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1. INTRODUCTION

Environmental pollution is a mgor global problem posing serious risk to
man and animals. The development of modern technology and the rapid
industrialization are among the foremost factors for general pollution. The
environmental pollutants, spread through different channels, [nany of which
findly enter into the food chain of livestock and man. There is in- creasing concern

about environmental pollutants emanating into the livestock prodi ction systems.

Pollution is posing a serious problem in India, threatenin the anima and
human health and quality of environment. Environmental pcllution in most
developing countries is often attributed to negative effect If technological
developments, like rapid urbanization and industrialization, with poor planning in
waste disposal and management (Swarup and Dwivedi, 1998).

Recently, in Keraa there was news raised on ground wetfrr contamination
with heavy metals. The global environmental action group urged the state
government to close down a bottling plant in Palakkad distri t for supplying
inferior waste from the plant as fertilizer. The government reports say that ground
water samples collected contained 65.7 [i gm of Pb and more than 10)igmofCd
per litre.

Heavy metad pollution has become a serious health concern in recent
years, because of industrial and agricultural development. Eleavy metas of
industrial biowaste contaminate the drinking water, food and air. The toxic heavy
metals of great concern are Cd, Pb and Hg which are usudlyf associated with
harmful effects in men and animals.

It is recognized that heavy metals may exercise a definite influence on the
control of biological functions, affecting hormone system and g<>wthof different
body tissues (Teresa et al., 1997). Many heavy metals accumulate in one or more
of the body organs with differing half-lives. These heavy metals bpart from acute



or chronic poisoning can be transferred to next generation an| have potential

toxicity from the viewpoint of public health.

Various anthropogenic activities such as burning of fossil Fud, mining and
metallurgy, industries and transport sectors redistribute toxic htlavy metals into
the environment, which persist for a considerably longer period and are
trandocated to different components in environment affecting he biota. These
toxicants are accumulated in the vital organs including liver and :idney and exert
adverse effects on domestic and wild populations. (Kotwal et al., 005)

The effluents from the livestock systems can affect the micro and macro
environment, viz., water, atmosphere and food chain. Due to the rapid population
growth there is phenomenal increase in the demand for livestock products and this
situation has led to changes in the farming system from 'subsistence farming' to
‘commercial’ and from extensive/pastoral livestock systems to| more intensive

systems of production which causes adverse impacts on the environment

Number of environmental cum medical surveys mainly involving human
population in industrial, mining and urban areas have documented occurrence of
toxicities due to effluents. There has also been a mgjor pollution cfatastrophe in the
country in December 1984, the Bhopa Gas tragedy, due to leakage of the
poisonous gas Methyl isocyanide (MIC).

Pollution of the environment has significant impact on living organisms.
Reports from developed countries have documented adverse impact of pollution
on domestic and wild animals in the form of specific chefnica toxicities,
behavioural changes and population decline. Pesticides, heavy itnetas and other
agro-chemicals are some of the major causes of environmental toxicity in fam

animals.

Heavy mortality in cattle in Maharashtra, Punjab, Rajathan, and Delhi,
due to industrial lead poisoning and death of animals due to lea:age of MIC gas
during Bhopa tragedy are some examples of industrial pollutiolh catastrophe on
domestic animals in India. The impacts of pollution on animals result in serious



economic losses and economic consequences over and above health hazards. In
India, heavy mortality in cattle and buffaloes due to industrial Igad toxicity was
responsible for decline in dairy animal population and significant financia losses
to farmers (Swarup and Dwivedi 1998).

According to the World Hedth Organization report (1995) about five
million people die of diseases caused by drinking impure water. he incidence of
ar and water pollution from heavy metals has reached such an a aming level that

environmentalists are finding it difficult to enforce effective contrdjl measures.

The non-essentiad heavy metals have, directly or indireftly an adverse
effect on biological activities. The presence of these metals in water degrades
their quality, which eventualy affect human health. Even the essentiad metals at

higher concentration are toxic.

The livestock systems are prone to general problerrjs of pollution
emanating from industrial activity. Pollution of soil and herbage by heavy meta
contamination and industrial contamination from nuclear acciderfs are occurring

throughout the world.
Hence the study focuses on:

a Assessing the impact of industrialization and pollution on village
livestock husbandry.

b. evaluating the effect and the extent of the pollution on water, soil,
forage and biological samples in the selected areas.

c. pollution vis-a-vis production. Assessing of livestock production.
Measurements of pollution and the production systems (affected

and control area).

d. development of suitable recommendations fif>r better and
sustainable animal husbandry systems for the area.
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2. REVIEW OF LITERATURE

2.1. SURVEY

Nutritional status of animals and incidence of nutritipnal deficiency
conditions were assessed using a Performa given to each famer Varghese(1998)
assessed the mineral status of cattle in Kerala. This survey covered al the districts
under the different agro- climatic regions in the state. Soil, fopder and blood

samples were collected and evaluated for mgjor and trace elements

In Tamilnadu, Arunachaam and Thiagargan (2000) studifd constraints in
rural livestock farming. Selection of the farmers was made by Srditied random
sampling technique. Three hundred farmers were interviewed in person with the
help of tested questionnaire. The state of livestock farming w”s studied with
respect to the farmers' perception of the prevalence of constraints such as
breeding, feeding, health care and marketing of livestock products

Buddhi et al. (2004) surveyed the ground water quaity among the
residents of Pithampur industrial area. The survey indicated that t le ground water
quality of Pithampur area was good before the establishment of fhe industries and
has deteriorated significantly after the establishment of industries. The mgor
problem indicated by the residents were related to health and ¢rqp yield. It was
aso observed that the ground water quality of oldest industria - gion was more
affected.

Kannan (2005) reported the improvement of integrated pig farming system
in Kerda. He surveyed the socio-economic and educational level ; of pig farmers
and management practices like feeding, housing, breeding and marketing. He

analyzed and evaluated the problems and constraints in pig produc ion systems.



2.2. LIVESTOCK SYSTEMS

In rurad areas of Haryana around 73 per cent of household depend on
livestock farming for supplementary income and about 27 per ((let of the tota
income earned by a household is from dairy farming (Tanga, 1998)).

In Indian livestock scenario, milch animals are found in thit rural areas and
owned by cultivators. Crop residues and byproducts are the mgo™t source of feed.
The bulk of the milk is produced in rural areas, which meet the bulk of milk needs
of urban population (Vaidyanathan, 1998).

As per FAO (2000) integrating crops and livestock, help” in diversifying
the sources of income and employment for the resource-poor farrfier. The market
for livestock products, offers an opportunity for augmenting thgir income, even

for those who do not have access to land and capita resources.

In India small-scale mixed crop-livestock farming was thel dominant form
of production system. Livestock production in relation to crop-livf stock system in
India was evaluated. Farmers maintained non-working animals j as a source of
calves, milk and manure (Rao and Birthal, 2005).

2.3. HEAVY METALS IN WATER SAMPLES

In a Nigerian research, Beavington (1975) analyzed the vijfae samples in
different areas of rivulet and in harbour in Wollongong. The rjbaults indicated
biologically significant contamination of water by heavy metals, Various sources
contributed to the levels of heavy metas in the rivulet and harbour water, the

magor part came from the industrial outfalls.

Laxen and Harrison (1977) studied the sources of Pb inpu| to the highway
environment and the subsequent waterborne dispersal to the receiving waters in
U.K. The impact on the surface water was confined to the Pb contained in surface



runoff, as the Pb dispersed to roadside soils was effectively immobilized in the top
10 cm of soil. The concentration of Pb in highway runoff reached levels far in

excess of those normally encountered in surface waters.

In Andhra Pradesh Bhat and Krishnamachari (1980) rrleasured the Pb
concentration in well water which contained 0.1 to 15 ppm of Pb.

Kataria (1995) examined heavy metals in polluted wjfter of Pipriya
township in Madya Pradesh. The main source of Cu is from some- food materials,
water and cooking utensils. Contamination of surface water has b*en attributed to
industrial waters having Cu ranging from 0.16 to 120 ppm. Qji and Hg causes
toxic and lethal effect to aquatic flora and fauna

Li-wenfan et al. (1995) studied the influence of Pb, <td, Cu and Zn
pollution on the health of sheep. They analyzed the water used fjpr irrigating the
fields in the area near a refining factory. The Pb, Cd, Cu and Zn Concentration in
samples of water from polluted areas was significantly higher than that of

unpolluted controls.

Saad and Fahmy (1996) investigated the distribution of rfin, Cu, Zn and
Cd in the surface and bottom water layers in the Bankalah region |)f Saudi Arabia
The mean concentration of Mn, Zn, Cu and Cd was 6.68, 6.52, 1.69 and 105 ppm,
respectively.

Dey et al. (1997) analyzed the effluents sample to ijdy the minera
concentration around a fertilizer factory. The estimated mean concentration of Zn,
Cu, Pb and Cd were 2.500 £+ 0.050, 0.500 + 0.010, 1464 + 0.349" 0.006 + 0.001

ppm respectively.

Chakraborti et al. (1998) studied the ground water As contamination in a
residential area due to industria effluent discharge in Calcutta. Tlfe concentration
of As from water tube wells in the polluted area, ranged from 00J)) to 23.08 ppm.
All the tube wells except one deep tube well had an As concentration above the



WHO recommended value (0.01 ppm). They reported high concentrations of As
near the effluent discharge area of the factory ACPL, which ; was producing

chemical compounds.

The concentration of Cu, Cd, Fe, Cr, Mn, Pb and Zn in ground water at
Dhanbad, Bihar was studied by Prasad and Jaiprakas (1999). The Concentration of
heavy metals was found to be below the permissible levels although concentration
of Fe and Mn was found above the permissible limits at a few statjons. The Heavy
Metal Pollution Index (HPI) of ground water was found to be far pelow the index
limit of 100 points indicating that the ground water was not polluted with heavy
metals in spite of the prolific growth of mining and allied industrial activities near

the town.

Kooklue et al. (2000) evaluated the concentration of heavyj metals like Cd,
Pb, Cr, Cu and Zn in sea water collected from the Istanbul |Bosphorus. The
concentration ranges of Cr, Cd, Pb, Cu and Zn in sea water were 0.89-3.93, 0.32-
2.00, 1.29-4.41, 0.60-35.2 and 0.13-1.38 ppm, respectively.

The distribution and characterization of heavy metals in water in
Jeedimetla industrial area in Andhra Pradesh showed concentration of some of the
trace elements. As (1.5- 23.3 ppb), Cu (4.2 -13.7 ppb), Cd (0.60-31.8 ppb) and Pb
(0.10- 0.50 ppb) were found. The concentration of these elements [lvas found to be

far above the permissible level in water (Govil, 2001).

The micronutrient content in water in eastern and southern dry zones of
Karnataka was analyzed and Cu, Zn and Fe content at 10.1 + 2.24|jand 8.2 £ 0.67,
0.7 £ 0.06 and 0.07 £ 0.004 and 196 = 70.80 and 136 + 22.10 pbm respectively
were reported by Gowda et al. (2001a).

Mineral status of water in coastal agri-eco zone of Karnat|ka and had Cu,
Zn and Fe at 3.9 + 0.30, 40.00 + 1.30 and 49.40 + 3.21 ppb respectively in a study
by Gowda et al. (2001b)



Lokhande and Sathe (2001) monitored and assessed the h#vy metals like
Fe, Cd, Ni, Zn, Cur and Pb contents in the industrial effluents ffom Ambarnath
area in Maharashtra. The Cd concentration varied from 10 §b 9.1ppm. The
amount of Cu varied from 80 to 10.2 ppm. Variations in the Pb content of the
effluent ranged from 0.1 to 10.4 ppm.

The distribution and behaviour of Zn, Pb, Fe, Mn, Cus Cr and Cd of
aquatic ecosystems in the vicinity of an under ground lead-jNinc mine was
observed by Marques et al. (2001). Zn, Cd and Mn were found ifi water. Fe, Pb,
Cu and Cr appeared as an adsorbed fraction in the solid phases. The
concentrations of the metals were conditioned by the waters ilfrom the mine
galeries, by the leached waste, by the surface runoff and by overflow from the

spillway of the pond.

Prasad and Bose (2001) evaluated concentration of seveh heavy metals
(Cu, Cd, Fe, Cr, Mn, Pb and Zinc) for surface and spring water rjear a limestone
mining area in Himacha Pradesh during pre- and post monsogin seasons. The
concentrations of heavy meta have been found to be below the permissible levels

of drinking water quality standards.

In Lucknow district of Uttar Pradesh, India, most of the \fater bodies are
being used for the cultivation of the edible aguatic plants. It wjas found to be
contaminated with a variety of toxic metals like Fe, Cu, Cr, Mn and Pb. The
concentrations of Cr, Pb and Fe in the water were much rjigher than the
recommended permissible limits by WHO (Ra et al, 2001).

Gowda et al (2003) reported that the Pb and Cd level in wiaer samples of
polluted areas were higher and close to the upper safe limits of 0. ppm and 0.05
ppm respectively which was standardized by the National Academ;j/ of Sciences in
1974. They anal\zed the water samples in industrialy polluted areas in
Bangalore. It had higher Pb (0.17 £ 0.01 ppm), Cd (0.05 + 0.001 jfpm), Cu (33.63
+ 10.89 ppm) and Zn (41.09 = 22.28 ppm).


file:///fater

Rani and Reddy (2003) examined the concentration of Nfn, Cr, Zn, Mo,
Pb, Co, Cd and Fe in the highly polluted Hussain Sagar lake. Th” results showed
that the concentration of Fe, Zn and Co is high when compare® to WHO and
ICMR standards. The value of other heavy metals was found within permissible

limits.

Impact of effluents from a car battery manufacturing plalit in Nigeria on
water, soil and food qualities were studied by Orisakwe et al. (20]4). The authors
analyzed Hg, As, Pb, Cd and Ni in tap and cassava waters, soi|, dried cassava
tuber and edible fruit samples from the company. Results shovfed that Pb had

lowest (0.02 to 0.20 ppm) concentration in water samples.

Sinha (2004) analyzed the level of Cu, Pb, Ni, Co, Mn |nd Zn in water
from Sai river at Rae Bareli in Uttar Pradesh during different seasons. Moderate
concentration of Cu was found in the river water whereas Pb (0.5-0.1 ppm) and

Mn (0.100-2.200 ppm) were present in higher concentrations.

In Bhopal, the surface water of lower lake had Cu (0.12 t0jjO.165 ppm), Zn
(0.086 to 0.163 ppm), Pb (0.03 to 0.12 ppm) and Cd (0.014J to 0.41 ppm).
Concentration of heavy metals like Cd and Pb in surface water vjjas found above
permissible limits. Zn and Cu were found below the permissible limits for
drinking water. Heavy metal contamination of the lake water wag found to occur
due to a high degree of anthropogenic stress including idol immersion activity

(Gupta et al., 2005).

Haque et al. (2005) estimated the heavy metal concentration in surface
water of the rivers and estuaries of Sundarban mangrove forestjiin Bangladesh.
The concentrations of Cu, Pb, and Cd seasonally varied from p.025 to 0.136,
0.205 to 0.598 and 0.0045 to 0.013 ppm, respectively.

Manjappa et al. (2005) studied the level of Fe, Mn, Cu, P|, Cd and Hg in
water and sediments of the river Bhadra in Karnataka. The Copper concentration

in river water ranged between 14.8 to 21 ppm. The Pb contend in river water
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ranged from 6.2 to 29.6ppm. The Cd concentration in river watef varied between
21 and 4.9 ug/L except Fe and Mn dl other were within the limits of BIS

standards.

Ping (2005) measured the concentration of heavy metal™ in water in the
vicinity of the Balyin mining area in China. It was found that the! waste gases and
waste water produced by melting metals in factories caused PbJ Cd, Cu and Zn

pollution in the surrounding environment.

Piska et al. (2005) assessed the heavy meta pollution ayd its toxic effect
on ground water quality of Jeedimetla in Andhra Pradesh. T”e heavy metals
values were above the permissible limits of WHO. The ground water was highly

polluted and is unfit for domestic, irrigation and fishery uses.

The extent of heavy metal contamination which was higher in untreated
sewage water of Mus river near Hyderabad was studied by Rg et al. (2006).
Sewage water collected dl adong the Mus river a different sites was
contaminated with Cd, Cr, Ni, Pb, Co, Zn, Cu, Fe and Mn with & mean content of
0.025, traces, 0.062, 0.21, 0.053, 0.003, 0.011 ppm, traces and traces,
respectively. Samples analyzed had excess amounts of heavy metals than the
WHO permissible limits.

2.4. HEAVY METALS IN SOIL SAMPLES

Lead concentration examined in s0il of Andhra Pradesh was 24 to 183
ppm (Bhat and Krishnamachari, 1980).

Fodder plot soil showed 36.8ppm of lead in industriad area of Punjab
(Sdhu etal., 1994).



Li-wenfan et al. (1995) studied the influences of Pb. Cd, Cu and Zn
pollution on the health of sheep. They analysed the soil samples in the area near a
refining factory which had higher content of Pb, Cd and Cu.

Burhenne et al. (1997) found high level of heavy metal concentrations in
soil. Pb, Cd, Cu and Hg were 1360, 29.7, 817 and 40.8 ppm ¢E soil dry matter
respectively.

Yadav and Khirwar (1999) studied the soil - plant - animlil relationship of
copper in milch buffaloes of Jind district in Haryana. Average Cu content of sl
was 0.74 + 0.02 with arange of 0.32 to 1.26 ppm.

Govil (2001) determined the extent of heavy meta pollution in soil in
Jeedimetla industrial area in Andhra Pradesh. Soil samples repealed very high
concentrations of Cu (400 ppm), Zn (1000 ppm), Pb (1600 ppm) and Ni (700

ppm).

Micronutrient status of soil in eastern and southern dry zolies of Karnataka
was studied by (Gowda et al., 2001a, 2001b). Cu, Zn and Fe coaiitent varied from
6.2 £ 152 and 5.7 + 0.51 ppm, 81 £ 163 and 7.3 = 104 ppm ad 217.9 + 24.33
and 710.6 = 85.4 ppm respectively.

Sujatha et al. (2001) found higher concentrations of hedvy metal in soil
sample from a lake in Mysore state, Karnataka compared to the WHO standards,
indicating meta toxicity.

Gowda et al. (2002) assessed the mineral status Mg, Cu, %n and Fe of soil

samples of animals in hilly and central zone of Karnataka.

Das et al. (2003) assessed the minera status of soil and bed in two agro
climatic zones of West Bengal. Concentrations of trace elements Fe, Cu, Mn and
Zn in the soil of both the red laterite (zone-1) and new daluvifa (zone-2) agro
climatic zones were above the respective minimum critical levels
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Fatoki (2003) examined surface soil samples collected from seven
locations perpendicular to three mgor roads in Eastern Cg>e Pb, Cd, Zn
concentration was determined in the soil samples which reduced with distance
from road traffic.

Gowda et al. (2003) studied the status of pollutants in ([al in industrial
aea in Bangalore. They found that the average soil pH wes? acidic (6.54 *
0.45ppm) in industrial areas as compared to normal areas. The |b (35.30 = 6.70
ppm), Cu (95.30 + 23.90 ppm), Zn (69.0 +21.94 ppm), and Fe (1267+150ppm)
levels in soil of industrial areas was much higher than those of iiormal areas. Cd

was not detected in the soil samples.

The soil contaminants of heavy metals were studied in different parts
of India (Parkpian et al, 2003; Singh et al., 2003).

Bansal (2004) found that the soils under sewer water irrigiation had higher
concentrations of Zn, Cu, Po and Cd when compared to fig ds irrigated by

underground water.

Longhurst et al. (2004) measured the concentration of As Cd, Cu and Pb
in New Zealand pastoral topsoil in both farmed and non-farmfd sites. Results
showed that there was a significant enrichment of Cd in the farmep Soils over non-

farmed soils.

Soils irrigated with the effluents had higher contents of m cronutrients and
heavy metals as compared to the corresponding well irrigated stils (Patel et al.,
2004).

Sharma and Joshi (2004) estimated the soil minera status in cattle of
Garhwal region of Uttaranchal state. Soil Cu ranged from 0.35 to 0.45 ppm and
was significantly deficient against critical value (0.60ppm).
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Dhok et al. (2005) studied the mineral status in relation fib goats nutrition
in Akola digtrict in Maharashtra. They reported that Cu content ir( soil was 282.14
+ 17.66 ppm.

Garg and Totawat (2005) studied the heavy mea  accumulation,
movement and distribution in the soil profiles near Zn smelter fjlant in Udaipur,
Rajasthan. Higher level of heavy metals was recorded in the area which was
stuated in the close proximity of the effluent discharge point.

Kumar et al. (2005) studied the status of micro-mirlerds profile in
buffadoes of Agra region in Uttar Pradesh. The average concentration of Cu, Zn,
Fe and Co in soil was 166 £0.20, 114 + 0.05, 45.02 £4.71 and .40 £ 0.02 ppm,
respectively.

Paul et al. (2005) assessed the trace element status in gpat feeds and in
vital body tissues of Black Benga goats. They analyzed the soil iconcentration of
Cr, Cu, Zn, Fe and Mn and mean values were 162 + 0.13, 14$ + 0.02, 2.26 +
0.04, 96.62 £ 1.23 and 63.20 + 1.24 ppm respectively.

The micronutrient content of soil in the different vidages and their
availability to lactating cows were studied by many researchers n different parts
of India (Prasad et al., 2005; Yadav and Khirwar, 2005).

Anuratha (2006) investigated the heavy metal concentration in soil of the
vicinity of industries around Coimbatore city. The concentration of Cd in dl the
industrial areas was found above the norma level. Pb was found ibove maximum

tolerable concentration in al sites except in the textile industrial afea

Khan et al. (2006) evauated the mineral status of soils in Southwestern
Punjab-Pakistan. The concentrations of some trace minerals in i varied greatly

among seasons and sampling periods.

Nikhil (2006) determined the content and accumulation of heavy metals in
soil of Jnaria cod field of Jharkhand. It was noticed that the polluted soil were
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substantially contaminated with metals including Cr, Fe, Ni, Pb, Zn and Cu

present in significant level.

2.5. HEAVY METALS IN FODDER SAMPLES

Dobrzanski et al. (1994) assessed the effect of pollution hom Cu industry
on heavy metals concentration in green forage used in dairy Ratle of Poland.
Green forage from different farms within the copper mining drea of Legnica
Glogow had twice the content of Cu, Pb and Cd than samples frajli another area.

Sdhu et al. (1994) in the industriad area of Punjab exp ored the fodder
sample fed to animals for heavy metals. It contained Pb concen|ration of 102 to
382 mg/kg.

Li-wenfan et al. (1995) studied the influence of Pb, Cd, Cu and Zn
pollution of the environment on the health of sheep and goats. Their
concentration in samples of grass from polluted areas was sig'mficantly higher

than that of unpolluted controls.

Dey et al. (1996) examined the fodder samples in a polluted area and
recorded the mean Pb concentration in forages as 706.67 £ 73 pprti.

Saad and Fahmy (1996) investigated the accumulation of Mn, Cu, Zn and
Cd in the zooplanktons of Bankalah region in Saudi Arabia. The mean
concentration of Cu, Zn, Mn and Cd was 195.92, 179.18, 40.72 ajd 3.82 mg/g dry
weight, respectively.

Dey et al. (1997) analyzed the fodder samples and recoridpd the mean Cu,
Pb, Cd concentration in forages as 1116 + 0.110, 46.16 £ 1051, 1075 = 0.091

ppm, respectively.
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Yadav and Khirwar (1999) studied the soil- plant -animal relationship of
Cu in milch buffaloes of Jind digtrict in Haryana. The mean Cu Content found in
sorghum stover was 20.02 £ 0.92ppm.

The micronutrient content of the fodder straw in eastern, central and
southern dry zones of Karnataka and coastal agro-eco zone Cu, ZJ1 and Fe content
varied from 11 and 9 mg/kg DM (ppm), 41 and 27mg/kg DM (pplm), 429 and 458
mg/kg DM (ppm), respectively (Gowda et al., 2001a, Gowda €\ al., 2001b and
Gowda et al, 2002).

Arnold et al. (2002) studied the feeds grown in the vicinity of an
Aluminum factory in Germany. The distribution of F and Al in the carcasses of

cattle maintained in that area was also observed.

Das et al. (2002) conducted a survey on soil-plant-animal relationship and
examined the micronutrient status of dairy cattle in the new aluvia zone of West
Bengal. Concentrations of Ca, P, Cu, Zn and Fe in the commonly used feeds and

fodder were within the norma range of variation.

Linden et al. (2002) studied the Cd leve in organic and conventiona pig
production systems. The Cd levels in organic and conventional feeds were 39.9
and 51.8 ug/kg respectively. Organic feeds contained two per cent potato protein
which contributed 17 per cent of the Cd content and conventional feeds contained
five per cent beet fibre, which contributed 38 per cent of the total Cd content.

Das et al. (2003) assessed the mineral status of foddurs and grazing
buffaloes in two agro climatic zones of West Bengal. Concenlration of Cu in

paddy straw and in green roughage was higher in zone-1 than that in zone-2.

The Pb (2.40-145 ppm), Cd (0.50-10 ppm) and Cu (43- 251 ppm), Zn
(19-50 ppm) and Iron (338-11600 ppm) content in the vegetation in an industria

area was found higher as compared to norma areas (Gowda et al., 2003).
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Parkpian et al. (2003) monitored Pb and Cd contamination in grazing land
located near a highway. Grass had a Pb and Cd content of 0.76 £ 0.05 to 6.62 +
0.18 ppm and 0.17 £ 0.01 to 0.73 = 0.09 ppm, respectively. They found that plants
growing nearer to the highway are usualy exposed to more heavy meta

accumulations than those away from the highway.

Rozso et al. (2003) detected the Pb content of forages and roughages
produced in agricultural regions and the neighboring cities, industria plants and
busy highways. Pb contamination of plants from industria areas and nearby busy

roads was higher than that of plants from agricultural aress.

Singh et al. (2003) evaluated the trace element status of crossbred cattle
from sub-mountainous belt of Punjab in relation to soil and fodder. The average
values of Cu in non-leguminous fodder sample ranged from 4.31 + 0.32 to 545 +

0.45 ppm.

Bansa (2004) studied the uptake of heavy metals by crop jplants in Aligarh
district. The results indicated that the plants grown on sewer waler irrigation had
higher concentration of Zn, Cu, Cd, Cr, and Ni as compared to fields irrigated by

underground water.

Palacios et al. (2004) reported Lead poisoning of horses in the vicinity of a
battery recycling plant based on clinical signs and as well 55 on laboratory
findings. Lead levels in the aerid part of herbage samples randed from 113 to
4741mg/kg.

Sharma and Joshi (2004) estimated the fodder mineral datus in cattle of
Garhwal region of Uttarancha state. Fodder Cu content ranged from 7.13 to 9.01
ppm which was significantly lower than its critical limit of 10 ppm.

Bianu and Nica (2005) measured the Cd, Pb and Zn concentrations in hay,
green Lucerne and feed grains fed to horses in Copsa Mica Romania near a non-
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ferrous metal processing plant. It was detected that there were vjay high Pb and
Cd levelsin the hay, Lucerne, feed grains and maize stalks.

Dhok et al. (2005) studied the mineral status of goals in relation to
common tree leaves fed in Akola district in Maharashtra. Th«; Cu content in
various tree leaves ranged between 106.25 +15.85 to 220.00 = 21.[79 ppm.

Mor (2005) examined the Cd and Pb contents in livestock feeds taken
from four agricultural areas of Bursa, Turkey. Among the live Shock feeds used,
the higher level of Pb was found in grass and the lower level |5 Obtained from

the straw.

Paul et al. (2005) assessed the trace element status in the feed of Black
Benga goats. The concentration of Cr, Cu, Zn, Fe and Mn in the green roughage
and mean vaue was 0.80 + 0.01, 49.13 +1.29, 36.89 + 0.83, 353.71 + 153 and
96.58 + 1.14ppm respectively.

Ping (2005) measured the concentration of heavy metals in forage fed to
animals in the vicinity of the Baiyin mining area in China. The cojntents of Pb and
Cd were 9 and 680 times higher in forages and 10 and 35 times higher in grain,

respectively, as compared with the control area

Prasad et al. (2005) examined the micronutrient content of feeds in the
adopted villages and assessed their availability to lactating cows. The fodder and
paddy straw contained more silica and low in Cu content whereas in green fodders

Cu, Fe and Mn was present above the critical level.

Somasundaram et al. (2005) anayzed the fodder samples fed to the dairy
animas for the micronutrient and heavy metal concentration in Tamilnadu
Agricultura University, Coimbatore. The mean vaues of micronutrient were, viz.,
Cu, Zn, Fe and Mn; 15.99, 48.4, 379.60, 47.16 mg/kg; heavy metd iz cr. Ni,
Pb, Cd;, 134.8, 202.9, 64.02, 15.92mg/kg, respectively. The concentration of
micronutrient was in normal range and hence no toxicity whereas the heavy metal
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concentration fell under toxic level based on the critical level @¢f trace metal in

plants.

Yadav and Khirwar (2005) studied the inter-relationship of soil micro-
nutrient with feed stuffs in Jind district of Haryana. The concentration of Cu, Zn,
Fe and Mn in sorghum stover samples were in the range of 4.41-41.20, 27.12-
40.96, 235.80-442.25 and 27.33-62.02 respectively. Soil (J' content had
significant positive correlation with Cu content of green berseem, sorghum stover
and wheat straw. The Cu and Fe content of soil significantly affected their

respective concentrations in feedstuffs.

Khan et al. (2006) evaluated the mineral status of soilj: and forages in
Southwestern Punjab-Pakistan. The concentrations of some trace minerals Fe, Zn

and Se in forages were affected by seasonal changes.

Ra et al. (2006) analyzed plants for Cd, Cr, Ni, Pb, Co, Zn, Cu, Fe and
Mn in the sewage contaminated area. Plants grown on polluted soil irrigated with
sewage water recorded higher level of heavy metals. The average value of Cd in
plant was 0.79mg/kg, Pb 19.22mg/kg, Cu 12.76émg/kg, Cr 4.90mg/kg,
Ni 4.34mg/kg, Co 2.39 mg/kg, Zn 44.88 mg/kg, Fe 459 mg/kj* and Mn 92.86
mg/kg.

2.6. HEAVY METALS IN MILK SAMPLES

In Andhra Pradesh, Bhat and Krishnamachari (1980) rpeasured the Pb
concentration in milk. The milk sample contained 0.05 to 0.15 prim of Pb level in

cattle.

The heavy metal contents were detected in milk and dairy products. Heavy
metal content were low in blood, and thus their excretion via the milk was of
amost negligible value. The mean level of Pb, Cd, Hg ar.d As Recorded in milk
were 0.02, 0.0015, 0.005 and 0.004 mg/kg, respectively. The metin levels of Pb,
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Cd, Hg and As in the dairy product, cheese were 0.08, 0.05, 4.015 and 0.003
mg/kg respectively (Strauch, 1983).

Dobrzanski et al. (1994) assessed the effect of pollution from Cu industry
on heavy metals concentration in milk of dairy cattle in Poland. Milk from
different farms within the copper mining area of Legnica-Glogow had higher

content of Cu, Pb and Cd from samples of another area.

Dey et al. (1996) observed higher concentration of Pb (1. 3 + 0.38 ppm)
in milk from buffaloes reared in polluted areas of Delhi which was higher than

the concentration of (0.24 + 0.03 ppm) in milk from rural area

Dwivedi et al. (1997) recorded mean Cd level in cows axil buffaloes from
different industrial areas as 0.008 = 0.001, 0.012 + 0.003 and 0.00" £ 0.001 ug/ mi
of milk respectively.

Swarup et al. (1997) found that the mean Pb concentration in urban milk
samples from Kanpur city was 0.32+0.04 ppm and rurd milk sample had a Pb
level of 0.24+0.03 ppm. The mean Cd leve in the milk samples of cows in urban
and rural areawas 0.013+0.003ppm and 0.04+0.001 ppm respectively.

The soil -plant -animal relationship of Cu in milch biffaloes of Jnd
district in Haryana was studied by Yadav and Khirwar (1999). Thaly = analyzed the
Cu content of milk in buffaloes to be 0.57 + 0.20 mg/kg on an avefage

Simsek et al. (2000) determined the heavy metals i milk samples
collected from three different regions an industrial region, a rura and a heavy
traffic intensity region in Turkey. The average amounts in the samples from the
three regions were respectively 0.032, 0.049 and 0.018 mg/kg for Pb, 0.05, 0.009
and 0.0002 mg/kg for As and 0.58, 0.96 and 0.39 mg/kg for Cu. The highest
heavy metal content was found in the milk samples collected from industria

region followed by traffic intensive region and rura region.
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Dwivedi et al. (2001) recorded varying degrees of Pb poisoning in cows
and buffaloes near a primary Lead-Zinc smelter in India. The Effected animals
revedled considerably high levels of Pb and Cd in milk, 0.75 = 0. 9 ppm and 0.05
+ 0.01 ppm respectively.

Gowda et al. (2003) studied the status of pollutants and trace elements in
dairy animals in industrial area of Bangalore. The samples of milk in industria
areas contained higher Pb (0.47 + 0.06 ppm) and Cd (0.OF + 0.01 ppm)
respectively. The metals originate from various sources includirig cattle grazing
on land, which naturally contains high levels of these metals or iontaminated by

industrial or by other human activities.

Parkpian et al. (2003) assessed milk sample to monfor Pb and Cd
contamination from grazing land located at different distances frojn highway. The
andysis revedled that improvements on fam management had significant
reduction in elevated levels of Pb and Cd in soil and plants an|l minimizes the

amount of Pb and Cd in milk.

Milk from cows in agricultura regions and the neighbouring cities with
industrial plants and busy highways were measured for Pb contact. The Pb and
microelement content of milk samples from cows grazing along busy roads was
higher than that of milk from agricultural areas (Rozso et al., 2003)

Somasundaram et al. (2005) conducted a trid in Jersey <aoss animals to
evaluate the heavy metd transfer from the contaminated feeds to dairy animals.
They observed that the Pb, Cd, Ni and Cr content in milk m\ from traces to
0.046; 0.02 to 0.056; traces to 35.48 and 0.07 to 22.5 mg/kg, respectively.

Swarup et al. (2005b) estimated the level of Pb in milk from cows reared
in areas around different industrid localities and found positive correlation
between blood and milk Pb levels. The highest milk Pb level (0 84 + 0.11 ppm)
was detected in animals reared in the vicinity of lead-zinc smelting unit.



21

The extent of heavy metal contamination in untreated Slewage water of
Musi river near Hyderabad and impact of irrigation with this wat*r on soil- plant-
milch animal continuum was studied. A high amount of the heavjy metals in milk
were detected in all the samples collected, except Cu. All the hea™y metals except

zinc were in toxic limits to an extent of 100% (Raj et al, 2006).

27. HEAVY METALS | NMEAT AND ORGANS

Strauch (1983) reported heavy metal contents in liver and kidney,
especially from older cattle (milking cows, breeding animals), kept in polluted
areas as well as from horses. Animal derived foodstuff showed Wavy metals in it.
The content of Pb and Cd in liver and kidney of wild animals in polluted area was
20 and 16 mg/kg and 30 and 100 mg/kg, respectively. The content of Pb in both
liver and kidney of wild animals in low polluted areawas 1 to 5 rig/ kg. The level
of Cd in liver and kidney of wild animals in low polluted adja was 4 and 10

mg/ kg, respectively.

Baars et al. (1986) estimated the environmental pollution with heavy
metals of marshland of the Scheldt estuary and its effect on sheef. The content of
Cd and Pb in liver was low, but the Cu content was up to 600mg /kg dry matter. In
kidney tissue the Cd content was generally low, but Pb averaged j| mg/kg and Cu
ranged from 6 to 30 mg/kg.

Pb, Cd, Cu and Zn accumulation in meat were studied by many

researchers (Sidhu et al., 1994; Avram et al., 2000).

Alonso et al. (2002) examined the effects of low-levdl environmental
contamination on trace metal metabolism in cattle from the rur|il and relatively
uncontaminated region of Galicia (NW Spain). Correlations between toxic Cd, Pb
and As and essential trace elements Cu and Zn were evaluated in liver, kidney and
muscle of cattle from throughout Galiciaa There was a significant positive
association between renal Cd and Zn residues and a significant negative

correlation between kidney Cd and Cu,
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Cd levd in organic and conventiona pig production systems was assessed
by Linden et al. (2002). It was 39.9 and 51.8 |ig/kg respectively in organic and
conventional feeds. Differences in feed composition and bioavailability of Cd
from the feed components were considered for the different kidne™ levels of Cd.

Samples of muscle tissue, liver and kidney were analyzed and measured
by Ulrich et al. (2002) in Hg, Cd and Pb in the swine fams «f the district of
Hodonin, Czech Republic. The concentration of Hg and Cd wer™ higher in liver,

kidney and muscle samples.

Alonso et al. (2003) reported heavy metal accumulation jin the organs of
animals reared under cattle production systems of Spain. Cd and iFb accumulation
in kidney, liver and muscle were noted. The heavy metal accumulation in the liver
of dairy cattle was related not only to higher dietary intake, but aso to the higher
hepatic metabolism associated with milk production.

Das et al. (2003) assessed the mineral status of soil, fAeds and grazing
buffaloes in two agro climatic zones of West Bengal. Assessment of liver Cu
indicated Cu deficiency in both the agro climatic zones. It was much below the

minimum critical concentration of 75 ppm.

Drozd et al. (2003) observed the level of Cd, Pb and Hjg in the skeleta
muscles, heart muscle, liver and kidneys of Red deer from three Jaturd forests of
[ublin region of Poland. Highest level of Cd and Pb accumulation were in the
skeletal and heart muscles.

Hristov et al. (2003) investigated the contamination of pigs with Cd and
Pb from different regions of North Bulgaria. Differences in the Contamination of
internal organs were assessed in relation to the industrial pollution of the region
with Pb and Cd and their concentration was below the permitted levels.

Massanyi et al. (2003) estimated the concentrations of Pp, Cd and Hg in
liver and kidney of the brown hare in relation to season, age and sex in the west
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Slovakian lowland. The concentration of Pb and Cd in liver an4 in kidneys was

highest during the winter period.

Toxic and essential metals in muscle, bone, liver and kidney of bovines,
grazing on the municipal waste water spreading field in Morocc™ were observed.
Bovines were found to be contaminated by toxic metals. Specific target organs for
metal bioaccumulation showed higher heavy metal accumulation (Sedki et ai,
2004).

In Romania, Bianu and Nica (2005) measured the Cd, Pb and Zn
concentrations in horse tissue near a non- ferrous metal processing plant. Very
high levels of Cd (40-100 times higher than normal levels) and liigh levels of Pb
(3-6 times higher than normal levels) were detected in the various organs of the

horses.

Lemos et al. (2005) observed Pb poisoning in cattle, gracing in  pasture
contaminated by industrial waste. Pb concentration in liver and kidney was very

high in cattle grazing in contaminated pasture.

Miranda et al. (2005) evauated the contribution of anthropogenic
pollution to toxic metal residues (Cd, Pb and As) in cattle in an industrialized area
in Spain. They investigated possible implications of toxic melid exposure for
metabolism of essentia trace elements (Cu, Zn, Fe and Zn). Sainples of kidney,
liver and muscle from calves were obtained from an industrialized area and from a
rurd area. Cd and Pb contents in the liver and kidney were moderately and
significantly higher in calves from the industrialized area (Cd:Liver 29.6, Kidney
161; Pb: Liver 38.1, Kidney 38.3 mg/kg) than in calves from thi; rura area (Cd:
Liver 22.9, Kidney 96.4: Pb: Liver 20.7, Kidneyl5.9 mg/kg).

Skalicka et al. (2005) reported presence of higher Cu fevd in muscle,

heart, liver and kidney of cows from a polluted area
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In game animals Venalainen et al. (2005) measured th4 level of heavy
metals. The levels of metals in the animal tissues reflected tht genera heavy

metal pollution of the environment in the area studied.

Znamirowska et al. (2005) studied the accumulation of henvy metals in the
horse organs. They found that Pb accumulation in meat and in liver averaged

0.048 mg/ kg and 0.205mg / kg, respectively.

Mollerka and Ribeiro (2006) studied sheep fed with commercia
concentrate containing Cu and observed the signs of chronic Cu poisoning. The
mean Cu leve in the concentrate was 11.37mg/ kg. The Cu levels in the liver and

kidney were 1641 and 305 mg/ kg, respectively.

2.8. HEAVY METALSIN EGG

Dey and Dwivedi (2000) reported Pb and Cd concentration in egg samples
ranged between 0.142 and 0.936ug /g and 0.030 and 0.180 |ig /g respectively. In
this study, the maority of the samples had Pb and Cd concentrations that
exceeded 0.020 ug and 0.005 ug respectively which are normal background levels
for Pb and Cd in eggs. The mean Pb concentration recorded jvas higher than
concentration found in hens egg from Canada, Taiwan, Chitia Finland and

Hungary.

In a study in United States (Vodela et al., 1997), broiler bijeeder hens were
used to determine the effect of drinking water containing a low concentration of a
chemica mixture (As 0.8 ppm, benzene 13 ppm, Cd 5.1 ppm, Pb 6.7 ppm, and
Trichloroethylene 0.65 ppm) and a high (10 times grester] than the low
concentration of the chemical mixture) level of the chemical | mixture. These
chemicas are present in ground water near hazardous wegte sites. Water
consumption and body weight decreased in hens provided with hi“h concentration
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of the chemica mixture. The low concentration of the crjemicd mixture

sgnificantly decreased egg production and egg weight.

2.9. HEAVY METALS IN BLOOD SAMPLES

Dobrzanski et al. (1994) assessed the effect of pollution ffom Cu industry
in bovine blood serum of dairy cattle from 30 farms in Poland. Blood serum from
different farms within the copper mining area of LegnicaGlogoiw had twice the

content of Cu, Pb and Cd of samples from another area, 80 km away.

Lead toxicity was reported in bovine in an industrial aiea in Punjab by
Sidhu et al. (1994). Blood Pb concentration ranged from 195 to 73.1 ppm in
ruminants. The Pb content in erythrocytes varied from 23.4 to 42.9 ppm. Normal
blood Pb leve in ruminantsis 5 to 22.5 ug/ 100 ml.

Vyas (1996) reported the pathological response of Ochratpxin -A, Cd and
Hg toxicities in ducks. Field samples of soil, water, feed, biological materials

were analyzed for the presence of Hg and Cd.

Heavy metas (Pb and Cd) in blood of cows and buffaloes] were studied in
different parts of India (Dey et al., 1997; Swarup et al., 1997).

Nair (1999) studied the effect of Cu, Zn and Mn supplemented diet at
different levels in ducks. Samples of water, plants, sediment, blood and other
biologica samples were estimated for Cu, Zn and Mn.

Yadc v and Khirwar (1999) compared the soil - plant -animal relationship
of Cu in milch buffaloes of Jind district in Haryana. They observed that Cu
content of blood in buffaloes averaged 0.46 + 0.06 ppm.

Dwivedi et al. (2001) recorded varying degrees of Pb polisoning in cows
and buffaloes near a primary Lead-Zinc smelter in India A blood level of
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143 + 0.07 ppm Pb and 0.11 + 0.01 ppm Cd was detected in the vicinity of the

smelter.

Micronutrient profiling in blood samples of animals in eastern and
southern dry zones of Karnataka were done by Gowda et al. (2001a). Cu, Zn and
Fe content in plasma were 0.97 £0.13 and 0.90 £ 0.06 ppm, 1.58 0.38 and 0.62
+ 007 and 192 + 0.28 and 186 = 0.27 respectively in eastern 4nd southern dry
zone. About 20-25 % of the animals exhibited low P, Cu and Fd values than the
norma range in the eastern dry zone. On the other hand the average P and Zn
content in blood plasma of animals in Southern dry zone was bfdow the normal
level. A similar study in coasta agro eco zone was aso done |y Gowda et al.
(2001b) in Karnataka.

Patra et al. (2001) estimated the trace minerals in blood i>f young calves.
The blood concentration of Pb, Cu, Co and Zn were 106 + 0.05 jfpm, 0.82 + 0.04
ppm, 0.51 £ 0.01 ppm and 4.67 £0.18 ppm, respectively in 28 dajs of exposure to
Pb. Increase in blood Pb concentration in lead-exposed calves wag associated with

adecrease in blood Cu and increase in Co concentration.

Das et al. (2002) detected mean plasma concentrations of Ca, P, Cu, Zn
and Fe in calves, heifers and milch animals as well as in dry ¢™>ws Anoestrous
cows had shown lower plasma Ca, P and Cu concentrations. Higher plasma values

were observed for Cu and Fe in high yielder.

Similar studies were done in other parts of India (Gowdal\et al., 2002 and
Daset al., 2003).

In an industrial area in Bangalore Gowda et al. (2003) anayzed blood of
dairy animals for heavy metals which showed comparatively hither Pb (0.09 *
0.003 ppm) and Cd (0.065 = 0.014 ppm), whereas the Cu and jZn levels in the
blood plasma were similar to the normal values.



27

Singh et al. (2003) evaluated the trace element status of crossbred cattle
from sub-mountainous belt of Punjab in relation to soil, fodder ad4d blood plasma.
The average values of Cu, Mo, Fe, Zn, Co and Mn in plasma w”re 12.08 = 0.27,
10.237 + 0.018, 123.79 + 4.97, 32.07 + 164, 12.20 £ 0.50 and $.81 + 0.24 ppm
respectively.

In environmental pollution incidence, Marcal et al. (2004) andyzed water,
soil, grass and mineral sdt samples to investigate the source™ of toxicity in
animals. Animas from the vicinity of a factory making batleries for motor
vehicles were monitored for the presence of inorganic Pb by clinical examination
and haematological analysis. The results showed that anima heath was harmed

due to environmental pollution.

Heavy meta presence in equine blood was observed by Efey and Dwivedi
(2004) and Bianu (2005).

Dhok et al. (2005) estimated the serum mineral content jn goats and the
Cu level was 12491 * 6.67 ppm.

Kumar et al. (2005) studied the status of micro-minerals, hormone and
vitamin profile in buffaloes of Agra region of Uttar Pradesh. ThE average serum
concentration of Cu, Zn, Fe and Co in adult buffaoes was 0.718 it 0.037, 1.598 +
0.197, 1774 £ 0.066 and 0.047 = 0.004 ppm, respectively.

Pak et al. (2005) studied concentrations of Cd, Pb, Hi and Cr in dog
serum in Korea. The metal concentradons of Cd, Hg, Pb and Cr ia dog serum was
0.21 £0.01, 110+ 0.49, 0.68 £0.19 and 0.66 £0.15 ppm respectively.

Singh et al. (2005) estimated the macro minera status dfj crossbred cattle
of Shiwalik hills, Punjab in relation to soil and fodder. The average vaues of Ca,
P and Mg in plasma samples of crossbred cattle were 2.22 + 0.03, 187 + 0.04 and
0.97 = 0.02 ppm respectively.
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Somasundaram et al. (2005) in Jersey cross animals evaluated the metal
transfer from contaminated feeds to animals. Pb, Cd, Cu serum concentration was

higher in this study.

Swarup et al. (2005) studied the blood Pb level in anima” reared in areas
around different industrial localities and to find out the correlation between blood
and milk Pb level in cows. Significantly (P<0.05) higher bloojd Pb level was
recorded in animals reared around Lead-zinc smelting factories followed by
closed Pb but functional Zn smelter, Al processing unit and ste™ manufacturing

plant, as compared to values recorded for control animals.

Patra et al. (2006) and Singh et al. (2006) estimated heav)| metals in blood

profile of cows and sheep in the industrial localities.

Ra et al. (2006) recorded a high amount of the heavy inetals in serum
samples collected with the mean concentration of Cd, Pb, Cu, Cij, Ni, Co, Zn, Fe
and Mn was 0.022, 0.385, 0.302, 0.140, 0.029, 0.077, 0.496, 24.1)6 and 0.04 ppm,
respectively in animals consuming fodder grown in land irrigated by polluted

water.

2.10. HEAVY METAL S IN DUNG SAMPLES

Dung samples contained 4.7 to 38 ppm of Pb in cattle ofjAndhra Pradesh
(Bhat and Krishnamachari 1980).

Sidhu et al. (1994) found that the Pb concentration |in dung of the
ruminants due to industrial pollution in Punjab varied from 48.7 t<| 146.1 ppm.

Nisha (2000) assessed the Cd toxicity in water, foragi and biological
samples in cattle of Eloor industrial area in Kerala. The study] reported higher

concentrations of Cd in al the samples examined in Eloor industrial area.
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In pigs, Linden et al. (2002) evaluated the Cd level. The Cd levels in
organic and conventional feeds were 39.9 and 51.8 fig / kg respectively. They
concluded that organic pigs had a higher Cd level in manure indicating a higher

Cd exposure from the environment, such as ingestion of soil.

Gowda et al. (2003) reported that the samples of dung! examined from
dairy cattle in the industrial areas contained higher Pb (0.55 + 0118 ppm) and Cd

(0.032 £ 0.01) than the samples from the control area

Parkpian et al. (2003) investigated lead and Cd contamination in grazing
land located near a highway. Analysis of the manure showbd considerable
amounts of Pb and Cd content of 2.55-3.34 and 0.14-0.31 ppm respectively. Long
term simultaneous application of fertilizer and manure on the ojommercid farm
showed higher metal accumulation in the soil and plants utian that of the

cooperative farm.

It was found that Cu, Pb, Cd and Cr concentrations in lanima manures
were high in China. The copper concentration in manure sample Reeched as much
as 1726.3mg/kg (Long et al., 2004)

Mor (2005) found the Cd and Pb contents in cattle manure) taken from four
agricultural areas exposed to different degrees of environmental pollution. The
levels of Cd and Pb contamination in the manures of the cetflej in the areas far
from industries, traffic or urbanization, were less than those thdt were closer to
heavy traffic and industrial activities. The highest heavy metal cdntent was found
in cattle manure collected from the region with heavy traffic, followed by
industrial and rural region.
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3. MATERIALS AND METHODS

Kerala, a narrow strip of land in Southern part of the Indian peninsula is
situated between 76° 23' to 77° 23" longitudes and 9° 44' to 10 918" latitudes on
the Northern hemisphere. The state has an abundant rainfall viz South-West and
North-East monsoons with two spells of dry weather. The cliijnate is hot and

humid due to proximity to sea and thick vegetation.
3.1 LOCATION OF THE AREA

The study was conducted in Plachimada village in Peruipatty Panchayat
of Palakkad district herein after referred as industrial area and Hallepilly village
in Nallepilly Panchayat in Chittoor taluk of Palakkad district, herein after referred
as control area, during the period of September 2005 to December 2006. A
survey was conducted and samples were collected at random froiti both the study

areas from 30 different locations.
3.2. SURVEY

The socio-economic status of the selected area for the existing livestock
production systems was observed among the farming communities of the two
study area with a structured schedule (Appendix 1) and the amplitude of the
industrialization in livestock production in the selected area w:s assessed and
analyzed.

3.3. COLLECTION OF SAMPLES
3.3.1. Water, Soil and Fodder

Water samples were collected by observing sampling rule™ from the wells
and underground bore wells of Plachimada (industrial area) j and also from
Nallepilly (control area) in nitric acid washed polyethylene plastic containers.

Similarly, soil samples (8-10"depth) and green fodder/ padqy straw/ grass
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samples were collected at random as per (Kabata and Pendia*l992) from the
industrial area and from the control area The samples were collected in sterile
clean standard plastic containers, scientifically maintained, stored and processed

for further analysis as per standard procedures (A.O.A.C. 1990).

3.3.2. Biologicals

Milk samples were collected from the lactating cow™ reared in the
industrial area and the samples from control area. The udder “nd teats of the
animal were washed with water and milk samples were collected in standard
sterilized vials. The vias were seadled immediately and transported to the
laboratory in ice packed containers and stored in refrigerator until further

analysis.

Samples of blood were collected from the healthy lactnting cows both
from the industrial area and from the control area in sterilized via(s using Heparin
as anticoagulant. The vials were sealed immediately after collecting the samples
and carried to the laboratory in ice packed containers and stored in refrigerator

until further analysis.

Similarly, other biological samples like meat, egg 4"d dung were
collected at random from both the industrial and control area gnd stored under

refrigeration for further laboratory analysis.
3.4. PREPARATION OF SAMPLES
3.4.1. Soil

About five gram of soil (air-dried ground and sieved) ivas taken in an
Erlenmeyer flask. 20 ml of extracting solution was added (0.05N Hydrochloric
acid in 0.025N sulphuric acid). The flask was placed in a mechanical shaker for
15 minutes. The content was filtered through Whatman# 42 filteij paper into a 50

ml volumetric tlask and diluted to 50 ml with extracting solution and the
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concentration of the elements was determined using Atomic Absorption
Spectrophotometer.

3.4.2. Plant tissue, Meat, Egg, Blood and Dung

About one gram of ground dried plant /egg/ meat sampl”* was taken and
placed in a small beaker. 10 ml of concentrated Nitric acid jwas added and
alowed to stand overnight. The beaker was heated carefully on & hot plate until
the production of red nitrous oxide fumes had ceased. Cooled the content of the
beaker and a smal amount (two-four ml) of 70 per cent Perdhloric acid was
added. Heated again and alowed evaporating to a smal volume. The sample was
transferred to 50 ml flask and diluted to volume with distilled wat”r.

3.4.3. Milk Sample

About five ml of milk was taken in a 100 ml volumetric flask and 50 ml
of 24 per cent Trichloroacetic acid was added and diluted lo volume with
deionised water. The samples were shaken at five minute interval”® for 30 minutes
and filtered. Transfered five ml aliquot of the filtrate to a 50 ml \jolumetric flask,
and one ml of five per cent Lanthanum solution was added, and <nede to volume
with deionised water.

3.5. ANALY SIS OF THE SAMPLES

Presence of heavy metals in the samples of water, soili forage/ paddy
straw, milk, meat, egg, blood and dung from the industrialized ajea and from the
control area were analyzed. Presence of lead, cadmium, arsenic ind copper were
evaluated using Atomic absorption spectrophotometer (AASH Perkin Elmer
moded no: 3110) as per the standard procedure (A.O.A.C 1990).
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3.6. STATISTICAL ANALYSIS OF DATA

The data collected by socio-economic status survey of the agro-ecological
zone was analyzed as per Snedecor and Cochran (1994). The laboratory analysis
data was processed and andyzed by students 't' test utilizing Statistical Package
of Socid Scientists (SPSS).
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4., RESULTS
41 SURVEY OF IMPACT OF INDUSTRIES ON FARMING SYSTEMS

A detailed survey was done among fifty farmers fr*m Plachimada
(industrial area) and Nallepilly (control area) villages respectively. They were
interviewed with a schedule and the data was tabulated. The Censiis report (1996)
showed a population of 29658 in Perumatty Panchayat and 149821 in Chittoor.
In 2001, it was 27693 and 158510 in Perumatty Panchayat and Chittoor
respectively. There was a decrease in human population in Peruiiatty Panchayat
during the last six years. Fig.1 and 2 depicts the two study artas in Palakkad
district.

The geographical area of Plachimada is 14.89 sg.km with 10.42 sg.km of
cultivable area which is about 70 per cent of the geographical area and an
irrigated area of 5.21 sgq.km which is about 50 per cent of the cultivable area. The
location of the study area and satellite picture of Plachimadjt-water shed is
presented in Fig. 3 and Fig. 4 and 4a respectively.

Chittoor is geographically 261.24 sgq.km with cultivable area of 18287
hectares which is 70 per cent of the geographical area and irrigated area is 9144

hectares which is 50 per cent of the total cultivable area.

The livestock census (2001) in Perumatty Panchayat holding Plachimada
showed 2928 crossbred female and 469 males. The non-descript cattle was 3153,
females and 1016, males. The buffalo population was 798 cows and 280 bulls.
Doe and buck were 2343 and 1537, respectively. The population of chicken both
desi and crossbred were 3314. In Plachimada -the industrial area- the livestock
census showed a decreasing trend during six year period. The Crossbred cattle
were 524 in 1995 census but it declined to 463 in 2001 censujs. The female
crossbred cattle population also declined from 489 to 361 in six ygas time.
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Fig 2. Study area in Palakkad District, Kerala $tate
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Fig 3. Pdakkad Digtrict Map
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Fig 4. Satellite picture of the industrial are*




Fig 4a. Satllite picture of the industrid area
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The census reports in Nallepilly- the control area- showed an increasing
trend in crossbred cattle population. It was 748 in 1995 and 8 in 2001. The
female crossbred cattle were 562 and 628, respectively.

411 Socio-economic Status of the Farmer

Socio-economic status of the farmer is derived as a percentage of data
collected in the industrial area and control area under study. 72 t» 75 per cent of
people between the age of 31 to 50 were engaged in agricultural farming for
livelihood. Moreover it was full time livelihood sustenance fol 68 per cent of
people in Plachimada and 76 per cent in Nallepilly. It was part tijjne engagement
for 32 per cent in Plachimada and 24 per cent in Nallepilly. Aboujt 20 per cent of
the farmers were in the age group of above 50. This denotes trlat middle aged
persons are more involved in the agricultural and anima husbandry activities.

4.1.2 Educational Status

The educational status of the farmers was evaluated in [the study area
Around 82 per cent and 47 per cent in industrial and control areajiad high school
education. About 13 per cent and 43 per cent farmers had higher secondary
qudification in the industrial and control area and about five per cent and 10 per
cent had a degree in the industrial and control area, respectively.

4.1.3 Farm Income

Average monthly income per family was less than Rs. ZOO]JO in 63 per cent
farmers in industrial area and 36 per cent in control area. Abou| 32 per cent in
industrial area had income up to Rs4000 per month and 28 per cent fdl in
Rs400() income group in control area. Only five per cent farmers earn upto
Rs.6000 per month in industrial area whereas it was 24 per ceht in Nallepilly

area. 11 per cent had an income of more than Rs. 6000 per monthjlin control area.
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4.1.4 Landholding Status

Major group of farmers (78 per cent) own one acre of Ignd in industrial
area whereas it was 36 per cent in control area. Percentage of farmers holding
land upto four acres was 78 and 42 respectively in Plachimada and Nallepilly.
Minority (five per cent) had more than five acres of land holding in Plachimada

and 22 per cent in Nallepilly.

415 Crops

About two per cent and eight per cent of farmers undertook paddy
cultivation in industrial and control area, respectively. 15 per ient of farmers
were engaged in fodder cultivation in the control area. Coconut plantations were
held by five per cent in industrial area and by 13 per cent in control area. 93 per
cent farmers were engaged in other agricultural activities in tha industrial area

and 64 per cent in the control area.

4.1.6 Animals

78 and 85 per cent of farmers owned cattle in Plachimadi and Nallepilly
respectively. 17 per cent and 12 per cent had poultry in Plachimada and
Nallepilly respectively. Goats were raised only by five per cent and three per cent

fanners in Plachimada and Nallepilly, respectively.

4.1.7 Farming Experience

Livestock farming was major income source for 68 per cent of people in
Plachimada area and it was 74 per cent of people in Nalepilljy area whereas
livestock farming provided additional income for 32 per cent in plachimada area

and 26 per cent in Nallepilly area.

15 per cent farmers in Plachimada area and 11 per get farmers in
Nallepilly area had less than four years of fanning experience. 8 per cent had

four to eight years of fanning experience in Plachimada whereat it was 61 per
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cent in Nallepilly area. Persons having more than 10 years of fanning experience

were 17 per cent in Plachimada area and 28 per cent in Nallepilly ~rea.

4.1.8 Farming Status

There was intensive (seven per cent), semi-intensive (68 per cent) and
backyard (25 per cent) system of farming in Plachimada. In Nlalepilly area it

was 55 per cent, 24 per cent and 21 per cent respectively.

4.1.9 Livestock Housing

In Plachimada area farmers followed a housing system of:simple type (61
per cent), concrete (nine per cent) and backyard shelter (30 per |;ent) whereas it

was 46, 40 and 14 per cent respectively in Nallepilly area.

4.1.10 Livestock Feeding

Concentrate feeding was practiced by 42 per cent of farmers in
Plachimada area and 85 per cent in Nallepilly area. Green foddeir was fed by 38

per cent in Plachimada area and 76 per cent in control area.

4111 Marketing of Products

In Plachimada area 30 per cent of fanners obtained less titan five litres of
milk per day per cow and it was 10 per cent in Nallepilly area. Six to eight litres
of milk per day per cow was obtained by 48 per cent of farmerj; in Plachimada
area and 55 per cent in Nallepilly area. About 10 litres of milk per day was
obtained by 22 per cent and 35 per cent of farmers in the Plachimada and

Nallepilly area respectively.

Direct marketing of milk (46%) was done by majority of farmers in
Plachimada; 34 per cent sold milk to middleman and 20 per cogjit sold it tc co-
operative societies. In Nallepilly area. 20 per cent adopted direcl: marketing and

15 per cent sold milk to middle man and 65 per cent gave milk to co-operative
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societies. The economic viability of the farming system was seten per cent and

24 per cent in Plachimada and Nallepilly area respectively.
4.1.12 Effect of Industrialization on Livestock System

In the industrial area 48 per cent of people lived within pne km distance
from the industry and 36 per cent lived within two to four km distance and 16 per
cent lived within five km distance. In Nallepilly 97 per cent of |he people lived
away from industrial units. Linkage of the farmer with regard to close proximity
of house to industry and grazing areawas 85 per cent in the Plachjimada area. The
change desired by farmers in the existing farming system due to the effect of
pollution, land availability, fodder resources, economic Viability and close
location of the industry was 92 and 24 per cent in industrial ggg and in control

area respectively.
4.2 EFFECT AND EXTENT OF POLLUTION

421 Water

Heavy metal presence in water samples collected from th|; industrial, area
and control area are given in Table 1 and shown in Fig 5 aid 6. The water
samples collected from the industrial area and control area showed highly
significant quantities of Cd in both zones and a significant level nficase of Pb. The
level of Cu and As were non significant. The permitted level of Cu, Cd, Pb and
As given by WHO is 2.0, 0.005, 0.01 and 0.01 mg/L. The preserve of CdandPb
in water from the industrial area was more than the control zonp and the WHO

(1995) recommendations.

422 Soil

Soil samples collected from the industrial area and control area had heavy
metals in it and is presented in Table 2 and Fig. 7 and 8. Ttie s0il samples
collected from the industrial area and control area showed hijjghly significant
quantities of Cu, Cd and Pb in both zones. Arsenic level was non [significant in
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Table 1 Heavy metals content in water (mg/L)
Industrial area Control area
S No | Copper | Cadmium | Lead | Arsenic | Copper | (Cadmium | Lead | Arsenic
1 0.1 0.06 0.03 0.04 0.06 0.01 0.05 0.01
2 0.09 0.05 0.13 0.05 0.09 0.04 0.01 0
3 0.12 0.06 0.1 0 0.04 0.02 0.03 0
4 0.1 0.06 0.09 0 0.06 0.02 0.04 0
5 0.07 0.05 0.12 0.02 0.08 0.03 0.06 0.05
6 0.08 0.07 0.1 0.05 0.03 0.01 0.07 0.03
7 124 0.06 0.08 0 0.05 0.03 0.04 0
8 0.05 0.06 0.05 0 0.12 0.02 0.07 0
9 113 0.05 0.07 0.04 0.23 0.03 0.06 0
10 0.07 0.06 0.09 0.03 0.07 0.02 0.04 0.04
n 0.15 0.06 0.09 0 0.15 0.02 0.08 0.05
12 0.27 0.08 0.05 0 0.1 0.01 0.07 0
13 0.34 0.08 123 0 0.23 0.06 0.03 0.05
14 0.1 0.07 102 0.06 0.27 0.03 0.07 0.01
15 0.12 0.08 104 0 0.15 0.01 0.05 0
16 0.23 0.08 0.06 0.01 0.19 0.05 0 0
17 0.13 0.06 0.03 0 0.07 0 0 0
18 1056 0.04 0.05 0 0.25 0.05 0.06 0.05
19 107 0.05 0.09 0.06 0.34 0.01 0.07 0.04
20 0.09 0.05 0.05 0 0.3 0.04 0.07 0
21 0.06 0.08 0.07 0.01 0.24 0 0 0
22 0.11 0.06 0.06 0.05 0.35 0 0 0
23 0.07 0.07 0.03 0.07 0.23 0 0.05 0.02
24 0.05 0.06 0.05 0 0.34 0.01 0.07 0.03
25 0.04 0.06 0.09 0.06 0.16 0.06 0.04 0
26 0.13 0.05 0.07 0 0.19 0 0 0
27 0.06 0.07 0.1 0.02 0.07 0.07 0.07 0.02
28 0.19 0.08 0.09 0.05 0.05 0.01 0.03 0.01
29 0.05 0.09 0.06 0 0.14 0.02 0.05 0.04
30 0.03 0.06 0.05 0 0.22 0.05 0.06 0.01
MeaniSE | 0.24 0.06 0.17 0.020 0.16 0.024 0.044 | 0.015

+0.06 +0.002 | +0.005 | +0.004 | +0.018 | |+0.003 | £0.004 | +0.003

p r>." NI




Fig 5. Heavy Metals in Water-Industrial Area
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Table 2 Heavy metals content in soil |[mg/kg)
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g. Industrial area Control area
No. Copper Cadmium | Lead | Arsenic Copper | Cadmiurj)) | Lead | Arsenic
1 0.59 139 2.69 0.02 0.4 048 0.2 0.06
2 0.59 159 4.49 0.03 0.58 0.2[7 0.3 0.05
3 0.39 158 0.69 0 0.6 019 | 0.16 0.07
4 0.89 149 0.39 0.05 0.76 0 0 0
5 129 145 5.29 0.04 0.89 059 | 0.18 0.09
6 0.99 0.99 139 0 0.28 0.18 0.2 0.07
7 119 149 0.99 0 0.5 0.38 0.3 0.02
8 0.88 137 0.78 0 0.29 0.57 0.4 0.07
9 0.98 158 148 0.04 0.58 049 | 0.23 0
10 0.49 179 0.89 0.05 0.67 038 | 0.27 0.05
1u 0.49 138 3.56 0.04 0.59 059 | 0.18 0.07
12 0.99 158 3.97 0.03 0.38 037 | 0.15 0.09
13 0.79 139 0.89 0.02 0.39 0| 0.19 0
14 0.19 157 2.26 0.02 0.28 0 0 0
15 0.59 169 3.39 0.04 0.68 0 0 0
16 0.79 168 119 0 0.76 019 | 0.12 0.06
17 0.69 158 0.89 0 0.58 0 0 0
18 0.77 163 0.67 0 0.49 0 0 0
19 0.59 1.69 1.09 0.03 0.27 0.7 0.2 0.03
20 0.79 179 0.89 0.02 0.19 0 0 0
21 0.98 118 1.08 0.03 0.28 0| 025 0.02
22 0.69 0.99 2.08 0.03 0.38 Ou8| 0.16 0
23 109 0.69 149 0 0.57 0]8| 0.34 0
24 119 0.89 2.68 0 0.79 0.9 0.2 0.09
25 0.69 118 187 0.04 0.27 019| 0.23 0.02
26 0.89 149 0.69 0 0.19 0 0 0
27 148 109 0.99 0.05 0.98 02|7| 0.32 0.03
28 175 136 311 0.03 0.48 018| 0.46 0.07
29 0.89 0.89 2.68 0.04 0.49 0 014 0.05
30 139 129 178 0 0.29 0 0 0
MeaniSE| 0.86+.061 | 1.39+.052 | 1.87+.23 0.021+.003 0.49+.03 |0.21+.003| |0.17+.02 0.033+.006




Fig 7. Heavy Metals in soil-Industrial Area
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industrial and control area. The permitted level of Cu, Cd, Pb apd As given by
WHO is 2.0, 0.05, 0.01 and 0.01 mg/kg. The presence of Cd and b in the soil of

industrial area was more than the control zone and the WHO recoil miendations.

4.2.3 Fodder

Heavy metal present in fodder samples collected from th< | industria area
and control area are presented in Table 3 and Fig 9 and 10. The fodder samples
collected from the industrial area and control area showed hidily significant
quantities of Cu, Cd, Pb and Asin both zones. The permitted leve of Copper, Cd,
Pb and As given by WHO is 0.05, 0.05, 0.01 and 0.01 mg/kg. ' he presence of
Cu, Cd and Pb in the fodder of industrial area was more than the dontrol zone and
the WHO (1995) recommendations.

424 Milk

Milk samples collected from the industrial area and contfol area showed
heavy metal presence in it and are given in Table 4 and shown ir Fig 11 and 12.
The milk samples collected from the industrial area and contrpl area showed
highly significant quantities of Cu, Cd and Pb in both zones aid a significant
level incase of Arsenic. The permitted level of Cu, Cd, Pb and As given by WHO
is 0.05, 0.01, 0.02 and 0.05 mg/L. The presence of Cu, Cd and Pb in the milk
from industrial area was more than that of milk from the contrpl zone and the
WHO (1995) recommendations.

425 Meat

Heavy motal present in meat samples collected from tht industrid area
and control area are given in Table 5 and Fig. 13 and 14. Tht mea samples
collected from the industriadd area and control area showed highly significant
quantities of Cu, Cd and Pb in both study areas and a low 1;vél in case of
Arsenic. The permitted level of Cu, Cd, Pb and As given by WH is 0.05, 0.05,
0.1 and 0.05 mg/kg. The presence of Cu, Cd and Pb in the meat from industrial



Table 3 Heavy metals in content Fodder (mg/kg
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>

gl. Industrial area Control area
No. Copper | Cadmium | Lead Arsenic Copper | Cadmium | Lead Arsenic
1 9.83 15.73 7.86 0.04 7.86 5.85 5.96 0
2 7.93 11.89 54 0.05 793 193 5.78 0.02
3 7.94 19.86 9.93 0.03 5.95 3.87 0 0
4 7.92 17.83 13.86 0.04 7.92 0.98 0 0
5 7.92 13.85 13.85 0.05 3.95 0.78 0 0
6 5.95 15.88 1191 0 5.95 0.98 392 0.03
7 0 14 16 0 0 5.76 19%5 0.03
8 7.95 13.92 19.88 0 198 187 187 0.02
9 3.97 15.88 138 0.03 198 0.81 179 0
10 3.85 1344 115 0 192 5.36 375 0.03
1 5.78 11.56 0.96 0 192 541 19% 0.02
12 197 11.82 0.98 0.05 59 392 3.87 0
13 392 11.75 0 0 0 0 0 0
14 27.91 9.97 0.59 0.02 199 0 0 0
15 19% 11.78 137 0.04 19%5 3.85 0 0
16 197 593 791 0.05 3.76 19% 197 0.01
17 0 11.79 5.89 0.01 0 0 0 0
18 197 197 11.83 0.03 0 0 0 0
19 43.34 3% 9.85 0.04 3.97 3.76 186 0.02
20 23.71 79 79 0 0 0 0 0
21 1577 591 9.86 0 5.85 167 368 0.03
22 1359 3.88 5.82 0 0 0 0 0
23 99 7.92 7.92 0.05 0 1A 5.69 0.01
24 15.59 3.89 584 0.03 7.92 375 3.87 0.01
25 11.75 195 1175 0.01 3.76 5.88 7.78 0.01
26 9.71 15 3.88 0 0 0 0 0
27 1758 136 13.67 0.05 393 793 3.96 0.01
28 27.21 15 9.71 0.04 5.97 358 189 0
29 9.92 13 9.92 0.01 0 0 0 0
30 13.89 138 5.95 0.05 178 189 3 0.01
MeaniSE | 993151 | 7.73+1.00 761+79 | 0.02+.003 | 313t51 | 24|+41 2.18+41 | 0.008+.002




Fig 9. Heavy Metals in Fodder-Industrial Area
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Table 4 Heavy metals content in Milk (mg/L)
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Sl. Industrial area Control area
No. Copper | Cadmium | Lead Arsenic Copper | Cadmium | Lead Arsenic
1 04 0.7 21 0.04 0.03 0.04 0.03 0.01
2 0.2 16 3.06 0 0 0 0 0
3 04 0.8 262 0.05 0 0 0 0
4 0.3 18 103 0 0.02 0.03 0.04 0.03
5 0.7 18 15 0.03 0.04 0.03 0.03 0
6 0.8 17 09 0 0.03 0.02 0.05 0
7 105 15 25 0.01 0 0 0 0
8 12 0.6 24 0 0 0 0 0
9 05 16 09 0.05 0.02 0.05 0.03 0.04
10 0.7 16 09 0.04 0.03 0.03 0.03 0.01
u 0 0.6 04 0 0.05 0.04 0.04 0
12 05 14 042 0.02 0 0.02 0 0
13 0.3 14 0.83 0 0 0 0 0
14 0.6 18 0.81 0.03 0.06 0.04 0.05 0
15 04 16 0.85 0.02 0.04 0.03 0.07 0
16 0.7 17 091 0.06 0.07 0.04 0.03 0
17 109 16 116 0.05 0 0 0 0
18 0.8 16 2.07 0 0 0 0 0.02
19 0.3 0.7 14 0.03 0.1 0.05 0.04 0.03
20 04 19 0 0 0.09 0.05 0.06 0.01
21 0 15 0.75 0.03 0.07 0.02 0.03 0
22 05 12 12 0 0 0 0 0
23 0.7 103 153 0.05 0 0 0 0
24 14 12 0.92 0 0.05 0.03 0.05 0.03
25 0.3 09 136 0 0 0 0.03 0
26 05 0.8 0.7 0 0 0 0 0
27 0.8 107 0.96 0.04 0.04 0.01 0.05 0
28 09 182 23 0.05 0.03 0.03 0.06 0.05
29 0.6 14 18 0 0.06 0.02 0.04 0
30 04 11 15 0 0.05 0.02 0.03 0
Mean+SE | 0.58+.06 | 1.33+.07 1.32+13 | 0.02+.003 | 0.02+.005 | 0.0/+.003 | 0.02+.004 | U.007+.002




Fig 11. Heavy Metals in Milk-Industrial Area
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Table 5 Heavy metals content in Meat (mg/kQ)
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Sl. Industrial area Control area
No. Copper | Cadmium | Lead Arsenic | Copper |Cadmium | Lead Arsenic
1 0.02 0.06 0.05 0 0.03 0.01 0.01 0
2 0.04 0.07 0.04 0 0.05 0.02 0.03 0
3 0.07 0.06 0.05 0 0.04 0.02 0.05 0
4 0.05 0.08 0.03 0.05 0.05 0.04 0.03 0
5 0.08 0.12 0.05 0 0.04 0.03 0.03 0
6 0.06 0.09 0.07 0 0.03 0 0 0
7 0.07 0.12 0.02 0 0.06 0 0 0
8 0.03 01 0.04 0 0 0 0 0
9 0.05 0.08 0.06 0.06 0 0 0.01 0
10 0.06 01 01 0.05 0.03 0.03 0.05 0
n 0.06 0.07 0.05 0 0.04 0.05 0.01 0
12 0.05 0.07 0.09 0 0.07 0.02 0.04 0
13 0.04 0.09 011 0.01 0 0 0 0
14 0.07 0.07 0.07 0 0 0 0 0
15 0.08 0.12 0.08 0 0.06 0.03 0.03 0
16 0.01 0.06 011 0.04 0.03 0.02 0.03 0
17 0.12 0.07 0 0 0.04 0.04 0.04 0
18 0.09 0.07 0 0.05 0.03 0.05 0.02 0
19 011 0.03 0.08 0.02 0.06 0.02 0.05 0
20 0.13 0.12 0.07 0 0.05 0.03 0.02 0
21 0.07 011 0.05 0 0.05 0.04 0.05 0
22 01 0.15 0.07 0 0.03 0.02 0.03 0
23 0.12 0.17 0.06 05 0.02 0.03 0.04 0
24 0.09 0.19 0.06 0 0.04 0.03 0.02 0
25 0.07 021 0 0.07 0 0 0 0
26 0.06 0.13 0 0 0 0 0 0
27 0.08 0.09 012 0.03 0.03 0.02 0.03 0
28 0.06 0.06 01 0.05 0.04 0.04 0.05 0
29 0.05 0.08 0.07 0.06 0 0 0 0
30 011 0.06 0.04 0.05 0.02 0.04 0.04 0
MeantSE |0.07+.005 |0.09+.007 |0.05+006 |0.03+01 |003+003 |l.02+003  |0.02+003 0




Fig 13. Heavy Metals in Meat-Industrial Area
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area was more than meat from the control zone and the WHO (1995)

recommendations.
426 Egg

Egg samples collected from the birds in industrial area i nd control area
showed presence of heavy metals. They are depicted in Table 6 and Fig 15 and
16. The egg samples collected from the industrial area and contfol area showed
highly significant quantities of Cu, Cd and Pb in both study gregs and traces of
As. The permitted level of Cu, Cd, Pb and As (WHO) is 0.05, 0.05 0.01 and 0.01
mg/kg. The presence of Cu, Cd and Pb in the egg samples of industrial area was
more than that of control zone and the WHO recommendations.

427 Blood

The blood samples collected from the industrial area aid control area
showed highly significant quantities of Cu, Cd, Pb and As in boih zones. Heavy
metal present in blood samples collected from the industrial area ind control area
aregivenin Table 7 and Fig 17 and 18. The permitted level of Cu, Cd, Pb and As
(WHO) is 0.5, 0.05, 0.01 and 0.01 mg/L. The presence of Cu, Cd and Pb in the
blood from industrial area was found to be more than that of contfol zone and the

permitted levels as per WHO recommendations.
4.2.8 Dung

Heavy metal present in dung samples collected from the industrial area
and control area are given in Table 8 and shown in Fig 19 iind 20. Highly
significant quantities of Cu, Cd and Pb were detected in both zones. The
permitted level of Cu, Cd, Pb and As given by World Health Drganization is
0.05, 0.05, 0.01 and 0.01 mg/kg. The presence of Copper, Cadmi Im and Lead in
the dung of industrial area was more than that of control zone nd varied from

that of WHO recommendations on minimum permitted levels.
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Table 6 Heavy metals content in Egg (mg/kg)
gl Industrial area Control area
No. Copper | Cadmium Lead Arsenic | Copper |Cl/dmium | Lead |Arsenic
1 0.02 0.15 0.05 0.05 0.02 0.01 0.03 0
2 0.03 0.13 0.06 0.02 0.04 0.03 0.01 0
3 0 0.12 0 0 0.06 0.04 0 0
4 0.05 0.14 0.07 0 0.03 0.02 0 0
5 0 0.14 0 0 0.04 0 0 0
6 0.07 0.12 0.04 0 0.03 0 0 0
7 0.03 0.13 0.04 0 0.05 0 0 0
8 0 0.15 0 0 0 0 0 0
9 0.07 0.16 0.06 0.05 0.06 0.02 0.02 0
10 0.02 0.13 0.05 0.04 0.05 0.01 0.03 0
1n 0.04 0.16 0.07 0 0.04 0.01 0 0
12 0.03 0.16 0.05 0 0.04 0.03 0 0
13 0 0.12 0 0 0 0 0.03 0
14 0 0.15 0 0 0.05 0 0 0
15 0.08 0.12 0.09 0.05 0.06 0.04 0 0
16 0.02 0.15 0.05 0.02 0 0.03 0.04 0
17 0.03 0.16 0 0 0 0 0 0
18 0.05 0.16 0.07 0.05 0.02 0.02 0 0
19 0.07 0.15 0.03 0.04 0.01 0.01 0.02 0
20 0.03 0.15 0.05 0.05 0.04 0 0.03 0
21 0.07 0.1 0.05 0.06 0.03 0.01 0.02 0
22 0.14 0.12 0 0 0.02 0.02 0 0
23 0.16 0.08 0.03 0.05 0.05 0.01 0 0
24 0.12 0.09 0 0 0 0 0 0
25 0.15 0.06 0 0 0.03 0.02 0.01 0
26 0.09 0.04 0.03 0.02 0 0 0.03 0
27 0.17 0.09 0.06 0 0.05 0.01 0 0
28 0.19 0.12 0.07 0 0.07 0.02 0 0
29 0.22 0.08 0.06 0.03 0.02 0 0 0
30 0.16 0.09 0.04 0 0.06 0.03 0.03 0
MeantSE | 007+01 | 0.12+005 | 0.03+005 | 001+.004 | 0.03+.003 01+002 | 0.01+.002 0




Fig 15. Heavy Metals in Egg-Industrial Area
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Table 7 Heavy metals content in Blood (mg/L)
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Sl. Industrial area Control area
No. Copper | Cadmium | Lead Arsenic Copper | Cadmium | Lead Arsenic
1 0.09 0.18 0.15 0.05 0.07 0 0.02 0.01
2 0.17 0.17 0.13 0 0.03 0.01 0.03 0
3 0.16 0.07 0.12 0 0.09 Qo1 0.03 0
4 0.21 0.12 0.15 0 0.08 0 0 0
5 0.15 0.15 0.09 0.05 0.1 C.02 0 0.01
6 0.06 0.1 0.03 0 0.12 C.04 0.04 0
7 0.05 0.07 0.07 0 0.03 C.06 0.03 0
8 0.07 0.09 0.05 0.06 0 C.03 0 0
9 0.2 0.13 0.04 0.02 0.01 0 0 0.02
10 0.08 011 0.1 0.05 0.03 0.02 0.06 0.01
n 0.09 0.15 0.05 0 0.02 0.02 0.04 0
12 0.19 0.12 0.22 0.08 0.07 0.03 0.03 0
13 0.07 0.1 0.1 0 0.09 0 0 0
14 0.05 0.09 0.07 0.02 0.12 0.02 0.03 0
15 0.24 0.07 0.09 0 0.1 0.03 0.05 0.01
16 0.14 0.03 0.08 0.01 0.08 0.05 0.07 0
17 0.17 0.06 0.06 0 0.01 0 0 0
18 0.16 0.07 0.03 0.05 0.06 0 0 0
19 0.07 0.09 0.19 0.01 0.05 0.01 0.03 0
20 0.09 0.05 0.05 0.03 0.07 0.01 0.03 0
21 0.28 0.07 0.12 0.05 0.13 0 0
22 0.15 0.09 0.1 0 0.15 0 0.02
23 0.13 0.14 0.15 0.06 0.09 0 0
24 0.04 0.07 0.09 0 0.07 0.02 0.05 0
25 0.2 0.05 0.07 0 0.01 0.03 0.06 0.01
26 0.12 0.05 0.08 0 0.02 0 0 0
27 0.1 0.09 0.14 0.05 0.05 0 0 0
28 0.06 0.12 0.18 0.07 0.06 0.03 0.07 0.01
29 0.05 0.1 0.13 0.02 0.08 0.02 0.09 0
30 0.17 0.04 0.09 0.05 0.1 0.02 0.04 0.01
MeaniSE | 0.12+.011 | 0.09+.007 | 0.10+.008 | 0.02+.004 | 0.06+.007 | 0.01t002 | 0.02+.004 | 0.003+.001




Fig 17. Heavy Metals in Blood-Industrial Area
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Table 8 Heavy metals content in Dung (mg/kQ)
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Control area

gl Industrial area
No. Copper | Cadmium | Lead Arsenic Copper | Clidmium | Lead Arsenic

1 0.32 0.07 0.08 0 0.12 0.02 0.01 0
2 0.36 0.08 0.12 0.05 0.07 0 0 0
3 0.34 0.09 0.24 0 0.09 0 0.03 0
4 0.33 0.09 0.18 0.05 0.05 0 0.03 0
5 0.36 0 0.15 0 0.07 0.01 0.05 0
6 0.11 0.1 0.14 0 0.09 0.03 0.02 0
7 0.09 0.24 0.16 0.01 0.15 0 0.03 0
8 0.09 0.23 0.09 0.03 011 0 0 0
9 011 0.24 0.06 0.04 0.14 0.01 0 0
10 0.16 0.25 0.05 0.05 0.06 0.01 0.04 0
1 0.08 0.24 0.04 0 0.05 0 0 0
12 0.1 0.22 0.07 0 0.08 0 0.01 0
13 0.07 0.22 0.08 0 0.07 0 0.04 0
14 0.09 0.25 0.12 0 0.16 0 0.03 0
15 0.1 0.24 0.1 0 0.22 0.02 0.03 0
16 0.1 0.24 0.09 0 0.2 0.04 0 0
17 0.08 0.23 0.11 0 0.06 0 0 0
18 021 0.25 0.13 0.06 0.12 0 0.05 0
19 0.07 0.2 0.16 0.04 0.15 0.01 0.03 0
20 0.11 0.18 0.09 0.05 0.04 0.03 0.01 0
21 0.16 0.12 0.07 0.05 0.09 0.02 0 0
22 0.24 0.15 0.08 0 0.14 0 0 0
23 0.1 0.1 0.05 0 0.08 0 0 0
24 0.07 0.08 0.07 0.02 0.06 0 0 0
25 0.34 0.09 0.1 0 0.09 0.03 0.02 0
26 0.16 011 0.09 0 0 0 0 0
27 0.23 0.12 0.08 0.01 0.09 0.02 0 0
28 0.15 0.14 0.07 0.04 0.12 0.01 0.03 0
29 0.12 0.12 0.09 0.05 0.18 0.03 0 0
30 0.14 0.09 0.06 0.02 0.15 0.02 0.05 0
Mean+SE | 0.16+.01 | 0.15+.01 | 0.10+.008 | 0.01+.004 | 0.10+.009 | 001+.002 | 0.01+.003 0




Fig 19. Heavy Metals in Dung-Industrial Area
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4.3 CORRELATION OF FODDER AND BLOOD HEAVY MEDALS Wf
OTHER BIOLOGICAL SAMPLES OF INDUSTRIAL AREK

In correlation tests only Fodder and Blood heavy metals content showed
sgnificant and highly significant correlation with heavy metas in biological
samples collected from the industrial area (Table 9). Fodder Pb level showed a
highly significant correlation (PO.01) with milk Pb content. “odder Cd and
blood Cd were significantly correlated. The dung Pb and fodder Pb were also
significant. Fodder As and milk As were significant whereas Blopd Cu and milk
Cu was highly significant (PO.01). Blood Cu and dung Cu v ere aso found
sgnificant (PO.05).

4.4 CORRELATION OF FODDER AND BLOOD HEAVY METALS Wf
OTHER BIOLOGICAL SAMPLES OF CONTROL AREA

In the control area, the Fodder and Blood heavy metal content showed
correlation with other biological samples (Table 10). Fodder Cu rfed a significant
negative correlation between milk and dung. Blood and fodder C|was positively
correlated. Fodder Pb and milk and dung Pb showed significance Fodder As and
milk As were significantly correlated. In blood the Cu content o milk and dung

showed a positive significant correlation.
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Table 9 Correlation of fodder heavy metal content to milk, b
heavy metal content - Industrial area

ood and dung

Copper

Cadmium

Lead

Arsenic

Milk

Dung

Blood

Milk

Blood

Dung Milk

Fodder
Cu

Fodder
Cd

0.433*

Fodder
Pb

0.501**

0.454*

Fodder
AS

0.409*

Blood
Cu

-0.472**

0.366*

Blood
AS

* (PO.01)

** (PO.05)

Table 10 Correlation of fodder heavy metal content to milk, b
heavy metal content- control area

lood and dung

Copper

Cadmium

Lead

Arsenic

Milk

Dung

Blood

Milk

Blood

Dung Milk

Fodder
Cu

-0.431*

-0.364*

Fodder
Cd

0.326*

Fodder
Pb

0.437*

0.364*

Fodder
AS

0.358*

Blood
Cu

0.359*

0.327*

Blood
AS

* (P<0.01)
<0.05)
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5. DISCUSSION

51 SURVEY ON IMPACT OF INDUSTRIES ON FARMING SYSTEMS

The impact of industries on the livestock farming systems were studied
and analyzed in both industrial and control area. The survey shcjwed that there
was a decreasing trend in the human and livestock population i(i the industrial

area and an increase in the control area.

Industrial unit's establishment and functioning affects the j*co system and
livestock farming systems in agrarian hamlets. The present surf ey on farming
system in two areas very clearly emphasizes that development pf an industrial
belt in a traditional  agrarian hamlet influences the livestock farming systems.
The present decreasing trend in human and livestock population |n the industrial
area throws light into the displacement scenario, whereas in the Mallepilly village
where the control area is located is purely retained as an agricultural zone and in
the past years the area showed an increasing trend in livestock farming system.
Similar trends are reported through surveys by many researches. The present

trend agrees with the reports by Varghese (1998) and Nisha (2000).

5.1.1 Socio-Economic Status of the Farmer

Farmer's socio economic status closely link with their aje. Middle aged
farmers (31-50 years) were into farming than the younger generajion in the study
areas. The change in the vision, attitude and aptitude of the younler generation is
subjected to the wider perspective of development happening irj the region and
that often affects the vocation they choose and that in turn rnjay redefine the
village level socio economic status. This is akin to the findings djf Tangja (1998).
This type of a socio economic structural change was observed b Kannan (2006)

in another farming viliage of Kerala when a mixed farming system involving pig

husbandry was tested.

Majority of tlv fanners in this survey were found to bejinvolved in full

time agriculture and animal husbandry activities in the study djea with average
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monthly income of Rs.2000 in industria area. These findings agfbe with that of
the above researchers. Plachimada with its tribal ambiance clearly elucidates that
as custodians of tradition the middle aged farmers carry on the fgrning systems.
This is similar to a survey result by Oladele (2001) about a Nigerian farming
village.

5.1.2. Educational Status

The survey throws light into the fact that literacy rate of the farmers
surveyed was comparatively better in the control area than that (jf the industrial
area. The predominance of tribal hamlets in the industrial area mgj/ be one reason
for this. Similar studies on the educational status of the farmers w”re recorded by
Arunachalan and Thiagargan (2000) and Kannan (2005) afd the present

observation is aso in concurrence with their findings.

5.1.3. Farm Income

Most of the farmers surveyed had an income of less tin Rs 2000 per
month in the industrial area. 32 per cent surveyed in industrial bdt earned more
than Rs. 4000 and it is 28 per cent in Control area. This may deafly state that the
income of the residents near an industry increased a little wifch may be an
indirect influence of the advent of an Industry. The income generated through
fanning by the farmers was higher in the control area than that pf the industrial
area. The infringement of Industrial culture and opportunity it> get works in
industry and associated areas may be a reason for the farming community slowly
moving away from their traditional livelihood sustenance modalities which in
turn reflects on a lower fam income for a mgor share of farm|ng population..
Similar fluctuation in farming income from agricultura and anjimad husbandry
activities were akin to reports by Varghese (1998) and AAinachdam and
Thiagargjan (2000) in Kerala and Tamil Nadu respectively..

5.1.4. Landholding Status

A higher percentage of farmers were possessing land in the control area
compared to that of industrial area. The land holding status indirectly denotes the
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percentage of farmers involved in the farming activities. Conversion of land for
industrial development in Plachimada may be one reason for flie diminishing
farm land holding status. This observation is in tune with that of ftao and Birthal
(2005) where they have stated that small scale mixed crop livestock farming is
common in India and it is the dominant form of farming system. jit is interesting
to observe that only farm landholders of one acre and above stayefl back after the
advent of an Industry and the small farmers were forced to leaye the place or

abandon fanning to turn to other livelihood sustenance modalities.

5.1.5 Crops

Cultivation of crops and plantations were less both in industrial and
control area. Conversion of farming lands for other utilities and €sser irrigation
facilities may be a reason for the negative shift in the crop)s and coconut
plantation areas in the whole of the study zones. This might have Lead to
adoption of small-scale farming and livestock systems here. This\is in agreement
with the findings of Vaidyanathan (1998) where he has stated that small-scale
mixed crop-livestock farming is becoming common and the dominant form of
production system in India is with crop residues and byproducts as the major
source of feed for livestock. Most of the farmers were involved in mixed
agricultural farming in the study area. The present observation: that the paddy
cultivation in the industrial area has come down may be due to tlie general trend
in the reluctance of farmers to carry on with paddy cultivation and also the
irrigation problems they may foresee due to water intensive industry that has

come up. More over paddy is also a water intensive crop.
5.1.6. Animals

Majority of the fanners in the control area were having (fairy cattle with
fodder cultivation. Depending upon the land availability and economic resources
the fanners mostly involved in dair> farming. The study revealed that most of the
farmers were engaged in agricultural and livestock farming as the! main source of
income in the control area, which are in agreement as reported, t'y Arunachalam

and Thiagarajan (2000). Great diversity and complexity in the agricultural crops
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and Livestock species raised was a feature of this traditional agrarian hamlet
earlier. This may be for diversifying the sources of income and Employment for
the resource poor farmers. This observation is in agreement with a similar survey,
Chawatama et al. (2005) in Zimbabwe where they found that the r»ain motivation
of agricultural production in al districts surveyed was for subsistence. The
decreasing trend in livestock holding in the industrial belt as evidenced in the
present survey may be attributed to shortage of drinking waitfr, reduction in
grazing land and aso shrinking fodder lands.

5.1.7. Farming Experience

The study revealed that the magjor source of income was throuigh livestock
farming in both industrial and control area. It was found thet maority of the
farmers had four to eight years of farming experience in both the zones. The
number of years the farmers were involved in the farming ac ivity indirectly
shows their interest and economic viability in the farming activity’. This reveals
that Plachimada and Nallepilly were places where farmers tradit onally had rich
experience in agriculture and livestock farming systems. Varghese (1998) and
Singh et al. (2005) throws light into similar agrarian attitudes ahd farming
experience in villages both in the state and in the country respectifely.

5.1. 8. Farming Status

Semi intensive system was practiced by mgjority of the fjirmers. Most of
the farmers had few numbers of livestock due to limited land an|l feed resources
and poor economic status of the farmers in industrial area making them to follow
the semi intensive system. In control area intensive system was bllowed mostly
by the farmers due to better economic returns and availability of agricultural by-
products. These findings corroborate with Arunachalam and Thjagargan (2000)
and Reo and Birtha (2005). Ramrao et al. (2005) studied the fjirmin® status in
Chahattisgarh in central India and published a different finding, ifhe human-land-
livestock status is the pivotal point in their study also sugges|s integration in
livestock agriculture farming and hence is not in agreement v/ith the present
observations.
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5.1.9. Livestock Housing

Animal housing was scientific and according to the advicgj of the Animal
Husbandry officers in control area whereas in industrial area it was lean-to-
type/simple  type of housing. The type of housing indirectly indicates the
economic status of the farmers. Studies on animal shelter reported by
Arunachalam and Thiagargjan (2000) are in agreement with the fresent findings
in this view. The climatic changes in the recent years and thqj fast changing
weather profile of Palakkad district in general may aso be & reason for the
adoption of scientific housing practices for livestock by the farmers. The
economical status and the impact of Industry may be the reason for adopting
lean- to - type temporary and simple housing for livestock in Industrial area.
Sivakumar et al. 2006) also opined that the traditional livestock housing is

cheaper in a similar survey in Tamil Nadu.

5.1.10 Livestock Feeding

Livestock feeding cost comes to 75 per cent of the total cost and hence
controls the livestock production in any area. Concentrate anld green fodder
feeding was practiced only by about 40 per cent farmers in the industrial area.
This lower percentage of concentrate and green fodder feeding may be due to
lack of awareness and limited feed resources of the farmers and [ilso due to poor
economic status prevailing in the farming community of the indi}strial area. This
is in agreement with Vaidyanathan (1998) and Yadav and Khirlvar (2005). But
Arunachalam and Thiagarajan (2000) listed out the constraints: in feeding that
affects the cost of livestock rearing in Tamil Nadu.

5.1.11. Marketing of Products

Milk less than five liters per day from an animal as stated in the present
survey was not economical due to high feeding cost and time input in
management practices adopted by the local fanners. Economic viability of
rearing cattle was better in control area. Major quantity of milk was sold directly

and through middleman in the industrial area. The constraints in marketing were
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fetching lower price for milk given to middleman and to the cooperative society.
In control area mgor portion of milk was marketed through cooperative society
only. These findings are in agreement with those of Arujiachdam and
Thiagargan (2000) where they state that lack of marketing facilitjes insufficient
price and lack of training opportunity were the salient problems ih Tamil Nadu;
and FAO (2000) aso published data similar to this on liveftock products
marketing constraints.

5.1.12. Effect of Industrialization on Livestock System

Most of the fanners surveyed stayed within one km digance from the
industry. The nearness of the industry to the grazing lands whic| they presume
polluted; may be affecting their livestock. The nearness of the industry to the
anima habitation is one of the reasons for a negative shift in figriculture and
farming activity.

There are similar studies in other industrial belts the worjd over. Arnold
et al. (2002), Ping (2005) in China, found that industrial activities affected
livestock. The present survey aso reveals such a scenario. In Hyderabad, Piska
et al. (2005) observed a similar observation in a polluted farrrfng area. They
observed that the effluents from an industry affected the ground wjaer and that in
turn affected the livestock including fishes. The present survey results aso
corroborate with the observations of Nisha (2000) about environmental pollution
in an industrial area in Kerda and Buddhi et al. (2004) in Ritjiampur area in
India

5.2. EFFECT AND EXTENT OF POLLUTION
5.2.1. Water

Heavy metals Pb and Cd in the drinking water of the|| industrial area
sudied were above the permitted WHO (1995) standard vaifes. The higher
concentration of heavy metals may be due to the contamination £f the area with
industrial wastes and discharges from the nearby industries. Simijar higher levels
of heavy metals above permissible levels in drinking water were [Iso reported in
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other industria locations by Dey et al. (1997), Muse et a (1999)] Kooklue et al.
(2000), Govil (2001), Lokhande and Sathe (2001), Jananeethi (2f)02), Gowda et
al. (2003), Sinha (2004), Gupta et al. (2005) and Hague et al. (20(J5). The present
observation is agreeable to the above reports.

Prasad and Jaiprakas (1999) evaluated the ground wter sources in
Dhanbad town and found that the drinking water was not polluted with heavy
metals. This is not in agreement with the present finding though I>oth the studies
were in industrial areas. In Plachimada area, the location of the present study; the
land is paddy land and the seepage of heavy metals from industrial waste may
reach the adjoining farmers land easily as the irrigation net warjc is interlinked
with the effluent drainage and seepage also. The area in the present observation is
a low lying land and the climate is adso having a specidty, likg six months of
heavy monsoon which may take the pollutants easily to the nearby wells and
water sources. But the control area in the present study, |ad reasonably
unpolluted drinking water except for the presence of Cd little dj>e permissible
[imit. The presence of Cd in control area may be due to the accumulation of the
heavy metal in soil due to continuous application of phosphate fertilizers. While
most of the heavy metals, except Cu and Zn, are not essential for blant growth or
livestock health, through water and soil the heavy metals can entir into the food
chan and may dffect the vegetation and animas in the sufrounding area
(Longhurst et al, 2004).

Prasad and Bose (2001) found clean drinking water devoid of heavy
metals in a limestone mining area in Himacha Prasdesh. The present study is not
in agreement with the above findings. The difference in the soil t>(pe topography
and the gspeciaty in the climate of Plachimada region along with the type of
industry and type of waste generated may be a reason why the wat*r samples give
different results with a higher level of heavy metals near an industry. Pb and Cd
level in the water samples of polluted areas was higher as reported by Gowda et
al. (2003) which is akin to the present analysis.



5.2.2. Sl

The soil samples anadysed for the heavy metals showjed Cu, Cd, Pb
and As. Pb and Cd values are above the permissible limits of WJIO standards in
industrial area as compared to normal areas. Cu and As in soil e amost within
the permissible levels. The higher level of Pb and Cd in soil may be due to
contamination by industrial effluents and discharges to the surrounding region by

the industries, polluting the nearby areas.

A higher concentration of the heavy metals in soil than normal similar to
the present finding is reported by Burhenne et al. (1997), Das et EL (1997), Govil

(2001), Gowda et al. (2003), Mondal et a (2003), Bansa (2V)04), Garg and
Totawat (2005), Anuratha (2006) and Nikhil (2006). In the control area the
presence of Cd and Pb are dightly higher than the WHO permitted level. This
may be due to the increased application of Phosphatic fertilizers for agricultura
purpose. Cadmium applied in super phosphate fertilizer may remain in the soil of
cultivated layer. Most of the heavy metas (except Cu and Zn) &‘e not essentiad
for plant growth so plant uptake and even soil contamination ws a significant
point of entry of heavy metals into the food-chain. But when compared to the
industrial area level this is under lower range. This process is detalled in a smilar
study by Nikhil (2006). They report that uptake of some heavy fnetals by plant
species was on lower side of the limit and as such no disorder ~as observed in
Jharia cod field area in Dhanabad. A very low amount of heavy metals like Pb,
Cd and Ni were observed in deeper surface of the soil than surfac™: soil indicating
low mobility of these metals down the profile. This may be diie to nature of
organic matter and clay which restrict their movement to the low|;r depths (Garg
and Totawat, 2005). So in the present observation it may be concluded that the
dightly higher level of heavy metals in the soil of the control ared may be due to
the unutilized heavy metals from Phosphatic fertilizers that ma>| leach into the
soil .But in the industrial area though there is lesser usage of fertilizer due to
lesser agricultural operations the heavy metal content in thi soil samples
collected were high and it may be reaching the upper soil strata frotn pollutants.
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5.2.3. Fodder

The fodder samples were analysed both in industrial and 4ontrol areas for
Cu, Cd, Pb and As content. Arsenic level is dmost within permi|ted levels. The
Cu, Cd and Pb concentration in the industrial area are higher than the permissible
limits recommended by WHO limits. The higher content of bjeavy metals in
fodder indicates that the water and soil sources are contaminated  the industrial
effluents in the industrial area. Similar higher levels of the heavy petals in fodder
were detected by Swarup et al. (1993), Dey et al. (1997), Gowcfa et al. (2003),
Rozso et al. (2003), Bansal (2004), Ping (2005), Somasundarum gftal. (2005) and
Ra et al. (2006) near industrial belts and the present study is in agreement with
al these research reports. Continuous uptake of lead and cadmium through
contaminated water and vegetation leads to cumulative toxicity and impaired
micronutrient utilization (McDowell, 1992). Severa cases of outfyresk and desth
in animals due to consumption of contaminated fodder with he*vy metals had
been reported (Sidhu et al., 1994) in industrial areas. Dey et al. : 1997) reported
that the mineral concentration in forage depends on type of fodtler, season and
soil mineral concentrations. They have aso noted influence of factory effluent on
low copper profile in pasture grass and subsequently in animals Hence in the
present study aso like the above report, the possibility of heavy metals entering
the anima systems through drinking water and fodder is a Iively possibility.
Fodder acts as a source of heavy metals accumulated in both the study places.
This may be due to the chemical intensive agricultural practices |, the study area
but in the industrial area studied there is a higher content of pjbay metals in
fodder which may be due to pollution by industrial wastes and gif|yents from the
factories polluting water, soil and vegetation of the surrounding a'Ycs

5.2.4. Milk

The heavy metal content in milk in industrial area is comparatively higher
than the control area. The Cu, Cd and Pb are at higher concentration than the
WHO prescribed limits. This may be due to the contaminated fbed and fodder
materials and by water that had been consumed by the livestock. Ifhe animals let
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loose for grazing may get exposed to contaminated grass/ftfdder near the
industrial area. In the control area a lower level of dl the healy metals were
recorded when compared with permissible limits of WHO; suggesting that there

may be least contamination in this agrarian zone by industrial pollutants.

Higher concentration of the heavy metas in milk of cattli and buffaloes
in industria areas had been reported by many researchers (Dgy et ai, 1997,
Dwivedi et al, 1997, Swarup et al, 1997, Smsek et al.,, 2000, Gowda et al,
2003, Somasundarum et al, 2005 and Ry et al, 2006). These reports are akin to

the present findings. The mean Cd concentration in milk recorded in different
]

industrial localities was significantly higher than that of industry free locality.
The milk Cd levels from animas of textile and metallurgy biassd industria
localities were amost double than that of industry free rura localities. Higher
concentration of heavy metals in milk of animals from industria “rea appears to
be due to greater ingestion of contaminated feed and water anjl inhalation of
fumes and dusts emanated from the industria activities (Dwivedi e\t al, 1997).

The Pb and Cd concentration in milk of cows were significantly higher in
urban localities than those of rural area. The results found by: Swarup et al.
(1997) indicated that animal population kept in urban areas whidj were exposed
to toxic heavy metals such as Pb and Cd may carry higher concentration of these
heavy metals in milk and blood. Comparatively higher level of Ijb (0.47 + 0.06
ppm) and Cd (0.05 = 0.01 ppm) in milk samples of animals in a gmilar study by
Gowda et al. (2003) is indicative of consumption of the toxic dejnents in higher
proportion in the indusinal area than the control zone. Most of thb heavy metals
in milk sample in another study showed increasing trend from 0" day of the
experiment (Somasundaram et al, 2005). The concentrations of b heavy metals
are higher than the maximum permissible limit in the industrial region. The
higher metd accumulation in dairy cattle was related not only to higher dietaly
intake, but adso due to the higher hepatic metabolism associated with mi'k
production (Alonso et al. 2003).
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In the present analysis a higher concentration of heavy mitals in milk of
cattle in the industrial area was observed which may be due ]Jo ingestion of
contaminated fodder from the grazing area and contaminated drinking water
which is in agreement with all the previous reports. Milk and; milk products
represent an important part of children's diet, utmost care shoijld be taken to
ensure that the milk is not contaminated with toxic metals throughout production
and supply chains since there may be a possibility of transmit] ance of heavy
metals into human food chain through milk produced in industrial areas

(Unnikrishnan et al., 2005).

5.2.5. Meat

The heavy metals Cu and Cd observed in industrial area are above the
permissible limits of WHO standards whereas arsenic is almost within the normal
limits. The higher level of these metals in meat denotes that the feed or fodder
may be contaminated by the heavy metals due to the industrial pollution. During
the metabolism of the heavy metals some quantity may get deposited in the

internal organs, bones and in the meat of the animals in the industrial area.

Similar higher levels of heavy metals like Pb, Cd and As in meat and
organs of animals were reported by Strauch (1983), Gracey et al. 984), Sidhu et
al. (1994), Gould et al. (2002), Ulrich et al. (2002), Drozd et al. (2003), Alonso
et al. (2003), Bianu and Nica (2005), Lemos et al. (2005), Miranda et al. (2005),
Skalicka et al. (2005) and Venalainen et al (2005).

It was found that in the present observations, concentration! of some heavy
metals in meat were little higher than the maximum permissible liifiits of WHO in
the industrial region. This may be due to contamination of the §)il, pasture and
feed from industrial pollution. Animals generally get access tb toxic metals
through soil, water and forages contaminated by industrial effluents. These toxic
metals are absorbed into the animal system and they are do™ly eliminated
through excretion, or deposited in the target organs. (Gowda et t"., 2003). Lead
toxicities in bovines due to industrial pollution in Punjab were reported by Sidhu

et al. (1994). They recorded lead concentration in liver (27.3 to 97.4 ppm),
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kidney (97.4 to 170.5 ppm) and in bone (10.0 to 19.5 ppm). Leadj level of about
10 ppm in liver and 25 ppm in kidney were considered as an ind"x to diagnose
Lead toxicity. The concentrations were higher than the permissible limits

indicating lead toxicity in buffaloes present in the industrial region.

Lemos et al. (2005) found a higher concentration of Pb in liver (39 to 431
ppm) and in kidney (245 ppm) of cows The Pb poisoning in cattle was due to
grazing pasture contaminated by industrial waste. The source of Pb was fumes
from a car battery recycling plant which had a failure in its filtering system. The

present study also is in tune with this finding.

Higher level of Cu in the muscle and liver of cows near a metallurgical
plant in Slovakia was recorded by Skalicka et al. (2005). Tdie higher Cu
concentrations cows were due to contamination of pasture with industrial sources

of pollution.

In a study in Morocco, Bovines were found to be seriously affected by
toxic metals, especially Cadmium. The mean concentration of Zn, Cu and Cd was
126, 112 and 51 wug/g in liver and 89.33, 57.23 and 10.3 |lg/g in kidney
respectively. The levels were higher in liver and kidney, specific target organs for
metal bioaccumulation. The high Cd content seemed to contribute to a reduction
in Zn and Cu levels (Sedki et al, 2004). Similar higher concentration of heavy
metals recorded in earlier studies confirm with the present findings in the

industrial area of Palakkad.

The heavy metals level was less than the permissible limils in the control
area. Similar to the present results lesser concentration of heavy metals in meat
and organs than the permissible level was reported by Das et a. (2003) and
Hristov et al. (2003). Presence of lead and cadmium in internal organs of Pigs
from different regions in Bulgaria was investigated. (Hristov €t al, 2003)
Differences were found in the contamination of internal organs (liver and

kidney), in relation to the industrial pollution of the region.



5.2.6. Egg

The heavy metd cadmium was above the permissible limits of WHO
standards whereas lead and copper were almost near the normgl limits in the
present observation. The higher level of Cd in egg might pe due to the
contamination of soil and insects and other eats of poultry frorrj the industrial
location and the birds reared in the industrial area have easy access to the
contaminated sources of water, soil and feed. The heavy metas (except
Cadmium) content in egg were within the permissible limits of WHO standards
in industrial area and that is in agreement with the reports by Dey and Dwivedi
(2000).

The egg, a mgjor source of protein in the diet of the Indian population
may influence the health status also. Per capita egg consumption has increased
significantly in India during the past few years. Most Indian children consume
one egg per day and the presence of toxic metals in their foog is capable of
producing subtle health hazards. It is concluded that eggs can be a contributing
factor for higher Pb and Cd body burdens in the Indian population Dey and
Dwivedi (2000). The heavy metal concentration in the control area was within the
norma permissible limits. Another study on broiler breeder hen's was used to
determine the effect of drinking water containing a low concentration of chemical
mixture (As, Cd, Pb, Benzene and Trichloroethylene) and high levels of the
chemical mixture in the poultry health. These chemicals were present in ground
water near a hazardous waste site (Vodela et al, 1997). Ther® was a linear
relationship between increasing concentration of the chemical mixture in drinking
water and decreasing body weight of hens. The low concentration of the chemical
mixture significantly decreased egg production and egg weight, and increased
percentage of embryonic mortality. These results suggest that reproductive
function in hens is sengitive to adverse effects of contaminated drinjking water.



5.2.7 Blood

The level of Cu, Cd, Pb and As in blood from livestock of the industrial
area, was comparatively higher than the control area. Cu and As were within
normal limits. Pb and Cd were at higher level than WHO prescribed limits. The
higher level of these heavy metals in blood of cattle in industrial “irea might have
come into play through contaminated fodder, water and an irtdirect influence of
contaminated soil. Similar higher concentration of these heavy metals in blood of
animals were detected by Kwatra et al. (1986), Sidhu et al. (1*94) Dey et al.
(1996, 1997), Swarup et al. (1997), Patra et al. (2001), Mondkl et a (2003),
Gowda et al. (2003), Bianu (2005), Somasundaram et al. (20063> and Ry et al.
(2006) which are inline with the present findings. The mineral ioncentration in
blood of buffaloes was measured around a fertilizer factory in Uttar Pradesh. The
blood Cu, Pb and Cd leveds ranged between 0.24 and [.Oppm, 0.1 and 0.59 ppm,
0.010 and 0.016 ppm respectively (Dey et al, 1997). These values were lower
than the norma values (except Pb) and were comparable wi  the values of
healthy animals. The higher Pb level in blood indicates pollution of surrounding
area by chemicals and factory effluents in the industrial area Thte trace minerals
in blood of young calves during exposure to Pb were studied by Patra et al,
(2001). The blood Pb concentrations on day seven onwards w#re significantly
higher than that of day zero value and also, the corresponding va ues of control
group. Serial estimation of Pb concentration revealed many fold increases in
blood Pb burden during the first week of exposure followed by r’r?d“a' increase.
There was a gradua decrease in Cu concentration up to day 1 and the levels

recorded on day 14 and 21 were significantly lower than that of control animals.

Gowda et al. (2003) reported higher Pb (0.09 £ 0.03 ppm) and Cd
(0.06+£0.01ppm) content in blood samples of cattle in industria area of
Bangaore. The higher level of heavy metals indicated consurhption of toxic
elements in higher proportion due to the wastes and effluents from the industrial
area. Similarly the present findings of higher level of heavy petals in blood
samples of livestock from industrial area confirm with the studies reported above,
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whereas the heavy metal content was well within the permissible limits in the

control area.

5.2.8. Dung

The content of Cu, Pb and Cd in dung of livestock from industrial area
was higher than that from the dung from the control area and |vas above the
maximum permissible limits in the present study. The level of Arsenic is almost
within the norma limits. The higher content of these heavy petals in dung
indicates that livestock in the industrid area might have Consumed the
feed/fodder materials grown locally and consumed water from the locality. These
along with the exposed soil sources might have contributed to the presence of the
heavy metas in the dung samples. A higher concentration of hi*avy metals in
dung similar to the present observation is reported by Sidhu et al, (1994), Gowda
et al. (2003), Long et al. (2004) and Mor (2005).

Sidhu et al. (1994) observed that dung had higher heavy metal content
due to the fodder contaminated by the factories present in close proximity in the
industrial region. Higher heavy metals (Pb and Cd) content in mlanure of cattle
from the industria region indicated that cattle were exposed to different degrees
of environmenta pollution and due to consumption of feeds grown in the

industria region. This is in agreement with the present finding.

Mor (2005) reported a high Cd and Pb leve in cattle Manure from a
region with heavy traffic, followed by industrial region and the rula region. This
indicated that the cattle maintained in the industrial area was mor” affected than
rurd aea suggestive of industrial pollution contaminating water, soil and
vegetation of the surrounding area which is in agreement with the present
findings in industriad area .The heavy metals content in the manure of cattle
living in the control area was within the permissible limits indicating a non-

polluted environment.
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53 CORRELATION OF FODDER AND BLOOD HEAVY METALS WITH
OTHER BIOLOGICAL SAMPLES OF INDUSTRIAL AREA®

Fodder Pb level showed highly significant correlations with milk Pb level,
whereas fodder As and milk As and fodder Cd and milk Cd were significantly
correlated. This denotes that an increase in fodder Pb, Cd and As levels might
have resulted in a corresponding higher concentration of Pb, Cd and As in milk.
This finding is in congruence with the results obtained by Sdhju et al. (1994)
Dwivedi et al. (1997), Yadav and Khirwar (1999) and Gowda et ft. (2003). The
higher level of heavy metals in milk of animals may be due to ingestion of

contaminated feed and water from the industrial area.

The fodder Cd and blood Cd levels were significantly correlated in the
present study emphasizing that if fodder Cd were at higher level, tljien there was a
corresponding increase of Cd in blood level of the animal consuming polluted
feed/fodder and water. These findings corroborates with earlier reports of Sidhu
et al. (1994) Dey et al. (1997), Patra et al. (2001), Das et ft. (2002) and
Somasundarum et al. (2005). Correlation occurs between fodder lead and dung
lead in the present observation. This may be due to ingested fe*d and fodders
contaminated with lead were getting excreted through the dung. The present
findings are in agreement with Gowda et al. (2003) and Ivhx (2005). An
increased level of copper in the blood and corresponding higher concentration in
milk indicated ingestion of contaminated fodder and water by the animals from
the industrial area. Similar observations were reported by Swvau™> et al. (1997),
Swarup et al. (2005b) and Rgj et al. (2006).

There was a higher concentration of Cu in the dung as gnd when there
was an increase in the blood Cu level. This is in agreement with earlier reports of
Sidhu et al. (1994) and Gowda et al. (2003). A higher Cu concentration in dung
may be an indication that the leve' of Cu required is sufficient for pody functions

and the excess amount is excreted through dung.
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54 CORRELATION OF FODDER AND BLOOD HEAVY METALS WITH
OTHER BIOLOGICAL SAMPLES OF CONTROL AREA

Correlation of fodder and blood heavy metals with other biologica
samples was recorded in the control area also. There was a lesser concentration of
Cu in milk and dung even there was a higher level of Cu in the fodder. This may
be due to the utilization of copper for the physiological functions and other
metabolic activities of the body. Similar studies had been reported earlier by Dey
et al. (1996), Dwivedi et al. (1997) and Gowda et al. (2003).

The fodder and blood Cd was positively correlated in the present study.
Similarly correlation between fodder lead with milk and diing were aso
significant. Fodder arsenic and milk arsenic were significantly cjorrdated. This
indicates that there was an increase in the concentration of blood) Cd and in the
milk; and dung lead level, when ever there was a higher level pf these heavy
metals in the fodder. These findings are in agreement with the findings of Dey et
al. (1997), Patraet al. (2001) and Somasundarum et al. (2005). Copper content of
milk and dung showed a positive significant correlation with that of blood.
Similar observations were published by Sidhu et al. (1994), Swamp et al. (1997),
Gowda et al. (2003), Swamp et al. (2005b) and Rg et al. (2006).



IMMARY



6. SUMMARY

Industrial pollution threatening animal and the human hedtlji and quality of
the environment is a mgor problem in India Industrial effluents and waste,
chemicals of industries contaminate the water, soil and surrounding vegetation and

prove toxic to animals and human beings living in such areas.

The present study explored the impact of industrialization jin village level
livestock and poultry production and evaluated the level of toxic heavy metals in
surrounding soil, water, forages and in biological samples from industrial area of
Plachimada and in control area of Nallepilly. Based on the observation and scientific
validations, changes in livestock farming system and methodologies- to alleviate the

extent of pollution were sorted out.

This study was conducted in Plachimada village in Perumlatty Panchayat-
industrial area- and Nallepilly village - control area- in Nallepilly Panchayat in
Chittoor Taluk in Palakkad district. Survey of the existing Livestock husbandry
systems was done in the selected study area using a schedule and the livestock
population, husbandry systems, practices adopted and the amjplitude of the
industrialization in livestock production was assessed and andyze*)!. The satellite
picture of the industrialized area was used for locating and identifying the water
sources and collection of water samples. Collection of field sample® of soil, fodder
and water wsre done and examined for the presence of heavy n|etals. Similarly
collection of biological samples milk, meat, egg, blood and dung fr<m the livestock
were taken both from industrial and control area and assessed for the heavy metals
content. All the samples collected from the study area were scientifically analyzed
and identified for the presence of heavy metals lead, cadmium, arseniic and copper by

using Atomic Absoiption Spectrophotometer.
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A detailed survey was done among fifty farmers from the Plachimada
(industrial area) and Nallepilly (control area) villages respectively. The fanners were
interviewed with a schedule and the data was obtained. The socio-economic status of
the fanners revealed that the middle aged persons were more Involved in the
agricultural and animal husbandry activities in the study area. The literacy rate was
comparatively better in the control area than that of the industrial area. Most of the
farmers had an average monthly income per family of Rs. 2000 inj the study area.
Survey showed that a higher percentage of farmers owned land in the control area
compared to that of industrial area. Cultivation of crops and plantations were less in
both industrial and control area. The study revealed that majority! of the farmers
possessed dairy cattle with major source of income from livestock farming in both
zones. Survey indicated that semi-intensive system was practiced byj mgjority of the
farmers with simple type of housing. The feeding practices adopted hy the farmers in
the control area were comparatively better than industrial area which may be due to
more land availability. Economic viability of rearing cattle was betteif in control area.
Most of the farmers surveyed stayed very near to the industry in the industrial zone.
The study revealed that nearness of the industry to the grazing] lands may be
affecting the livestock. Due to the close proximity of the industry| to the fanners
habitations, majority of the fanners desired a change in the existing systems. This
may be due to the pollution, reduced land availability, shrinking tedder resources

and poor economic viability of fanning in the industrial area.

The heavy metals Cd (0.06+0.002) and Pb (0.17+0.005) in thj: drinking water
of the industrial area was above the permissible limits laid down by WHO (1995).
Cu (0.24+0.06) and As (0.02+0.004) in water were within the standards in the
industrial area. In the control area al the heavy metals except Cd J(0.02+0.003) in

water were within the pennissible level.
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The heavy metals Cd (1.39+0.05) and Pb (1.87+0.23) in Jthe soil of the
industrial area was above the permissible limits of WHO (1995) whereas Cu
(0.86+£0.06) and As (0.02+0.003) in soil were within the standards |n the industrial
area. In the control areathe heavy metals Cd (0.21+0.003) and Pb (0.|I7+0.02) in soil

content were higher than the WHO permissible standards.

The Cu (9.93+1.51 and 3.13+0.51), Cd (7.73+1.00 and 2.4"+0.41) and Pb
(7.61£0.79 and 2.18+0.41) level in fodder samples were above the permissible limits
of WHO (1995) in both industrial and control areas whereas arsenic content was

present within permissible levels in both zones.

The milk samples of industrial area recorded a higher concentration of
Cu (0.58+0.06), Cd (1.33+0.07) and Pb (1.32+0.13) than the WHO ("995) prescribed
standards. All the heavy metals in milk were less than the permissiple limits in the

control area.

The heavy metals Cu (0.07+£0.005) and Cd (0.09+0.007) ih meat samples
observed in industrial area were above the permissible limits of WHO standards
whereas As (0.03+£0.01) is within the normal limits. All the heavy metals in meat

were less than the prescribed levels in the control area.

Cd (0.12+0.005) was higher and above the WHO prescribe® limits whereas
Pb (0.03+0.005) and Cu (0.07+0.01) were slightly above the normal “tandards in egg
samples of industrial area. All the heavy metals in egg samples ijvere within the

prescribed limits in the control area.

The level of Cd (0.09£0.007) and Pb (0.10+£0.008) in bloo[i samples from
livestock of industrial area was comparatively higher than WHO standards and the
control area. Cu (0.12+0.01) and As (0.02£0.004) were within the prescribed limits.
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In the control area all the heavy metals in blood samples were withiji the prescribed

standards.

The content of Cu (0.16+0.01), Cd (0.15+0.01) and Pb (0.1 Of 0.008) in dung
of livestock from the industrial area was higher than the control area’ and was above
the maximum permissible limits. As (0.01+0.004) level was within thje normal limits.
All the heavy metals except Cu (0.10+£0.009) in dung were withinj the permissible

limits in the control area indicating a non-polluted environment.

This study aimed also to find out the relationship between vj'ater, soil, plant
and animal system. Correlation of fodder and blood heavy metas with other
biological samples was done in industrial area. Fodder Pb shewed a highly
significant correlation with milk Pb content. Correlation between fodder As and milk
As concentration was also significant. Correlation between fodder CY with blood Cd
was significant. Correlation was observed between fodder Pb with dulng Pb values. A
negative correlation was recorded between milk Cu with blood Cu w*hich was highly

significant. Correlation existed between blood Cu with dung Cu at a significant level.

Similarly correlation of fodder and blood heavy metals with jother biological
samples was done in control area also. Fodder Cu had a significant negative
correlation between milk and dung Cu values. Blood and fodder Cd was significant
and positively correlated. Correlation of fodder Pb with milk and dung Pb were
significant. Fodder As and milk As were significantly correlated. jn blood the Cu

content of milk and dung showed a positive significant correlation.

The severity of health impact of pollution depends on kind 4f pollution and
pollutants, presence of interacting chemicals, extent of route of exposure, and
species, age, physiology and nutrition of the exposed population!. So prolonged

exposure to chemical pollutants such as heavy metals, pesticides, fluorides etc
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released from the industries are capable of inducing non-specific tnd sub-clinical

effects in animals.

Bioaccumulation of toxic heavy metals, especially lead, cadmiu™n and arsenic in
milk, meat and in poultry products have evoked great concern during the recent
years. Severa studies revealed higher levels of heavy metals in milk| eggs and other
tissues of animals living in the industrial area. From the present study it was found
that the industrial area had contaminated water, soil, and fodder under observation.
The heavy metal contamination was from copper, cadmium and lead [whereas arsenic
was almost within the permissible limits. The biological samples ijiilk, meat, egg,
blood and dung collected from the industrial zone were also contaminated with
copper, cadmium and lead when compared with the control area sam|ples. The level
of heavy metals in the biological samples of industrial area was above the WHO
permissible limits. Arsenic was present within the maximum permissible level in all
the biological samples. It is also concluded that industrialization ma® add pollutants
to the area thereby causing an indirect effect on livestock production! systems and in

turn to the human beings.
The following recommendations may be suggested:

1. Monitoring the level of pollution in water, soil, plants anfl fodder crops,

animals and in man in industrial zones at regular intervals.

2. Create awareness among fanning community to adopt bettler management

practices in nourishing their stock avoiding contaminated foo<f.

3. Encouragement of organic fanning along with Phytoremedi4tion techniques

to counter the heavy metals accumulation in soil and water.

4. Treatment of discharges and effluents from the industries and [implementation

of dtrict rules and regulations.
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5. Sde disposal of discharges and effluents after treatnient to reduce
contamination of the surrounding areas. Efficient waste management system
to be adopted.

6. Recommendation of rearing indigenous animas and adoption of Mixed
farming system to improve economic status of farmers.

7. ldentify and growing of trees/ plants that may flush out the (contaminants to
reduce the level of toxic elements from the industrial zones.
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APPENDIX-1 - Question Schedule
Village level livestock production - Survey

1. Name of the person:

2. Address of the person:

3. Family details:

No of members of | Hushand Wife Children Others
the family

Name

Age

Sex

Education

Occupation
working
Fulltime/Part time

Income per Y ear

3. Present land holding or landless

Own land / leased

Total area

Type of land: dry/ wet

Type of cultivation: paddy/ garden / plantain

Crops available ]

Farming experience: Yes/ No i

5. Cropping pattern:

Type of crops available

Type of farming

Market income per annum from
1. Agriculture
2. Livestock

6. Water source

for irrigation for drinking

Well
Cana
Bore Well
Rain fed
Pond

Tap water
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7. Number of animals/birds maintained:

No of
heads

Species
maintained

Type of housing

Manpower utilization

Family labour

Hired labour

Cattle

Goat

Pig

Sheep

Poultry

Others

8. Housing system for animals

Cattle

Goat

Pig

Sheep

Poult|-y

Others

Total

Lean to type

Concrete

Cage

Open System

Backyard

Raised system

\—

9. Waste disposal: Manure disposal

Drying / Spreading / Manure Pit / Bio Gas / Others

10. Feeding of livestock

Type of feed
Cone/ Green fodder/
Grazing

Species
maintained

Cost of feed

Feeding practl

ces

Farming system

No of times pd

Mday

Intensive Extensive

Cattle

Goat

Pig

Sheep

Poultry

Others

11. Watering livestock:
Cow/ Goat/ Sheep

Summer

M onsoon

Sources of waler

Interval of watering / day

Approximate quantity of water
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12. Type of farming:
Intensive / extensive / semi extensive/ Back yard / Integrated

13. Locality of the house / grazing area:
Type of industries present
Approximate distance to the industry
Extent of farmer's link with industry:

14. Quantity of livestock products obtained:
Milk
Meat

Egg
Others

15. Channels of marketing the product:

Direct | Co-operative | Middleman
society

Milk
M eat

Eqg
Others

16. Type of livestock farm interested to start: cow/ goat/ poultry/ rgjbbit
Whether financial support required from institutions like bank: Yes/ No

How much credit required: Rs.
Credit period required: Short/ medium/ long term

17. Whether the present system of farming is profitable: Yes/ No
Yearly expenditure on livestock
Yearly income from livestock/ agriculture

18. What type of livestock rearing is profitable as per your opinion:
Cattle/Goat/ Pig/Rabbit/Poultry

19. What are the inputs required for improving the present conditior)
Feed / Al / Health care

20. Has the setting up of industry in your locality a Tect your Agriculture / Livestock
production. If yes give details.
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ABSTRACT

An in depth assessment and analysis of two villages, one gi industrial area
and the other an agrarian hamlet, was taken up. The effect of industrialization and
pollution in village level livestock and poultry production and toxic heavy metals
content as an indicator of pollution in water, soil, fodder and in biological samples
were studied. Based on the observation and scientific validations, changes in
livestock farming system and methodologies to aleviate the extent of pollution were

sorted out.

This study was conducted in Plachimada village - industrial area - in
Perumatty Panchayat and in Nallepilly village- control area in Nallepilly Panchayat
in Chittoor taluk in Palakkad district. A detailed survey of the existing husbandry
systems was done in the selected study area using a schedule. Collection of samples
of water, soil, fodder and biological samples milk, meat, egg, blood and dung
samples were collected and examined from both industrial and control area. The
samples were analyzed for presence of heavy metals like copper, cadmium, lead and

arsenic by using Atomic absorption spectrophotometer.

A detailed survey was done among fifty farmers from the Plachimada
(industrial area) and Nallepilly (control area) villages respectively. The farmers were
interviewed with a schedule and the data was obtained. The socio-economic status of
the farmers indicated that the middle aged persons were more involved in the
agricultural and animal husbandry activities. Most of the farmers had an average
monthly income per family of Rs. 2000 in the study area. Cultivation of crops and
plantations were less in both industrial and control area. The study revealed that
majority of the fanners possessed dairy cattle with maor source bf income from

livestock fanning in both these study areas. Economic viability of rearing cattle was



better in control area than that of industrial area. Most of the farmers jsurveyed stayed
very near to the industry in the industrial zone. The study revealed that nearness of

the industry to the grazing lands may be affecting their livestock farnjing system.

The presence of heavy metals cadmium and lead in drinking water and soil
samples of industrial area was more than that of the control zone and the WHO
(1995) recommendations. The presence of copper and cadmium in meat samples was
higher whereas cadmium and lead in blood samples of the industrial area was found
more than that of the control zone and the permitted levels as per the WHO
recommendations. The level of copper, cadmium and lead in fodder, milk, egg and
dung samples of the industrial area was found more than that of the control zone and

the permitted levels as per the WHO recommendations.

This study aimed aso to find out the relationship between wate”, soil, plant and
animal system. Correlation of fodder and blood heavy metals with other biological
samples was done in industrial area. Fodder lead showed a hijghly significant
correlation with milk lead content. Correlation between fodder alsenic and milk
arsenic concentration was also significant. Correlation between fodder cadmium with
blood cadmium was significant. Correlation was observed between fodder lead with
dung lead values. Correlation existed between blood copper with dung copper at a

significant level.

Similarly correlation of fodder and blood heavy metals with other biological
samples was done in control area also. Blood and fodder cadmium was significant
and positively correlated. Correlation of fodder lead with milk and dung lead were
significant. Fodder arsenic and milk arsenic were significantly correlated. In blood

the copper content of milk and dung showed a positive significant colrelation.

The heavy metals lead, cadmium, arsenic and mercury from industrial

pollution arc of high environmental concern due to their toxicity even a low



concentrations. These metals may persist in the system for seveial days due to
cumulative nature and may cause severe health effects in man and animals.
Bioaccumulation of toxic heavy metals, especially lead, cadmium and arsenic in
milk, meat and in egg have evoked great concern during the recent years. Heavy
metals contaminants may enter the animal system through pollution of air, water,

soil, feed polluted by industrial sources.
|

From the present study it was found that the industrial area hid contaminated
water, soil, and fodder under observation. The heavy metal contamination was from
copper, cadmium and lead whereas arsenic was almost within the permi ssible limits.
The biological samples milk, meat, egg, blood and dung collected frdm the industrial
zone were also contaminated with copper, cadmium and lead when compared with
the control area samples. The level of heavy metals in the biological samples of
industrial area was above the WHO permissible limits. Arsenic wg> present within
the maximum permissible level in al the biological samples. It is aso concluded that
industrialization may add pollutants to the area thereby causing an indirect effect on
livestock production systems and in turn to the human beings. The following

recommendations may be suggested.

1. Monitoring the level of pollution in water, soil, plants ant fodder crops,

animals and in man in industrial zones at regular intervals.

2. Treatment of waste water and other discharges/effluents front industries with

implementation of strict rules and regulations

3. Safe disposal of the discharges, effluents and waste materials from the

industries and factories. Efficient waste management to be adapted.

4. To create awareness among farming community to adopt better management

practices.



. Encouragement of organic farming.

Recommendation of rearing indigenous animals and adoptjion of Mixed
farming - system to improve economic status of farmers.

. Phytoremediation may be done to decontaminate soil and watgr to reduce the
soil heavy meta content.

. ldentify and growing of trees/ plants to reduce the level of jtoxic elements

from the industrial zones.



