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1. Introduction

Lead is a well known non-biodegradable toxic metal in the environment and now, it has
become a global health issue (1-5). More than 15 million children in developing countries are
suffering permanent neurological damage due to Pb poisoning (6). Lead toxicity in children
causes serious health hazards i.e. permanent brain damage, causing learning disabilities,
hearing loss, and behavioural abnormalities and in adults causes hypertension, blood
pressure problems, heart disease, etc. (7-9). The elevated levels of Pb in blood of children
(200 pg 1Y) and dogs (250 pg 111 ) of Indian megacities were reported (10-11). Sources of Pb
pollution in India may be divided into two major categories: industrial and domestic. The
industrial Pb exposures are mainly due to the particulates generated by coal burning and
roasting of minerals i.e. iron pyrite, dolomite, alumina, etc. The domestic Pb exposures come
mainly from cooking by use of the solid fuels (i.e. coal, biomass, agricultural waste, etc.),
paints, ceramic glazes, cosmetic and folk remedies, drinking water, food, etc. The most of
minerals and coal in Indian subcontinent are reserved in the central states i.e. Chhattisgarh,
Jharkhand, Madhya Pradesh, Orissa, etc. Raipur city is capital of Chhattisgarh state and the
environment (soil, rain, etc.) of this region is found to be contaminated with Pb and other
heavy metals at elevated levels (12-13). The aim of this work is to highlight the lead levels in
the various environmental compartments (i.e. air, rain, runoff water, surface soil, sludge and
plants of the central India) and to discuss its sources, exposures and toxicities.

2. Method and Materials

2.1 Study area
The lead contamination levels were investigated in the environment of five cities: Raipur,
Bhilai, Kaudikasa, Mandla and Korba, Figure 1. Their geography and environment are
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shown in Table 1. The population of Raipur city is ~ 2.0 million, and being exposed to high
levels of air pollution due to rapid industrialization and urbanization. Raipur city and its
neighbourhood are now becoming an important regional commercial and industrial
destination for the coal, power, steel and aluminium industries. Raipur is the biggest iron
markets in the country. Bhilai is the second-largest city in Chhattisgarh state, and it is
located 20 km away in the north-western part of Raipur. The town is famous for running of
one of the largest World Steel Plant. Korba is another city famous for power supply and
located in the NE direction ~ 150 km away from Raipur. The Kaudikasa is a remote area,
situated in Rajnandgaon district, Chhattisgarh and severely suffering with geogenic arsenic
toxicity problem (14). The Mandla town is situated in a loop of the Narmada river in the
Madhya Pradesh state and severely affected with the flourosis problem (15).

2.2 Collection and analysis

The respirable aerosol particles, fine and coarse particulate matter (PMz5 and PM;o) were
collected at residential site (i.e. Dagania) of Raipur city during period, June, 2005 - May,
2006 to know Pb-
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Fig. 1. Representation of sampling sites in India
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City Location Population  Type Remark
million
Raipur 21°24N & 2 Urban &  Several steel, ferro-alloy
81°63'E Industrial ~and cement plants are
running
Bhilai 21°13'N & 05 Industrial ~ The Asia biggest steel plant
81°25'E is in the operation
Korba 22°21'N & 05 Industrial ~ Thermal power plants of
82°40'E capacity, 40000 MW Yr!
are in operation
Koudikasa 0.01 Rural Suffering with geogenic
arsenic problem
Mandala 22°60" N & 0.1 Semi- Suffering ~ with  severe
80°38'E urban fluorosis problem

Table 1. Geography and environment of sampling sites

contamination in the air. The Partisol Model 2300 sequential speciation air sampler (Thermo
Scientific, USA) was used for collection of the PMy and PM;5 over the teflon PTVC filter
(Whatmann, 47-mm diameter). The sampler was installed at the roof of the building, 10-m
above from the ground level. The weighted filters were housed in the sampler and run for
duration of 24-hrs duration from 6.00 am - 6.00 am. The loaded filters were dismounted,
brought to laboratory, transferred into the desicator, and finally weighted to record the
particulate contents. Each loaded filter was kept in a petri dish, and dispatched to
(Department of Physics, National Institute Nuclear Physics, Florence) Italy for the analysis
of the total lead content by technique i.e. proton induced X-ray emission spectroscopy
(PIXE).

The rain water samples were collected by using automatic collector in year 2008. Whereas,
the runoff water samples were collected manually. The pH and conductivity values were
measured immediately. The rain water sample was transferred into 50-ml plastic bottle and
acidified with few drops of ultra pure nitric acid.

The surface soil, sludge and plant samples were collected in dry season from three
industrial city i.e. Raipur, Bhilai, Korba, Mandla and Koudikasa. The sample was dried,
crushed, sieved out (< 0.5 mm) and digested in the microwave digestion system “MARS 5
with the aqua regia.

A VARIAN “SpectrAA 220Z” model graphite furnace atomic absorption spectrometer (GF-
AAS) equipped with a longitudinal Zeeman Effect background corrector and THGA tube,
auto sampler and automatic data processor was used for analysis of Pb at wavelength and
slit width of 283.3 and 0.5 nm, respectively. The drying, ashing and atomization was carried
out at 110-130, 975 and 2400 °C, respectively. The reference materials were used for the
quality control.

3. Results and Discussion

3.1 Raw material
Two natural resourced raw materials such as iron pyrite and coal are widely used for
production of steel and generation of energy, respectively. They were found to be
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contaminated with the toxic metals at the trace levels. The estimated Pb levels in the iron
pyrite and coal were > 10 and >30 mg kg, respectively. The combustion of 10 MT each of
pyrite and coal may emit > 400 T Pb in the air.

3.2 Air

Lead in the air is emitted as aerosol predominately by burning of solid fuel (i.e. coal and
biomass) and roasting of pyrite minerals in this region. The annual concentration of PMig
and PMy;s in the air (n = 44) was ranged from 37 -501 and 27 - 293 pg m3 with arithmetic
mean value of 209 £38 and 95 +18 ng m=3, respectively (16). The Pb concentration associated
with the PMss and PMj are summarized in Table 2.

PM Range A. Mean G. Mean Median STD, +
PMy5 13 - 5234 730 230 258 1092
PMyp 21 - 5582 909 287 294 1251

Table 2. Concentration of Pb in air associated to PM, Raipur city, ng m3

The highest concentration of the PM;oPb and PM,5Pb in the air was seen in the month of
January and December of a year, respectively mainly due to the lowest wind speed, Figure
2. Meteorologically, the whole hydrological year was classified into four seasons: rainy (July
- September), autumn (October - December), winter (January - March) and summer (April -
June). The concentration of Pb in the rainy season was remarkably decreased, may be due to
removal with the rain, Figure 3. The PM1oPb (12 = 0.40) and PM>5sPb (12 = 0.17) concentration
have poor correlation with the PM concentration, showing dissimilarity in their origin.
While the PM;oPb and PM»sPb have good correlation value (r2 = 0.91), indicating similarity
in their origin in the both fractions, Figure 4.

The annual concentration of Pb in the PMjp and PM,5 was ranged from 0.01 - 1.52 and 0.01
- 256% with mean value of 0.34 and 0.66%, respectively. The highest and lowest
concentration of Pb in the PM was seen in the autumn and rainy season, respectively, Table 3.
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Fig. 2. Monthly mass distribution of Pb in air
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The monthly mean meteorological parameters ie. rain fall (RF), temperature(T),
humidity(H), vapour pressure(VP), wind speed(WS) and sunshine(SS) in Raipur city during
period, June, 2005 - May, 2006 are summarized in Figure 5. The lowest values of the RF, T,
VP and WS were observed in the winter season. The particulate Pb has poor to fare negative
correlation with meteorological parameters i.e. RF, T, H, VP and WS except SS, Table 4. The
concentration of Pb in the air was decreased when the value of RF, T, H, VP and WS was
increased. A reverse trend was observed in the case of sunshine. The WD of the air also
influenced the concentration of Pb in the air, and found to be increased remarkably due to
coming of industrial effluents from north to east directions. In industrial site, the

PM Annual Winter Summer Rainy Autumn

PM2.5 0.56 0.83 0.23 0.16 1.06

PM10 0.34 0.50 0.07 0.07 0.59
Table 3. Concentration of Pb in PM, Raipur city, %

Species RF T H \45 WS SS

PM10Pb 0.25 0.71 0.03 0.16 0.78 0.38

PM2.5Pb 0.1 0.63 0.16 0.04 0.45 0.11

Table 4. Correlation (12) of the Pb content with meteorology
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Fig. 5. Meteorology of Raipur city

Pb concentration in the air was tremendously increased (> 2-folds) due to the anthropogenic
emissions, Figure 6.

The annual mean ratio of [PMy5Pb]/[PMioPb] was found to be 0.80, indicating the
accumulation of 80% Pb in the aerodynamic mode. The Pb concentration in the air has good
correlation with the elements i.e. S (r2 = 0. 71), Cl (12 = 0. 80), Mn (r2=0. 82) and Zn (12 =
0.78) in the fine fraction. The enrichment factor of Pb (concentration ratio of the aerosol to
the soil of the element to the reference crustal element such as Al) in the PM,5 mode was
166, and can be considered as an element of the anthropogenic origin. Lead concentration in
the ambient air of Raipur city during the dry season was found to be much more higher
than other part of the country (17-18).
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Fig. 6. Spatial distribution of Pb in PM during Feb.,2006

3.3 Rain and runoff water

The atmospheric and geospheric pollutants were washed out with precipitates (i.e. rain, fog,
snow, etc.) and runoff water, respectively. The Pb contents in rain of three industrial cities
i.e. Raipur, Bhilai and Korba were ranged from 28 - 849 pg 1! with mean value of 291+130
ug 11, respectively (19). The highest Pb level was detected in the samples of Korba city due
to higher coal burning, Figure 7. Similarly, Pb-content in the runoff water was ranged from
131 - 3157 pg 11 with mean value of 6594232 pg 1, respectively. Almost similar spatial
variation of Pb-content in the runoff water was observed, Figure 7. The Pb content in the
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rain of this region was found to be much higher than reported for other regions of the World
(20-24).
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Flg 7. Spatial distribution of Pb in rain and runoff water

3.4 Soil and sludge

The Pb content in the surface soil of remote, urban and industrial cities (i.e. Kaudikasa,
Mandla, Raipur, Bhilai and Korba) is summarized in Table 5. The highest Pb content in the
surface soil of coal burning site, Korba city (over area ~ 5000 km?) was observed, may be due
to huge coal utilization (25). Similarly, high Pb- content in the soil and sludge of other
industrial city: Bhilai and Raipur was measured (26). The presence of high Pb and other
heavy metal contents in the Mandla city was reported (27). The most of soils were found to
be associated with high heavy metal (i.e. Mn, Fe, Cu, Zn and As) contents, Table 5. Among
them, Fe showed the highest fraction (1-16%) followed by Mn (3030 - 12820 mg kg-1). The
higher content of As was observed in the soil of sites i.e. Korba, Mandla and Kaudikasa. The
origin of As in Mandla and Kaudikasa was expected due to geogenic contamination unlikely
to Korba city. The Pb contents in the soil and sludge of this region was found to be higher
than reported in other parts of the World (28-31).

Location Metal, mg kg1

Pb As Hg Fe, %  Mn Cu Ni Zn
Raipur 276 15 0.1 16 12820 566 60 348
(n=5)
Bhilai 545 13 43 2.7 1440 1240 110 61
(n=3)
Korba (n=9) 1930 45 1.4 21 3400 218 42 230
Mandala 390 53 4.8 1.0 1830 740 670 150
(n=3)
Kaudikasa 25 71 49
(n=10)
Bhilai 115 17 1.1 16 3030 49 28 240
(n=8)

Table 5. Lead and other heavy metals in surface soil and sludge
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4. Accumulation of Pb

The accumulation of Pb in the food grain, vegetables, spices, medicinal and wild species
were investigated (26-27, 32-33). The Pb-content in 10 different rice (grown in 10 different
fields) was ranged from 0.21 - 1.51 mg kg-! with mean value of 0.64 mg kg, Figure 8. The
Pb-content in the respective husk was ranged from 0.56 - 6.28 mg kg1 with mean value of
1.5 mg kg1. Among 10 rice tested, the high yield variety rice, IR-64 was found to be as good
phytoextractant for Pb. The Pb-content in the leafy vegetables, medicinal, spices and wild
plants was ranged from 4.6 - 54.3 mg kg1, Figure 9. Among them, Methi was found to be as
good phytoextractant. The various parts of medicinal plant: sweet Basil (Ocimum basilicum),
commonly used in medicine and for culinary purposes in India were tested for Pb-
contamination, and found to be ranged from 11.7 - 18.5 mg kg-1. Among them, the basil leaf
showed the highest Pb levels, Figure 10. The Pb levels in the wild plants i.e. parthenium
hysterophorus (PH), datura alba (DA) and lantana camara (LC) grown everywhere in India
were ranged from 0.3 - 5.0 mg kg1, Figure 11. Among them, the poisonous plant i.e. datura
alba was observed to be as good phytoremediating agent for Pb to remove from the
contaminated soil. The Pb contents in the plants of this region were found to be
comparable to the Pb values reported in other parts of the World (34-42).

5. Lead toxicity

The permissible limits for Pb in the air, drinking water, soil and food reported are 0.10 - 0.30
ng m3, 5 ug 11, 300 ug kg! and 1.1 mg kg, respectively (43-46). The ambient air of the
central India in the winter season was contaminated with the Pb at level of 1 ug m=3, being
several folds higher than the permissible limit. The rain and runoff water of the industrial
cities of central India are contaminated with several folds higher Pb than permissible limit of
5 ug I1. The medicinal plants, species and leafy vegetables grown in the contaminated soil
were found to be loaded with Pb beyond permissible limit of 1.1 mg kg-1. The humans and
other animals in the industrial cities of the central India are exposed with Pb and other
heavy metals via air, water, soil and food.
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Fig. 8. Accumulation of Pb in various rice
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6. Conclusion

The Pb-contamination of the central India is expected due to both geogenic and
anthropogenic pollution. The coal burning is assumed as a major anthropogenic inventory
for the Pb contamination in the environment. The various environmental compartments i.e.
air, rain, runoff water, surface soil and sludge of the Industrial cities are contaminated with
the Pb and other heavy metals at elevated levels. The leafy and medicinal plants
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phytoextract Pb and other heavy metals significantly, and expected one of the major entry
path way route in human and other animals.
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