521.26 745.42 

January 79.23 23.84 6.41 28.34 1534.21 784.26 

February 78.84 23.63 6.28 28.65 1536.85 785.54 

Mean 72.03917 20.9475 4.847917 25.53333 1424.702 730.675 

SD± 8.06986 2.330135 1.881211 2.673735 108.4625 43.14367 

Average concentration of heavy metals in macrophyte 

(Eicchornia crassipes) of Yamuna River are presented in 

Figure 3. The range of heavy metals Pb, Cd, Hg, Cu, Cr & Zn 

were 22.81-24.88 mg/kg, 7.60-8.88 mg/kg, 3.01-4.04 mg/kg, 

9.42-10.81 mg/kg, 21.23-23.85 mg/kg & 31.82-34.23 mg/kg 

respectively which are presented in Table 4. The mean 

concentration in macrophyte were Pb 23.95 mg/kg, Cd 8.22 

mg/kg, Hg 3.54 mg/kg, Cu 10.18 mg/kg, Cr 23.03 mg/kg & 

Zn 33.09 mg/kg. The order of occurrence of heavy metal in 

macrophyte of Yamuna river was found in order: Zn ˃ Pb ˃ 

Cr ˃ Cu ˃ Cd ˃ Hg. The successful presence of aquatic 

macrophytes in polluted waters is usually due to their abilities 

to bio-accumulate metal concentrations larger than in the 

surrounding water (Miretzky et al., 2004) [19]. A relatively 

higher metal accumulation in aquatic macrophytes of Yamuna 

river confirms anthropogenic influences such as industrial and 

urban discharges. Mobilized lead gets re-deposited in the soft 

tissues of the body leading to musculoskeletal, renal, ocular, 

immunological, neurological, reproductive, and 

developmental impacts (ATSDR, 2007) [20]. Such higher 

levels of heavy metal contents in the macrophyte also reflect 

possible ecotoxicological effects on other river biota such as 

macroinvertebrates and fishes that feed upon these 

macrophytes.). Ramachandra et al., (2018) [21] reported 

concentration of different metals in the macrophyte samples 

were ranked as: Cr > Cu > Zn > Pb > Ni > Cd. The 

concentration of these metals is low when compared to values 

reported in other studies (Woitke et al., 2003; Kaushik et al., 

2008) [22, 23]. 

 
Table 4: Monthly variation in heavy metals concentration (mg/l) 

detected in Macrophyte (Eicchornia crassipes) sample of Yamuna 

River. 
 

Months Pb Cd Hg Cu Cr Zn 

March 24.17 8.29 3.56 10.16 23.29 33.26 

April 24.19 8.45 3.86 10.24 23.33 33.45 

May 24.32 8.62 3.91 10.52 23.59 33.59 

June 24.65 8.86 4.01 10.69 23.77 33.72 

July 24.99 8.88 4.04 10.81 23.81 33.92 

August 23.12 7.86 3.12 9.86 21.86 32.12 

September 22.96 7.71 3.04 9.79 21.51 32.01 

October 22.81 7.6 3.01 9.42 21.23 31.82 

November 23.41 7.88 3.21 9.91 23.04 32.41 

December 23.89 8.01 3.42 10.01 23.42 32.88 

January 24.88 8.36 3.84 10.36 23.66 33.68 

February 24.12 8.12 3.55 10.41 23.85 34.23 

Mean 23.95917 8.22 3.5475 10.18167 23.03 33.09083 

SD± 0.736768 0.429206 0.385018 0.404044 0.942338 0.818463 

 

 
 

Fig 1: Mean concentration of heavy metals (mg/l) in water 
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 Fig 2: Mean concentration of heavy metals (mg/kg) in sediment  Fig 3: Mean concentration of heavy metals (mg/kg) in Eicchornia crassipes 

 

The bio-concentration factor was found less than 1 for all the 

metals in macrophyte (Eicchornia crassipes). BCF less than 1 

indicates that the plant is an accumulator and BCF value 

above one indicates an excluder plant. The accumulation 

pattern observed in the order Hg˃Cd=Cu˃Pb˃Zn˃Cr. Similar 

metal accumulation patterns have been reported in 

Myriophyllum spicatum growing in contaminated water 

sources in Egypt Galal et al., (2014) [25] and in E. crassipus, 

Ceratophyllum demersum, Typha domengensis growing 

naturally in the waters of river Nile Fawzy et al., (2012) [26]. 

The results of this finding indicates that it can be used for 

phytoremediation of heavy metals in polluted waters. Metal 

accumulating plant species (Typha angustifolia and 

Echhornia crassipus) concentrate toxic and heavy metals such 

as Mn, Cu, Zn, Pb, Ni and Fe up to 100–1000 times, 

compared to excluder plants Salt et al., (1995) [24]. 

Phytoremediation is highly recommended for removal of 

toxic heavy metals from water bodies and soil so that they do 

not enter the food chain and result in disease in humans and 

animals. 

 
Table 5: Bio-concentration factor in Macrophyte (Eicchornia 

crassipes) 
 

Pb Cd Hg Cu Cr Zn 

0.32 0.39 0.73 0.39 0.016 0.045 

 

The above study concludes that these heavy metals in water 

body have exceeded their limit from drinking and other 

domestic uses. Regular use can cause carcinogenic effect on 

body. Heavy metals are becoming accumulated in sediment in 

high concentration. Eicchornia crassipes has shown good 

bioaccumulation of heavy metal that means it can be used in 

phytoremediation of polluted water body. The overall impact 

of heavy metal can cause degradation of riverine ecosystem. 
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