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Abstract 

The present investigation was carried out on “Heavy metals concentration in surface soils of sewage 

irrigated areas at Nathnagar block, Bhagalpur district, Bihar, India”. Soil is considered as a potential sink 

for pollutants and also an important means of transmittance for many pollutants to the atmosphere, 

groundwater and plants (Chen et al., 1997). Heavy metals and metalloids affect human health directly 

and indirectly as they are non-biodegradable in nature (Wang et al., 2001). The DTPA-micronutrients 

(DTPA-Fe, Mn, Zn and Cu) of surface soils from sewage irrigated areas have been evaluated and results 

revealed that DTPA-Fe of sewage irrigated surface soils varied from 10.29 to 28.19 mg kg -1 with mean 

3.88 mg kg-1. The DTPA-Mn of sewage irrigated surface soils varied from 0.67 mg kg-1 to 15.08 mg kg-1 

with mean 5.30 mg kg-1. The DTPA-Zn and Cu content in surface soil varied from 0.62 mg kg-1 to 3.37 

mg kg-1 and 1.01 mg kg-1 to 68.58 mg kg-1 respectively, whereas the As content varied from 0.10 to 0.68 

mg kg-1 with mean 0.35 mg kg-1and Cd content varied from 0.08 mg kg -1 to 20.55 mg kg -1 with mean 

0.49 mg kg -1. The range of Pb content varied from 0.37 mg kg-1 to 6.83 mg kg-1 with mean 4.03 mg kg-1. 

Over all it can be concluded that selected surface soil samples accumulate high amount of heavy metals 

(Fe, Mn, Zn, Cu, As, Cd and Pb). 

 

Keywords: Heavy metals, non- biodegradable, DTPA- micronutrients, surface soils 

 

Introduction 

In current scenario, the rapid population growth is the major problem that affects our 

environment adversely so proper protection of our environment is today’s most vital issue. 

There is a rapid progress in science and technology, industrial sector and use of various 

chemicals in agriculture that are threatening the quality of our life (Sharma et al., 2000) [24]. 

Heavy metals, such as manganese (Mn), copper (Cu), zinc (Zn), cadmium (Cd) and lead (Pb) 

etc are metals having densities greater than 5 g/cm3. Due to similarities in chemical properties 

and environmental behaviors, the metalloid arsenic (As) is often grouped in the Heavy metals 

category (Chen et al., 2015) [4]. These heavy metals are introduced naturally through erosion, 

forest fires, weathering of parent materials, volcanic eruptions and also through different 

human activities, such as mining, smelting, electroplating, refining, traffic emissions, 

agriculture fertilization, drainage etc and also through domestic discharges (Alloway;1995, 

Nriagu; 1996, Ip, C.C.M.; 2007, Chon et al., 2010, Davutluoglu et al., 2011) [1, 16, 10, 6, 7]. The 

major environmental factor that affects crops is due to air pollutants or water pollutants having 

high concentration of heavy metals (Lager Werff and Specht, 1970; Friberg et al., 1971) [12, 8]. 

Soil is considered as a potential sink for pollutants and also an important means of and are 

particularly very harmful due to their wide variety of sources, toxic effects, persistence and 

bio-accumulation (Yu et al., 2008) [30]. Irrigation with contaminated river water and 

groundwater are also responsible for soil contamination. In urban areas, untreated effluents 

from industries are directly adding heavy metals and metalloids into the nearby water and soil 

(Rahman et al., 2012) [19]. Heavy metals can enter through inhalation, dermal contact and 

ingestion in the human body (Meza-Montenegrotransmittance for many pollutants to the 

atmosphere, groundwater and plants (Chen et al., 1997) [5]. Heavy metals and metalloids affect 

human health directly and indirectly as they are non-biodegradable in nature (Wang et al., 

2001) [29]. Heavy metals are among the most significant soil pollutants, 2012). 
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Material and Methods 

Soil sampling 

Seventy-two surface soil samples (0–15 cm in depth) were 

collected from sewage irrigated area during August 2018 from 

three different villages of Nathnagar block. Sampling sites 

were identified by using a global positioning system (GPS). 

Approximately 1 kg of fresh soil was collected and all 

samples were air dried and passed through 2-mm plastic sieve 

to remove large plant roots debris, gravel-sized stones etc. 

Thus, sampling sites was at different distance of 50 m, 150 m 

and 400 m away from the contaminated (Champa nala) area.  

 

Chemical Analyses 

The concentrations of seven heavy metals (Fe, Mn, Zn, Cu, 

As, Cd and Pb) were measured by using different procedures. 

 

Available (DTPA extractable) micronutrients (Zn, Mn, Cu 

and Fe) and heavy metals (Pb and Cd) (Lindsay and 

Norvell, 1978) [14] 

Available micro-nutrients and heavy metals were extracted 

with the help of mixed solution of 0.005 M DTPA,0.01 M 

Calcium Chloride and 0.1 M Triethanolamine (TEA) at pH 

7.3 (Lindsay and Norvell, 1978) [14]. 10 g of soil was taken in 

100 mL conical flask and 20 mL of DTPA solution was added 

to it. It was shaken for 2 hours on a horizontal shaker after 

that it was filtered through Whatman no. 42 filter paper. The 

concentration of micronutrient and heavy metals was 

estimated with the help of Atomic Absorption 

Spectrophotometer. 

 

Arsenic determination procedure 

In 2.5 g of soil sample, 50 mL 0.5 M NaHCO₃ was added and 

was kept for shaking (30 minutes). The suspension was 

filtered through Whatman no. 42 filter paper. 5 mL aliquot 

was taken in which 5mL conc. HCl, 1mL of KI and1mL of 

Ascorbic acid was added. The samples were kept for 45 

minutes (reduce) and then final volume was made up to 50 

mL with double distilled water. The samples were ready for 

estimation in AAS. 

 
Micronutrients (Fe, Mn, 

Zn and Cu) 
DTPA extractable 

Lindsay and 

Norvell (1978) [14] 

Heavy metal (Pb and Cd) DTPA extractable 
Lindsay and Norvell 

(1978) [14] 

Available As 
Sodium Bicarbonate 

method 
Olsen et al (1982) 

 

Results  

DTPA-Extractable micro-nutrients of surface soils in 

sewage irrigated areas 

The total number of seventy-two representative surface soil 

samples (0 to 15 cm) were collected i.e. 24 samples from each 

village during field survey through traversing from villages 

namely, Kalupur, Basantpur and Mathurapur to determine the 

micronutrient content in surface soils. The samples were 

analyzed for available DTPA-extractable available 

micronutrients (Fe, Mn, Zn and Cu). 

 

DTPA-Fe (mg kg-1) 

As far as soil micronutrients is concerned, the result revealed 

that in Kalupur village, DTPA- Fe content of soils varied 

widely from 15.23 to 28.19 mg kg-1 with a mean value of 

20.80 mg kg-1. Similarly in Basantpur village, DTPA- Fe 

content of soils variedfrom 10.29 to 24.60 mg kg-1 with a 

mean value of 17.09 mg kg-1. However, in Mathurapur 

village, DTPA- Fe content of soils varied from 10.60 to 26.84 

mg kg-1 with a mean value of 19.61 mg kg-1. 

 
Table 1: DTPA-Fe (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village 
No. of 

Samples 
Range Max Min Mean 

Kalupur 24 15.23-28.19 28.19 15.23 20.80 

Basantpur 24 10.29-24.60 24.60 10.29 17.09 

Mathurapur 24 10.70-26.84 26.84 10.70 19.61 

 

DTPA-Mn (mg kg-1) 

In Kalupur village, DTPA-Mn content of soils varied between 

0.74 to 15.08 mg kg-1 with a mean value of 8.18 mg kg-1. 

Similarly, in Basantpur village the DTPA-Mn content of soils 

varied between 0.67 to 14.09 mg kg-1 with a mean value of 

6.18 mg kg-1. Whereas, in Mathurapur village the DTPA-Mn 

content of soils varied between 0.69 to 15.08 mg kg-1 with a 

mean value of 4.66 mg kg-1. 

 
Table 2: DTPA-Mn (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village 
No. of 

Samples 
Range Max Min Mean 

Kalupur 24 0.74-15.08 15.08 0.74 8.18 

Basantpur 24 0.67-14.09 14.09 0.67 6.18 

Mathurapur 24 0.69-15.08 15.08 0.69 4.66 

 

DTPA-Zn (mg kg-1) 

In Kalupur village, result indicates that DTPA-Zn content of 

soils varied from 0.62 to 3.16 mg kg-1 with a mean value of 

1.62 mg kg-1. However, DTPA-Zn content of soils varied 

between 0.76 to 2.27 mg kg-1 with a mean value of 1.33 mg 

kg-1 in Basantpur village. In Mathurapur village, DTPA-Zn 

content of soils varied between 0.79 to 3.37 mg kg-1 with a 

mean value of 1.80 mg kg-1. 

 
Table 3: DTPA-Zn (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village 
No. of 

Samples 
Range Max Min Mean 

Kalupur 24 0.62-3.16 3.16 0.62 1.62 

Basantpur 24 0.76-2.27 2.27 0.76 1.33 

Mathurapur 24 0.79-3.37 3.37 0.79 1.80 

 

DTPA-Cu (mg kg-1) 

In Kalupur village, result revealed that DTPA-Cu content of 

soils varied widely from 1.24 mg kg-1 to 26.54 mg kg-1 with a 

mean value of 12.66 mg kg-1. Similarly, in Basantpur village, 

DTPA- Cu content of soils ranged between 1.01 to 68.58 mg 

kg-1 with a mean value of 20.18 mg kg-1. However, in 

Mathurapur village, the DTPA-Cu content of soils varied 

from 6.49 mg kg-1 to 21.13 mg kg-1 with a mean value of 

12.31 mg kg-1. 

 
Table 4: DTPA-Cu (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village 
No. of 

Samples 
Range Max Min Mean 

Kalupur 24 1.24-26.54 26.54 1.24 12.66 

Basantpur 24 1.01-68.58 68.58 1.01 20.18 

Mathurapur 24 6.49-21.13 21.13 6.49 12.31 
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DTPA- heavy metal nutrients of surface soil in sewage 

irrigated areas 

Available Arsenic 

In Kalupur village, the available As content of soils varied 

from 0.11 mg kg-1 to 0.55 mg kg-1 with a mean value of 0.33 

mg kg-1. Similarly in Basantpur village, it was observed that 

the available As content of soils varied from 0.17 mg kg-1 to 

0.68 mg kg-1 with a mean value of 0.33 mg kg-1 whereas in 

Mathurapur village, the available As content of soils varied 

from 0.11 mg kg-1 to 0.37 mg kg-1 with a mean value of 0.21 

mg kg-1. 

 
Table 5: Available As (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village 
No. of 

Samples 
Range Max Min Mean 

Kalupur 24 0.10-0.54 0.54 0.10 0.33 

Basantpur 24 0.16-0.68 0.68 0.16 0.33 

Mathurapur 24 0.10-0.37 0.37 0.10 0.21 

 

DTPA-Cd 

In Kalupur village, DTPA-Cd of soils varied from 0.08 mg 

kg-1 to 0.48 mg kg-1 with a mean value of 0.26 mg kg-1. 

Similarly, in Basantpur village, DTPA-Cd of soils varied from 

0.09 mg kg-1 to 1.41 mg kg-1 with a mean value of 0.48 mg 

kg-1 whereas in Mathurapur the range varied from 0.08 mg kg-

1 to 2.55 mg kg-1 with a mean value of 0.81 mg kg-1. 

 
Table 6: DTPA-Cd (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village 
No. of 

Samples 
Range Max Min Mean 

Kalupur 24 0.08-0.42 0.42 0.08 0.26 

Basantpur 24 0.09-1.41 1.41 0.09 0.48 

Mathurapur 24 0.09-2.55 20.55 0.09 0.81 

 

DTPA-Pb 

In Kalupur village, DTPA- Pb content of soils varied from 

0.37 mg kg-1 to 6.35 mg kg-1 with a mean value of 4.22 mg 

kg-1. Similarly, the DTPA- Pb content of soils varied from 

1.50 mg kg-1 to 6.83 mg kg-1 with a mean value of 4.25 mg 

kg-1 in Basantpur village. Whereas, the DTPA- Pb content of 

soils varied from 1.92 mg kg-1 to 6.35 mg kg-1 with a mean 

value of 3.63 mg kg-1 in Mathurapur. 

 
Table 7: DTPA-Pb (mg kg-1) status in surface soils of sewage 

irrigated areas 
 

Village No. of Samples Range Max Min Mean 

Kalupur 24 0.37-6.35 6.35 0.37 4.22 

Basantpur 24 1.50-6.83 6.83 1.50 4.25 

Mathurapur 24 1.92-6.35 6.35 1.92 3.63 

 

Discussion 

The DTPA-micronutrients cationic (DTPA-Fe, Mn, Zn and 

Cu) of surface soils from sewage irrigated areas have been 

evaluated and results revealed that DTPA-Fe of sewage 

irrigated surface soils varied from 10.29 to 28.19 mg kg -1 

with mean 3.88 mg kg-1. It might be due to accumulation of 

humic fibric material in surface soils besides incidence of 

reduced situation (Prasad and Sakal, 1991) [18] in subsurface 

layer and these types of situation most prevalence in sewage 

irrigated soils. The DTPA-Mn of sewage irrigated surface 

soils varied from 0.67 mg kg-1 to 15.08 mg kg-1 with mean 

5.30 mg kg-1. It might be due to release of chelated Mn from 

organic compound (Sharma and Choudhary, 2007) [25]. Apart 

from these, sewage irrigation after 20 years shows significant 

build-up of DTPA extractable Zn, Cu and Fe in sewage-

irrigated soils (Rattan et al., 2005) [20]. Similar results 

supported by various scientist and they reported that 

micronutrients cations significantly increased with increase 

with organic carbon in superficial layer (Satyavathi and 

Reddy, 2004) [22]. 

The distribution of heavy metals in superficial layer of 

sewage irrigated soils have been evaluated and results 

revealed that As content varied from 0.10 to 0.68 mg kg-1 

with mean 0.35 mg kg-1. It might be because of the 

concentration of arsenic depends on the clay content and 

metal oxide content in soils. Apart from these, adsorption of 

arsenic is significantly high in soils due to more or less high 

clay content and clay content decreases with depth of soil 

(Huq et al., 2003, Samal et al., 2010) [9, 21]. They further 

reported that clay or clayey soil contains more FeOOH when 

compared to sandy soil, and therefore, clayey soil has 

adsorbed more arsenic. Whereas, Cd content was varied from 

0.08 mg kg -1 to 20.55 mg kg -1 with mean 0.49 mg kg -1. 

Similar findings were reported by various scientist (Tabari et 

al., 2008; Behbahaninia and Mirbagheri, 2008; Zhao et al., 

2010) [27, 2, 31]. Similarly, Pb content varied from 0.37 mg kg-1 

to 6.83 mg kg-1 with mean 4.03 mg kg-1. The higher content of 

extractable heavy metals in surface layer revealed that low 

mobility of these metals (Brar et al., 2000; Khurana et al., 

2004) [3, 11] in the superficial layer. The largest fraction of Cd, 

Pb and As in sewage irrigated soils was strongly bound in a 

residual form while exchangeable and the other labile 

fractions were negligible. 

Hence, these metals were partially taken up by plants as well 

as partly accumulated in soil (Wang et al., 2003; Singh et al., 

2009) [28, 23]. The mobility of heavy metals in sewage irrigated 

soil was very slow and more than 90% of Cd and Pb 

accumulated in superficial layer (Streck and Richter, 1997) 
[26]. 

 

Conclusion 

Over all it can be concluded that selected surface soil samples 

accumulate high amount of heavy metals (Mn, Cu, Fe, Zn, 

Cd, Pb and As) and therefore it is decisive to treat sewage 

water and industrial effluents before their discharge into water 

bodies so that the irrigation water used by the farmer’s nearby 

the contaminated site will be free (minimized) from these 

heavy metals as these heavy metals enter in humans and other 

living organisms (soil-plant continuum) and affects the 

biological activities of the living organisms. Therefore proper 

awareness regarding the effect of these heavy metals for its 

serious consequences over our health should be amenable to 

the farmers of the relevant areas.  

 

References. 

1. Alloway BJ. Heavy metals in soils. Heavy Met. Soils 

1995; 85:1318-1324.  

2. Behbahaninia A, Mirbagheri SA. Investigation of heavy 

metals uptake by vegetable crops from metal-

contaminated soil. World Academy of Science, 

Engineering and Technology. 2008; 43:53-55.  

3. Brar MS, Malhi SS, Singh AP, Arora CL, Gill KS. 

Sewage water irrigation effects on some potentially toxic 

trace elements in soils and potato plants in North Western 

India. Canadian Journal of Soil Science. 2000; 80:465-

471.  

4. Chen HY, Teng YG, Lu SJ, Wang YY, Wang JS. 

Contamination features and health risk of soil heavy 

http://www.chemijournal.com/


 

~ 1790 ~ 

International Journal of Chemical Studies http://www.chemijournal.com 

metals in china. Sci. Total Environ. 2015; 512–513, 143–

153. 

5. Chen TB, Wong JWC, Zhou HY, Wong MH. Assessment 

of trace metal distribution and contamination in surface 

soils of hong kong. Environ. Pollut. 1997; 96:61-68.  

6. Chon HS, Ohandja DG, Voulvoulis N. Implementation of 

E.U. Water framework directive: Source Assessment of 

Metallic Substances at Catchment Levels. J. Environ. 

Monit. 2010; 12:36-47.  

7. Davutluoglu OI, Seckin G, Ersu CB, Yilmaz T, Sari B. 

Heavy metal content and distribution in surface 

sediments of the seyhan river, turkey. J. Environ. Manag. 

2011; 92:2250-2259.  

8. Friberg LM, Pisocator M, Nordberg G. Cadmium in the 

environment Handbook of the chemical rubber Co. Press, 

Cleveland, Ohio. 1971, 166-168.  

9. Huq SMI, Rahman A, Sultana N. Extent and severity of 

Arsenic Contamination in Soils of Bangladesh. Fate of 

Arsenic in the Environment, 2003. 

10. Ip CCM, Li XD, Zhang G, Wai OWH, Li YS. Trace 

metal distribution in sediments of the pearl river estuary 

and the surrounding coastal area, south china. Environ. 

Pollut. 2007; 147:311-323. 

11. Khurana MPS, Singh M, Nayyar VK. Assessment of 

heavy metal contamination in soils and plants irrigated 

with sewage waters containin industrial effluents in 

District Amritsar, Punjab. Indian Journal of Environment 

and Ecoplantation. 2004; 8:221-228.  

12. Lager Werff JV, Specht AW. Contamination of roadside 

soil and vegetation with Cd, Ni, Pb, and Zn. Environ Sci. 

Technol. 1970; 4:583-585. 

13. Lamali MK, Kazi TG, Arain MB, Afridi HI, lalbani N, 

Memon AR et al. Heavy metals from soil and domestic 

sewage sludge and their transfer to sorghum plants. 

Environ. Chem. Lett. 2007; 5:209-218. 

14. Lindsay WL, Norvell WA. Development of DTPA soil 

test for zinc, iron, manganese and copper. Soil Science 

Society of America Journal. 1978; 42:421-428. 

15. Meza-Montenegro MM, Gandolfi AJ, Klimecki WT, 

Aguilar-Apodaca MG, Río-Salas RD, O-Villanueva 

MDL et al. Metals in residential soils and cumulative risk 

assessment in yaqui and mayo agricultural valleys, 

northern mexico. Sci. Environ. 2012; 433: 472–481. 

16. Nriagu JO. A history of global metal pollution. Science. 

1996; 272:223-224.  

17. Olsen SR, Cole CV, Watanabe FS, Dean LA. Estimation 

of available phosphorus in soils of extraction with 

sodium bicarbonate. U.S. Department of Agriculture, 

1954, 939. 

18. Prasad R, Sakal BR. Effect of submergence on native 

DTPA Extractable Zn, Fe, Cu and Mn in some old 

alluvial rice soils of South Bihar. Journal of Indian 

Society of Soil Science. 1991; 39(4):773-776. 

19. Rahman SH, Khanam D, Adyel TM, Islam MS, Ahsan 

MA, Akbor MA. Assessment of Heavy Metal 

Contamination of Agricultural Soil around Dhaka Export 

Processing Zone (DEPZ), Bangladesh: Implication of 

Seasonal Variation and Indices. Appl. Sci. Basel. 2012; 

2:584-601. 

20. Rattan RK, Dutta SP, Chhonkar PK, Suribabu K, Singh 

AK. Long-term impact of treated wastewater irrigation 

on calcisol fertility. Agricultural Science. 2005; 3:310-

322. 

21. Samal AC, Bhattacharya P, Santra SC. Transfer of 

arsenic from contaminated ground water and soils to crop 

vegetables: A study in Gangetic delta of West-Bengal, 

India. Arsenic in Geosphere and Human disease Jean, 

2010.  

22. Satyavathi PLA, Reddy MS. Distribution of DTPA 

extractable micronutrients in soils of Telangana, Andhra 

Pradesh. Agropedology. 2004; 14:32-37. 

23. Singh A, Sharma RK, Agrawal M, Marshall F. Effects of 

wastewater irrigation on physicochemical properties of 

soils and availability of heavy metals in soil and 

vegetables, 2009. 

24. Sharma BC, Mishra AK, Bhattacharya KG. Metal in 

drinking water in a predominantly rural area. Indian J. 

Environ. Prot. 2000; 21(4):315-322. 

25. Sharma JC, Choudhary SK. Vertical distribution of 

micronutrient cations in relation to soil characteristics in 

lower Shivaliks of Solan districts in North–West 

Himalayas. Journal of the Indian Society of Soil Science. 

2007; 55(1):40-44. 

26. Streck T, Richter J. Heavy metal displacement in a sandy 

soil at the field scale: Measurements and 

parameterization of sorption. Journal of Environmental 

Quality. 1997; 26:49-56. 

27. Tabari M, Salehi A, Ali-Arab AR. Effects of waste water 

application on heavy metals (Mn, Fe, Cr and Cd) 

contamination in Black Locust Stand in semi-arid zone of 

Iran. Asian Journal of Plant Science. 2008; 7(4):382-388. 

28. Wang Z, Chang C, Wu L, Crowley D. Assessing the soil 

quality of long-term reclaimed wastewater-irrigated 

cropland. Geoderma. 2003; 114:261-278.  

29. Wang SW, Shi XL. Molecular mechanisms of metal 

toxicity and carcinogenesis. Mol. Cell Biochem. 2001; 

222:3-9. 

30. Yu R, Yuan X, Zhao YH, Hu R, Tu XL. Heavy metal 

pollution in intertidal sediments from quanzhou bay, 

china. J. Environ. Sci. 2008; 20:664-669. 

31. Zhao Y, Chen Z, Li Q, Liu X. Heavy metal contents and 

chemical speciations in sewage-irrigated soils from the 

eastern suburb of Beijing, China.19th World Congress of 

Soil Science, Soil Solutions for a Changing World, 1-6 

August Brisbane, Australia, 2010.  

http://www.chemijournal.com/

