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Abstract Four crop plants Oryza sativa (rice),
Solanum melongena (brinjal), Spinacea oleracea
(spinach) and Raphanus sativus (radish) were
grown to study the impact of secondary treated
municipal waste water irrigation. These plants
were grown in three plots each of 0.5 ha, and
irrigated with secondary treated waste water from
a sewage treatment plant. Sludge from the same
sewage treatment plant was applied as manure.
Cultivated plants were analyzed for accumula-
tion of heavy metals and pesticides. Results re-
vealed the accumulation of six heavy metals
cadmium (Cd), chromium (Cr), iron (Fe), cop-
per (Cu), nickel (Ni), and zinc (Zn) as well
as two pesticides [1,1-bis(p-chlorophenyl)-2,2,2-
trichloroethane; DDT] and benzene hexa chloride
(BHC). Order of the plants for the extent of
bioaccumulation was S. oleracea > R. sativus >
S. melongena > O. sativa. The study has shown the
secondary treated waste water can be a source of
contamination to the soil and plants.
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Introduction

The present study evaluates the soil contami-
nation and bioaccumulation of six heavy met-
als cadmium (Cd), chromium (Cr), iron (Fe),
copper (Cu), nickel (Ni), and zinc (Zn) as well
as two pesticides [1,1-bis (p-chlorophenyl)-2,2,
2-trichloroethane; DDT] and benzene hexa chlo-
ride (BHC) resulted due to the continuous irriga-
tion by secondary treated waste water. Secondary
treated wastewater from sewage treatment plants
may contain undesirable chemical constituents
that pose negative environmental and health risks.
Sewage and industrial effluents from biological
treatment plants have been widely used for irri-
gation in India (Singh et al. 2004). Irrigation with
wastewater is known to contribute significantly to
the heavy metal content of soils (Mapanda et al.
2005; Nan et al. 2002; Singh et al. 2004). Heavy
metals can accumulate in the soil up to toxic levels
due to long term application of untreated waste-
waters. Soils irrigated by wastewater accumulate
heavy metals viz. Cr, Zn, Pb, Cd, Ni in surface
soil. Due to repeated application of waste water
capacity of the soil to retain these heavy metals
is reduced and these heavy metals may become
available to the plants. Also, other persistent pol-
lutants such as pesticide residues can accumulate
in soil and may contaminate the food grains, veg-
etables, fruits etc. These contaminated food stuffs
can cause adverse health effects on human upon
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consumption (Blanchard et al. 2001; Wang et al.
2003). Use of pesticides and inorganic fertilizers
in agriculture can also leads the accumulation of
heavy metal, pesticide residues and metalloids in
soils (Moreno et al. 2005). Therefore, it is im-
portant to study the impact of secondary treated
sewage irrigation, accumulation of heavy metals
in soil and its transport to crop plants irrigated
with effluents. Present study aimed to evaluate
the levels of six heavy metals and two pesticides
in farmland soils irrigated with secondary treated
sewage waste water as well as their accumulation
in crop plants.

Materials and methods
Study area

Present study was conducted in the City of
Varanasi which is located between 82°56’" E-
83°03' E longitude and 25°14’ N-25°23.5' N lat-
itude. The city lies in the Indo-Gangetic plains
of North India. The city has a humid subtropical
climate with three distinct seasons summer, winter
and rainy. Summers are long, from early April
to October, with intervening monsoon seasons.
Cold waves from the Himalayan region causes
temperature to dip across the city in the winter
from December to February. The temperature
ranges between 32-46°C in the summers, and 5-
15°C in the winters. The average annual rainfall is
1,040 mm, which is confined to the few months of
rainy season.

Sewage treatment plant at Varanasi

In Varanasi about 250 million litters per day
(MLD) sewage is generated. This sewage also
mixed with effluent from different small and
medium scale industries. Government author-
ities have established three sewage treatment
plants, among which Dinapur sewage treatment
plant, where the study is conducted is largest.
This treatment plant is meant for the treatment
of 175 MLD effluents. This plant provides two
step treatment i.e. primary and secondary treat-
ment of the sewage. Primary treatment is accom-
plished through grit removal, screening, grinding,
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skimming, sedimentation and flocculation. Sec-
ondary treatment adopts oxidation pond, activat-
ed sludge and trickling filter. There is no provision
for tertiary treatment of pollutants. Secondary
treated waste water is supplied for irrigation or it
is discharged into river Ganga. Non biodegradable
and persistent pollutants like heavy metals and
pesticides are supposed to be present in the in this
water. That is why present study was performed
assess the impact of sewage irrigation on selected
plant in terms of bioaccumulation selected heavy
metals and organochlorine pesticides.

Experimental plots

To analyze the effects of secondary treated waste-
water on plants, four crop plants Oryza sativa
(rice), Solanum melongena (brinjal), Spinacea
oleracea (spinach) and Raphanus sativus (radish)
were selected. These plants were grown in three
plots of 0.5 ha (plot A, plot B and plot C). Plot
A was irrigated only with well water, plot B with
secondary treated wastewater and plot C with
secondary treated wastewater along with sludge
application at 1.0 ton per ha. Each of the four
crop plants were grown in 0.125 ha sub-plots.
Vegetable plants Solanum melongena (brinjal),
Spinacea oleracea (spinach) and Raphanus sativus
(radish) were irrigated twelve times in one season.
However, O. sativa was irrigated four times only.
Randomized blocks were used for sampling of soil
and crop plants. Three replicates were used for
analysis of each sample. Soil samples were col-
lected and analysed after harvesting of the plants
during the months of November—-March.

Water, soil and plant analysis

Present study is performed to evaluate the ef-
fects of secondary treated effluent from Dinapur
sewage treatment plant in Varanasi (India). This
treatment plant receives 175 MLD sewage mixed
with industrial effluent. Physico-chemical proper-
ties of the effluent are given in the Table 1. Sec-
ondary treated wastewater and well water were
analyzed for different physicochemical character-
istics: temperature, pH, biochemical oxygen de-
mand (BOD), chemical oxygen demand (COD),
total N, total P, K, heavy metals (Cd, Cr, Cu,
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Table 1 Physicochemical characteristic of secondary
treated wastewater and well water used for irrigation

(mgL™"

Parameters Secondary treated Well water
wastewater

pH 7205 7.0+0.2

BOD 320+1.9 1.7 £0.02

COD 82 +£3.7 27+0.2

Total N 482 +29 1.0 £ 0.001

Total P 59+0.7 0.3 + 0.0002

Cd 0.09 £ 0.01 BDL

Cr 1.24+0.1 BDL

Cu 0.11 £ 0.01 BDL

Fe 1.8 £0.02 0.002 £ 0.0001

Ni 0.075 £ 0.001 BDL

Zn 0.92 +£0.01 0.001 + 0.0003

T-DDT 0.028 + 0.001 BDL

T-BHC 0.040 + 0.001 BDL

BDL Below Detection Limit

Zn, Ni, Fe), total-BHC and total-DDT using Stan-
dard Methods for the Examination of Water and
Wastewater (APHA 1995). Sludge was analyzed
for pH, total N, total P, K, Cd, Cr, Cu, Zn, Ni, Fe,
total-BHC and total-DDT.

Soil samples were taken from 20 cm depth from
all the three plots and analyzed for bulk density,
porosity, pH, electrical conductivity (EC), organic
carbon, total N, total P, K, Ca, Mg, Cr, Cu, Zn,
Ni, Fe, total-BHC and total-DDT. Determination
of the pH of sludge was done by adding water
in sludge in 1:5 ratio, the mixture was shaked for
1 hr thereafter left as such for overnight. This
sample was decanted and pH was measured by
pH meter. Organic carbon was determined by the
Walkley and Black rapid titration method (Nelson
and Sommers 1996).

Crop plants were analyzed for total N, P, K, Ca,
Mg, and heavy metal such as Cd, Cr, Cu, Zn, Ni,
Fe and pesticides (BHC and DDT). Total nitrogen
was analyzed by micro-Kjeldahl method (Peach
and Tracey 1956). Total P was estimated using
wet oxidation method (Jackson 1962). Analysis
of Ca, Mg and K was done by flame photometer
from Elico. The contents of heavy metals were
determined by an atomic absorption spectropho-
tometer (AAS) using an air-acetylene flame or
graphite furnace (Perkin-Elmer). Extraction of
the metals from the plant samples (0.5-1.0 g)
prior to AAS analysis employed a modified wet

digestion procedure involving concentrated ni-
tric acid. Extraction method used was modified
from that outlined in Campbell and Plank (1998).
Organochlorine pesticides BHC and DDT were
measured by gas chromatograph equipped with
ECD. The determination of analytes was carried
out with a gas chromatography system (Varian
CP-3800) equipped with electron capture detector
(ECD). Nitrogen was used as carrier gas at a flow
rate of 1.5 ml/min. The column temperature was
programmed as 60°C (1 min) to 140°C at 20°C/min
and then to 280°C (5 min) at 8°C/min. The injector
and detector temperatures were 220°C and 280°C,
respectively the carrier and make-up gases. For
heavy metal analysis soil samples were digested
using aqua regia (HCI/HNO;; USEPA 2001a).
Samples were filtered through Whatman GF/C
filter papers in borosilicate funnels into 50 ml
borosilicate volumetric flasks and made up to the
mark with distilled water. Solutions were then
analyzed for heavy metals using atomic absorp-
tion method (A AS-Perkin Elmer). Plant samples
were accurately weighed in polyvinyl containers
followed by the addition of nitric acid, hydro-
gen peroxide and water as suggested by USEPA
Method 3051 (USEPA 2001b). The plant material
was then analysed as it was done for soil sam-
ples. Statistical analyses were done using SPSS
10 package.

Results and discussion

Physico-chemical properties of secondary treated
wastewater and farmland soil

Physicochemical analyses of secondary treated
wastewater revealed high content of heavy metals,
pesticides and nutrients (Table 1). Total N and
total P were observed as 48.2 £ 2.9 and 5.9 +
0.7 mg 17! respectively (£=SD, n = 3). Bio-
chemical oxygen demand was also on higher side
(32.0 &£ 1.9 mg I"!) indicating the high organic
content. Heavy metals Cd, Cr, Cu, Fe, Ni and Zn
were also present in high concentrations 0.09 +
0.01, 1.20 £ 0.1, 0.11 £ 0.01, 1.8 £ 0.02, 0.075 +
0.001 and 0.92 + 0.01 mg 17!, respectively. Total
BHC and Total-DDT were recorded as 0.04 +
0.001 and 0.028 + 0.001 mg 17!, respectively.
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Analysis of well water revealed no sign of con-
tamination (Table 1). Sludge contained high con-
centrations of heavy metals Cd 0.73 £ 0.04, Cr
1.5 £ 0.1, Cu 0.67 £ 0.1, Fe 9.7 + 0.7, Ni 0.38 +
0.1 and Zn 2.7 & 0.2 g kg~'. Total N, total P
and K were recorded as 17.9 1.9, 8.5 + 0.6 and
6.2+ 0.5 gkg™!, respectively while total-BHC and
total-DDT was 0.21 £ 0.06 and 0.18 & 0.05 g kg™!
respectively in sludge (Table 2).

General characteristic of the soil before har-
vesting is given in Table 3. Physicochemical analy-
sis of farmland soil after harvesting revealed
highest bulk density in soil irrigated with sec-
ondary treated wastewater and sludge followed
by soil irrigated only with secondary treated
wastewater and soil irrigated with ground water
(Table 4). Porosity was highest as 38.5 + 1.7%
in soil irrigated with ground water (plot A). Low
value of porosity as 21.3 £ 1.2% in soil irrigated
with secondary treated wastewater and sludge
seems may be due to salts which affect the soils
and reduces porosity (Rengasamy et al. 2003).
Macro essential elements total N, total P, K, Ca
and Mg as 1,200 £ 12.9, 7.8 £ 0.9, 97.6 £ 5.9,
4.0 £ 0.5 and 1.0 £ 0.2 ug g !, respectively were
found in farmland soils irrigated with secondary
treated wastewater and sludge treatment (plot C)
which was highest among the experimental plots.
Analysis of variance showed significant difference
between physicochemical characteristics of dif-
ferent farmlands (p < 0.05). Plot-C accumulated
highest concentration of Cd 5.30 £ 0.5, Cr 62.3 +
42,Cu789+£3.7,Fe 12,521.7 £ 15.3, N169.7 £ 3.7

Table 2 Physico-chemical characteristics of sludge of
Dinapur sewage treatment plant (g kg™!)

Parameters Secondary treated wastewater
pH 734+0.6
Total N 17.8 £0.9

P 85+£06
K 62+05
Cd 0.073 4+ 0.001
Cr 1.5+0.1
Cu 0.67 £ 0.01
Fe 9.7 +£0.7
Ni 0.38 £ 0.01
Zn 274+02
T-DDT 0.18 £ 0.01
T-BHC 0.21 +£0.01
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Table 3 General characteristics of soil from the study area

Parameters Plot-A

pH 81+04

EC (umho cm™1) 917.5+10.4
Bulk density (g cc™!) 1.32+05
Porosity (%) 3150+ 1.6
Organic carbon (%) 0.27 £0.02
Total N (ug g~ 1,120.5 £ 16.5
Total P (ugg™h) 5.8+0.8
K(pgg™h 88.2+8.1
Ca(ugg™) 347406
Mg (ngg™h 0.42 £+ 0.06
Cd(pgg™h 0.31 +0.04
Cr(ugg™ 8.6+ 0.6
Cu(ugg™ 17.4 +£2.1

Fe (ugg™) 2931.40 £27.8
Ni (ugg™h 93+1.6

Zn (ugg " 49.6 + 6.8
Total-BHC (ug g™ BDL
Total-DDT (ug g™ BDL

BDL Below Detection Limit

and Zn 180.7 & 10.7 ug g~' whereas, total-BHC
concentrations were 0.023 £ 0.01, 0.015 + 0.001
and 0.003 £ 0.0001 pg g~!' and total-DDT con-
centrations were 0.01 & 0.001, 0.005 £ 0.0001 and
0.008 4 0.0001 pg g~ ! in plot-A, plot-B and plot-C,
respectively. Persistence of these pesticides varies
from 2-15 years which depends on environmental
conditions. In India, the use of DDT in agriculture
was banned in 1989 with a mandate to use a max-
imum of 10,000 tons of DDT per annum for the
control of malaria and Kala-azar and this policy
is strictly adhered to till date (Dash et al. 2007;
Mitra et al. 2001). Even after along time of this
ban people kept using this pesticide because of its
strong action, lack of awareness, easy availability.

Soil characteristics such as pH, organic mat-
ter, porosity determines availability of elements
to plants by controlling the speciation, tempo-
rary binding by particle surfaces (adsorption—
desorption processes), precipitation reactions and
availability in soil (Fotovat et al. 1997). Soil
characteristics are among the most important fac-
tors affecting the heavy metal content of plants
(Appel and Ma 2002; Itanna 2002). Plants grow-
ing in different soils with the same total metal
concentration may vary in their toxic responses
due to differences between their accumulation
capacities. Organic matter is one of the factors
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fl?elz)rllfi:aliﬁﬁ;cc(;-eristics Parameters Plot-A Plot-B Plot-C
of soil irrigated with well pH 83+£05 8106 8007
water (plot A), secondary EC (umho cm™1) 995 +12.8 1065 + 14.7 1123 +£13.5
treated wastewater (plot Bulk density (g cc™!) 116 £0.5 1.3+£05 1.3+0.2
B), secondary treated Porosity (%) 38.50 +2.8 247+ 1.6 213+1.8
wastewater and sludge Organic carbon (%) 0.37 £ 0.01 0.42 £ 0.02 0.51 £ 0.06
treatment (plot C) Total N (ug g1 1,071.5 £ 18.7 1,157 £15.7 1,200 & 13
Total P (ug g~ ") 49+0.7 6.7+0.6 7.840.9
K(ugg™h 83.6£6.3 874+52 97.6+5.9
Ca(ugg™) 247+£0.5 39+05 4.0+05
Mg (ngg™h 0.80 &+ 0.03 0.9 +0.06 1.0+0.2
Cd(pgg™h 0.72 +0.02 46+04 531+05
Cr(ugg™ 10.7 £ 1.1 548 +32 62.3+42
Cu(pgg™h 232+1.8 70.6 + 3.5 78.9 £3.7
Fe (ngg™h 3,143 £23.7 11,701 £ 34.3 12,522 +£15.3
Ni (pgg™h 123+£2.0 59.3+33 69.7 3.7
Zn (ugg™ " 643 £4.9 1302 £ 6.7 180.7 £ 10.7
Total-BHC (ng g™ 0.003 & 0.0001 0.015 & 0.001 0.23 + 0.001
Total-DDT (pg g~ ") 0.008 £ 0.00001 0.005 + 0.0001 0.01 £ 0.001

(£=SD,n=3)

that govern the solubility of metals in the soil
(McBride et al. 1997), although these mechanisms
are complex, depending on the kind of organic
compounds, may increase or restrict their activity.
Host soil had relatively high carbon content and a
slightly basic pH. These conditions do not favor
the solubilization of the metals (Martinez and
Motto 2000; Abollino et al. 2002). Slightly basic
pH values may to leads to the immobilization of a
significant fraction of the metals added to the soil
(Martinez and Motto 2000).

Accumulation of heavy metals and pesticides
in crops

Among crop plants the highest accumulation of
heavy metals Cd, Cr, Cu, Fe, Ni and Zn was
0.43 £+ 0.01, 0.51 + 0.01, 5.1 + 0.5, 5.7 £ 0.3,
2.5 £ 0.2 and 45.8 + 3.2 mg kg™, respectively by
S. oleracea as grown in plot-C (Table 5). Uptake
of Total N and Total P was also highest as 13.8 +
0.9 and 3.5 + 0.5 g kg! in S. oleracea of plot-C.
Accumulation of heavy metals has followed the
order S. oleracea > R. sativus > S. melongena >
O. sativa. Highest accumulation of pesticide was
shown by S. oleracea. Analysis showed 0.1 &+ 0.01
and 0.09 & 0.001 pg g=! a total-BHC and total-
DDT, respectively in S. oleracea grown in plot-C.
Accumulation of heavy metals in the crop plants
followed the order Zn > Fe > Cu > Ni > Cr > Cd

in general. Analysis of variance showed signifi-
cant differences between accumulation of heavy
metals in different crop plants (p < 0.001). Re-
gression between concentration of heavy metals
and pesticides in the plant and soil in plot-C
(Table 6) was significant for total-BHC and
total-DDT for all the crop plants. Analysis of vari-
ance showed significant difference between accu-
mulations of heavy metals in S. oleracea for all
heavy metals (p < 0.001). Bioaccumulation factor
(ratio of heavy metals or pesticides between soil
and crop plant) were calculated for all the crop
plants in plots B and C showed high accumula-
tion of heavy metals and pesticides (Table 7).
S. oleracea had the highest accumulation of heavy
metals and pesticides followed by R. sativus,
S. melongena and O. sativa.

Lower accumulation of heavy metals by plants
in the study as compared to its concentration in
the soil may be related with the physico-chemical
properties of soil of plots. Favourable microcli-
matic conditions are required for optimum uptake
of elements (Devkota and Schmidt 2000; Ellis and
Salt 2003). Plant differs in the uptake of heavy
metals due to different binding capacity of the
soils for these metals, also to plant root and metal
interactions, which may vary with metal types
(Korboulewsky et al. 2002). Plant species of rel-
atively high biomass might have a greater metal
uptake capacity; this results from lower metal
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Table 6 Regression analysis between heavy metals and pesticides in plants and heavy metals and pesticides in soil (plot-C)

O. sativa S. melongena S. oleracea R. sativus

r p r p r p r p
Cd 0.11 0.256 0.45 0.070 0.58 < 0.001 0.71 < 0.001
Cr 0.13 0.243 0.67 < 0.001 0.62 < 0.001 0.68 < 0.001
Cu 0.21 0.217 0.53 < 0.001 0.47 0.084 0.59 < 0.001
Fe 0.38 0.202 0.41 0.068 0.79 < 0.001 0.73 < 0.001
Ni 0.42 0.063 0.57 < 0.001 0.59 < 0.001 0.69 < 0.001
Zn 0.10 0.205 0.43 0.073 0.80 < 0.001 0.58 < 0.001
Total-BHC 0.77 < 0.001 0.86 < 0.001 0.85 < 0.001 0.97 < 0.001
Total-DDT 0.83 < 0.001 0.89 < 0.001 0.82 < 0.001 0.98 < 0.001

concentration in its tissues because of a growth
rate that exceeds its uptake rate (Ekvall and
Greger 2003). All the plants have shown the
accumulation of these pesticides. Farmlands of
O. sativa may have lowered the concentration of
heavy metals. This may be associated with com-
paratively lower uptake of heavy metals by this
grain as compared to vegetable plants.
Bioaccumulation of pesticides was higher as
compared to heavy metals. Mobility of pesti-
cides into plants from soil appears to be greater
than the mobility of heavy metals in the selected
crop plants. Higher accumulation of heavy met-
als and pesticides in the plant tissue may be
harmful for humans (Asthana and Asthana 2003).
Chlorinated hydrocarbon often fit the characteris-
tics necessary for bioaccumulation (Mader 1996).

Plants have affinity for accumulation of certain
heavy metals including Fe, Cd and Cr. This uptake
is influenced by the bioavailability of metal. Cad-
mium (Cd) is soluble in soil water under oxidized
conditions. Under reducing conditions, it can be
precipitated as cadmium sulfate (Bergkvist et al.
2005). Bioavailability of many metallic elements
increases when these become associated with la-
bile or soluble organic compounds (Antoniadis
and Alloway 2002). Accumulation of heavy metals
by the crop plants diminishes its food property
for humans and these plants cannot be utilized
as animal feed (Baghour et al. 2001). Selected
plants have accumulated high amount of heavy
metals. Analytical results support S. oleracea as
an efficient accumulator of heavy metals and
pesticides.

Table 7 Bioaccumulation

. O. sativa S. melongena S. oleracea R. sativus

factor for experimental - -

plots B and C (ratio Bioaccumulation factor for plot B

between soil and crop Cd 0.01 0.03 0.07 0.06

plant composition) Cr 0.0029 0.0038 0.0085 0.0056
Cu 0.03 0.04 0.06 0.04
Fe 0.00035 0.00015 0.00023 0.00012
Ni 0.0091 0.01 0.03 0.027
Zn 0.3 0.18 0.21 0.21
Total-BHC 4.0 5.06 53 4.6
Total-DDT 4.6 6.0 8.0 4.0
Bioaccumulation factor for plot C
Cd 0.001 0.05 0.08 0.06
Cr 0.003 0.005 0.008 0.004
Cu 0.04 0.005 0.06 0.05
Fe 0.0003 0.0001 0.0004 0.0001
Ni 0.008 0.01 0.03 0.03
Zn 0.22 0.15 0.25 0.2
Total-BHC 3.0 34 4.3 39
Total-DDT 4.0 5.0 9.0 6.0
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Conclusion

Present investigation revealed the contamina-
tion of soil and crops through secondary treated
sewage waster water. Study indicated that the
crops irrigated through this water can result in ac-
cumulation of heavy metals and pesticides in these
crops. Use of this water in irrigation has caused
accumulation of heavy metals and pesticides in
soil from where they are transferred to the crops
leading to bioaccumulation. High translocation
factor for pesticides in comparison to heavy met-
als indicated greater accumulation of pesticides in
plants. Among the four plants used S. oleracea
was found to be the higher accumulator of the
heavy metals and pesticides. It can be concluded
that the use of secondary treated sewage waste
water for irrigation is not safe and requires further
treatment before they can be used for irrigation.
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