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Heavy metal contaminants in water-soil-plant-animal continuum due to pollution of
Musi river around Hyderabad in India
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With rapid urbanization ard industrialization in major
cities, large quantities of industrial effluents get mixed with
urban sewage water and aiso with river water in some cases.
Hence the water is getting contaminated with harmful heavy
metals, which are accumulating through the out flows from
these industries. The soils irrigated continuously with
poliuted water subject to chemical degradation {Siagh 2002,
Giridhar et al. 2002). In the water-soil-plant-animal
continuum, the contaminants rmay be carried over io the milk
. of animals and from there to human system when the
contaminated miik is consumed. Present study was therefore,
undertaken to survey the extent of heavy metal contamination
in untreated sewage water of Musi river and impact of
comntinuous irrigation on heavy metal accumulation in soil-
plant-milch animal continuum.

A survey was carried out all along the Musi river (Ranga
Reddy and Hyderabad districts of Andhra Pradesh in India)
to study the relationship between water, sotl, plant and animal
systemn. Effluent water, soil and plant samples were collected
along the Musi river (from 22 sites with a spacing of 1 to 2
kam) along the down streamn by following the stratified random
sampling fechnigue. Besides this, urine, milk and serum
samples were also collected from milch animals, which were
fed with the grass grown with sewage water on these polluted
sites. Sewage water, urine and milk samples were analysed
for micronutrients and heavy metals. Soil samples were
extracted with DTPA extractant {Lindsay and Nerwell 1978).
Plant samples were acid digested after thorough washing and
were analyzed for micro nutrienis and heavy metals {Jackson
1973). Serum samples immediately after collection were
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added with heparin, an anticoagulant to avoid coagulation,
Water, milk, urine and serum samples were directly fed to
the atomic absorption spectrophotometer for analyzing the
micronutrients and heavy metals. An interpretation of the
data was done using the available permissible limits in the
literature.

Composition of untreated sewage water

The effluent water was slightly acidic to neutral in reaction
{pH-6.3 to 7.5). Soluble salt content ranged from 2.38 to
4.07 dS m'!. Sewage water coliected all along the Musi river
at different sites was contaminated with high amounts of
heavy metals like cobalt, cadmium, nickel and lead which
ranged from 0.017 to 0.11 mg L, 0.002 to 0.054 mg L',
0.003 10 0.21 mg L and 0,03 to 0.80 mg L', respectively,
and the corresponding mean contents were 0.053, 0.025,
0.062 and 0.21 mg L' {Table 1}. Samples analyzed had excess
amounts of cadmium, cobalt and nickel to an extent of 89,
68 and 11% respectively. Cobalt was 10.6-times more
followed by cadmium (5-times) than the permissible limils
(WHO 1993). The water samples were not contaminated with
other trace metals, Similar study was also reported by Rai e
al. (2001) in Lucknow district of Uttar Fradesh, India as the
most of the water bodies being used for the cultivation of the
edible aguatic plants were found to be contaminated with a
variety of toxic metals like iren, copper, chromium,
manganese and lead. The concentrations of chromium, lead
and iron in the water were much higher than the
recommended permissible limits of WHQO (1993).

Heavy metal accumulation in soils

The soils under study were acidic to almost neutral in
reaction (5.04 to 7.58), electrical conductivity ranged from
0.02 to 6.12 dS m™, which may be due to high amounts of
soluble salts in irrigation water such as chlorides, sulphates
and bicarbonates due to the contamination. Sharma et al.
(1994} also reported similar results. Organic carbon content
was (.59 to 15.32% and these higher values may be due to
higher contents of organic matter in the sewage water (Bhupal
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Table 1, Heavy metal contents in untreated sewage effluent, soils and plants of Musi river of Hyderabad city

Element Effluent Soil - Plant N
Range Mean Range Mean Range Mean
(mg/L) {mg/ks) {mg/kg)
Cadpium 0.002 -.054 0.025 0.016-2.43 0.37 0.42-3.95 0.79
Chromiun Traces . Traces 0.18-2.27 1.32 1.80-11.6 4.90
Nicke! 0.003 -.210 0.062 0.29-5.21 2.79 2.10-6.78 4.34
Lead 0.03 - 0.80 0.21 1.44-68.56 12.58 11.25-7.70 1922
Cobalt 0.017-.11¢ 0.053 0.18-2.60 0.52 0.70-4.25 2.39
Zinc Traces -026 0.003 0.91-19.56 10.96 9.3-50.9 44 88
Copper 0.011 - 0.20 0.011 1.21-39.60 15.83 4.6-44.5 12.76
fron Traces Traces 11.10-149.48 75.90 23-1735 459
Manganese Fraces Traces 5.43-242 13.60 22,7249 40 92.86

Raj er al. 1997). Seils urigated with Musi sewage waters
were highly polluted with heavy metals. The contents of iron,
copper, lead, nickel and cadmium are given in Table 1,
The per cent samples having excess amount of heavy
metals were 66, 56, 32, 22 and 10 for iron, copper, lead,
nicke! and cadmium, respectively. Iron was 7.6-times more
than the normal level followed by copper (3.2), lead {2.5),
zing {2.2) and nickel {1.4). Though copper and iron were
fow in waters, the absorpticn of these nutrients by the soils
may be high which was reflected in higher quantities in soils.
Sujatha ef af. {2001} analyzed water, scil, suspended load
and biomass samples collected from a sewage and sludge

treated lake around Mysore of Karnataka state of India and

revealed that all the matrices suspended particulate matter,
lake bed sediment and biomass of the lake showed higher
concentrations of heavy metal cations when compared to the
WHO standards, indicating metal toxicity in the lake. Patel
et al. (2004} also reported that the soils irrigated with the
effluents had higher contents of micronuirients and heavy
metals a3 compared to the corresponding well irrigated soils.

Heavy metal accumulation in plants

Plants growing on polluted soil irrigated with sewage -
water recorded high amounts of heavy metals. The contents
of heavy metals i.e., lead, iron, chromium, nickel, zinc,
copper, manganese and cobalt are given in Table 1. The per
cent samples having excess amounts ranged from 4% (Cd)
to 100% (Pb}. All the samples analyzed had excess amounts
oflead (100 %), iron (60 %}, zine (56%), chromium (36 %),
nickel (24 %) and cadmiuvm (4%).

The above results are in conformity with that of Rai er @i,
(2001} who reported that the edible parts of aquatic plants
grown on the water bodies in Lucknow district in Uttar
Pradesh state of India were bio-concentrated from their
surrounding water with metals like chromium, lead and iron
significantly and the concentration of these metals were
higher than the recommended permissible levels in water
and also Bansal {2004) where in the concentration of heavy
metals was found to be more m different parts of vegetables
which were grown in sewage water irrigated soils than in
tube well water irrigated samples.

Table 2. Heavy metal contamination in milk, urine and serum of miich animals fed on forage grown on soils irrigated with untreated
sewage of Musi river

Element Milk Urine Serum
Range Mean Range Mean Range Mean

(mg/L) (mg/L) (mg/L)
‘Cadmizum 0.042-0.76 0.062 0.016-0.121 0.053 0.013-0.033 0.022
Chromium 0.45-1.41 0.78 0.102-0.305 0.226 0.038-0.966 0.140
Nickel .150-0.231 0.197 0.108-0.333 0.224 0.002-0.990 0.029
Lead 0.52-0.96 4,73 0.450-1.220 (3.850 .154-0.814 0.385
Cobalt ND ND 0.070~1.342 (.345 (.460-0.150 0.077
Zine 2.64-16.3 8.3 0.006-0.199 0.074 1.276~0.697 0.496
Copper 0.19-0.77 (.42 0.002-0.534 0.06 0.128-0.454 0.302
Dron 1-357 119 0.130-0.830 0.37 4.30-26.68 24.16
Manganese 0.44-1.80 0.92 0.020-0.090 0.058 0.02-0.60 0.04

ND, Not determined.



February 2006]

Heavy metal contamination in milk

Milk samples were highly contaminated with all the heavy
metals except copper. Al the heavy metals except zinc were
in toxic limits to an extent of 100%. The contents of iron,
chromium, lead, cadmium, manganese, nickel and zinc are
given in Table 2. Lead, cadmium, copper and zinc
accumulation and concentration in certain tissues and organs
of cows markedly exceeded maximum admitted limits in an
area of heavy industrial pollution with heavy metals in
particular (Avram et al. 2000). Iron content is 40-times more
than the normal permissible limits for drinking waters (BIS
1991) followed by chromium (15.6 times), lead (14,6 times),
cadmium (12.4 times), manganese (9 times), nickel (3.4
times) and zine (1.26 times). Swarup ef 2f, (1997) also
reported that the concentrations of lead and cadmivm in blood
and milk samples of milch animals in Kanpur city, India were
significantly high.

Heavy metal content in the urine and serum of milch animals

Urine and seruni samples of the milch animals fed with
polluted grass were also analyzed for heavy metals. The
pollutant elements in these were comparatively higher than
their contents in normal mileh animals, though the
permissible limits for urine and serum are not known {Table
2). Cadmium content of the grain crops grown on acid soils
in Hungary was significantly high. In the blood serum of
cows consuming these crops, cadmium levels of 23-24 nmol
L ! were detected (Kovacs ef al. 1998).

Irrigation of soil continuously with Musi river effluents
likely to cause high build up of heavy metal poltutants in
soils and in forage plants, thereby almost all milk samples
obtained from animals fed with such forages had higher
amounts of contaminants i.e., above the safe Hmits which
might have carried over through forage and poiluted water
into dairy animals. There is alse possibility of transmittance
of heavy metal load into the human food chain through mitk
or meat produced in such areas as urine and serum of milch
animals contained high amounts of heavy metals.

SUMMARY

The present study was undertaken to survey the extent of
heavy metal contamination in untreated sewage water of Musi
river and impact of irrigation with this water on seil-plant-
milch animal continuum. Values of cadmium, chromium,
nickel, lead, cobalt, zine, copper, iren and manganese were
studied in milk, urine and serum.

ACKNOWLEDGEMENTS

Authors are grateful to the ICAR, New Delhi and
ANGRAU, Hyderabad, for providing financial support and
facilities for conducting this study. Authors are also thankiul
to the staff of Department of Animal Husbandry, Government
of Andhra Pradesh for assisting in collection of milk and
serum samples from the milch animals.

HEAVY METAL CONTAMINANTS IN WATER-SOIL-PLANT-ANIMAL CONTINUUM 133

REFERENCES

Avram N, Serdaru M, Medrea N, Tanasescu V and Mehedintu C.
2000. Heavy metals bio-accumulation and bio-concentration in
the tissues and organs of cattle in areas with heavy industrial
pollution. Studics and Researches in Veterinary Medicine 8: 83—
88.

Bansal O P. 2004. Pesticides and heavy metals in soils of Aligarh
district; accumulation ofheavy mietals inplant species. Pesticide
Research Journal 16: 71-78

Bhupal Raj G, Patnaik M C and Subbaiah ¥ V 1997. Heavy metal
poflutioninsoil and fodder (para grass) irigated with sewage and
effluent water all zlong Musi river. Proceedings of Acadenmy of
Environmental Biology 6: 177-82.

BIS. 1991, Indian Standard: Drinking weaier- Specification. First
revision. Bureau of Indian Standards, New Delhi,

Bluthgen A. 2000, Contamination of milk from feed. Buffetin of the

Iniernational Dairy Federation 356: 43-46.

Chapman HD. 1975, Diagnostic Criteria for plants amd Soils. Eura-
sia Publishing Flouse (P Lid. Ramnagar, New Delhi.

Giridhar M, Ravi M V and Siddaramappa R. 2002, Effect of irmiga-
tion with river and herbal tank water on soil properties. Current
Research, University of Agricultural Sciences, Bangalore 31: 35—
38

Kovacs F, Brydl E, Berta E, Kovacs M Z, Sos B, Tepzes L, Sarudil
Zomborsz Kyme and Kovaces M, 1898, Movement in the soi1l -
plant —animal - man biological chain AHuttenyesztes es tankara
manyozas 47: 315-36.

Lindsay W L and Norvell W A, 1978, Development of a DTPA soil
test for Zn, Fe, Mn and Cu. Jowrna! of Soil Science Society of
America 42: 42128,

Patel K P, Pandya R R, Maliwal G L, Patel K C, Ramani V P and
George V. 2004. Heavy metal content of different effluents and
relative availability in soils irrigated with effluent waters around
major industrial cities of Gujarat, Journal of the Indian Society
af Soil Science 52: 89-94. '

Rai UN, Sarita, Sinha and Sinha S. 2001. Distribution of metsls in
aquatic edible plants Trapa nafans (Roxb.) Makino and fpomia
aquatica Forsk. Environmental Moniloring and Assessment 70
241-52.

Singh, M V. 2002, Water Pollution- Issues and Strategies for sustain-
able development. XXXV Sushila Memgrial Lecture, Annuat
Convention of Agricultural Chemists. GAU, Anand. 25-26 Nov,
2002,

Sharma N K, Mundra M C, Sriyas R S and Pornia B R. 1994, Effect
of use of sewage water on Ca-Zn and Ca-Cd exchange equilib-
rium in soils. Jowrnal of Indian Society of Soil Science 42: 25—
30.

Sujatha S D, Sathyanarayanan S, Salish PN and Nagaraju D. 2001.
A sewage and sludge treated lake and its impact on the environ-
ment. Environmental Geology 40: 1209-13.

Swartip I, Dwevedi S K and Dey §. 1997. Lead and cadmium lev-

els in blood and milk of cows from Kanpur city. Jedian Journal
of Animal Sciences 67: 222-23.

Tandon H L 8. 1955, Methods of Analysis of Soils, Plams, Waters
and Fertilizers. Develdpment and consultation organization,
New Delhi, India.

World Health Organization. 1995, Guidelines for Drinking Water
Quality, Volume I; recommendations, Geneva.



