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Abstract In this study, organochlorine pesticides
(OCP) and heavy metals were analyzed from
wastewater- and groundwater- irrigated soils (control
samples) by gas chromatography (GC) and atomic ab-
sorption spectrophotometry (AAS), respectively. Gas
chromatographic analysis revealed the presence of high
concentration of pesticides in soil irrigated with waste-
water (WWS). These concentrations were far above the
maximum residue permissible limits indicating that al-
luvial soils have high binding capacity of OCP. AAS
analyses revealed higher concentration of heavy metals
in WWS as compared to groundwater (GWS). Also, the
DNA repair (SOS)-defective Escherichia coliK-12 mu-
tant assay and the bacteriophage lambda system were
employed to estimate the genotoxicity of soils.
Therefore, soil samples were extracted by hexane, ace-
tonitrile, methanol, chloroform, and acetone. Both bio-
assays revealed that hexane-extracted soils from WWS

were most genotoxic. A maximum survival of 15.2 %
and decline of colony-forming units (CFUs) was ob-
served in polA mutants of DNA repair-defective E. coli
K-12 strains when hexane was used as solvent.
However, the damage of polA− mutants triggered by
acetonitrile, methanol, chloroform, and acetone extracts
was 80.0, 69.8, 65.0, and 60.7 %, respectively. These
results were also confirmed by the bacteriophage λ test
system as hexane extracts of WWS exhibited a maxi-
mum decline of plaque-forming units for lexA mutants
of E. coli K-12 pointing to an elevated genotoxic poten-
tial. The lowest survival was observed for lexA (12 %)
treated with hexane extracts while the percentage of
survival was 25, 49.2, 55, and 78 % with acetonitrile,
methanol, chloroform, and acetone, respectively, after
6 h of treatment. Thus, our results suggest that agricul-
tural soils irrigated with wastewater from pesticide in-
dustries have a notably high genotoxic potential.
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Introduction

The use of pesticides has benefitted the modern society
by improving the quantity and quality of the world’s
sustenance production while the cost of food supply is
kept reasonable. Unsurprisingly, the use of pesticides
has become an integral and important part of modern
agricultural systems. Although many of these chemicals
are utilized or destroyed, a high percentage is released
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into air, water, and soil, representing potential environ-
mental hazards (Alexander 1995; Anwar et al. 2009;
Anjum and Malik 2013; Anjum et al. 2014; Yadav
et al. 2015). Consequently, earth’s natural resources
are not only being depleted but they are also being
polluted and hence become increasingly unfit for human
use.

The pollution of soils with pesticides is one of the
most severe environmental risks (Prakash et al. 2004;
Anjum et al. 2011; Anjum and Malik 2012). The major
environmental concern arising from the use of pesticides
is their capacity to leach from soil causing water con-
tamination (Bhagobaty et al. 2007; Chowdhary et al.
2008). Moreover, soils are known to accumulate poten-
tially toxic elements such as heavy metals like zinc,
copper, nickel, lead, chromium, and cadmium associat-
ed with a steady pollutant accumulation in the soil. This
may result in deteriorated agricultural soil quality, in-
creased phytotoxicity, disturbed microbial processes,
and an adverse transfer of zootoxic elements to the
human diet from increased crop uptake (Ansari and
Malik 2007). Moreover, elevated levels of pesticide
pollutants not only decrease soil microbial activities
but also threaten human health through the food chain
(Prakash et al. 2004; Ansari andMalik 2009; Anjum and
Malik 2013). Even agriculture products such as cereals,
fruit, and vegetables are often found to be contaminated
with residues of persistent pesticides. Matters are com-
plicated further by the fact that the continuous use of
pesticides leads to a considerable accumulation to toxic
levels in the soil ecosystem. Natural environments are
extremely diverse and the majority contains a wide
range of microorganisms, reflecting the nature of the
habitat and the ability of individual members to compete
successfully within a given ecosystem (Aguirre and
Lowe 2010). Further, microbes and plants are the most
important biological agents that remove and degrade
waste materials to enable their recycling in the environ-
ment (Anjum et al. 2011). Microorganisms play a sig-
nificant role in the metabolism of organochlorine pesti-
cides (Nawab et al. 2003).

However, several factors playing a significant role in
the dispersal of persistent organic pesticides on a global
scale. Firstly, industrial activities are increasingly mov-
ing to Asia (Lohmann et al. 2007). Due to that, certain
emissions will get transported into the southern hemi-
sphere (Dachs et al. 1999; Semeena et al. 2006).
Secondly, persistent organic pollutant (POP) emissions
linked to low-temperature combustion processes will

increase for Asia, Africa, and S. America (Crutzen and
Andrea 1990; Pozo et al. 2006). Thirdly, many currently
used pesticides are being increasingly used across the
globe, indicating their major use in agricultural areas of
S. America, Africa, and Asia (Pozo et al. 2006).
Currently, India is the second largest manufacturer of
pesticides in Asia, after China. It ranks as the fourth
largest pesticide-producing nation in the world after
USA, Japan, and China (Yadav et al. 2015). However,
organochlorine pesticides (OCP) have been used world-
wide to control global agricultural pests and vector-
borne diseases (Abhilash and Singh 2009; Zhang et al.
2011). Moreover, besides India, many countries exist
being still engaged in the production, usage, and export
of lindane (γ-hexachlorocyclohexane; γ-HCH) on a
large scale (Zhang et al. 2008; Zhang et al. 2011; Ali
et al. 2014). According to a joint report by the World
Health Organization (WHO) and the United Nations
Environment Programme (UNEP), about 200,000 peo-
ple die worldwide and around three million are poisoned
each year due to an overuse of toxic pesticides (Yadav
et al. 2015).

Although OCPs have a long history (over 30 years)
of its application, only very scarce information is avail-
able for the presence of OCP residues in air, soil, and
water systems. Also, health risk-associated studies of
how OCPs are impacting the environment are deficient
(Sharma et al. 2007; Ali et al. 2014; Yadav et al. 2015).
Therefore, the status of the residue level of most persis-
tent OCPs in soil and agricultural crops should be mon-
itored regularly.

Particularly, the assessment of soil toxicity is subject-
ed to some obstacles. The large number of toxic
chemicals that may potentially be present at contami-
nated sites can hinder successful chemical analyses.
Also, detailed chemical analyses are limited in its ability
to predict the toxicity of organic chemical mixtures. To
overcome these problems, many researchers advocate a
polyphasic approach by applying bioassays to measure
the genotoxic potential of complex environmental sam-
ples (Houk and DeMarini 1987). For many years, more
than 200 short-term bioassays utilizing microorganisms,
insects, or plants have been developed and used to
identify agents posing genotoxic hazards (Anjum et al.
2014).

The aim of this study is to assess the genotoxicity of
contaminated soils near a pesticide manufacturing in-
dustry in India near an industrial area. This study em-
phasizes on the genotoxicity of cultivated agricultural
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soils irrigated with wastewater from pesticide factories
and groundwater-irrigated soils. Therefore, the survival
of DNA repair-defective Escherichia coli K-12 mutant
assay and the bacteriophage lambda system were
employed.

Materials and methods

Soil sampling

Five soil samples (15 cm depth) were collected from
agricultural spots supplied by wastewater from a 200-m-
away situated pesticide manufacturing industry (India
Pesticide Ltd., Chinhat, Lucknow, U.P. India) as de-
scribed by Malik and Jaiswal (2000). The sample sites
had a relative distance of approximately 50 m from each
other. Samples were taken immediately and stored at
4 °C. A single composite soil sample of 1 kg was
prepared by mixing all five samples together (WWS).
A further control soil sample identically prepared as
described above was taken from agricultural fields sup-
plied by groundwater (GWS).

Physical characterization of the soils

All physical soil characteristics (texture, water content)
as well as organic carbon contents were determined by a
method as described by Gupta (2004) and Ghosh et al.
(1983); 10ml of 1 N potassium dichromate solution was
added to 1.0 g of oven-dried soil, then 20 ml of concen-
trated sulfuric acid was added, gently shaken, and
digested for 30 min. The solution was diluted by adding
200 ml of distilled water and 10 ml of phosphoric acid,
followed by a diphenylamine indicator step. Finally, the
solutions were cooled to room temperature and titrated
with a 0.4 N ferrous ammonium sulfate solution until the
color changed to brilliant green.

Ten grams of air-dried and sieved (<2 mm) soil
samples was taken in a beaker, mixed with 50 ml of
distilled water, and shaken continuously for 1 h. The pH
of the supernatant was measured as described by Alef
and Nannipieri (1985).

Determination of heavy metals in soils

The oven-dried (1 g, 40 °C) soil samples were ground
(< 0.1 mm), burnt in a crucible to ashes, and finally
transferred to a conical flask. The samples were

moistened with double distilled water (ddH2O).
Afterwards, HCl (37 %) and HNO3 were successively
added (3:1 ratio). The flask was gently heated on a
heating plate until the sample was digested, indicated
by the formation of a clear supernatant. Themixture was
reduced to a volume of 1 ml. The final volume of 100 ml
was adjusted by adding ddH2O. The mixture was fil-
tered through aWhatman filter (paper no. 1 and 42). The
metal concentrations of all digested samples were ana-
lyzed (Table 1) by employing an atomic absorption
spectrophotometer (GBC 932 Plus, Australia) as de-
scribed by Malik and Jaiswal (2000). All metal concen-
trations measured were above the atomic absorption
spectrophotometry (AAS) detection limit as stated by
the manufacturer as follows: Cr, Ni—0.003 μg g−1,
Cu—0.004 μg g−1, Cd—0.0004 μg g−1, Zn—
0.0005 μg g−1, and Fe—0.0007 μg g−1.

Used chemicals were of analytical grade and solu-
tions were prepared in ddH2O. All investigations were
determined in triplicates and specified as mean values.

Determination of pesticides in soils

The extraction of pesticides from GWS and WWS soil
samples was carried out according to a method as de-
scribed by Nawab et al. (2003). All extractions were
performed in triplicates. The soils (10 g) were mixed
with 20 ml of hexane/water solution (4:1, v/v) and shak-
en vigorously for 1 h (Aleem and Malik 2003). The
supernatant was decanted after the mixture was centri-
fuged at 10,000 rpm for 15 min. This procedure was
repeated twice and the extracted volume was decreased
to ∼15 ml using a rotary evaporator. Subsequently, the
aqueous sample was acidified to a pH of ∼1 with HCl
and consecutively triple partitioned with chloroform
(high-pressure liquid chromatography (HPLC) grade)
using a separatory funnel. The organic phases were
again evaporated to dryness, redissolved in 1 ml of n-
hexane (HPLC grade), and finally analyzed by gas chro-
matography (Table 1). Standard solutions were prepared
according to the method of Singh et al. (1987) and stored
at −20 °C. Prior to the experiments, all samples were
filtered through a 0.45-μm membrane filter.

Gas chromatographic analysis of pesticides

Pesticide analyses were conducted by the Central
Pollution Control Board (Delhi, India). Analyses of the
extracts were performed by using a Perkin Elmer Clarus
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500 gas chromatograph equipped with an electron cap-
ture detector. Instrument parameters and operating con-
ditions were as follows: column—Elite-5; temperature:
injector—250 °C, detector—325 °C, initial oven tem-
perature—170 °C, and then 7 °C min−1 ramp to 220 °C
further increased to 250 °C with 5 °C min−1 ramp. The
holding time was 5.86 min. The nitrogen carrier flow
rate was 1 ml min−1 up to 30 ml min−1. The peaks were
identified by comparing their retention times with com-
mercial standards (Sigma-Aldrich, Bangalore, India).

Extraction of soils with different solvents
for genotoxicity testing

The extraction of pesticides with hexane, acetonitrile,
methanol, chloroform, and acetone from GWS and
WWS soils was done according to the method of
Knize et al. (1987). Therefore, 10 g of soil was
treated with 10 ml of extraction solvent. Obtained
extracts were centrifuged at 7000 rpm for 10 min,
evaporated to dryness, redissolved in 1 ml of di-
methyl sulfoxide (SRL, India), filtered through
0.45-μm filters, and then stored at −20 °C until the
genotoxicity testing was completed.

Used bacterial strains and phage λ in genotoxicity
assays

SOS gene (recA, lexA, and polA) defective mutants of
E. coli K-12 strains (Yale University, E. coli Genetic
Stock Center, Department of Biology, New Haven,
USA) were fortnightly transferred to nutrient broth agar
plates (1.5 %; HiMedia, India). The bacteriophage λ
viruses served as vector system (Department of
M i c r ob i o l ogy and Immuno l ogy, Vi rg i n i a
Commonwealth University, Richmond, USA, Prof. E.
Christie).

Genotoxicity testing by two different assays

Treatment of DNA repair-defective E. coli K-12 strains
with soil extracts

The SOS-defective recA, lexA, and polA mutants of
E. coli K-12 strains as well as the isogenic wild-type
strains (Tab. 1S) were harvested from an exponentially
growing culture (1–3 × 108 colony-forming units
(CFUs) viable counts ml−1) by centrifugation. To induce
the reaction between soil extracts of WWS and GWS
(Fig. 1) and DNA repair-defective mutated E. coli K-12

Table 1 Overview of metals, pesticides, and PI values for WWS and GWS

Pollutants WWS GWS (control) PI

Heavy metals

Chromium (Cr) 36.2 ± 2.0 μg g−1 2.7 ± 0.3 μg g−1 13.4

Zinc (Zn) 42.5 ± 2.5 μg g−1 10.8 ± 1.3 μg g−1 3.9

Nickel (Ni) 241 ± 27 μg g−1 2.2 ± 0.23 μg g−1 109

Iron (Fe) 43.2 ± 5.3 μg g−1 20.3 ± 2.2 μg g−1 2.1

Copper (Cu) 13.2 ± 1.0 μg g−1 0.3 ± 0.01 μg g−1 44

Cadmium (Cd) 11.2 ± 0.9 μg g−1 0.2 ± 0.01 μg g−1 56

OC pesticides

T-BHC ND ND –

Aldrin ND ND –

Lindane 547 ± 26 ng g−1 2.7 ± 0.7 ng g−1 202

Dieldrin ND ND –

α-Endosulfan 422 ± 71 ng g−1 1.8 ± 0.09 ng g−1 234

β-Endosulfan 421 ± 57 ng g−1 1.5 ± 0.03 ng g−1 280

T-DDT ND ND –

2,4-D ND ND –

Each value is a mean of three replicates

ND not detected, ±SD standard deviation, WWS wastewater-irrigated sample, GWS groundwater-irrigated samples, PI pollution index
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Fig. 1 CFU curves of the wild-type strain, recA, lexA, and polA obtained by defective mutants of Escherichia coli K-12, treated with
different soil extracts. A–E: GWS (left): groundwater-irrigated soil; a–e: WWS (right): wastewater-irrigated soils
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strains as well as the isogenic wild-type strains, pellets
of E. coli K-12 strains were suspended in 0.01 M
MgSO4 solution and treated with 5 μl of WWS and
GWS soil extracts separately. All samples were with-
drawn at regular time intervals (0, 2, 4, 6 h; 37 °C),
diluted, and plated on nutrient broth (NB) agar medium
plates to assay the colony-forming ability. After an
overnight incubation step (37 °C) of plates, all grown
colonies were counted. Simultaneously, a negative con-
trol was conducted with dimethyl sulfoxide (DMSO;
without soil extract).

Extracellular treatment of bacteriophage λ with soil
extracts

Five microliters of WWS and GWS soil extracts was
incubated with 100 μl of purified bacteriophage λ
virus solution (1010 plaque-forming units (PFU) counts
ml−1) at 37 °C; 100 μl of phage λ aliquots were
suspended at regular time intervals (0, 2, 4, 6 h) in
0.01 M MgSO4 solution (pH 8.0) and allowed to
adsorb on the cell surface of DNA repair-defective
and wild-type hosts of E. coli K-12 strains (Tab. 1S)
at 37 °C. The generated mixtures were plated on NB
agar medium by a double-layer method according to
Rehana et al. (1996). A solvent control (DMSO with-
out soil extract) was performed simultaneously.
Plaques were counted after overnight plate incubation
at 37 °C. As phage λ-infected, polA gene-mutated
Escherichia coli K-12 strains do not induce required
SOS responses, we accordingly omitted corresponding
experiments.

Statistics

Variances, mean values, and standard deviations were
calculated using the palaeontological statistics software
(PAST, version 3.06, 2015, Table 2).

To assess the degree of soil contamination, the pol-
lution index (PI) (Hakanson 1980) was carried out as
follows:

PI ¼ Cn=Cb

where Cn and Cb are the mean concentrations of pol-
lutants (metals and pesticides) of WWS and GWS sam-
ples, respectively.

Results

Characteristics of investigated soils and heavy metal
analysis

The textures of alluvial soils were of loamy type.
The total organic carbon of WWS and GWS was
9.6 and 4.7 % with pH values of 7.6 ± 9.1 and
7.1 ± 1.8, respectively. The percentage of organic
matter of WWS and GWS was 4.1 ± 2.4 and
1.3 ± 3.1 %, respectively.

The heavy metal concentrations of WWS were
throughout higher as compared to GWS samples
(Table 1). WWS covered metal concentrations be-
tween 11.2 μg g−1 (Cd) and 241 μg g−1 (Ni),
whi le fo r GWS, the range was be tween
0.2 μg g−1 (Cd) and 20.3 μg g−1 (Fe). According
to GWS, Cr, Zn, and Fe showed similar concen-
tration ranges (36–43 μg g−1) while Cu and Cd
demonstrated comparatively low concentrations
(11.2–13.2 μg g−1). For WWS, Cu and Cd were
detected at lowest concentrations (0.2–0.3 μg g−1)
while the proportions for Ni and Cr were lifted
(2.2–2.7 μg g−1). Zn and Fe revealed maximum
concentrations (10.8–20.3 μg g−1).

Determination of pesticides in soils

From pesticides focused by this study, only lindane
(547 ng g−1), α-endosulfan (422 ng g−1), and β-
endosulfan (421 ng g−1) were detected at high concen-
trations while the remaining pesticide concentrations fell
below their detection limit (Table 1). However, the
degree of contamination was remarkably increased for
WWS samples investigated (>421 ng g−1) compared to
GWS (<2.7 ng g−1).

The gas chromatograms were also detecting uniden-
tified peaks for WWS samples indicating the presence
of unknown contaminants besides pesticides. Also for
GWS, unidentified peaks were observed but with low
densities.

In comparison to heavy metals, the calculated PI
values of OCPs were increased by the factor 3–130
(Table 1).

Survival of E. coliK-12 strains treated with soil extracts

All mutants revealed various degrees of CFU de-
clines in comparison to their isogenic wild types,

638 Page 6 of 12 Environ Monit Assess (2015) 187: 638



while for WWS extracts a significant curve could
be observed (Fig. 1). PolA− mutants consistently
exhibited a maximum CFU decrease for both
WWS and GWS extracts. In particular, polA− mu-
tants treated with hexane extracts of WWS led to a
maximum decline in survival by 84.8 % after an
exposure of 6 h, while the damage of polA− mu-
tants treated with acetonitrile, methanol, chloro-
form, and acetone extracts were of 80.0, 69.8,
65.0, and 60.7 %, respectively (Fig. 1). Hence, a
relatively weak genotoxic activity was noticed in
all mutants of SOS-defective E. coli K-12 when
treated with acetonitrile, methanol, chloroform, and
acetone extracts, indicating a higher genotoxic po-
tential of hexane extracts as high damage in PolA−

mutants was observed in the presence of hexane
extracts (Fig. 1).

However, a lower level of genotoxicity was
observed for GWS extracts. Thus, a 6-h treatment
of polA− mutants with hexane, acetonitrile, metha-
nol, chloroform, and acetone extracts of GWS

induced a 34.6, 34, 29.7, 27.6, and 24.3 % loss
of polA− mutants of E. coli K-12 strain (Fig. 1).
All strains treated with acetonitrile, methanol,
chloroform, and acetone extracts revealed a surviv-
al of polA− mutants between approximately 70 and
99 % (Fig. 1).

Survival of E. coli K12 strains infected
with bacteriophage λ

A decline in PFU was more pronounced in lexAmutants
as compared to their wild-type counterparts (Fig. 2). A
6-h incubation of E. coli mutants with hexane extracts
from WWS led to the lowest survival of lexA (12 %)
while a treatment with acetonitrile, methanol, chloro-
form, and acetone extracts led to a survival by 25, 49.2,
55, and 78 %, respectively.

Though, compared to the isogenic wild-type
strains, the lexA mutants were most sensitive for
used solvents. A significant decline of PFUs was
observed for lexA mutants when hexane extract

Table 2 Statistical parameters for the maximum damage of E. colimutants (recA, lexA, polA) and wild types treated with WWS and GWS
extracts after 6 h of treatment

Hexane Acetonitrile Methanol Chloroform Acetone

Mean Var SD Mean Var SD Mean Var SD Mean Var SD Mean Var SD

Wild typea 87.7 10.6 3.3 81.5 7.8 2.8 92.2 9.9 3.1 82.3 6.3 2.5 89.9 17.1 4.1

recAa 77.5 18.9 4.3 75.6 13.1 3.6 79.1 14.3 3.8 71.3 12.3 3.5 82.6 6.3 2.5

lexAa 61.9 20.3 4.5 62.6 7.2 2.7 73.4 2.4 1.6 54.2 6.1 2.6 76.1 13 3.6

polA+ a 52.3 7.3 2.7 50.8 17.7 4.2 54 19.1 4.3 44.3 9.3 3.1 65.3 9.2 3.1

polA− a 16.1 6.8 2.6 34.7 12.3 3.5 29.3 16.3 4.0 34.7 12. 3.5 39.6 4.3 2.1

Wild typeb 91.8 2.5 1.6 91.5 25.3 5.0 87.3 3.8 1.9 90.3 10.6 3.3 89.9 5.2 2.3

recAb 94.7 14.4 3.8 83.1 3.8 2.0 85.1 9.6 3.1 81.9 3.4 1.8 84.5 1.6 1.3

lexAb 87.9 19.3 4.4 79.6 16.5 4.1 83.7 2.7 1.7 84.2 6.9 2.6 85.4 5.4 2.3

polA+ b 76.3 8.2 2.9 75.8 9.5 3.1 80.6 19.3 4.4 75.6 18.2 4.2 79.4 23.3 4.8

polA− b 65.2 13.3 3.6 65.1 22.1 4.8 71.7 2.8 1.7 72.9 9.6 3.1 75.5 2.7 1.7

Wild typec 82.5 6.6 2.6 83.7 3.8 2.0 88.0 9.1 3.0 79.3 43.1 6.5 88.4 17.3 4.2

recAc 47.2 6.2 2.5 34.1 140 3.7 56.2 18.5 4.3 65 1.4 1.2 64.8 4.2 2.1

lexAc 11.1 12.7 3.6 22.1 6.7 2.6 50.8 2.3 1.6 51 12.5 3.5 56.8 8.6 2.9

Wild typed 81.7 6.1 2.5 93.0 4.7 2.2 94.8 4.8 2.2 84.9 14.7 4.2 93.6 19.4 4.4

recAd 70.4 24.1 4.9 73.4 16.5 4.1 77.8 5.0 2.4 84.4 9.3 3.1 84.9 13.3 3.3

lexAd 59.6 8.8 3.0 67.6 6.0 2.5 64.7 15.7 4.0 73.1 3.8 2.1 13.2 74 3.3

aWastewater extracts (SOS-defective E. coli K12 survival assay)
b Groundwater extracts (SOS-defective E. coli K12 survival assay)
cWastewater extracts (λ system assay)
d Groundwater extracts (λ system assay)
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was used. According to GWS samples, the surviv-
al percentage for hexane, acetonitrile, methanol,
chloroform, and acetone extracts was 63.4, 65.0,
68.3, 75.4, and 78.7 %, respectively. Throughout,
GWS extracts were less genotoxic compared to
WWS (Fig. 2). LexA strains were most sensitive
for GWS extracts compared to recA mutants and
isogenic wild-type strains.

Discussion

Water is a primary source through which pesticides are
transported from an application area to other areas of the
environment. Because of their slow decomposition
rates, long half-life, and high stability in the environ-
ment, OCPs are the most harmful class of pesticides.
They can remain and accumulate in the upper trophic
levels of food chains (Yadav et al. 2015). To assess the
genotoxicity of pesticide-contaminated soils from agri-
cultural fields near a pesticide industry, soil samples
were extracted by using various solvents and tested for
their genotoxicity. A number of improved analytical
methods have been extensively used to identify the
organic and inorganic contaminants in polluted water
and soils. The contaminants include both organic and
synthetic organic compounds. A large group of environ-
mental organic pollutants can be measured by gas chro-
matography mass spectrometry (GC-MS), high-
pressure liquid chromatography (HPLC) and gas-liquid
chromatography (USEPA 1983). However, atomic ab-
sorption spectrophotometry applied by this study is one
of the most extensively used techniques for the determi-
nation of trace elements from a wide variety of materials
(APHA 1995; Rawat et al. 2003; Anazawa et al. 2004).

Lindane and endosulfan are pesticides mainly used in
agriculture to preserve health of crops and to prevent its
destruction by diseases and pest infestation (Yadav et al.
2015). Similar to our study, also other researchers
(Aleem and Malik 2003; Ansari and Malik 2009; Zhao
et al. 2013) reported that lindane and endosulfan are
most commonly used pesticides for crop protection.

However, our results revealed high OCP concentra-
tions in agricultural alluvial soils supplied by wastewa-
ter, whereas lower levels of OCPs were detected in
groundwater-irrigated soils (Table 1). In this regard, it
is noticed that other studies (Aleem and Malik 2003;
Ansari and Malik 2009) also dealing with agricultural
soils irrigated with wastewater from industrial and

domestic sewage factories (Aligarh, Ghaziabad, India)
revealed more than 1000-fold lower OCP concentra-
tions (e.g., endosulfan 2.2–108.2 pg g−1) as detected
by this study. More studies exist, addressing OCP con-
centrations in soils in which the measured total HCH
concentrations (max. 9.0 ng g−1) were 60 times lower
(Hong et al. 2005) as compared to our results. Moreover,
the OCP residue concentration (esp. lindane) revealed
by this study was 10 times above the maximum residue
limit (<50 ng g−1) of the National Environmental
Standards for agricultural soils for both dichlorodiphe-
nyltrichloroethane (DDT) and lindane (Chahal et al.
2014) and were also far above the defined maximum
permissible limits as outlined by the US Environmental
Protection Agency (USEPA), respectively.

By this study, alluvial soils were considered which
generally contain high concentrations of metals what is
due to the fact of a distinct metal-binding capability.
Consequently, besides OCPs, also metals were of inter-
est as it is known that heavy metals strongly impact the
ecosystem stability, have harmful effects on humans
(Steinkellner et al. 1998), and can affect plant growth,
phytotoxicity, microbial activities (Lombi et al. 2002),
and genotoxicity.

The metal concentrations in WWS recorded by this
study were comparably higher than those found in GWS
which was above the AAS detection limit. The concen-
trations of Fe, Zn, Cr, Ni, Cd, and Cu (Table 1) were
comparable to reports stating lifted metal concentrations
in domestic and industrial wastewater in the vicinity of
an industrial area of Aligarh (Malik and Ahmad 1995;
Bansal 1998; Rao and Shantaram 1999; Malik and
Jaiswal 2000). Moreover, the metal concentrations ob-
tained by this study were about 40-fold higher in com-
parison to a study of Vanita and Murugesan (2014) who
also investigated the presence of Cr, Zn, Ni, Fe, Cu, and
Cd in wastewater irrigated soils those may have toxic or
genotoxic effects as stated by Masood and Malik
(2013). Moreover, in comparison to heavy metals, the
calculated PI values of OCPs were 3–130 times higher
(Table 1) which proves a high genotoxic potential of
OCPs induced their predominant presence.

The present study was mainly conducted for the
genotoxicity assessments of contaminated alluvial soils
collected from wastewater- and groundwater- irrigated
agricultural fields by two different bioassays. The sur-
vival of E. coliK-12 mutants and bacteriophage lambda
systems revealed notably toxic responses in the presence
of pesticide-contaminated soil extracts. Both applied
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assays revealed polA and lexA mutants, respectively, as
most sensitive for the presence of hexane extracts and
resulted in significant losses of CFUs and PFUs, respec-
tively (Figs. 1–2).

A maximum damage was most pronounced in polA−

mutants in the presence ofWWS hexane extracts (15.2 %
of survival, Fig. 1) whereas other reports stated most
pronounced damages in polA− mutants in the presence
of methanol extract fromWWS (Aleem and Malik 2003;
Ikram and Malik 2009). In their study, the survival of
polA− mutant was only 16.5 and 25 %, respectively,
whereas our study revealed a survival of polA− mutants
by 30.2 % in the presence of methanol extract of WWS.
Moreover, Ikram and Malik (2009) detected a survival of
polA−mutants by 33 % in the presence of hexane extract
(WWS). In comparison to that, our results revealed twice
asmuch capacity to damage polA−mutant in the presence
of hexane extract (Fig. 1).

Also, they reported a survival of lexA by only 17.7
and 22 %, respectively, by bacteriophage lambda assay
when methanol was used as solvent for industrial
wastewater-irrigated soil samples. In contrast to the
other studies (Aleem and Malik 2003; Ikram and
Malik 2009), hexane extract of WWS revealed highest
damage in lexA in our study, therefore only 12 % sur-
vival (Fig. 2) was observed. Considering this, our results
suggest that alluvial soils have both a high genotoxic
potential and high capacity to accumulate OCP
(Table 2).

An earlier study (Vargas et al. 1995) demonstrated
that the microscreen bacteriophage induction assay is
very sensitive for a wide range of DNA alteration sug-
gesting this approach (bacteriophage system) as acutely
appropriate for screening of genotoxic compounds pres-
ent even in low concentrations in environmental sam-
ples. Saxena et al. (1997) investigated mutagenic poten-
tials of pesticides by the survival of DNA repair-
defective E. coli K-12 mutants, and in their results, a
significant decrease in the survival of E. coli K-12
mutants (recA, lexA, and polA) was observed in the
presence of pesticides as compared to their isogenic
wild-type counter parts those are comparable to our
study. Thus, it is assumed that the inducible error-
prone repair pathway presumably involving the recA+

and lexA+ genes could potentially operate on several
types of lesions in DNA, triggered by radiation, envi-
ronmental chemicals, or by other agents (Malik and
Ahmad 1995; Rehana et al. 1996; Aleem and Malik
2005).

In conclusion, results obtained by this study revealed
that agricultural soils irrigated with wastewater from
pesticide industries are rather strongly impacted by ex-
ceedingly harmful organochlorine pesticides which
might have health hazards to the human beings while
the contamination by heavy metals seems to play a
minor role. In comparison to other reports, dealing with
WWS, a more than 1000-fold higher OCP contamina-
tion was detected by this study. Thus, our results suggest
that agricultural alluvial soils irrigated with wastewater
are highly genotoxic and have also a high capability to
accumulate OCPs.
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