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a b s t r a c t

Kanpur city has large number of small-scale industries (SSIs), primarily comprising of textile and leather
industries. This study inventorises the presence of heavy metals in the samples collected from Panki
and Jajmau Industrial Areas of Kanpur city. The bulk concentration of heavy metals found in solid waste
samples was Fe as 1885 and 2340 mg/kg, Mn 173 and 445 mg/kg, Zn 233 and 132 mg/kg, Cu 20 and
eywords:
mall-scale industries
anneries
anpur city
eavy metals

28 mg/kg, Cd 1.4 and 1.1 mg/kg, Ni 26 and 397 mg/kg, Pb 107 and 19 mg/kg, Cr 1323 and 734 mg/kg,
respectively. Heavy metal concentration was also found to be high in soil and road dust samples viz. Ni
and Pb were in higher concentration in few samples, whereas Cr was found in higher concentration in all
samples than the recommended values of USEPA and specifications for compost quality contained in the
Indian Municipal Solid Wastes (Management and Handling) Rules, 2000. The heavy metal pollution so
detected is indicative of contamination in ground and surface water and food chain. This raises concerns

sequ
ractionation pertaining to adverse con

. Introduction

India has over 4.5 millions small and medium scale indus-
ries (SMI’s) accounting for 40% of the total industrial production
hat causes an estimated 70% of the total industrial pollution
oad [1]. Among them there are 3 million small-scale industries
SSIs) accounting for approximately 30–35% of industrial produc-
ion and 50% of pollution. Mostly, industries like textile, dyeing,
anneries, food processing, distilleries, chemical manufacturing,
lectroplating, printing, foundries etc. are in the small-scale sec-
or [2]. Primarily, two reasons are ascribed for excessive pollution
aused by the SSIs, one, use of obsolete technologies, and two, SSIs
enerally are outside regulatory measures.

Situated on the banks of river Ganges, Kanpur city, the com-
ercial capital of the state of Uttar Pradesh (UP) in India, has
population of 2.5 million living in an area of 267 km2 [3]. The

ntreated industrial effluent generated by the industries is gen-
rally discharged in Ganges. Even the Supreme Court of India in

he Kanpur Tanneries Case, had noted that the discharge of trade
ffluents from these tanneries into the Ganges had been caus-
ng considerable damage to the life of the people and also to the
quatic life in the river [M.C. Mehta v. Union of India AlR 1988
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SC 1037]. The apex court had directed for the establishment of
primary treatment plants by the industries operating from Jaj-
mau [4]. The city’s Municipal Solid Waste (MSW) is estimated at
1100 tons per day [5], of which industrial solid waste accounts
for 250–350 tons per day. Kanpur is a large and growing produc-
tion centre for leather goods, produced by tanneries classified as
SSIs, with most of them located in Panki and Jajmau Industrial
Areas.

Wastewater management is problematic in tanneries and rep-
resents major inputs of suspended and dissolved metals, most
importantly chromium sulphate and other inorganic salts and sul-
phur [6]. In the process of leather tanning, fresh sludge has only
trivalent chromium which is not toxic but undergoes oxidation
(with MnO2) and there is formation of hexavalent chromium, which
is highly toxic and mutagenic [7,8]. A large quantity of wastewater
is released by various processes such as paddle operation (washing,
liming and unhairing the skin), fleshing and drum operation (wash-
ing, deliming, bating, pickling and chrome plating) and discharged
without treatment in the open drains [6].

This paper presents an inventory of quality and quantity of
heavy metals in industrial solid waste, soils, road dust around
industrial area, landfill areas and bed sediments from river Ganges.
The distribution and environmental mobility of the heavy metals

has also been addressed. Sequential extraction [9,10] are utilised,
although these methods have some limitation, such as sensitivity
to procedural variables, post extraction, re-adsorption and selectiv-
ity and sample preservation [11,12], but those do not apply when
first assessment of the degree of contamination is conducted. The
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Table 1
Description of sampling sites.

Sample number (Panki and
Jajmau Industrial Area)a

Distance

1 At the beginning of industrial area around
15–30 m distance from industries.

2, 3 and 4 In between the industrial area around 10–35 m
distance from industries.

5–6 At the end of industrial area. Industries were at
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Table 2
Methodologies used for sample analyses.

S.No. Parameters and methodologies used

1 pH, EC by Cyberscan, pH and EC meter, Eutech
Instrumentation, Singapore using Okalebo et al. [17]

2 Kjeldhal’s nitrogen by Okalebo et al. [17]
3 Phosphorus by Okalebo et al. [17]
4 Carbon and sulphur by infrared radiation (IR) based ELTRA,

CS (1000) Analyser
5 Metals (Fe, Mn, Zn, Cu, Cd, Cr, Pb and Ni) by Loring and

Rantala [18]

T
C

S

15–20 m away from these sites.

a From same sites with some distance soil samples from road sides, road dust
rom roads and industrial solid waste from dumps were collected.

equential extraction was recognised as an appropriate method
or gaining information on origin, bioavailability, mobilisation and
ransport of heavy metals [13–15].

. Experimental

.1. Study area and sampling sites

Samples were collected from Panki and Jajmau Industrial Areas
f Kanpur city. Sampling sites were at 10–35 m distance from indus-
ries and within the industrial areas (Table 1).

.2. Sample collection and materials

The samples of industrial solid waste and soil were collected
rom road sides from Panki and Jajmau Industrial Areas. Solid
aste and soil samples were collected by stainless steel auger after

emoving top layer from the depth of 1–5 cm depth after removing
rass, waste paper and polythene [16]. Road dust is mainly air-
orne soil or mixed of soil and waste from industries. The road
ust samples were collected after sweeping the roads with broom.
hese samples were collected twice within a gap of 5 months before
nd almost at the end of rainy season (March and August) in the
ear 2005. Six samples were collected for soil, road dust and solid
aste in each sampling time. Besides the two bed sediments sample

rom the Ganges River and similarly, three sample of MSW dis-
osal area at G.T. Road were collected once from Kanpur city in
ugust.

These samples were collected in air-tight polythene bags after
roper mixing and then labeled carefully. The samples were carried

◦
o laboratory and stored in a cold room at a temperature of 4 C for
urther analysis. Then the samples were dried at room temperature,
omogenised and sub-sampled by quartering and ground to pass
hrough 2 mm sieve. These processed samples were sub-sampled
or further analysis.

able 3
hemicals characterisation of samples collected from small-scale industrial areas of Kanp

pH EC (mS/cm) TC (%)

PIAa (no. of samples)
SW (12) 7.20 3.49 1.44
S (12) 6.99 3.30 3.13
RD (12) 7.77 2.00 1.03

JIAb

SW (12) 8.07 3.73 1.98
S (12) 7.94 0.78 1.31
RD (12) 8.05 0.57 1.12
Landfill (3) 8.35 0.59 0.87
Ganga bed sediment (2) 7.48 0.20 0.97

W, solid waste samples; S, soil samples; RD, road dust samples.
a Panki Industrial Area.
b Jajmau Industrial Area.
6 Fractionation of metals by Ma and Rao [15]

2.3. Methodology

The pH, EC, Kjeldhal’s nitrogen and phosphorus in samples were
measured according to the standard methodologies [17]. The pH
and EC were measured immediately after collecting samples in field
by mixing 10 g of sample in 25 ml (1:2.5) of deionised water using
Cyberscan, pH and EC meter. The 50–100 mg of the sample was
used for analysis of total carbon and sulphur using ELTRA CS (1000)
analyser (Table 2). Inorganic carbon and sulphur were measured
after digesting with H2O2. The organic carbon and sulphur contents
were computed as the difference between the total and inorganic
fractions.

For bulk analysis of heavy metals, 0.1 g of finely grounded solid
waste, road dust and soil samples were digested using triple acid
using standard Loring and Rantala method [18] and metals were
analysed by Atomic Absorption Spectrophotometer (AAS), Shi-
madzu AA 1600.

The Canadian soil standards SO1, SO2, SO3 and SO4 were
digested in same manner and used for calibration. Replicated sam-
ples were analysed against standards for precision and accuracy.
Data for the standards had reproducible error as ∼5–10% of there
published values. The detection limits of instrument for heavy met-
als were as Fe 0.05, Mn 0.02, Zn 0.01, Cu 0.03, Cd 0.01, Cr 0.05, Pb
0.02 and Ni 0.04 mg/kg. All chemicals used for this analysis were
from MERCK of high purity. The deionised mille Q distilled water
was used for all preparation.

Sequential extraction of heavy metals was carried out accord-
ing to procedure given by Ma and Rao [15]. Six operationally
defined phases were separated viz. mobile fractions F1–F5 (water-
soluble F1, exchangeable F2, carbonate-bound F3, Fe–Mn oxides

F4, organic-bound F5) and residual fractions F6 [15]. Mass
and material balance was taken care of while following this
procedure.

ur city.

OC (%) TS (%) OS (%) TN (%) TP (%)

0.78 1.90 1.34 0.15 0.75
2.50 1.94 0.51 0.15 0.52
0.54 1.58 1.25 0.27 0.94

1.29 1.12 0.71 0.09 1.06
0.76 1.44 0.60 0.22 0.59
0.62 0.59 0.44 0.29 0.52
0.45 1.50 0.85 0.22 0.55
0.37 0.76 0.23 0.07 0.97
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Table 4
Heavy metals (mg/kg) studied in samples collected small-scale industrial areas of Kanpur city.

Fe Mn Zn Cu Cd Ni Pb Cr

USEPA Std. (MSW) – – – 281 3.3 7.5 34 76
Compost Std. (MSW, India) – – – 300 5 50 100 50

PIAa (no. of samples)
SW (12) 1884.57 173.14 232.93 20.10 1.42 26.11 107.11 1323.45
S (12) 871.64 40.86 346.04 8.19 1.03 10.98 55.49 859.24
RD (12) 1083.99 75.09 144.49 15.23 1.17 18.00 85.53 939.71

JIAb

SW (12) 2340.32 444.81 131.82 28.38 1.12 396.68 19.20 733.61
S (12) 1689.48 266.34 77.21 13.39 1.66 11.85 8.21 393.30
RD (12) 838.22 188.59 43.00 12.19 1.07 22.90 3.50 406.92
Landfill (3) 953.43 176.13 32.93 6.47 1.50 1.61 4.10 23.50
Ganga bed sediment (2) 245.87 46.00 134.00 23.00 0.60 0.68 1.70 66.00

SW, solid waste samples; S, soil samples; RD, road dust samples.
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a Panki Industrial Area.
b Jajmau Industrial Area.

. Results and discussion

Analytical data drawn from this study is given in Tables 3 and 4
nd in Figs. 1 and 2.

.1. pH and EC in industrial solid waste

The average value of pH in solid waste samples of Panki and
ajmau were 7.2 and 8.0, respectively. The slightly alkaline nature

as expected in these samples as tanneries use basic salts. Sim-
larly, soil and also road dust samples had neutral to alkaline
H. Landfill sample showed pH as 8.35 and Ganges bed sedi-
ents as 7.48 indicative of the fact that tannery waste had some

nvironmental impact (Table 3). Due to alkaline nature of waste,
t would further promote adsorption to soil and in the ground.
he average values of EC in samples of Panki and Jajmau were
.00–3.49 and 0.57–3.75 mS/cm, respectively. The high EC contents

n these samples might be due to higher concentration of dissoci-

ted ions like HCO3−, SO2

4−, Cl−, NO3−, Ca2+, Mg2+, Na+ in tannery
aste [6,19]. Similar high concentration of EC > 5.00 mS/cm was

eported in the tannery waste collected from Tamil Nadu, India
6].

ig. 1. Heavy metals concentration (mg/kg) in samples collected from small-scale
ndustrial areas of Kanpur city.
3.2. Total carbon (C), sulphur (S), nitrogen (N) and phosphorus
(P)

Carbon, sulphur, nitrogen and phosphorus were estimated in the
collected samples to assess their fertility for the soil conditioning.
The average value for total C was 0.87–3.13%, for total S 0.59–1.94%,
for total N 0.07–0.29% and for total phosphorus was 0.52–1.06% in
Panki and Jajmau Industrial Areas soil, solid waste and road dust
samples (Table 3). The sulphur content in the samples might be due
to basic chrome sulphate, ammonium sulphate, sodium bi-sulphite,
sulphric acid etc. used for processing raw skins of animals [6]. Total
carbon too was high in some samples probably because of presence
of fats, hairs and skins of animals in the waste discharged from
tannery industries [20].

3.3. Bulk estimation of heavy metal

The bulk concentration was studied for eight metals (Fe, Mn,
Zn, Cu, Cd, Cr, Pb and Ni) in the collected samples. Average con-
centration of heavy metals in soil, solid waste and road dust
samples are given in Fig. 1. Heavy metals like Ni, Pb and Cr
were found in higher concentration then recommended by USEPA
standards and MSW standards in India for composting (Table 4).
Beside solid waste samples, the soil and road dust were also
reported with high concentration of heavy metals, this might be
due to dust from industries deposited there. Chromium concen-
tration was found quite high 1323 mg/kg at Panki as this area
had large number of tanneries. Similarly, Chromium was reported
as 12,960 mg/kg in soil due to dust from tanneries and other
factories in Guanajuato, Mexico [21] and 3940 mg/kg in spent
chrome tar liquid from a tannery processing 500 hides in a day
[22].

The high concentration of Fe, Mn, Ni and Pb in samples might
be due to presence of other ferrous and non-ferrous industries like
printing, electroplating, dyeing etc. in the industrial areas (Table 4).
Similar results were obtained by authors from the solid waste
and wastewater samples analysed from the SSIs in Delhi, India
[23,24]. They also reported that the untreated industrial waste from
SSIs goes for dumping in landfill areas with municipal solid waste
thereby raising the possibility of causing soil, surface water and
ground water pollution in and around dumping areas [19,25].
A good correlation (0.9–0.5) was observed between almost all
the metals studied in Panki and Jajmau Industrial Areas, which
indicated that source could be same type of industrial activities.
Whereas, in Panki Zn had showed a significant negative correla-
tion (−0.9 to −0.5) with almost all metals. This has indicated that
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Fig. 2. Percentage of heavy metals in different fractions of bulk sample. F1, water soluble; F2, exchangeable; F3, carbonate bound, F4, Fe–Mn oxide, F5, organic bound; F6,
residual fraction. Panki, Panki Industrial Area; Jajmau, Jajmau Industrial Area.
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here might be some Zn based industry activities there. Similarly,
n Jajmau, heavy metals seem to be well correlated with each other
xcept Cd, which showed negative correlation with Mn, Zn and Cu,
ut not a significant correlation.

The data from these two industrial areas shows that the soil and
oad dust is equally polluted in these industrial areas. Collective
ollutant release from these industrial areas is liable to cause long-
erm environmental impact [25].

.4. Fractionation of heavy metals

Chemical fractionation was studied to analyse heavy metal dis-
ribution from industrial areas (Fig. 2), which constitute the major
eservoir for potential subsequent release of contaminants into the
nvironment [9–12].

Fig. 2 shows the percentage of metals in mobile fractions F1–F5
nd residual fractions F6 in the solid waste samples of Panki and Jaj-
au Industrial Areas. The high percentage i.e., 7% of Fe was reported

n Fe–Mn oxide fraction in Panki, whereas, highest 0.48% in organic-
ound fraction of Jajmau area, though residual fraction had 90% and
9% of Fe fractions, respectively. Similar results were reported by
any other authors [13,24] in past. The 4% and 8% of Mn fraction
ere reported in exchangeable and carbonate-bound fraction of

anki, whereas, Jajmau had higher concentration of mobile fraction
n Fe–Mn oxide and organic-bound fraction. The higher metal con-
entration in exchangeable fraction indicates the higher possibility
f leaching of metals.

Among the toxic metals studied for fractionation, i.e., Cr, Ni,
d and Pb. Panki had, 97% of Cr in residual fraction, whereas

ajmau, had 77%, in which carbonate and Fe–Mn oxide bound
raction showed higher fraction. This indicated that Cr con-
amination could be more from Jajmau waste. The Ni fraction
n Panki, 49% in mobile fraction, among the mobile fraction,
rganic bound > Fe–Mn oxide > carbonate > exchangeable > water-
oluble fraction, whereas, in Jajmau, carbonate bound > Fe–Mn
xide > organic bound > exchangeable > water-soluble fraction.
imilarly, Cd fraction in mobile fraction was 24% and 14%, Pb as
7% and 36%, respectively, in Panki and Jajmau Industrial areas.
he heavy metals like Ni, Pb and Cr found in higher amounts in
obile or environmentally bio-available fraction would lead to

igher possibilities to pollute ground, surface water in and around
isposal sites [23–25].

. Conclusions

The high concentration of heavy metals viz. Cr 1323 mg/kg in
olid waste, 859 mg/kg in soil and 940 mg/kg in road dust at Panki
ndustrial area and 734 mg/kg in solid waste, 393 mg/kg in soil and
07 mg/kg in road dust at Jajmau Industrial area of Kanpur city,

n view of its toxicity are liable to pose adverse effect on environ-
ent and human health. Therefore, it is imperative to prescribe

egulatory norms/standards for SSIs for waste disposal by treating

hem collectively not individually in an Industrial Area. Further,
he possibility of resource recovery from these waste materials
lso needs to be inquired. Such a step can lead to conservation of
on-renewable natural resource thereby contributing to sustain-
ble development.
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