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The present study was aimed to analyse the status of heavy metals viz, Lead, 

Manganese, Cadmium, Nickel, Zinc, Chromium and Arsenic in soils and 

tissues of earthworms at vegetable crop fields in the vicinity of Buddha 

Nullah (a seasonal water stream highly contaminated with domestic and 

industrial wastes), Ludhiana district, Punjab.  Three species of earthworms 

viz; Metaphire posthuma (Vaillant), Metaphire peguana (Rosa) and Lampito 

mauritii (Kinberg), inhabiting in these areas were found to accumulate 

certain amount of metals in their tissues. Three replicates each of soil and 

earthworm samples were collected from four study sites in the vicinity of 

Buddha Nullah (as contaminated sites) and one site at PAU (as reference 

site). The heavy metal concentrations in soil samples and tissues of 

earthworms collected from vegetable fields lying near Buddha Nullah site 

were significantly higher than that obtained from the reference site. 

Bioaccumulation factor for heavy metals was found to be higher in the 

L.mauritii as compared to other two species of earthworms, indicating it 

could serve as a possible bio-indicator of heavy metal contamination. 

 

 
                   Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:-  

 

Earthworms form an important invertebrate community component in most soils in terms of their contribution to 

overall below ground biomass and play a predominant role in the formation and maintenance of soil structure, soil 

fertility and organic matter dynamics through nutrient cycling and decomposition of residues (Dominguez et al., 

2009). The presence as well as the absence of earthworm species and their relative abundance provide a gross 

indication of the health of the soil (Rochfort et al., 2009). Earthworms accumulate a considerable content of metals 

in their tissues and could serve as useful biological indicators of contamination in soil (Suthar et al., 2008). Even the 

accumulation of metals may depends largely on the interaction of the earthworm with local edaphic factors, such as 

pH, organic matter content, etc. (Lukkari et al., 2006).  Heavy metal pollution of terrestrial ecosystems has long 

been recognized as a serious environmental concern. Heavy metals are ubiquitous in the environment, as a result of 

both natural and anthropogenic activities, and humans are exposed to them through various pathways (Wilson and 

Pyatt, 2007). Heavy metals are considered serious pollutants because they are toxic and non-degradable, thus 

accumulation of heavy metals in soil poses many risk to humans and the ecosystem (Odoh et al., 2011). The total 

heavy element content in soil is frequently used as a criterion for defining soil contamination. Soluble metal 

concentrations are the best descriptors of bioaccumulation in earthworms (Peijnenberg et al., 1999). The implication 

associated with heavy metal contamination is of great concern particularly in agricultural production system (Uzoma 

et al., 2013). One of the most peculiar and special behaviour of earthworms is to accumulate heavy metals in their 

tissues and are enough sensitive to contaminants, which make them good bioindicators (Nahmani and Lavelle, 

2002). They are important organisms in terms of soil functionality and consequently play a key role in terrestrial 

eco- toxicological risk assessment (Weeks et al., 2004). 

http://www.journalijar.com/
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Buddha Nullah is considered a seasonal water stream and highly contaminated with domestic and industrial sewage 

and runs through the Sutlej river of Punjab, after passing through highly populated and industrialized district 

Ludhiana.  Hundreds of tonnes of raw sewage from Ludhiana flow into the Sutlej every day and are distributed all 

over the state through irrigation canals (Anonymous, 2008).  About 80% of biomass of terrestrial invertebrates is 

represented by earthworms which play an important role in structuring and increasing the nutrient content of the 

soil. Therefore, they can be suitable bioindicators of chemical contamination of the soil in terrestrial ecosystems, 

providing an early warning of deterioration of soil quality (Bustos and Goichochea, 2002). Hence, the present 

research was aimed to study the status of heavy metals in soils and bioaccumulation in tissues of earthworms at   

selected vegetable fields inhabiting the vicinity of Buddha Nullah, and compare these parameters with reference site 

at Punjab Agricultural University, Ludhiana.  

 

Materials and methods:- 
Four vegetable crop fields situated at an average distance of 2-3 kms from Buddha Nullah  selected to conduct the 

present study were; site I (Dairian village), site II (Jassian village), site III (Choorpur village) and  site IV (Balloke 

village). Another site V was selected at Punjab Agricultural University vegetable farms as reference site. At all the 

sites soil samples  were randomly  collected from  top 0-15 cm  (in triplicate) and then hand sorted to remove root 

and litters. The samples were air dried and stored in labelled polythene bags prior to analysis. 

 

2.1 Physico- chemical properties of soils 

The soil samples from each sampling site were analysed for soil pH using Potentiometric method (Jackson, 1973), 

Electrical conductivity by the method of Richard (1954), soil organic matter contents by the method of Walkley and 

Black (1934) and Calcium carbonate was determined by the method of Puri (1930), Biota-to-soil accumulation 

factor in the earthworms was calculated by the formula given by Cortet et al. (1999).  

 

2.2 Heavy metal estimation in soils 

The soil samples were analysed for total heavy metal analysis of Pb, Cd, Ni, Cr, Zn, As, and Mn by digesting 1gm 

sample of soil sample with 12 ml of Aqua Regia (3:1 HCl:HNO3) in Teflon microwave digestion vessel. Digestion 

was conducted at 100% of power (1600 watts) for 10 minutes till the temperature of the mixture reached to 160ºC.   

 

2.3 Earthworm collection and preparation for heavy metal estimation 

The earthworms collected from the study areas were thoroughly washed with distilled water and were kept in  petri 

dishes  (one animal per dish) having  Whatman No. 1 filter paper  and a few drops of water. They were kept at 14ºC 

for 7 days and the filter paper was changed to allow complete evacuation of the gut contents. The earthworms were 

killed by freezing and then they were oven dried by heating at 70ºC for 48 hours. After cooling the samples were 

placed in a desiccator, their dry weight was measured with the help of a balance. The dry earthworms were crushed 

and then 100 mg of sample was mixed with  4 ml of concentrated HNO3 + 2 ml of concentrated HCl for 12 hours, 

and was  heated  progressively to 150ºC in a closed Teflon bottle in a micro-wave oven for 2 hours. After cooling at 

ambient temperature, the solution was made up to 50 ml with ultrapure distilled water. 

 

2.4 Analysis of heavy metals in soil samples and earthworm tissues 

Already prepared digested soil samples and tissue samples were  analyzed for total Pb, Cd, Ni, Cr, Zn, Fe, Cu and 

Mn after appropriate dilutions using Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICAP-AES) in 

the laboratory. Concentration of heavy metals in these samples was calculated by the following formula. 

Concentration of heavy metals (mg/kg) = Reading from ICAP-AES × Volume of digest 

                                                                                          Weight of sample  

2.5 Statistical analysis 

The concentration of heavy metals in contaminated soil samples at Buddha Nullah and non-contaminated soil 

samples at PAU and in tissues of different earthworm species collected from respective sites were compared by 

using t-test. All data was calculated by using SPSS version 16.0 program for windows. 

 

Results:- 

The soil samples of the vegetable fields (sites I, II, III and IV) in vicinity of Buddha Nullah was found to have slight 

alkaline nature, as the pH value ranged from 7.90±0.06 to 8.30±0.06 at these sites. Average soil pH observed at 

Buddha Nullah sites was 8.10±0.11, which was statistically non-significant with that of reference site at PAU fields 

(8.37±0.15). Electrical conductivity (dSm
-1

) in soil samples collected from the vegetable fields near Buddha Nullah 
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was 0.30±0.06, which was also statistically non-significant with that of PAU (0.11±0.01) reference field. The 

percent organic matter at PAU reference field was 1.41±0.04, which was statistically higher as compared to that 

Buddha Nullah sites (1.17±0.10). Content of CaCO3 (%) was found to be significantly low i.e 1.13±0.24 at PAU site 

in comparison to Buddha Nullah sites  (3.97±0.45) as shown in Table 1. 

 

The concentration of Arsenic, Cadmium, Chromium, Manganese, Nickel, Lead, and Zinc were found to be 

statistically higher (at 5% level of significance) in the soil samples collected from vegetable field areas (sites I, II, III 

and IV)  in the vicinity of  Buddha Nullah  as compared to their respective concentration at PAU reference site. 

Maximum concentration of Arsenic (mg/kg) i.e 7.05±0.29 was found in soil samples taken from vegetable fields of 

Choorpur followed by Balloke (6.34±0.67), Jassian (5.95±0.32) and Dairian (5.14±0.59) villages near Buddha 

Nullah. On an average, at Buddha Nullah sites, Arsenic concentration (mg/kg) was found to be statistically higher i.e 

6.12±0.40 as compared to that of reference site at PAU having 3.25±0.13. Concentration of Cd was found to range 

from 0.68±0.01 to 0.82±0.01 mg/kg with its average value 0.77±0.03 mg/kg  in soil samples of Buddha Nullah sites 

and this concentration was statistically higher in comparison to that of  reference fields at  PAU (0.50±0.07 mg/kg). 

Average concentration of Cr (mg/kg) in soils at Buddha Nullah sites was 51.31±2.55, which was significantly higher 

as compared to its content found in soils at reference site PAU (31.24±2.81 mg/kg). Statistically higher value of Mn 

(292.33±6.47 mg/kg) was found in soil samples collected from vegetable fields lying near the Buddha Nullah  as 

compared to that of  PAU reference site, where Mn was found  to be 168.21±11.15 mg/kg. Similarly statistically 

higher concentration of other tested heavy metals i.e Ni, Pb and Zn were observed at Buddha Nullah sites in 

comparison to that of PAU reference vegetable fields (Table 2). When the concentration of the heavy metals 

detected in the soil samples collected from the vegetable fields near Buddha Nullah were compared with the SEPA 

limits of these metals in soils, their levels were found to lie below the permissible limits (SEPA, 1995), except the 

concentration of Cd (0.77±0.03 mg/kg) which was higher than its permissible limits (0.6 mg/kg). 

 

Three species of earthworms viz., Metaphire posthuma, Metaphire  peguana and Lampito mauritii have been 

reported from the vegetable fields lying in  the vicinity of Buddha Nullah as well as PAU fields (Koul et al., 2015).  

Analysis of various heavy metals like As, Cd, Cr, Mn, Ni, Pb and Zn in tissues of M. posthuma collected from sites 

I, II, III, and IV lying near the Buddha Nullah showed higher concentration of all these metals in comparison to the 

tissues of M. posthuma collected from the reference site fields at PAU. Out of the seven heavy metals, the 

concentration of four heavy metals i.e As, Mn, Ni, and Pb was found  higher (at1% and 5% level of significance) in 

the tissues of M. posthuma collected from Buddha Nullah sites as compared to that of PAU reference site. Average 

concentration of As (mg/kg) was 12.80±2.04 and 0.30±0.01, Mn was 240.02±45.68 and 19.60±0.02, Ni was 

21.11±5.48 and 1.75±0.01 and Pb was 20.69±4.45 and 1.93±0.01 in the tissues of M. posthuma  collected from the 

Buddha Nullah area sites and PAU reference site respectively (Table 3). The analysis of various heavy metals  in 

tissues of M. peguana collected from sites I, II, III, and IV lying near the Buddha Nullah showed higher 

concentration of these metals in comparison to the tissues of M. peguana collected from the reference site fields at 

PAU. Out of the seven heavy metals, the concentration of four heavy metals i.e As, Mn, Ni, and Pb was found to be  

higher (at 1% and 5% level of significance) in  the tissues of M. peguana collected from Buddha Nullah sites as 

compared to that of PAU reference site. Average concentration (mg/kg) of As was 11.45±3.63 and 0.57±0.01, Mn 

was 179.20±94.32 and 26.09±0.01, Ni was 13.86±6.34 and 2.10±0.01 and Pb was 20.79±9.39 and 2.36±0.01 in the 

tissues of M. peguana collected from the Buddha Nullah area sites and PAU reference  site respectively (Table 4). 

Concentrations of various heavy metals in tissues of L. mauritii collected from sites I, II, III, and IV lying near the 

Buddha Nullah were also found to be higher in comparison to that of reference site fields at PAU. Out of the seven 

heavy metals, the concentration of four heavy metals i.e As, Cr, Pb and Zn was found to be  higher  (at 1% and 5% 

level of significance) in the tissues of L.mauritii collected from Buddha Nullah sites as compared to that of PAU 

reference site. Average concentration  of As (mg/kg) was 11.24±5.57 and 0.14±0.00, Cr was 38.43±22.48 and 

0.57±0.00, Pb was 31.66±16.37 and 1.08±0.00 and Zn was 170.06±85.17 and 3.84±0.00 in the tissues of L.mauritii 

collected from the Buddha Nullah area sites and PAU reference  site respectively (Table 5).  

 

Bioconcentration factor (BCF) for heavy metal accumulation in tissues of various heavy metals viz; As, Cd, Cr, Mn, 

Ni, Pb and Zn in tissues of M. posthuma collected from sites I, II, III, and IV lying near the Buddha Nullah showed 

higher value of BCF for  these metals in comparison to the tissues of M. posthuma collected from the reference site 

fields at PAU. Four heavy metals i.e As, Mn, Ni, and Pb were found to have higher BCF value (at 1% and 5% level 

of significance) in the tissues of M. posthuma collected from Buddha Nullah sites as compared to that of PAU 

reference  site. Average value of BCF for As was 1.88±0.25 and 0.09±0.00, Mn was 0.95±0.26 and 0.12±0.00, Ni 
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was 1.02±0.27 and 0.15±0.00 and Pb was 1.05±0.22 and 0.19±0.00 were accumulated in the tissues of M. posthuma  

collected from the Buddha Nullah area sites and PAU reference  site,  respectively (Table 6).  Bioconcentration 

factor of various heavy metals viz; As, Cd, Cr, Mn, Ni, Pb and Zn in tissues of M. peguana collected from sites I, II, 

III, and IV lying near the Buddha Nullah showed its  higher  value  for  these metals in comparison to the tissues of  

M. peguana collected from the reference site fields at PAU. Four heavy metals i.e As, Mn, Ni, and Pb were found to 

have higher BCF value (at 1% and 5% level of significance) in  the tissues of M.peguana collected from Buddha 

Nullah sites as compared to that of PAU reference  site. Average value of BCF for  As was 1.85 ±0.63 and 

0.18±0.00, Mn was 0.60±0.35 and 0.16±0.00, Ni was 0.71±0.35 and 0.21±0.00 and Pb was 1.07±0.35  and 

0.23±0.00 in the tissues of M. peguana collected from the Buddha Nullah area sites and PAU reference  site, 

respectively (Table 7).  Bioaccumulation  factor  of various heavy metals viz; As, Cd, Cr, Mn, Ni, Pb and Zn in 

tissues of L. mauritii  collected from sites I, II, III, and IV lying near the Buddha Nullah showed  higher  value of 

BCF for all these metals in comparison to the tissues of of L. mauritii collected from the reference site fields at 

PAU. Four heavy metals i.e As, Cr, Pb and Zn were also found to have  higher  BCF value (at 1% and 5% level of 

significance) in the tissues of L. mauritii  collected from Buddha Nullah sites as compared to that of PAU reference  

site. Average value of BCF for  As was  2.26±1.31 and 0.04±0.00, Cr was 0.72±0.46 and 0.02±0.00, Pb was 

1.68±1.04 and 0.10±0.00 and Zn was 2.25±1.28 and 0.10±0.00 in the tissues of L.mauritii collected from the 

Buddha Nullah area sites and PAU reference  site,  respectively (Table 8). BCF for accumulation of various heavy 

metals was found to be higher in L. mauritii species of earthworm as compared to M. posthuma and M. peguana (Fig 

1). 

 

Discussion:- 
The soil pH influences the cation mobility and regulates the solubility of toxic trace metals in soil.  The mobility and 

availability of trace metals decreases as the pH approaches neutral or rises above 7 in the soils and most of the toxic 

trace metals tend to be available in acidic pH (Rodriguez et al., 2008).  Soil EC (dS m
-1

) <0.8  is said to be normal, 

0.8-1.6 is critical for salt –sensitive plants, 1.6-2.5 is critical for salt- tolerant plants and >2.5 is injurious to all plants 

according to standard values of soil components (Awashthi, 2000). Soil organic matter is the most important 

indicator of soil quality and in addition to acting as a store house of the plant nutrients, it plays a major role in 

nutrient cycling. The soil organic matter below 0.40 is said to be low, 0.40-0.75% is medium, and above 0.75% is 

high according to standard values of soil components (Awashthi, 2000).  Nazif et al. (2006) studied that alkaline 

soils were found to have rich amount of organic matter.  Rattan et al. (2005) observed a variation of OM content 

from 0.14-0.76 % (average 0.39%) in the study areas. Singh and Kumar (2006) observed that the soils loaded with 

toxic trace metals in Delhi were found to have 0.5-1%  of  OM value. An excess of calcium carbonate reduced the 

availability of some trace metals in soils by introducing too much calcium on to the soil complex (Sanchez-Martin et 

al., 2007). The soils of the study area were moderately calcareous in nature. Though all the selected vegetable fields 

lying in the vicinity of Buddha Nullah (sites I, II, III and IV) were found to be highly contaminated with different 

heavy metals in comparison to PAU reference site, yet the level of contamination of all these tested heavy metals 

was within the permissible limits (SEPA, 1995; Awashti, 2000)  as compared to that of  PAU reference site. The 

average concentration  (mg/kg)  of  all the determined  heavy metals i.e. Arsenic (6.12±0.40),  Cadmium 

(0.77±0.03),  Chromium (51.31±2.55), Manganese (292.33±6.47),   Nickel (19.27±0.72), Lead (19.28±0.75) and 

Zinc (73.41±3.13) estimated in soil samples at  Buddha Nullah sites and PAU site was found to be within the 

permissible limits except cadmium which was observed to be statistically higher in the soil collected from vegetable 

field areas (sites I, II, III and IV) lying in the vicinity of  Buddha Nullah  as compared to that of  PAU reference site. 

Ayeni et al. (2010) have also observed similar results where concentrations of toxic trace metals in soil were found 

below permissible limits. Elevated level of metals in soils at different sites near Buddha Nullah is in agreement with 

contamination of soil with heavy metals in different sites of Avonmouth, southwest England (Spurgeon and Hopkin, 

1996). The concentration of heavy metals in soil samples near Buddha Nullah has also been reported by Kaur and 

Sangha (2014) and Kaur (2015). The concentrations of heavy metals lower than the safer limits may be due to the 

continuous removal of these metals by the vegetables grown in these areas, also continuous cultivation and regular 

absorption by vegetables possibly keep the concentration of trace metals in soil within safe limits. The results 

indicated that metal concentration of Cadmium was above the Environmental Quality Standards set by the State 

Environmental Protection Administration (SEPA, 1995) at  all the study sites  and were below at the reference site  

(Table 2). However, none of the soils in this study exceeded the maximum permissible concentration levels for Cu 

and Zn as also reported by various researchers, (Kabata-Pendias and Pendias, 1984; SEPA, 1995; Awashthi, 2000).  

 

Soft bodied soil dwelling organisms are exposed to metals either through direct dermal contact with metals in soil 

solution or by ingestion of bulk soil or specific soil fraction (Lanno et al., 2004). Almost every type of soil contains 
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individuals of at least one type of earthworm Lumbricidae species. They are numerous large bodied individuals, 

which are sensitive enough to contaminants, thus making them good bio- indicators (Cortet et al., 1999).  Because of 

limited mobility they have adapted to life in a certain soil depth under certain soil condition. The results showed that 

the concentration of the heavy metals in the earthworm tissues were higher than soil samples from the same sites 

where as earthworm tissues and soil samples from the reference site showed less concentration and  similar findings 

were reported by Olayinka et al. (2011), who worked on earthworm Hyperiodrilus africanus in uncontaminated 

soils. The concentration of Mn was highest for all the metals analysed in the soil samples. This trend of highest Mn 

concentration obtained in this study is similar to the reported work of Anderson and Laursen (1982), who worked on 

Lumbricus terrestris in uncontaminated soil and also Olayinka et al. (2011) who worked on earthworm H. africanus 

in uncontaminated soils. Results showed that the metals found in soils are in very low concentration and are slowly 

bioaccumulated by the worms within their tissues. By definition the higher the BCF value, the more chemicals are 

taken up and the higher the potential risk regarding adverse effects on the organism itself and at higher tropical 

levels. The bioconcentration factor (the ratio of metal concentration of earthworm tissue and the soil) is cited as 

indicator of bioavailability in soil. So the amount of accumulation is relatively low because the accumulation 

depends on the concentration of metals in soils. The results showed that among the earthworms, L. mauriti was 

found to be better at sequestering metals within its tissues. In the present work three earthworm species viz., M. 

posthuma, L. mauritii and M. Peguana were used for accumulation of heavy metals in their tissues at the study sites.  

All the three species showed higher metal concentration in the selected vegetable fields lying the vicinity of Buddha 

Nullah (contaminated site) as compared to the PAU (reference site). This may be due to chemical change which 

occur in the alimentary tract of earthworms and hence render various metals more available to plants. It may also be 

as a result of in built earthworm body mechanism which reduces the rate at which the earthworms absorb heavy 

metals from contaminated soils. Mineralization of dead earthworms also releases accumulated heavy metals back to 

the environment (Morgan and Morgan, 1993). The worms accumulate metals within their tissues by binding with 

some metalloprotiens called as metallothioneines. Generally earthworms need to consume great amount of soil to 

achieve their daily nutrition during which the digestive process liberates heavy metals in their free forms in the gut 

lumen (Suthar, 2007). These freely available metals are then absorbed by the gut epithelial lining. So, in this way 

earthworm tends to accumulate considerable amount of the heavy metals within the cells in alimentary canal (Suthar 

et al., 2008). The accumulation behaviour of heavy metals in earthworms and their sensitivity to these pollutants can 

vary from species to species (Hobbelen et al., 2006) as also seen during the present study, like L. mauritii earthworm 

species showed higher accumulation of heavy metals in its tissues as compared to M. posthuma and M. peguana, so 

may act as a better indicator of heavy metal contamination of soil. Therefore, earthworms may be used as indicators 

of environmental heavy metal pollution. Although the amount of metals accumulated within earthworm tissues is 

partly dependent on the absolute concentration of the metals within the given soil, yet it is strongly co-determined by 

physiochemical edaphic interactions, including factors such as pH, calcium concentration and organic matter 

(Morgan and Morgan, 1993).  

 

This study showed the accumulation of some amount of heavy metals in earthworms inhabiting the vegetable crop 

fields in the vicinity of Buddha Nullah (contaminated sites) as compared to the PAU (reference site). Levels of 

heavy metals in the earthworm tissues were found to be higher than the soil samples. Among the three observed 

species of earthworms, L. mauritii showed higher accumulation of heavy metals, as bioconcentration factor was 

found to be more than that of other two species (M. posthuma and M. peguana). Furthermore, the availability of 

metals in soils was influenced by the soil physico-chemical properties accounting for the variation in metal 

concentrations from one site to the other. 
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Fig. 1: Comparative analysis of bioconcentration factor for accumulation of heavy metals in different species of earthworms at selected vegetable field areas near Buddha 

Nullah  

*Values are significant at 5% level of significance 

**Values are significant at 1% level of significance 
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Table 1: Comparative account of different soil parameters at selected vegetable field areas in vicinity of Buddha Nullah and PAU (reference site) 

Sites Name of Village /location pH Electrical conductivity 

(dSm
-1

) 

Organic matter 

 (%) 

Calcium carbonate 

(%) 

I Dairian 7.97±0.09 0.25±0.04 1.31±0.12 3.30±0.21 

II Jassian 8.27±0.15 0.20±0.01 0.99±0.04 3.97±0.48 

III Choorpur 7.90±0.06 0.48±0.22 1.32±0.13 5.23±0.58 

IV Balloke 8.30±0.06 0.25±0.04 1.06±0.06 3.37±0.58 

Average of Buddha Nullah sites 8.10±0.11 0.30±0.06 1.17±0.10 3.97±0.45 

V PAU (reference site) 8.37±0.15 0.11±0.01 1.41±0.04 1.13±0.24 

                    t-test value   0.453 0.492 9.035* 11.875* 

                    Values are Mean±S.E 

                  *Values are significant at 5% level of significance 
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Table 2: Total heavy metals concentration (mg/kg) in soils at selected vegetable field areas in vicinity of Buddha Nullah and PAU (reference site) 

 

 

Sites 

 

Name of village /location 

                                                Concentration of total heavy metals in soils (mg/kg) 

As Cd Cr Mn Ni Pb Zn 

I Dairian 5.14±0.59 0.68±0.01 46.26±1.07 278.72±15.48 18.23±0.86 17.66±1.06 70.36±3.36 

II Jassian 5.95±0.32 0.75±0.01 54.46±2.27 301.25±7.39 19.98±1.09 20.70±0.67 75.09±2.38 

III Choorpur 7.05±0.29 0.82±0.01 56.78±2.07 305.33±10.34 20.95±0.78 20.39±1.46 81.32±7.23 

IV Balloke 6.34±0.67 0.81±0.01 47.75±3.59 284.03±16.18 17.91±0.83 18.37±1.72 66.85±7.64 

Average of Buddha Nullah sites 6.12±0.40 0.77±0.03** 51.31±2.55 292.33±6.47 19.27±0.72 19.28±0.75 73.41±3.13 

 V   PAU (reference site) 3.25±0.13 0.50±0.07 31.24±2.81 168.21±11.15 12.10±1.02 10.42±1.14 37.54±3.42 

                 t-test Value 10.155* 7.292* 10.235* 14.989* 10.964* 10.087* 10.926* 

                 SEPA  limits 20-50 0.6 250 1500-3000 60 350 300 

        Values are Mean±S.E 

     *Values are significant at 5% level of significance 

     **Values are above than the permissible level 

     Source: Kebata-Pendias (1984) and SEPA (1995) 
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Table 3:  Heavy metals concentration (mg/kg) in tissues of M. posthuma collected from vegetable field areas in vicinity of Buddha Nullah and PAU (reference site) 

 

Sites Name of village /location Concentration of heavy metals in tissues (mg/kg) 

As Cd Cr Mn Ni  Pb Zn 

I Dairian Village 7.46±0.11 1.41±0.23 12.90±0.11 115.79±0.24 8.53±0.17 11.42±0.13 53.56±0.24 

II Jassian Village 14.66±0.09 2.95±0.09 33.33±0.95 274.67±2.77 27.33±0.34 27.23±0.09 170.47±0.09 

III Choorpur Village 16.96±0.26 3.27±0.14 38.54±0.39 331.69±0.77 32.74±0.54 29.31±0.14 285.27±1.18 

IV Balloke Village 12.13±0.63 1.53±0.00 17.52±0.12 237.92±0.06 15.83±0.06 14.81±0.06 85.31±0.06 

Average of Buddha Nullah Sites 12.80±2.04 2.29±0.48 25.57±6.15 240.02±45.68 21.11±5.48 20.69±4.45 148.65±51.80 

V PAU (reference site) 0.30±0.01 0.27±0.00 3.04±0.13 19.60±0.02 1.75±0.01 1.93±0.01 14.88±0.01 

t-test Value 3.246** 1.908 1.684 3.450** 2.971** 2.509* 0.847 

     *Values are significant at 5% level of significance 

     **Values are significant at 1% level of significance 

 

Table 4: Heavy metals concentration (mg/kg) in tissues of M. peguana collected from vegetable field areas in vicinity of Buddha Nullah and PAU (reference site) 

 

Sites Name of village /location Concentration of heavy metals in tissues (mg/kg) 

As Cd Cr Mn Ni  Pb Zn 

I Dairian Village 11.31±0.07 3.10±0.77 18.06±0.20 156.35±0.15 16.58±0.07 18.99±0.07 126.27±0.13 

II Jassian Village 1.28±0.01 0.19±0.01 2.49±0.19 30.43±0.01 2.20±0.01 2.91±0.01 12.26±0.14 

III Choorpur Village 17.50±0.63 3.61±0.13 59.72±1.38 451.25±0.72 30.55±0.27 47.08±0.00 229.72±0.27 

IV Balloke Village 15.72±0.63 0.96±0.01 8.14±0.00 78.78±0.01 6.11±0.01 14.19±0.08 30.77±0.05 

Average of Buddha Nullah Sites 11.45 3.63 1.97±0.82 22.10±12.95 179.20±94.32 13.86±6.34 20.79±9.39 99.76±50.01 

V PAU (reference site) 0.57±0.01 0.05±0.01 1.34±0.24 26.09±0.01 2.10±0.01 2.36±0.01 26.33±0.02 

t-test Value 2.897** 1.469 1.692 3.546** 2.709* 2.497* 0.486 

     *Values are significant at 5% level of significance 

     **Values are significant at 1% level of significance 
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Table 5: Heavy metals concentration (mg/kg) in tissues of L. mauritti collected from vegetable field areas in vicinity of Buddha Nullah and PAU   (reference site) 

 

Sites Name of village /location Concentration of heavy metals in tissues (mg/kg) 

As Cd Cr Mn Ni  Pb Zn 

I Dairian Village 24.90±0.20 4.41±0.40 45.58±0.20 429.11±0.20 32.73±0.20 67.26±0.53 290.36±0.34 

II Jassian Village 1.49±0.03 0.40±0.11 8.35±0.22 104.33±0.39 7.61±0.02 6.43±0.03 40.42±0.04 

III Choorpur Village 15.72±0.78 5.64±0.12 99.103±0.12 682.94±0.33 48.07±0.22 51.54±0.38 341.66±0.25 

IV Balloke Village 2.84±0.71 0.31±0.02 0.68±0.13 7.20±0.01 0.65±0.02 1.39±0.05 7.79±0.00 

Average of Buddha Nullah Sites 11.24±5.57 2.69±1.37 38.43±22.48 305.90±154.70 22.27±11.02 31.66±16.37 170.06±85.17 

V PAU (reference site) 0.14±0.00 0.24±0.01 0.57±0.00 5.46±0.03 0.50±0.00 1.08±0.00 3.84±0.00 

t-test Value 3.547** 1.326 2.468* 0.849 1.782 3.976** 2.589* 

  *Values are significant at 5% level of significance 

  **Values are significant at 1% level of significance 
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Table 6: Bioconcentration factor (BCF) for heavy metal accumulation in tissues of M. posthuma collected from contaminated sites near Buddha Nullah and 

PAU (reference site) 

 

`Sites Name of village /location                                      Bioconcentration factor of tissue heavy metals (mg/kg) 

As Cd Cr Mn Ni Pb Zn 

I Dairian 1.45±0.02 2.08±0.34 0.28±0.00 0.42±0.00 0.47±0.01 0.65±0.00 0.76±0.00 

II Jassian 2.46±0.02 3.94±0.13 0.61±0.02 1.47±0.01 1.61±0.00 1.32±0.00 2.27±0.00 

III Choorpur 1.71±0,04 3.99±0.18 0.68±0.01 1.09±0.00 1.13±0.01 1.44±0.01 1.28±0.00 

IV Balloke 1.91±0.10 1.89±0.00 0.37±0.00 0.84±0.00 0.88±0.00 0.81±0.00 1.28±0.00 

Average of Buddha Nullah Sites 1.88±0.25 2.97±0.66 0.49±0.11 0.95±0.26 1.02±0.27 1.05±0.22 1.40±0.36 

V PAU (reference site) 0.09±0.00 0.56±0.00 0.10±0.00 0.12±0.00 0.15±0.00 0.19±0.00 0.40±0.00 

           t-test Value 4.478** 1.477 1.478 5.590** 4.689** 2.640* 0.590 

    *Values are significant at 5% level of significance 

    **Values are significant at 1% level of significance 

 

Table 7: Bioconcentration factor (BCF) for heavy metal accumulation in tissues of M. peguana collected from contaminated sites near Buddha Nullah and 

PAU (reference site) 

Sites  Name of village /location                                   Bioconcentration factor of tissue heavy metals (mg/kg) 

As Cd Cr Mn Ni Pb Zn 

I Dairian 2.20±0.02 4.56±1.14 0.39±0.00 0.56±0.00 0.91±0.00 1.08±0.00 1.79±0.00 

II Jassian 0.22±0.00 0.26±0.03 0.05±0.00 0.10±0.00 0.11±0.00 0.14±0.00 0.18±0.00 

III Choorpur 2.48±0.09 4.40±0.17 1.05±0.02 1.48±0.00 1.46±0.01 2.31±0.00 2.82±0.00 

IV Balloke 2.48±0.12 1.19±0.02 0.17±0.00 0.28±0.00 0.34±0.00 0.77±0.00 0.46±0.00 

Average of Buddha Nullah Sites 1.85±0.63 2.60±1.27 0.41±0.26 0.60±0.35 0.71±0.35 1.07±0.53 1.32±0.71 

V PAU (reference site) 0.18±0.00 0.11±0.03 0.04±0.01 0.16±0.00 0.21±0.00 0.23±0.00 0.33±0.00 

             t-test Value 3.775** 1.381 1.464 5.659** 2.649* 2.511* 0.452 

    *Values are significant at 5% level of significance 

    **Values are significant at 1% level of significance 
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Table 8: Bioconcentration factor (BCF) for heavy metal accumulation in tissues of L. mauritii collected from contaminated sites near Buddha Nullah and PAU 

(reference site) 

 

Sites Name of village /location                                     Bioconcentration factor of tissue heavy metals (mg/kg) 

As Cd Cr Mn Ni Pb Zn 

I Dairian 4.84±0.04 6.50±0.59 0.99±0.00 1.54±0.00 1.80±0.01 3.81±0.03 4.13±0.00 

II Jassian 0.25±0.01 0.54±0.16 0.15±0.00 0.35±0.00 0.38±0.00 0.31±0.00 0.54±0.00 

III Choorpur 3.39±0.05 6.88±0.16 1.75±0.00 2.24±0.00 2.29±0.01 2.53±0.02 4.20±0.00 

IV Balloke 0.45±0.11 0.39±0.03 0.01±0.00 0.03±0.00 0.04±0.00 0.08±0.00 0.12±0.00 

Average of Buddha Nullah Sites 2.26±1.31 3.58±2.08 0.72±0.46 1.04±0.60 1.13±0.63 1.68±1.04 2.25±1.28 

V PAU (reference site) 0.04±0.00 0.50±0.02 0.02±0.00 0.03±0.00 0.04±0.00 0.10±0.00 0.10±0.00 

t-test Value 3.709**   1.269   2.597*    0.658  1.723   3.741**   2.642*   

    *Values are significant at 5% level of significance 

    **Values are significant at 1% level of significance 
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