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Abstract

The rapid increase in population together with unplanned disposal of effluents from various industries has

resulted in accumulation of various heavy metals like As, Cr, Cu, Hg, Ni, Pb and Zn in soil ecosystem which

ultimately causes DNA damage in living systems. Considering this, the present study was designed to

evaluate the content of various heavy metals (Cu, Cr, Co, Hg, Mn, Ni, Zn) and genotoxicity/mutagenicity of

soil samples collected from the outskirts of two industries viz. zinc coating industry (SI) and copper sulphate

manufacturing industry (SII) employing Allium root anaphase aberration assay (AlRAAA) and Ames assay.

The physicochemical parameters like bulk density, water holding capacity, moisture content, pH, nitrates,

phosphates and potassium were also estimated. It was observed that SI sample contained Ni (6.86  mg g-1),

Zn (6.53  mg g-1), Co (5.05  mg g-1) and Cr (4.49  mg g-1), while SII contained Cu (32.86  mg g-1), Ni (9.66

mg g-1), Co (6.85  mg g-1) and Zn (5.41  mg g-1). In AlRAA assay, the percentage of cells with anaphase

aberrations ranged from 3.63 to 10.67 and 0.38 to 4.83% for samples SI and SII, respectively. In Ames test,

sample SII was found to be lethal to Salmonella tester strains at all concentrations used, while sample SI was

found to be mutagenic in TA100 strains of Salmonella typhimurium. Sample SII was found to be strongly acidic

with pH 3.46. The present study focuses on the increasing heavy metal pollution in Amritsar city due to

industrial discharges over lands and also infers that both bioassays Ames and AlRAAA can serve as first alert

indication of pollution.
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Introduction

Soil is considered as natural medium for plant growth and

supplies the required nutrients to the growing plant. But in recent

decades, the increasing pace of global industrialization in public

and private sectors along with urbanization, population explosion

and green revolution has resulted in soil pollution (Birkeland, 1984).

Environmental pollution on account of industrial growth directly affects

not only the soil and water systems in exclusively industrial areas,

but also agricultural fields as well as the beds of rivers, canals and

barrage reservoirs producing sources of secondary pollution.

Among different types of pollutants in the soil system, heavy metals

are of great concern since some of them like Cr, Cu, Ni, As, Hg, Pb

and Zn are known to be carcinogenic (IARC, 1987, 90).

Environmentally released metals are mainly deposited in soils and

are mobilized either by leaching or by uptake into plants. Kashem

and Singh (1999) reported high concentrations of Cd, Cu, Mn, Ni,

Pb and Zn in soil samples and plants in the vicinity of industries in

Bangladesh.

A number of studies have shown the presence of different

mutagenic substances in different soils using Ames test (Monarca et
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al., 2002; Mathur et al., 2006; Mouchet et al., 2006; Katnoria et al.,

2008; Chakraborthy and Mukherji, 2009; Aleem and Malik, 2009).

However, in a few studies, Ames assay yielded negative results

using genotoxic evaluation of soils contaminated with heavy metals

and other complex mixtures (Steinkellner et al., 1998). During

early 1990s, soil genotoxicity was evaluated using plant bioassays

which show higher sensitivity and affordability and allow in situ

monitoring with evaluation of the real conditions of the polluted site

studied. The plant bioassays particularly using Tradescantia and

Allium cepa have been validated by International Programme on

Chemical safety (IPCS) under the auspices of World Health

organization (WHO) and United Nations Environment Programme

(UNEP) for determination of mutagenicity of wastewater samples,

soil solutions and agricultural soils contaminated with pesticides

(Cabrera and Rodriguez, 1999; Vershaeve, 2002; Chandra et al.,

2005; Aleem and Malik, 2009). Vershaeve (2002) estimated the

genotoxic potential of groundwater, surface waters and contaminated

soils and reported their genotoxicity. Chandra et al. (2005) studied

the hazardous effects of waste water from two industries employing

Allium test. Aleem and Malik (2009) analyzed genotoxic effects of

agricltural soil that was contaminated with organophosphorus

(dimethioate, malathion and chlorpyfiros), organochlorine (DDE,

DDT, dieldrin, aldrin) and endosulphan pesticides.  In the present

study, an integrated biological/chemical approach using a short

term bacterial mutagenicity test (Ames assay), a plant genotoxicity

test (Allium root anaphase aberration assay) and chemical analysis

was followed to determine the genotoxic potential of two industrial

waste contaminated soils of Amritsar, India.

Materials and Methods

Soil samples were collected from two different sites

contaminated with industrial effluents of zinc coating industry (SI)

and copper sulphate manufacturing industry (SII). The soil samples

were collected by digging the soils to 10x10x20 cm3, dried at room

temperature for 72 hr and then ground to fine powder (Cabrera

and Rodriguez, 1999).

Physico-chemical analysis: The soil extract was prepared by

digesting 1g of soil sample in 10 ml aqua regia. Six heavy metals

viz., copper (Cu), chromium (Cr), cobalt (Co), manganese (Mn),

nickel (Ni) and zinc (Zn) were estimated using atomic absorption

spectrophotometer model AA6200 make Shimadzu where as mercury

(Hg) was estimated using mercury analyzer model MA5800/E make

ECI. pH was measured by pH meter model micro pH system361

make Shimadzu. Bulk density was estimated by w/v method. Moisture

content was estimated by oven drying method and water holding

capacity by Brass box method (Rao, 1998). Nitrates and phosphates

were estimated using Spectrophotometer model 2202 make

Systronics and potassium by flame photometer model CL 26D make

ELICO.

Estimation of mutagenic potential employing Ames assay:

Water extraction of the soil samples was carried out using distilled

water (soil:water, 1:2 w/v). The solution was filtered using Whatman

paper filters after 24 hr of shaking. The extract was evaporated to

dryness. The resulting dried extracts were further dissolved in

distilled water. Different concentrations of extracts corresponding to

0.25, 0.5, 1.0, 2.0, 2.5 g equivalent per plate were used with

Salmonella typhimurium TA98 and TA100 strains, with and without

in vitro metabolic activation (±S9) to detect direct and indirect

mutagenic response. 4-Nitro-o-phenylenediamine (NPD) was used

as positive control for TA98 strain and sodium azide for TA100

strain in absence of S9 mix while 2-aminofluorene (2AF) was used

as positive control for both strains in presence of S9 mix. The

protocol used for determining mutagenic activity is the same as used

for determining the mutagenic potential of a substance as proposed

by Maron and Ames (1983).

Estimation of genotoxic effects in allium cepa root anaphase

aberration assay: The soil extracts were prepared by suspending

soil in distilled water in ratio of 1 : 2 (w/v) for 12 h at room temperature

(Cabrera and Rodriguez, 1999). Different concentrations (10, 25,

50, 75 and 100%) of extracts and negative control (distilled water)

were used for treatment of roots. The Allium bulbs with freshly

emerged roots of about 1-2 cm were treated with different

concentrations of soil extracts for 3 hr. After thorough washing, the

root tips were fixed in Farmer’s fluid (glacial acetic acid and ethanol

in 1:3 ratio). The root tips were squashed in aceto-orcein and slides

were screened for different types of anaphasic aberrations. In situ

conditions were stimulated by allowing the onion bulbs to root directly

in different soil samples contained in small pots after removing their

primary roots. The freshly emerged root tips (1-2 cm) were fixed in

Farmer’s fluid and the above mentioned procedure was followed to

screen for different types of anaphasic aberrations.

Statistical analysis: All the physicochemical parameters and

genotoxic potential were statistically analyzed by calculating mean

values, standard error and student’s t-test of significance (Bailey,

1995).

Results and Discussion

Results of heavy metal content and other physicochemical

parameters like pH, bulk density, nitrates, phosphates and potassium

etc. of two industrial effluent contaminated soils are given in Table 1.

Among different heavy metals studied for sample SI, nickel content

was found to be maximum (6.86  mg g-1) followed by zinc (6.53  mg

g-1), cobalt (5.05  mg g-1) and chromium (4.49  mg g-1). The sample

SII has shown the highest amount of copper (32.86 mg g-1) followed

by nickel (9.66 mg g-1), cobalt (6.86 mg g-1) and zinc (5.41 mg g-1),

whereas chromium was below detectable range in this sample.

Misra and Mani (1991) reported the typical concentration of various

heavy metals as Co (8 µg g-1), Cr (100 µg g-1), Cu (20 µg g-1), Hg

(0.03 µg g-1), Mn (850 µg g-1), Ni (40 µg g-1) and Zn (50 µg g-1) in

lithosphere and also mentioned that the values of these heavy

metals could vary and usually found in range of 1-40, 5-

3000, 2-100, 0.01-0.3, 100-4000, 10-1000 and 10- 300 µg g-1 for

Co, Cr, Cu, Hg, Mn, Ni and Zn, respectively. The pH of sample SI

was towards alkaline side, while SII was highly acidic. The amount
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of nitrates, phosphates and potassium were higher in case of SII as

compared to that for SI. On the contrary, water holding capacity and

bulk density were higher for sample SI.

The mutagenic effects of different concentrations of soil extracts

in Salmonella Ames assay are shown in Table 2. It was observed that

sample SII was found to be lethal at all concentrations used, while

sample SI did not enhance the histidine revertants in the dose

dependent manner in tester strain TA98±S9. The maximum numbers

of revertants were found to be 140 at 0.25 g equivalent per plate

without S9 and 43 at 2.0 g equivalent per plate of soil extract with S9.

TA100 tester strain has shown the significant mutagenic effect, resulting

in 772 revertants in absence of S9 and 1015 revertants at the highest

concentration of extracts used i.e. 2.5 g equivalent per plate.

The genotoxic effects of different concentrations of soil

extracts in Allium root anaphase aberration assay are shown in

Table 3. Chromatin bridge/s, break/s, laggard/s and vagrant

chromosome/s constituted the spectrum of aberrations encountered

at anaphase in root tip cells of Allium cepa following treatment with

different concentrations of soil extracts. Among all types of aberrations,

the chromatin bridges were the most frequent type of aberration.

The formation of bridges may be attributed to unequal exchanges

resulting in formation of dicentric chromosomes which are pulled

equally to both poles at anaphase resulting in bridge formation

(Sax, 1940). The percentage of cells with different anaphase

aberration ranged from 3.63 to 10.67% and 0.38 to 4.83% in

samples SI and SII respectively and was found to be dose

dependent. SI showed 9.66% anaphase aberrations in in situ

condition, while the results could not be obtained due to decaying of

onions in SII. The statistical analysis (student’s t-test) revealed that

the frequency of chromosomal aberrations at all concentrations

except (10% of SII) of tested samples differed significantly at p<0.05.

The soil of Zn industry (SI) was found to be more genotoxic,

which contained high amounts of zinc (6.53  mg g-1), nickel (6.86

mg g-1), cobalt (5.05  mg g-1) and chromium (4.49  mg g-1) than that

of copper sulphate industry (SII), which contained high amounts of

copper (32.86  mg g-1), nickel (9.66  mg g-1), cobalt (6.86  mg g-1)

and zinc (5.41  mg g-1). Mercury was found to be 2.19 fold higher

in SI than SII sample. The general toxicity (decaying of onion) was

found to be more in SII which may be correlated to the high amounts

Table - 1: Physico-chemical analysis of extracts of industrial effluent

contaminated soils of Amritsar, India

Parameter SI SII

pH 7.83±0.02 3.46±0.03

Bulk density (g/cc) 0.96±0.00 0.91±0.00

Moisture content (%) 17.6±0.03 20.2±0.06

Water holding capacity (%) 29.6±0.14 20.7±0.07

Nitrates ( mg g-1) 0.76±0.01 1.69±0.01

Phosphates ( mg g-1) 1.67±0.04 3.053±0.14

Potassium ( mg g-1) 0.09±0.00 0.13±0.00

Copper ( mg g-1) 2.85±0.34 32.86±0.04

Cobalt ( mg g-1) 5.05±0.69 6.86±0.19

Chromium ( mg g-1) 4.49±0.25 0.00±0.00

Mercury ( mg g-1) 0.081±0.00 0.037±0.00

Manganese ( mg g-1) 1.67±0.09 1.55±0.02

Nickel ( mg g-1) 6.86±0.371 9.66±0.24

Zinc ( mg g-1) 6.53±0.065 5.41±0.02

SI=  Sample contaminated with effluents from zinc coating industry; SII =

Sample contaminated with effluents from copper sulphate industry

Table - 2: Effects of extracts of industrial effluent contaminated soils of Amritsar on histidine reversion frequency in Salmonella typhimurium strains TA98 and

TA100

Concentration Number of revertants

Treatment (µg 0.1 ml-1 culture )                          TA98 TA100

without S9 with S9 without S9 with S9

Spontaneous 25.0±2.52 27.2±3.76 149.6±21.79 152.6±5.32

NPD 20 1248.0±22.45

Sodium azide 2.5 2180.0±183.4

2AF 20 1271.3±24.5 2553.0±65.6

SI 0.25 140.5±7.22 30.5±3.18 430.6±9.3 493.0±5.19

0.5 92.5±2.02 40.5±2.60 455.3±32.8 404.5±0.30

1.0 58.0±2.31 38.5±2.02 637.3±10.9 628.0±13.8

2.0 73.0±4.04 43.5±2.02 685.3±14.1 6943.0±21.36

2.5 79.5±1.45 40.5±0.32 772.0±17.4 1015±14.44

SII 0.25 All the concentration were found to be Lethal for both the strains

0.5

1.0

2.0

2.5

Data are presented as Mean±SE of three independent experiments with triplicate plates/dose/experiment. NPD= 4-Nitro-o-phenylenediamine; 2AF= 2-

Aminofluorene. SI= Sample contaminated with effluents from zinc coating industry; SII= Sample contaminated with effluents from copper sulphate industry
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of copper (32.86  mg g-1) and strong acidic nature of soil, which led

to the decaying of onion during in situ experiment. The higher

genotoxic potential of SI could be correlated to higher contents of

chromium and mercury because both these metals are known

genotoxins/carcinogens. Some earlier reports are available on

genotoxic effects of mercury in various test systems like haemocytes

of mussel Mytilus (Chatziargyriou and Dailianis, 2010), humans

(Crespo-Lopez et al., 2009; Eke and Celik, 2008 and Schmid et

al., 2007), Aspergillus nidulans (Sousa et al., 2009), rats (Ivanov

et al., 2007), fish (Cavas, 2008). Few scientists have reported the

mutagenicity/carcinogenicity of chromium. McCarrol et al. (2010)

reported that Cr (VI) induced mutagenicity as well as carcinogenicity.

Stout et al. (2009) reported the carcinogenicity of chromium in F334/

N rats and B6C3F1 mice after chronic exposure. Nickens et al.

(2010) reported chromium as respirable carcinogen. Majer et al.

(2002) who investigated the genotoxic effects of 20 soil samples

from 9 locations of Austria, Germany and Solvenia, however, stated

that genotoxicity of soils depends upon their physicochemical

properties in addition to heavy metal content.

The significant mutagenic potential was observed using

TA100 tester strain for sample SI which can be correlated to the

high amounts of chromium, cobalt, nickel and zinc, while presence

of  very high concentration (32.86  mg g-1) of copper in sample SII

seemed to be the cause of lethality for both the strains. Earlier also

in a study, Griffitt et al. (2007) reported that copper particles induced

acute lethality in Zebrafish (Daniorerio).

Currently, environmental risk assessment of contaminated

soils is based on analytical methods which reveal the presence of

many mutagenic and carcinogenic compounds in the soil like heavy

metals, PAHs, pesticides etc. A major limitation of this approach is

that most of the compounds present in soil are still unknown and

most soil ecotoxicology data relates to relatively less known

compounds (Powell, 1997). This inadequacy stipulates the inclusion
of different bioassays for evaluation of genotoxic potential of soils as
biomonitors in health hazards assessment. Many studies of

genotoxicity/mutagenicity of different soil samples have been

conducted employing Ames test (Brooks et al., 1998; Hughes et al.,
1998; Monarca et al., 2002), Tradescantia micronucleus test
(Knasmuller et al. 1998; Cabrera et al., 1999) and Tradescantia
stamen hair mutation assay (Wang, 1999 and Cotelle et al., 1999)
and reported their mutagenicity and genotoxicity. The present study

indicates heavy metal contamination of soil of Amritsar city due to
industrial discharges over to land as well as its consequences in
terms of mutagenic/genotoxic potential. The study reveals that use
of different bioassays such as Ames assay, Allium test and others
can be used as valuable supplements to analytical methods of soil
contamination and serve as first alert indication of DNA damage and

pollution.
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