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Abstract The effects of sewage water on the accumu-
lation of heavy metals (Zn, Cu, Pb, Cd, and Ni) in soils
and commonly grown plants were evaluated by moni-
toring the fields along the water channel running some
30 km eastward of Kolkata, West Bengal, India. The
results revealed that the mean Cu, Cd, and Zn contents
in sewage water were higher than the recommended
level whereas mean concentration of Cd in the irrigated
soil is several folds higher than the safe limit. The
highest single element pollution index (SEPI) value
was found for Cd which ranged from 2.93 to 6.03 with
a mean of 5.32 indicating high contamination levels.
The value of combined pollution index (CPI) ranged
from 1.32 to 1.93 with an average of 1.67 for all the sites
indicates that metal concentrations are above the hazard
criteria and exhibit multi-element contamination.
Furthermore, the results of enrichment factor (EF) indi-
cated that the soils of the study area were highly
enriched with metals such as Cd (452.04, extremely
high enrichment) followed by Pb (17.32, significant to

S. Saha
Bidhan Chandra Krishi Viswavidyalaya Kalyani,
Nadia, West Bengal 741 235, India

G. C. Hazra (<) - B. Mandal

Department of Agricultural Chemistry and Soil Science,
Bidhan Chandra Krishi Viswavidyalaya,

P.O. Mohanpur, Dist, Nadia, West Bengal 741 252, India
e-mail: gchazrabckv(@gmail.com

B. Saha
College of Horticulture, Bihar Agricultural University,
P.O. Noorsarai, Dist, Nalanda, Bihar 803 113, India

very high enrichment) > Zn (5.99, significant enrich-
ment) > Cu (3.14, minimal to significant) > Ni (3.07,
minimal to moderate). The concentrations of Pb, Cd,
and Ni were above the permissible limit in all the crops
and Colocasia and Amaranthus accumulate highest met-
al on the basis of overall metal uptake. The highest mean
transfer coefficients (TCs) values for Zn, Cu, Pb, Cd,
and Ni were found for cauliflower (0.59), Colocasia
(0.67), Amaranthus (0.93), Colocasia (1.02), and
Amaranthus (1.09), respectively.

Keywords Enrichment factor- Heavy metals - Pollution
Index - Safe limit - Sewage water - Transfer coefficient

Introduction

The scarcity of ground water for irrigation is an ever
increasing problem, owing to which the use of sewage
water in agriculture has become a common practice in
three-fourth of the cities in Asia, Africa, and Latin
America (Gupta et al. 2008). An estimated 38,354 mil-
lion liters of sewage per day is presently generated in
India (Kaur et al. 2012). Among the various options
available, its application to farmland is the most eco-
nomical outlet as it provides an opportunity to recycle
the beneficial plant nutrients contained in it for crop
production. Different risk factors have been identified
in wastewater reuse. Some of them are short termed
(e.g., microbial pathogens), whereas others have long-
term impacts that increase with the continued use of
recycled water (e.g., saline effect on soil)
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(Papadopoulos et al. 2009). The presence of pollutants
like heavy metals in urban and industrial waste water is
another problem associated with the reuse of such water.
Continuous use of such wastewater results in contami-
nation of water and soil. Household effluents, drainage
water, industrial effluents, atmospheric deposition, and
traffic-related emissions transported with storm water
into the sewage system carry number of pollutants and
enrich the urban waste water with heavy metals
(Oliveira et al. 2007).

The unscientific disposal of untreated or under-
treated sewage sludge, city waste, and sewage water or
their continuous unlawful use in the agricultural fields,
the heavy metal load of some areas of West Bengal has
been raised to an alarming level.

Therefore, the characterization of soils receiving
urban waste water is a necessity towards establish-
ing the pollutional status (Jagtap et al. 2010).
Metal transfers from biosolids to soil and subse-
quently to plants pose potential health risks, since
they can enter the food chain and the environment
(Jamali et al. 2007). Uptake of heavy metals in
plants is of major concern as it may reach human
through food web (Gupta et al. 2008). Plants can
accumulate higher concentration of heavy metals if
they are grown in metal polluted soils.

So, keeping these points in view, the present study
was undertaken to study the heavy metal (Zn, Cu, Pb,
Cd, and Ni) loads in sewage water and in soils and
plants affected by its use in the peri-urban areas of
Kolkata, West Bengal, India.

Materials and methods
Study area and sampling

Kolkata (22.82° N-88.20°" E) being the capital of West
Bengal is one of the busiest metropolitan cities in India
with 24,306 people per square km (Population Census,
2011). It is located in the eastern India and is situated on
the bank of the river Hooghly (Fig. 1). The multiple-use
wetlands popularly known as “East Kolkata Wetlands
(EKWSs)” lie east of the city and include a garbage dump
known as Dhapa Square Mile, a mosaic of vegetable
fields, a series of 300-0dd fishponds connected by major
and secondary canals, rice fields, wholesale markets, a
few roads, and 43 villages (with 60,000 people in all).
The waste water stream running about 30 km eastward
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and finally falls into the river Kulti-Bidyadhari which
ultimately drains into the Bay of Bengal (Table 1).
About 150 t of vegetables per day are harvested from
small-scale plots irrigated with wastewater. Some 3500 t
of municipal waste and 680 million liters of raw sewage
enter the wetland system every day. Still, only 30 % of
the total wastewater is used for aquaculture or irrigation,
while the remaining 70 % flows directly into the Bay of
Bengal (which pollutes the estuary, highlighting the
need for improved efficiency of the system) (Bunting
et al. 2001).

Crops were mainly irrigated through sewage
water as and when required. Generally, rice-based
cropping system is practiced by the farmers for
growing crops on the bank of this stream where
rice cultivation is generally followed by the culti-
vation of rabi vegetables and summer vegetables.
Samples of sewage water and soils (at three depths
viz. 0.0-0.2, 0.2-0.4, and 0.4-0.6 m) receiving
sewage water as irrigant from the disposal system
as well as plant samples grown onto the soils have
been collected during summer season of 2011. In
order to represent the whole areas of the selected
sites, three subsites within each site were marked
for soil, water, and plant sampling and one sample
from each subsite is collected and then mixed to
obtain a bulk sample.

Analytical procedure for analysis

The soil samples were air-drie while the plant samples
were first washed with running tap water followed by
washing with 0.01 N HCI and finally with double dis-
tilled water. After that, plant samples were dried in a hot
air oven at 50 °C for 48 h till the constant weight was
achieved. After drying, the samples were ground to fine
powder by using stainless steel grinder for further anal-
ysis. The soil and water samples were analyzed for their
pH (Page et al. 1982), EC (Richard 1954), and oxidiz-
able organic carbon content (Walkley and Black method
as modified by Nelson and Sommers 1982).

Heavy metals analysis in soils, water and plants

Fifty milliliters of water samples were digested with
10 mL of concentrated HNO3; and HC1O, in 9:4 ratio
at 80 °C until the solution became transparent (APHA
1995). The solution was filtered through Whatman no.
42 filter paper, and the filtrate was diluted to 25 mL with
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Fig 1 Map of the East Kolkata wetlands and waste recycling region

distilled water. For total content of metals (Zn, Cu, Pb,
Cd, and Ni) in the soil and plants, 1 g of each soil and
plant samples were digested (wet acid digestion) with
10 mL of concentrated HNO5; and HCIO, in 9:4 ratio at
80 °C until a clear solution was obtained. The digested
samples of soil and plants were filtered through
Whatman no. 42 filter paper, and the filtrates were
diluted to 50 mL with distilled water.

Trace elements concentrations in water, soil, and in
plant samples were estimated by an atomic absorption
spectrometer (GBC-902, Australia).

Table 1 Sampling sites

Sample No.  Location Lat (N) Long (E)

1 Akandakishori 22°33.532" 88 30.959
2 Gabtala 22°33.128' 88 31.623'
3 Saturia 22°32.964' 88 33.334
4 Chelegualia 22733.030" 88" 35.040'
5 Bhogalirgram 22°32.854' 88 36.586
6 Haroa 22°32.940' 88" 38.408
7 Jiringacha, Hatichala ~ 22° 33.003' 88" 31.650'
8 Jiringacha, Hatichala ~ 22° 32.790" 88" 32.506'
9 Saturia 22°33.022' 88 34.067
10 Chelegualia 22°33.895' 88 34.739
11 Raghunathpur 22°32.766' 88" 36.838'
12 Raghunathpur 22°32.741' 88 37.419
13 Barabibitala 22°32.651' 88 38.158
14 Ghatakpukur 22°29.728' 88" 34.683'
15 Ghoshpur 22°30.862' 88 39.511’
16 Kulti 22°31.294" 88 40.628'

Estimation of different parameters
for quantification of soil pollution

Single pollution index

Single element pollution index (SEPI) is one of the
simple and well-known index generally applied to mea-
sure environmental quality of soil which was used as
evaluation methods and to identify single-element con-
tamination resulting in increased such metal toxicity due
to continuous use of sewage. The formula used to cal-
culate SEPI is as follows:

SEPI = (metal content in soils) /(permissible level of metal)

The tolerable levels for soil suggested by Kabata and
Pendias (1992)) were adopted as permissible levels, and
each heavy metal was classified as low contamination
(SEPI <1), moderate contamination (1< SEPI <3), or
high contamination (SEPI >3) (Chen et al. 2005).

Combined pollution index

Another commonly used evaluation methods of heavy
metal accumulation, i.e., combined pollution index
(CPI), were also measured to identify multi-element
contamination (Lee 2003). It is also generally agreed
that most heavy metal contamination in the surface
environment is associated with a mixture of contami-
nants rather than one metal contaminant (Jung 2001).
The CPI is calculated by the average ratio of metal
concentrations in soil to assumed permissible level and
was then classified as low (CPI <1), medium (1< CPI
<2), or high (CPI >2) (Chen et al. 2005). Furthermore, if
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CPI<1, it shows that there is no heavy metal accumula-
tion in soil. If CPI>1.0, it means that there is heavy
metal accumulation in soil. The higher the CPI is the
more serious heavy metal accumulation in soil. The
permissible limit of different heavy metals for soil sug-
gested by Kabata and Pendias (1992)) was adopted here
and pollution index was calculated as:

CPI= (metal content in soils/permissible level of metal)/
number of metals

Soil enrichment factors

Enrichment factor was assessed to determine the level of
metal contamination and the possible anthropogenic
impact in sewage-irrigated soils of the area. Therefore,
to assess the relative degree of metal contamination,
comparisons were made to background concentrations
in the earth’s crust using Fe as reference element fol-
lowing the assumption that its content in the crust has
not been disturbed by anthropogenic activity, and it has
been chosen as the element of normalization because
natural sources (98 %) vastly dominate its input (Tippie
1984). The earth’s crust data of Taylor 1964 were used
for the calculation of enrichment factor. Deely and
Fergusson (1994) suggested Fe as an acceptable nor-
malization element to be used in the calculation of the
enrichment factor since they considered the Fe distribu-
tion was not related to other heavy metals. The EFs were
calculated according to the equation mentioned below
(Zoller et al. 1974):

EFs = C/ Fe(sample)/c/ Fe(earthls crust)

Where EFs is the enrichment factor, C/Fe (samplc) 18 the
ratio of metal and Fe concentration of the sample, and
C/Fe (carth’s crust) 18 the ratio of metals and Fe concentra-
tion of the earth crust. Five contamination categories are
recognized on the basis of the enrichment factor: EF <2
states deficiency to minimal enrichment, EF=2-5
moderate enrichment, EF=5-20 significant enrichment,
EF=20-40 very high enrichment, and EF>40 extreme-
ly high enrichment (Sutherland 2000).

Transfer of metals from soil to plants
The transfer coefficients (TCs) of different heavy metals

under study were calculated to indicate the mobility of
metals in soils. TC actually quantifies the existing
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differences in the bioavailability of metal to plants
(Kachenko and Singh 20006). It is calculated by dividing
the concentration of a metal in a plant (dry weight) by
the total soil metal concentration: TC=Mpc/Msc, where
Mpc is the metal plant concentration (mg kg ') and Msc
is the soil metal concentration (mg kg '). Higher TC
depicts relatively poor retention in soil or greater effi-
ciency of plants to absorb metal, and low TC depicts the
strong sorption of metal to the soil colloid (Alloway and
Ayres 1997).

Results and discussions

Physicochemical properties and heavy metal
concentrations in irrigation water

The sewage water of 16 sites showed variability in
chemical properties (Table 2). The pH of water was
neutral to slightly alkaline which is within safe limit of
6.0 to 8.5 as suggested by United States Salinity
Laboratory Staff (1954). Electrical conductivity (EC)
has ranged from 1.00 to 3.20 dS m™" which is quite high
and found to exceed the toxic limit (0.7 dS m™") as per
the FAO (1985). Heavy metal concentrations (mg L")
in sewage water at different locations ranged from 0.22
to 0.33 for Zn, 0.19-0.31 for Cu, 1.11-1.50 for Pb,
0.10-0.13 for Cd, and 0.25-0.36 for Ni. Among all the
heavy metals in sewage water, concentration of Pb was
highest followed by Ni, Zn, Cu, and Cd.

Except for Zn and Pb, the concentration of
heavy metals (viz. Cu, Cd, and Ni) in sewage
water was higher than the recommended maximum
concentration suggested by FAO (1985) indicating
that the transfer of metals to the soil (irrigated
with sewage water) and subsequently to plants
poses potential health risks, since they can enter
the food chain and the environment. Except for
Cd, the mean concentrations of Zn, Cu, Pb, and
Ni of irrigation water in the area under study were
several times lower than those reported in Titagarh
(Gupta et al. 2008), Solapur (Jagtap et al. 2010),
and Ahmednagar (Kharche et al. 2011), India.
However, mean Zn, Cu, Pb, Cd, and Ni concen-
trations were higher than those reported in Delhi
(Singh and Kumar 2006) and Allahabad (Yadav
et al. 2013), India. On the other hand, mean Cd
concentration was 200 folds lower than those re-
ported in Solapur, India (Jagtap et al. 2010).
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Table 2 Physico-chemical properties and heavy metal contents of waste water of the peri-urban Kolkata

pH EC (dSm ") Total heavy metal content (mg L")
Zn Cu Pb Cd Ni
Mean 7.87 1.55 0.27 0.26 1.34 0.12 0.29
Median 7.92 1.35 0.28 0.26 1.35 0.12 0.29
Minimum 7.31 1.00 0.22 0.19 1.11 0.10 0.25
Maximum 8.23 3.20 0.33 0.31 1.50 0.13 0.36
Std dev 0.28 0.63 0.03 0.03 0.10 0.01 0.03
Range 7.31-8.23 1.00-3.20 0.22-0.33 0.19-0.31 1.11-1.50 0.10-0.13 0.25-0.36

Physicochemical properties of soils

The results of the physicochemical properties of the
soils receiving the sewage irrigation were presented
in Table 3. The soils of the 16 sites at various
depths were slightly alkaline. The pH of soils irri-
gated with sewage water was not much influenced
as compared to the normal soils. The EC in
sewage-irrigated soils was below the threshold limit
to cause salinity hazard to the soil. The organic
carbon content of the soils on the other hand was
high which might be due to the addition of organic
matter through long-term application of sewage
water. Singh and Kumar (2006) also reported the
similar type of findings.

Heavy metal concentration in soil

Among the heavy metals, Pb content was the highest
followed by Zn, Ni, Cu, and lowest with Cd
(Table 4). The results, therefore, revealed that there
was a marked variation in the level of heavy metals
content. The differences in heavy metal accumulation

of soil at different locations might be due to the use
of different amount of sewage water used as per crop
water requirement as well as quality of sewages
flowing at different seasons. This may also be related
to the heavy metal contamination from highway ve-
hicles as well as due to the use of various agroche-
micals containing heavy metals (Singh and Kumar
2006). Except for Zn and Cu, total content of Pb, Cd,
and Ni in the sewage-irrigated soils was above the
maximum permissible limits as given by Kabata and
Pendias (1992), but those values were below the
permissible limits (except for Cd which is several
folds higher than the safe limit) as suggested by the
Department of Environment (1989) and Indian stan-
dard (Awashthi 2000).

Mean concentrations of Zn (66.56 mg kg ') and
Cu (27.81 mg kg ") in surface soils receiving sewage
water in the present investigation were lower than
those reported in different cities in India viz.,
Titagarh, West Bengal (Gupta et al. 2008), Solapur,
Mabharashtra (Jagtap et al. 2010), Delhi (Singh and
Kumar 2006), and Ahmednagar, Maharashtra
(Kharche et al. 2011) and also in industrial areas of

Table 3 Depth wise physicochemical properties of soil receiving the urban waste water

pH EC (dS m™") Organic carbon (%)
Depth (m) 0.0-02 02-04 0406 0.0-02 0.2-04 0.4-0.6 0.0-0.2 02-0.4 0.4-0.6
Mean 7.3 7.6 7.8 0.46 0.41 0.42 1.29 0.97 0.7
Median 7.5 7.7 7.9 0415 0.41 0.39 1.17 0.9 0.69
Minimum 6.3 6.6 7 0.21 0.22 0.19 0.81 0.69 0.21
Maximum 8.1 8.2 8.2 0.89 0.81 0.91 1.95 1.47 1.29
Standard deviation ~ 0.56 0.52 0.34 0.21 0.15 0.18 0.39 0.23 0.25
Range 63-81 6.6-82 7.0-82 021-0.89 0.22-0.81 0.19-091 0.81-1.95 0.69-1.47 0.21-1.29
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T I 4 Y Dhaka, Bangladesh (Ahmad and Goni 2010).
o~ —
z gr g 2 § § % g However, mean Cu concentration (27.81 mg kg ')
was higher than the values reported in sewage-
<« | § irrigated vegetable growing soils of Beijing, China
z E § § § % §$ (Liu et al. 2005). The mean concentration of Pb
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< the mean Cd concentration (15.95 mg kg ) was
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T KR8 & . .
Slgleczzsa 2 - trial areas of Dhaka, Bangladesh (Ahmed and Goni
2010) but was several folds higher than those report-
© | o - o | g ed in Delhi (Singh and Kumar 2006) and
fﬁ ;r ; § g ] ﬁﬁ Ahmednagar, India (Kharche et al. 2011); Beijing,
A China (Liu et al. 2005); and industrial areas of
+ | o - Q2 Baghdad, Iraq (Obaidy and Mashhadi 2013).
o i: a8 * 5 % 8 However, the mean Cd concentration was lower than
S s|l==%x=a % those observed in Titagarh (Gupta et al. 2008) and
% ® Allahabad (Yadav et al. 2013), India and was several
2 s|lgsg v & q 25 folds lower than those reported in Solapur, India
e i €8gacs g~ (Jagtap et al. 2010). Mean Ni concentration
é - (36.81 mg kg™ ') in sewage-irrigated soils of the area
PA 3 -8 guaa é “ was lower than those reported in Titagarh (Gupta
2 i Al e S et al. 2008), Solapur (Jagtap et al. 2010),
:§ - Ahmednagar (Kharche et al. 2011), Allahabad
:%0 ; VA 2 g'g (Yadav et al. 2013), India and industrial areas of
5 Yz =7 Dhaka, Bangladesh (Ahmad and Goni 2010) and
s - Baghdad, Iraq (Obaidy and Mashhadi 2013).
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= o contents in sewage water (Fig. 2) as it is observed
%‘j S sog8s éé from the simple regression analysis. The relation-
£ i oo = o o ship being found most significant for Cu (R*=
g 0.95) followed by Pb (R?*=0.81), Ni (R*=0.69),
g N . r,gg and Zn (R*=0.65), whereas least significant for
= MR EEE Cd (R*=0.53).
°
=)
= Yl o omeo &9 Quantification of soil pollution
S E W X S o n O
| Slslgsdse=s &
§ - Soil pollution index (SPI) often used to quantify the
- g - = % degree of pollution of sewage-treated soils with respect
S 2 o . .
2 €] § = x 2B o to background values. In this study, SPI was estimated
2 gl e 3 § S©§ .
= Al===2=2Za by the procedure given below:
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Single pollution index

The highest SEPI value in sewage-irrigated soils was
found for Cd which ranged from 2.93 to 6.03 (Table 5)
indicating moderate to high contamination level with a
mean of 5.32 for all surface soil samples indicating high
contamination level. The SEPI value for Ni and Pb
varied from 0.65 to 1.85 and 0.39 to 1.11, respectively,
suggesting low to moderate contamination with both the
metals. On the other hand, the SEPI value for Zn and Cu
varied from 0.53 to 0.84 and 0.22 to 0.79, respectively,
which indicated low contamination with both Zn and
Cu.

Combined pollution index

The value of CPI ranged from 1.32 to 1.93 with an
average of 1.67 (Table 5) for surface soils of all the sites
indicated that metal concentrations were above the haz-
ard criteria and exhibit multi-element contamination by

Table 5 Single element pollution index (SEPI) and combined
pollution index (CPI) values

SEPI values CPI value

Zn Cu Pb Cd Ni

Minimum 053 022 039 293 0.65 132
Maximum 084 079 1.11 6.03 185 1.93
Mean 067 046 069 532 123 1.67

Conc. of metals in sewage water (mg kg™!)

sewage irrigation and recommended for soil treatment
and continuous environmental monitoring of the area.

Soil enrichment factors

It can be observed that the EF values significantly higher
than 1 indicate an origin of heavy metals and may not
come from the local soil background but other natural
and/or anthropogenic sources in urbanized areas, includ-
ing sewage irrigation, vehicle emissions, industrial dis-
charges, and other activities (Thornton 1991).

Values of EFs are presented in Table 6. Generally,
with increasing EF values, the contributions of the an-
thropogenic origins also increase. The results of EF
indicated that the sewage-irrigated soils of the study
area were highly enriched with metals such as Cd which
were observed to show extremely high enrichment, and
Pb exhibits significant to very high enrichment, while
Zn was observed to show significant enrichment.

Table 6 Enrichment factor (EF) of metals against earth’s crust

Metals EF values

Minimum Maximum Mean
Zn 5.15 7.16 5.99
Cu 1.73 5.12 3.14
Pb 11.29 26.27 17.32
Cd 232.13 548.51 452.04
Ni 1.95 439 3.07
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Table 7 Accumulation of heavy metals (mg kg ') in crops grown in sewage-irrigated soils

Crops Zn Cu Pb Cd Ni

Sesame (n=10) 24.4 (5.4) 79 (2.2) 66.3 (10.3) 13.5(1.6) 23.8(5.5)
Chilli (n=6) 32.4(6.7) 11.2 (4.7) 65.5(9.9) 11.8 (3.6) 15.4 (8.5)
Okra (n=9) 342 (7.1) 9.0 (2.2) 73.3(10.2) 13.0 (2.6) 19.3 (6.2)
Jute (n=10) 30.7 (5.0) 4.8 (2.5) 68.4 (12.3) 12.7 (0.8) 16.9 (2.3)
Brinjal (n=6) 35.5(5.8) 6.9 (1.8) 76.4 (12.1) 12.6 (1.0) 23.5(4.4)
Poi (n=10) 37.5(3.2) 6.8 (1.6) 79.9 (8.2) 13.1 (1.7) 19.1 (8.8)
Amaranthus (n=4) 33.9 (7.6) 4.8 (0.9) 84.8 (5.0) 13.3 (1.6) 26.6 (12.1)
Colocasia (4) 39.3(5.9) 21.3 (6.6) 91.9 (2.6) 16.8 (6.0) 21.1(10.2)
Cowpea (n=06) 37.1(7.2) 49 (1.2) 84.1(7.3) 129 (1.4) 21.4(7.9)
Cauliflower (n=6) 37.3(5.1) 3.8(0.8) 70.7 (6.0) 11.6 (1.9) 13.4 (6.6)

All values are mean values; Figures in parentheses are of standard deviation

However, Cu and Ni in the sewage-irrigated soils
showed minimal to significant and minimal to moderate
enrichment, respectively.

Heavy metals concentration in plants

The use of untreated sewage water in agricultural soils
may give rise to the accumulation of metals to toxic
levels in the top soil and hence in the crops grown on it.
In order to check the flux of heavy metals, different
crops grown on sewage-irrigated soils were analyzed
for metals contents.

The distribution of five metals in crops collected
from various sites in the peri-urban areas of Kolkata
was estimated and presented in Table 7. Heavy metals
content of the different crops showed significant
differences.

Results showed that heavy metals were accumulated
by the crops irrigated with sewage water on the bank of
the stream but their accumulation was not to the same
extent for all the crops. Few crops accumulated specific
heavy metals at higher amount than the others.
Accumulations of specific heavy metals for different
crops were averaged and maximum accumulations of
Zn, Cu, Pb, and Cd were reported in Colocasia which
were 39.3,21.3, 91.9, and 16.8 ug g71 for Zn, Cu, Pb,
and Cd, respectively, and maximum Ni accumulation
was in Amaranthus (26.6 ug g ') (Table 7).

Therefore, it’s appeared that Colocasia and
Amaranthus accumulate highest metal on the basis of
overall metal uptake. This is corroborated with the find-
ings of the previous studies showing increased levels of
heavy metals in edible food crops grown in sewage-
irrigated soils (Jagtap et al. 2010; Kharche et al. 2011;
Liu et al. 2005; Singh and Kumar 2006). Higher

Table 8 Safe limit of heavy metals in waste water, waste water-irrigated soil, and plants grown on to it

Elements For use of waste water

Critical soil concentration values

Plant tolerance level (mg kg ')

in agriculture (mg L™ ®  (mg kg™") for phytotoxicity of heavy metals

Indian standard

Kabata and

Department of Safe limit® ~ Safe limit®  Safe limit®

(Awashthi 2000)  Pendias (1992) Environment (1989)

Zn 2 300-600 100
Cu 0.2 135-270 60
Pb 0.5 250-500 50
Cd 0.01 3-6 3.0
Ni 0.2 75-150 30

450 50 60 100
200 30 40 20
- 2.5 5 9
3.0 1.5 0.3 0.2
110 1.5 20 10

2 FAO (1985); ® Prevention of Food Adulteration Act of India (1954);  FAO/WHO standard (Codex Alimentarious Commission 1984); ¢

SEPA (2005)
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standard deviations in metal accumulation could be due
to breed variety of plants as well as soil types.

The comparison of the mean heavy metals concen-
trations (Zn, Cu, Pb, Cd, and Ni) in different crops with
the permissible limit of Prevention of Food Adulteration
(PFA) Act 1954 (Awashthi 2000), FAO/WHO Standard
(1984), and SEPA (2005) showed that the concentra-
tions of heavy metals such as Pb, Cd, and Ni were above
the permissible limit in all the examined crops generally
grown in these areas (Table 7). Concentrations of Cu
were within the safe limit of FAO/WHO and Indian
Standard (PFA Act, 1954) in all the crops except for
Colocasia as suggested by SEPA (2005). The mean
maximum concentration of Pb was found in Colocasia
(91.9 mg kg ") followed by Amaranthus (84.8 mg/kg),
which exceeded the maximum limit in India for Pb by
36.8 and 33.92 times, respectively. Mean concentration
of Pb in all the crops (66.3-91.9 mg kg ") was several
times higher than the values earlier reported in Titagarh,
West Bengal, India (21.59-57.63 mg kg_l) (Gupta et al.
2008) and in vegetables grown in and around industrial
areas of Dhaka, Bangladesh (12.0-22.1 mg kg™')
(Ahmad and Goni 2010) but it was significantly lower
than the mean concentration of Pb (409 mg kg ') re-
ported in vegetables from Turkey by Turkdogan et al.
(2002).

The highest concentration of Cd was found in
Colocasia (16.8 mg kg™ ') followed by Sesame
(13.5 mg kg ") and Amaranthus (13.3 mg kg ') which
exceeded the Indian Standard (Awashthi 2000) by 11.2,
9.0, and 8.9 times, respectively. The present investiga-
tion showed that the mean Cd level (11.6-16.8 mgkg ™)
measured in different crops from sewage-irrigated areas
of Kolkata was more or less similar with the vegetables
from waste water-irrigated areas of Titagarh, West

Table 9 Order of metal accumulation in plants grown in sewage
water-irrigated soils

Sesame Pb>Zn>Ni>Cd > Cu
Chilli Pb>Zn>Ni>Cd>Cu
Okra Pb>Zn>Ni>Cd>Cu
Jute Pb>Zn>Ni>Cd > Cu
Brinjal Pb>Zn>Ni>Cd>Cu
Poi Pb>Zn>Ni>Cd>Cu
Amaranthus Pb>Zn>Ni> Cd > Cu
Colocasia Pb>Zn>Cu>Ni>Cd
Cowpea Pb>Zn>Ni>Cd > Cu
Cauliflower Pb>Zn>Ni>Cd > Cu

Table 10 Transfer coefficient (TC) of metals from soil to plants in waste water-irrigated soils of peri-urban Kolkata

=6)

Cauliflower (n

=6)

=4) Colocasia (n=4) Cowpea (n

Amaranthus (n

10)

=6) Poi (n=

Brinjal (n

10)

Jute (n

Okra (n=9)

=6)

Chilli (n

10)

Metal Sesame (n

0.44-0.64 (0.55) 0.44-0.74 (0.56) 0.46-0.83 (0.59)

0.26-0.70 (0.39) 0.38-0.56 (0.47) 0.28-0.77 (0.53) 0.33-0.72 (0.49) 0.48-0.65 (0.53) 0.48-0.73 (0.56) 0.50-0.82 (0.58)

Zn

0.38-0.95 (0.67) 0.10-0.24 (0.17) 0.07-0.24 (0.15)

0.19-0.93 (0.38) 0.15-0.66 (0.42) 0.16-0.69 (0.42) 0.05-0.33 (0.20) 0.16-0.30 (0.24) 0.12-0.68 (0.28) 0.14-0.36 (0.28)
0.44-0.87 (0.64) 0.50-0.77 (0.64) 0.57-1.05 (0.76) 0.49-0.50 (0.65) 0.59-0.97 (0.73) 0.66-1.03 (0.80) 0.81-1.08 (0.93)

Cu

0.75-0.98 (0.86) 0.67-0.94 (0.81) 0.56-0.71 (0.66)

Pb

0.77-1.51 (1.02) 0.67-0.83 (0.77) 0.51-0.82 (0.69)
0.33-0.98 (0.54) 0.41-1.12 (0.58) 0.22-0.67 (0.36)

0.72-0.94 (0.80) 0.46-0.97 (0.72) 0.52-1.03 (0.81) 0.67-0.85 (0.76) 0.68-0.83 (0.74) 0.50-0.96 (0.81) 0.70-0.90 (0.82)
0.50-1.25 (0.74) 0.22-0.63 (0.40) 0.19-0.93 (0.61) 0.38-0.75 (0.51) 0.40-0.73 (0.62) 0.19-0.93 (0.54) 0.42-1.48 (1.09)

Cd

Figures in parentheses are of mean value
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Bengal, India (10.37-17.79 mg kg™ ') (Gupta et al.
2008); Solapur, Maharashtra (4.1-24.46 mg kg_l)
(Jagtap et al. 2010) and the vegetables from endemic
upper gastrointestinal cancer region of Turkey
(25 mg kg ') (Turkdogan et al. 2002) but higher than
the vegetables from sewage-irrigated areas of Delhi,
India (1.1-7.1 mg kg ') (Singh and Kumar 2006);
Varanasi, India (0.5-4.36 mg kg ') (Sharma et al.
2007); and significantly more than the vegetables from
Egypt (0.002-0.08 mg kg™ ') (Dogheim et al. 2004) and
China (0.03-0.73 mg kg_l) (Liu et al. 2005).

The mean maximum Ni content in leafy vegetable
Amaranthus (26.6 mg kg ') was 17.7-1.3 and 2.7 fold
higher than the recommended safe limit of PFA Act of
India (Awashthi 2000), FAO/WHO standard (Codex
Alimentarious Commission 1984), and of China
(SEPA 2005), respectively. The mean concentrations
of Ni in different crops varied from 13.4 to
26.6 mg kg ' which were much lower than the data
reported for vegetables in Titagarh, West Bengal, India
(42.79 to 62.7 mg kg ') by Gupta et al. (2008).
However, it was more or less similar to the findings
(8.78-21.5 mg kg ') of Rattan et al. (2005) in Delhi,
India but much higher than that of the findings (1.81—
7.57 mgkg ") of Sharma et al. (2007) in Varanasi, India.
The exhibition of spatial variations in concentrations of
all the heavy metals may be ascribed to the variations in
their sources and the quantity of heavy metals
discharged through the effluents and sewage in irrigat-
ing water of the study area (Table 8).

Order of preference to the metals for plants prepared
on the basis of metal accumulation values was presented
in Table 9. Among the five metals under study, Pb was
the most preferred metal followed by Zn and Ni, where-
as Cd and Cu were appeared to be the least preferred
metals for all the plants except for Colocasia where the
order of metal accumulation was as follows: Pb > Zn >
Cu>Ni> Cd.

Transfer of metals from soil to plants

Table 10 gives the ranges as well as the means values of
TCs of Zn, Cu, Pb, Cd, and Ni calculated for each crops.
The highest mean TC values for Zn, Cu, Pb, Cd, and Ni
were found for cauliflower (0.59), Colocasia (0.67),
Amaranthus (0.93), Colocasia (1.02) and Amaranthus
(1.09), respectively. It is also observed that the toxic
heavy metals like Pb and Cd have higher TC in com-
parison to other metals for almost all plants. On the other

@ Springer

hand, transfer coefficient for Zn and Cu is low compared
to other elements in all the crops. Among the different
crops under study, leafy vegetables (e.g., poi,
Amaranthus, Colocasia, and cowpea) showed
higher TCs as compared to other plants for Pb
and Cd. The bioaccumulation factors for heavy
metals were significantly higher for leafy than
non-leafy vegetables were also found by Zhuang
et al. 2009 in the food crops in the vicinity of a
metal mine. The TC value of Cd was found quite
high for crops like Amaranthus (1.16), radish
(0.78), and cauliflower (0.19) that were observed
in the agricultural land at Ruppur areca of Pabna
District of Bangladesh (Jolly et al. 2013).

Conclusions

Except for Zn and Cu, all the crops are severely con-
taminated with Pb and Cd as the level is far greater than
the safe limits recommended by Prevention of Food
Adulteration Act of India (1954), FAO/WHO standard
and SEPA, 2005 and should not be consumed at all.
However, the mean Ni accumulated value was above the
permissible limit of Indian Standard (PFA Act of 1954)
and SEPA, 2005 in all the crops but below the safe limit
as described by FAO/WHO standard in the crops (viz.
chilli, okra, jute, poi, and cauliflower). The results,
therefore, revealed that the crops grown on sewage-
irrigated soils were generally contaminated with toxic
heavy metals, posing a potential health concern due to
their entry into the food chain which can cause different
diseases like brain and kidney damage and cancer in the
human body. Continuous monitoring of transfer of these
heavy metals from sewage to soils and plants is there-
fore essential to prevent food chain contamination.

So, the sewage water contaminated with toxic
heavy metals should not to be directly used in the
agriculture field. A prior treatment through sewage
treatment plant is very essential. The treated sew-
age water then might be a good source of irriga-
tion. Otherwise, long-term use of untreated sewage
water might cause an entry of toxic heavy metals
into the food chain.
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