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KEYWORDS Abstract The results have indicated that application of sewage water for irrigation led to a signif-
Heavy metals; icant difference in pH and EC of soil. The concentrations of K, Na and Cl did not show any sig-
Groundwater; nificant difference in all the sewage irrigation sites. But there are significant differences on mean
Sewage water; values in the concentrations of Ca, Mg, and SO, for sewage applied sites. There was significant
Tomatoes; increase in the total nitrogen in the soil for sewage water (SW) and treated sewage water (TSW)
Pollution applied sites as compared to the groundwater (GW) irrigation site. Effect of irrigation with different

qualities of sewage on the concentration of heavy metals. It is apparent that the concentrations of
heavy metals in soils with different kinds of irrigation water were lower in background values and
non-significant; all the other heavy metals exhibit values below background concentrations for
heavy metals in soils taken from FAO. The heavy metal concentrations (SW) applied site was, how-
ever, below the safe limits of Indian (Awashthi, 2000) and EU standard (European Union, 2002).
The results of statistical analysis of total N, total P, Ca, K, Na, and Zn mg/kg™" in tomatoes crop
were significantly higher than the groundwater treated plants.
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1. Introduction

The quality of irrigation water available to farmers and others
has a considerable impact on the type of plants that can be
grown, the productivity of the plants, water infiltration and
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heavy metals content of soil (Mapanda et al., 2005; Nan
et al., 2002). Polluted water, directly affects soil, not only in
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beds (JI et al., 2012; Srivastava et al., 2012a; Singh et al., 2012;
Taghinia Hejabi et al., 2010). Wastewater and sewage effluents
contain significant amounts of heavy metals and other sub-
stances that can be beneficial to horticultural crops (Butler
et al., 1964; Sanderson, 1986; Ali and Shakrani, 2011). Soil
contamination with heavy metals is an environmental problem
on a global scale and it is becoming increasingly important
with the rapid growth of industrialization (Chandra et al.,
2008; Salvatore et al., 2009; Ladwani et al., 2012). Heavy
metals are ubiquitous in the environment, as a result of both
natural and anthropogenic activities, and the people are
exposed to them through various ways (Srivastava et al.,
2012b; Wilson and Pyatt, 2007). However, plants also can be
affected by heavy metal content by factors such as the
application of fertilizers, use of sewage sludge or irrigation
with sewage water (Devkota and Schmidt, 2000; Frost
and Ketchum, 2000; Mangwayana, 1995; Muchuweti et al.,
2006; Nyamangara and Mzezewa, 1999). Heavy metal
contamination of agricultural soils can pose long-term
environmental problems and is not without health implica-
tions (Sauve et al., 1996; Chumbley, 1982; Nagajyoti et al.,
2010; Mapanda et al., 2005). In recent years, it has become
an important agronomic procedure because it contains
some amount of N, P and K nutrients and can contribute to
organic matter recycling and restoring the soils fertility
(Samia et al., 2013).

Irrigation by sewage water effluents is the main reason for
the accumulation of heavy metals in vegetables (Amin et al.,
2013; Sinha et al., 2008). Long term irrigation with sewage
water can induce changes in the quality of soil and trace
element inputs are sustained over long periods (Zhang
et al., 2008). There are various reports (Singh et al., 2004;
Bharose et al., 2013), where sewage water is being used for
the irrigation of edible plants and it is a matter of great
concern due to the presence of pollutants particularly, toxic
metals.

Disproportionate accretion of heavy metals in agricultural
soils through wastewater irrigation may not only result in soil
contamination, but also affect food quality and safety (Chung
et al., 2011; Mapanda et al., 2005).

Heavy metals show a significant buildup by continuous irri-
gation with wastewater and long-term irrigation of farmlands
with sewage water has led to contamination of food crops in
the study area (Arora et al., 2008). A number of studies
showed elevated levels of heavy metals in vegetables grown
in areas having long-term use of treated or untreated wastew-
ater (Sharma et al., 2006, 2007; Gupta et al., 2012; Lone et al.,
2003). Though the sewage water contains low levels of the
heavy metals (Fe, Mn, Pb, Cd, and Cr), the soil and plant sam-
ples showed higher values due to their accumulation. The trend
of metal accumulation in wastewater-irrigated soil is in the fol-
lowing order: Fe > Mn > Pb > Cr > Cd (Gupta et al.,
2010).

Therefore, the main objective of the present investigation
was to study and compare the influence and find the difference
in chemical elements levels between soils and plants that result
from applying wastewater, treated wastewater and mixed
water (wastewater with pure water) and pure water alone when
they are used for irrigation. We will then compare these chem-
ical elements levels with those irrigated by groundwater on soil
and tomatoes crop composition.

2. Materials and methods

2.1. Study sites

The study was conducted near Vidyaranyapuram sewage treat-
ment plant situated at the suburban area in the south western
part of Mysore city, Karnataka, India (latitude 12.273681 to
12.270031°N and longitude 76.650737 to 76.655947°E) where
the facility was constructed in 2002 with an area of
27.21 sq. km and a sewer length of 7000 m. It is a biological
treatment plant situated next to the solid waste disposal area
at the foothills of Chamundi Hills; the treated wastewater of
Vidyaranyapuram sewage treatment plant crosses the Dalvai
Lake and reaches drinking water source that is the Kabini
River. The southwestern drainage connects 67.65 million liters
per day to Vidyaranyapuram sewage treatment plant. More
than fifty percent of the sewage generated in Mysore city is
received by Vidyaranyapuram sewage treatment plant.

Although the capacity of sewage treatment plant is
67.75 million liters per day the inflow rate of wastewater varies
with many influencing factors such as seasonal changes, tourist
inflow; however there will be an approximate difference of 7—
9 million liters per day between the raw wastewater received
and the treated wastewater liberated due to seepage
(Sulthana et al., 2013). The farmers use this untreated wastew-
ater for irrigation of various crops. The study area is presented
in Fig. 1.

2.2. Water, soil and plant sampling

Samples of water used for irrigation of soil and tomatoes, were
randomly collected from the farmlands of selected areas of
Vidyaranyapuram in Mysore. The samples were collected dur-
ing January—August of the year 2013; experiment consisted of
four treatments with three replicates, randomized complete
block design (RCBD) with split plot arrangements.

2.2.1. Water

All water samples were collected in 2000 ml polythene bottles
and transported immediately for laboratory analysis. Experi-
mental treatments were four: sewage water (SW), mixed water
(sewage water and pure water) (MW), treated sewage water
(TSW) and groundwater (GW).

2.2.2. Soil

Soil samples (three samples from each field) were taken ran-
domly at three depths (0-20, 20-40 and 40-60 cm) in each
block, during planting by using an Auger. The soil collected
from each depth was mixed, dried, crushed and sieved with a
2 mm sieve. The prepared soil samples were then stored in
polyethylene bottles for analysis.

2.2.3. Plant

Leaves of tomatoes were hand harvested. All the collected
samples of tomatoes leaves were washed with double distilled
water to remove airborne pollutants. All the samples were then
oven-dried in a hot air oven at 70-80 °C for 24 h to remove
moisture. Dried samples were powdered using a pestle and
mortar and sieved through muslin cloth.
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Figure 1

2.3. Chemical analysis of water, soil and tomatoes samples

2.3.1. Water

For heavy metals analysis an aliquot consisting of 500 mL of
sewage water and groundwater was added to 15mL of
HNO; (69%) and evaporated to near dryness on a hot plate.
Then, the contents were digested with 15mL of HNO;
(69%) and 20 mL of HCIO,4 (70%) according to Brar et al.,
(2000). The residue was taken in 15 mL of 6 N HCI and made
to the volume (50 mL) and contents were filtered. The filtrate

Arunachal Prades

Bannime I

L Iamund: pur an

Study area.

was analyzed for the contents of Pb, Zn, Cu, Co, Cr, Cd,
Fe, Mn and Ni using ICP-OES (Perkin Elmer model 8000
DV). Sewage effluent samples were measured for pH and elec-
trical conductivity using a pH meter and conductivity meter.
Carbonates and bicarbonates were estimated by titrating ali-
quot of effluent samples with HCI.

2.3.2. Soil

Soil pH was measured in suspension (soil paste) according to
McKeague (1978) and McLean (1982). The water samples
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were filtered and analyzed for major cations (Ca, Mg, Na, K)
using inductively coupled plasma optical emission spectrome-
try (ICP-OES). The concentrations of Cl, CO; and HCO;
were determined by titration. Total N was determined using
the Kjeldahl procedure (Bremner and Mulvaney, 1982;
Buresh et al., 1982), and available P was determined according
to Olsen et al. (1954). Sulfate (SO4) was determined using the
turbidimetric method and the resulting turbidity was measured
by a spectrometer (Sparks et al., 1996). Moreover, the total
content of heavy metals (Fe, Mn, Cu, Zn, Pb, Cd, As, Cr,
Ni and Co) in the soil was determined after digestion using
the Hossner method (Hossner, 1996). Specifically, soil samples
were digested using HF-H,SO,4,~HCI1O,. The concentrations of
total metals were analyzed using ICP-OES (Perkin Elmer,
Model 8000 DV).

2.3.3. Plant

For the digestion of tomato samples, wet digestion method
was used followed by ICP_OES. For each analysis 0.5 g of
the sample was accurately weighed and digested with 1 ml of
perchloric acid (HCIO4) and 4 ml of Nitric (HNOj3). The sam-
ples were allowed to cool and the contents were filtered off
using Whatman 42 filter paper. The filtrate was made to
25 ml with distilled water. Blank solution was made using
the same procedure except the addition of vegetable sample.
The plant material was then treated in the same way as done
for the soil samples.

2.4. Statistical analysis

A completely randomized block design (CRBD) was used in
these experiments. Analyses of variance (ANOVA) were per-
formed using the Statistical Analysis Systems Computer Pack-
age (SAS Institute, 2004). Treatment means were compared by
the least significant difference test at p < 0.05.

3. Results and discussion

3.1. Physico-chemical properties of the used sewage water and
groundwater

Data presented in Table 1 show the characteristics of sewage
water (SW), treated sewage water (TSW), mixed water (MW)
and groundwater (GW), which were used for irrigation of
tomatoes. The chemical parameters measured were tempera-
ture, pH, electric conductivity (EC), dissolved oxygen, chemi-
cal oxygen demand (COD), biochemical oxygen demand

Table 1 Chemical analysis of water samples.

(BOD), total dissolved solids (TDS), calcium, magnesium,
sodium, potassium, carbonate, bicarbonate, chloride, total
nitrogen, total phosphors, sulfates, iron, manganese, copper,
zinc, cadmium, nickel, lead, cobalt and chromium. There were
obvious differences in several measured parameters when the
results were compared from site to site. The average values
of Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) (Table 1) in sewage water (SW) were very high
when compared to the FAO values (1992). The dissolved oxy-
gen (DO) and Total Dissolved Solids (TDS) content of (SW),
(TSW), (MW) and (GW) were very low when compared to the
FAO values (1992). The pH of sewage water (SW), treated
Sewage water (TSW), mixed Water (MW) and groundwater
(GW) were 7.50, 8.13, 9.19 and 8.30 respectively. According
to the FAO (1992) the tolerance limit of pH of water samples
for irrigation showed be 6.50-8.40. The pH of the mixed water
was 9.19, indicating alkaline nature of the mixed water in the
Lake. The electrical conductivity (EC) (1032, 1225, 906 and
1099 ps/em™') indicated the salinity of the water (Rattan
et al., 2005).

The sewage water contains considerable amounts of total
nitrogen (78.4 mg L™"), phosphate (4.55 mg L™"), and potas-
sium (24 mg L™') which are considered essential nutrients for
productivity levels (plant growth) and soil fertility. The Fe,
Mn, Cu, Zn, Cd, Ni, Pb, Co, and Cr contents ranged
between 0.040 (Ni) and 2.93mg L~' (Table 2). Micronutri-
ents and heavy metals concentrations in the sewage water
are relatively lower than standard norms prescribed for sew-
age water reuse as irrigation. But with continuous applica-
tion of wastewater these metallic elements could get
accumulated in the soil. Nine elements examined in effluent
contaminated water were used for irrigation in Mysore area,
concentrations of Fe were 2.93, 2.48, 2.39 and 0.075 mg L,
of Mn were 0.157, 0.041, 0.068 and 0.043 mg L', Cu
was lowest (<0.05) and it was lower than the values
(0.07-6.30 mg L") reported by Gupta et al. (2008) and for
Zn the values were 0.133, 0.278, 0.356 and 0.363 mg L
Cadmium concentrations were 0.047, 0.047, 0.048 and
0.047 mg L' which are in good agreement with the previous
findings of Sharma et al. (2006) (0.02-0.04 mg L™"). Maxi-
mum Ni concentration in water was 0.040 mg L™! and Pb
concentrations were 0.053, 0.053, 0.052 and 0.051 mg L.
Co contents ranged from 0.055 to 0.053mgL~"' and Cr
was found to be 0.032-0.031 mg L™'. In comparison with
the standard guideline of irrigation water (FAO: Pescod
1992), it was found that the mean concentrations of Fe,
Mn, Cu, Zn, Cd, Ni, Pb, Co, and Cr were within the safe
limits.

(us/em) (mgL~") (mgL™") (mgL™") (mgL™") Na* K* Ca** Mg** HCo3 CO; CI-

BOD TDS Cation (mg L") Anion (mg L")

SO

Water quality T pH EC DO COD
§®)

Sewage water (SW) 25 17.50 1032 Nil 964

Treated sewage water (TSW) 25 8.13 1225 2.3 145

Mixed water (MW) 25 9.19 906 33 281

Groundwater (GW) 25 830 1099 69 16

Standard limit for irrigation 6.5-8.5 <3000 <9 80-500

FAO: Pescod (1992) and
FAO (1985)

650 560 48 24 4337 27.01 296 Nil 93 24
30 624 60 20 62.64 2889 392 Nil 115 20
60 504 56 12 2730 41.46 204 48 117 16
2 696 56 20 56.22 68.50 544 40 17 52
100 2000 900 0.2 400 60 600 6 1100 1000




Evaluation of metal accumulation in soil and tomatoes 53

Table 2 Macro and micro nutrients (mg L™") in water samples.

Water quality ™~ TP Fe Mn Cu Zn Cd Ni Pb Co Cr
Sewage water (SW) 78.4 455 293 0.157 <0.05 0.133 0.047 0.040 0.053 0.055 0.032
Treated sewage water (TSW) 61.6 240 248 0.041 <0.05 0.278 0.047 0.036 0.053 0.054 0.031
Mixed water (MW) 11.2 0.89 239 0.068 <0.05 0.356 0.048 0.038 0.052 0.053 0.031
Groundwater (GW) 0.56 0.053 0.075 0.043 <0.05 0.363 0.047 0.034 0.051 0.054 0.032
Standard limit for irrigation FAO (1992) and FAO (1985) 30 20 5 0.2 0.1 2 0.01 5 2 0.05 0.1

Table 3 Mean values of chemical contents of soils irrigated with different water samples.

No. Parameters Unit Soil SW Soil TSW Soil MW Soil GW Vinogradov Indian standards

(1959) (%) (1983) and Awashthi
(2000) (mg/kg™")

1. pH - 6.64 ¢ 7.43 b 7.45 b 8.02 a - -

2. EC ps/cm 297 a 210 b 211b 172 ¢ - -

3. Ca Y% 0.75 a 0.79 a 0.59 ab 0.46 b 1.4 0-3500

4. Mg Y% 0.54 a 0.50 a 0.36 b 0.35b 0.6 0-500

5. Na Y% 0.052 a 0.057 a 0.061 a 0.058 a 1.26 0-300

6. K % 0.074 a 0.071 a 0.096 a 0.069 a 1.3 0-450

7. Cl % 0.002 a 0.002 .001 a 0.002 0.01 -

8. Total N Y% 0.47 a 0.46 a 0.067 b 0.058 b 0.1 -

9. Total P % 0.051 a 0.048 a 0.062 a 0.064 a 0.08 0-20

10 Soy % 0.0023 a 0.0023 a 0.0010 b 0.0010 b 0.06 0-45

1. Fe % 451 a 4.26 a 411 a 4.01 a 3.7 -

12. Mn mg/kg ™! <0.05a <0.05a <0.05 a <0.05a 0.08 -

13. Cu mg/kg ™! <0.05a <0.05 a <0.05 a <0.05a 0.004 135-270

14. Zn mg/kg ! <0.05 a <0.05 a <0.05 a <0.05 a 0.005 300-600

15. Cd mg/kg ™' <0.05 a <0.05a <0.05a <0.05 a - 3-6

16. Ni mg/kg " <0.05 a <0.05 a <0.05 a <0.05 a 0.008 75-150

17. Pb mg/kg ! <0.05a <0.05a <0.05 a <0.05a - 250-500

18. Co mg/kg ™! <0.05 a <0.05a <0.05a <0.05 a 0.0016 -

19 Cr mg/kg " <0.05 a <0.05a <0.05a <0.05a 0.04 -

Different letters within the same rows followed by values indicate significant differences by Duncan’s multiple range tests at P < 0.05.

3.2. Effect of sewage water and groundwater irrigation on soil
nutrients

Chemical properties as well as concentrations of heavy metals
in soil with the use of different qualities of sewage water and
groundwater are shown in Table 3.

The results of the study have indicated that application of
sewage water led to significant differences in pH and EC.
The pH values for the different sites SW, TSW, MW and
GW were 6.64, 7.43, 7.45 and 8.02, respectively and the ECs
for the same sites were 297, 210, 211 and 172 ps/em ™' respec-
tively. The highest pH change in the soils by increasing sewage
water irrigation might be due to higher inputs of sulfate in
wastewater (Usman and Ghallab, 2006). The soil pH decreased
as a result of sewage irrigation which might be due to higher
inputs of organic matter and was increased from 17% to
30% as a result of long-term sewage irrigation (Al Omron
et al., 2012). Release of exchangeable cations (Kiziloglu
et al., 2008). These observations were confirmed by Malla
et al. (2007). The soil pH plays an important role in the mobil-
ity of metals as in their bioavailability for plants. The main
cause of essential element deficiency in soils is high pH. Thus,
by reducing the soil pH, the availability of nutrients for plants
increased. EC value of sewage water was higher than

groundwater. Our investigation was in agreement with the
previous works obtained by Malla et al. (2007), Saffari and
Saffari (2013) and Zalawadia et al. (1997) that the application
of sewage water would be expected to increase soil EC.

As regards the concentrations of K, Na and CI there were
no significant differences in between the sites, whereas there
were significant differences observed on mean values for con-
centration of Ca, Mg, and SO, for the different sites such as
SW, TSW, MW and GW which were 0.75, 0.79, 0.59 and
0.46 3.58mgL~', 0.54, 0.50, 0.36 and 0.35mgL~' and
0.0023, 0.0023, 0.0010 and 0.0010 mg/L™" respectively.
Effluent irrigation generally adds significant quantities of salts
to the soil environment, and in cloud sulfates, phosphates,
bicarbonates and chlorides of the cations sodium, calcium,
potassium, and magnesium; they stimulate the growth at
lower concentrations but inhibit at higher concentrations
(Patterson et al., 2008). The results show high significant
increase of total nitrogen in the soil for SW and TSW as
compared to the treatment of the control GW. This is due to
the content of wastewater and treated wastewater with high
concentrations of nitrogen, which are 78.4 and 61.6 mg L™
respectively as shown in Table 2. These results are consistent
with Bernal et al. (2006) and Galavi et al. (2010). The results
content indicated that application of sewage water led to a
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significant difference in SO4 than groundwater treatment; K
significantly increased; P significantly reduced in sewage water
as compared to groundwater treatment. The lower concentra-
tion of P in GW site may be due to the soil pH playing an
important role in the bioavailability of phosphorus for plants.
Moderate pH change of the soil with increased wastewater irri-
gation might increase availability of soil phosphorous to the
plants.

Effect of irrigation with different qualities of sewage on the
concentration of heavy metals is shown in Table 2. It is appar-
ent that the concentrations of heavy metals in soils with differ-
ent kinds of irrigation water were lower in background values
and non-significant; all the other heavy metals exhibit values
below background concentrations for heavy metals in soils
taken from FAO. The heavy metal concentrations were, how-
ever, below the safe limits of Indian (Awashthi, 2000) and EU
standards (European Union, 2002) except for Fe where the
results showed an increase in the concentration of Fe for three
treatments (TSW, SW and MW), compared to the treatment
GW. This is due to the contamination of water samples
(TSW, SW and MW) because of their low concentrations of
Fe. This result is consistent with the study conducted by
Ministry of Water and Environment (2003) and inconsistent
with Mohamed et al. (2004), Soliman et al. (2003) and
Mageed and Kareem (1997)). To increase concentration of
Fe in the soil irrigates with wastewater instead of pure water.

3.3. Effect of irrigation with different qualities of wastewater on
the content of tomatoes nutrients and heavy metals

Effect of irrigating different qualities of sewage water on the
concentration of total nitrogen in the tomatoes is shown in
Table 4, Figs. 2 and 3. The results show a high significant
increase in the concentration of nitrogen in plants for the three

treatments (TSW, SW and MW), as compared to GW. This is
due to the contaminant of water samples and (TSW, SW and
MW) containing high concentrations of total nitrogen. This
result is consistent with the study conducted by Gewaily
et al. (2001) in beans and EL-Mowelhi et al. (2001) in sun-
flower, canola, sugar beets and soybeans. Total P content a
high significant increase in the total P content for TSW, SW
and MW treatments as compared to the treatment GW. This
is due to the contamination of water samples and (TSW, SW
and MW) containing high concentrations of total P. This
result is consistent with the study conducted by Soliman
et al. (2003) in alfalfa. Also the present study shows that the
concentrations of Ca, Na and K in tomatoes grown in SW
water-irrigated area were significantly higher than the toma-
toes grown in the groundwater, water-irrigated control area.
Mg, content was not-significant, between the treatments. This
is consistent with reports of higher concentrations. Concentra-
tion was most nutrients when using wastewater containing low
concentrations of trace elements in the leaves of the tomato
crop in the range of normal concentrations found in plants
grown on irrigated area, groundwater. This is due to the con-
taminant all the different water samples (SW, TSW, MW and
GW) to low concentrations of heavy metals. Except Zn, were
results an increase significant this is due to medium concentra-
tions of heavy metals in irrigation water. This is not consistent
with reports about higher concentrations of heavy metals in
vegetables from sewage-irrigated areas as compared to the
clean water-irrigated control areas of Ludhiana City of Punjab
(Kawatra and Bakhetia, 2008) as also in Varanasi City, India
(Singh et al., 2010).The use of treated wastewater containing
low concentrations of trace elements can be used successfully
to irrigate crops without the fear of occurrence or deposition
of part of these elements in the soil and consequently without
the fear of occurrence or accumulation in plants.

Table 4 Mean values of chemical properties of tomatoes irrigated with different water samples.

No. Parameters Unit Soil SW Soil TSW Soil MW Soil GW Standard limit Bennett Standard limit
(1993), Adriano (1986) and Brady (1984)
Misra and Mani (1991)

1. Ca % 325a 295a 3.05a 227b 0.1-1 b 0.2-1.0

2. Mg % 1.31 ab 1.11 b 1.20 ab 142 a 0.1-04 b 0.1-0.4

3. Na % 0.35a 0.25 be 0.30 ab 0.20 ¢ 0.0-0.10 b -

4. K % 347 a 317 a 324 a 2.00 b 1-5b 0.5-0.8

S. Total N % 4.90 a 398 b 4.03 b 2.80 ¢ 2-5b 1-5

6. Total P % 0.30 a 0.26 a 0.28 a 0.16 b 0.2-0.5b 0.1-0.5

7. Fe mg/kg ! 480 a 470 a 496 a 450 a 50-250 b 50-250

8. Mn mg/kg ! 113 a 118 a 115 a 120 a 20-300 b 20-200

9. Cu mg/kg ! 27 a 29 a 28 a 33a 5-20 b 5-20

10 Zn mg/kg ' 200 a 180 b 185 ab 160 ¢ 20-50 b 25-150

11. Cd mg/kg ™! 13 a 13 a 13a 13a 0.05-1.2 a -

12. Ni mg/kg ™! 12 a 12 a 12a 13a 0-4a 0.1-1

13. Pb mg/kg ! 12 a 12 a 12a 13a 0.1-30 a -

14. Co mg/kg ™! 8a 7a 7a 9a 0.05-0.5m -

15. Cr mg/kg ! 14 a 15a 15a 15a 1-5a =

Different letters within the same rows followed by values indicate significant differences by Duncan’s multiple range tests at P < 0.05.

Standard limit:
a — Adriano (1986).
b — Bennett (1993).

m — Misra and Mani (1991).
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Figure 2 Mean microelements concentration (Ca, Mg, Na, K, N, P, Fe and Mn) in Tomatoes. Different letters within the same figure
followed by values indicate significant differences by Duncan’s multiple range tests at P < 0.05.

4. Conclusion which appeared the suitable use of these sources in leaching

and irrigating the saline soils especially in the short-time. The
The used water sources evaluated as a source of irrigation water results of the present study indicated that application of sewage
according to the FAO system of water quality classification water led to a significant difference in pH and EC as compared
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Figure 3 Mean microelements concentration (Cu, Zn, Cd, Ni, Pb, Co and Cr) in Tomatoes. Different letters within the same figure
followed by values indicate significant differences by Duncan’s multiple range tests at P < 0.05.

to other treatments. The concentrations of K, Na and CI did
not show significant differences in all the sites whereas signifi-
cant difference was observed in the mean values for concentra-
tions of Ca, Mg, and SOy for the different sites. Irrigation with
different qualities of wastewater influenced the concentration
of total nitrogen in the soil where the results show an increase

of high significant to the total nitrogen in the soil irrigated with
(SW and TSW) as compared to the control GW. It is apparent
that the concentrations of heavy metals in soils with different
kinds of water were lower in values and non-significant; all
the other heavy metals exhibit values below concentrations
for heavy metals in soils taken from FAO. The heavy metal
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concentrations were, however, below the safe limits presented
by Indian (Awashthi, 2000) and EU standard (European
Union, 2002). The results showed high significant increasing
the concentration of nitrogen in plants of all treatments
(TSW SW and MW) as compared to the control GW. Also
the present study showed that the concentrations of Ca, Na
and K in tomatoes grown in SW water-irrigated area were sig-
nificantly higher than the tomatoes grown in the groundwater,
irrigated control area. Mg content was not significantly differ-
ent between the treatments. Concentrations of trace elements in
the leaves of the tomato crop in the range of normal concentra-
tions found in plants grown on irrigated area, groundwater.
This is due to the contaminant all the different water samples
(SW, TSW, MW and GW) to low concentrations of heavy met-
als except Zn, were results an increase significant this is due to
medium concentrations of heavy metals in irrigation water.

Conflict of interest
There is no conflict of interest.

References

Adriano, D.C., 1986. Trace Element in the Terrestrial Environment.
Springer — Verlag.

Al Omron, A.M., El-Maghraby, S.E., Nadeem, M.E.A., El-Eter,
M.A., Al-Mohani, H., 2012. Long term effect of irrigation
with the treated sewage effluent on some soil properties of
Al-Hassa Governorate, Saudi Arabia. J. Saudi Soc. Agric. Sci.
11, 15-18.

Ali, M.F., Shakrani, S.A., 2011. Soil and soilless cultivation influence
on nutrients and heavy metals availability in soil and plant uptake.
Appl. Sci. Technol. 1 (5), 154-160.

Amin, N., Hussain, A., Alamzeb, S., Begum, S., 2013. Accumulation
of heavy metals in edible parts of vegetables irrigated with waste
water and their daily intake to adults and children, District
Mardan, Pakistan. Food Chem. 136, 1515-1523.

Arora, M., Kiran, B., Rani, A., Rani, S., Kaur, B., Mittal, M., 2008.
Heavy metal accumulation in vegetables irrigated with water from
different sources. Food Chem. 111, 811-815.

Awashthi, S.K., 2000. Prevention of Food Adulteration Act no 37 of
1954. Central and State Rules as Amended for 1999. Ashoka Law
House, New Delhi.

Bennett, W.F. (Ed.), 1993. Nutrient Deficiencies & Toxicities in Crop
Plants. College of Agricultural Sciences and Natural Resources,
Texas Tech University, Lubbock, Berlin, Heidelberg, New York,
p.536.

Bernal, M.P., Clemente, R., Walker, D.J., 2006. The role of organic
amendment in the bioremediation of heavy metal polluted soils. In:
Gore, R.W. (Ed.), Environmental Research at the Leading Edge.
Nova Science, pp. 1e60.

Bharose, R., Lal, B.S., Singh, K.S., Srivastava, K.P., 2013. Heavy
metals pollution in soil-water-vegetation continuum irrigated with
ground water and untreated sewage. Bull. Environ. Sci. Res. 2 (1),
1-8.

Brady, N.C., 1984. The Nature and Properties of Soils, 9th ed.
Macmillan Publishing Company, New York, 750 p.

Brar, M.S., Mahli, S.S., Singh, A.P., Arora, C.L., Gill, K.S., 2000.
Sewage water irrigation effects on some potentially toxic trace
elements in soils and potato plants in North Western India. Can.
Soil Sci. 80, 465-471.

Bremner, 1.M., Mulvaney. C.S., 1982. Nitrogen total. In: Page, A.L.
(Ed.), Methods of Soil Analysis. Agron. No.9, Part 2: Chemical
and Microbiological Properties, second ed. Am. Soc. Agron.,
Madison, WI, USA, pp. 595-624.

Buresh, R.1., Austin, E.R., Craswell, E.T., 1982. Analytical methods in
N-15 research. Fert. Res. 3, 37-62.

Butler, R.M., Wooding, N.H., Myers, E.A., 1964. Spray-Irrigation
Disposal of Wastewater, vol. 185. Pa. State Univ., College of Agr.
Ext. Serv. Spec. Circ., pp. 1-17.

Chandra, R., Yadav, S., Mohan, D., 2008. Effect of distillery sludge on
seed germination and growth parameters of green gram (Phaseolus
mungo L.). Hazard. Mat. 152 (1), 431-439.

Chumbley, C.G., 1982. Cadmium and lead content of vegetable crop
grown on land with a history of sewage sludge application.
Environ. Pollut. 4, 231-237.

Chung, B.Y., Song, C.H., Park, B.J., Cho, J.Y., 2011. Heavy metals in
brown rice (Oryza sativa L.) and soil after long-term irrigation of
wastewater discharged from domestic sewage treatment plants.
Pedosphere 21 (5), 621-627.

Devkota, B., Schmidt, G.H., 2000. Accumulation of heavy metals in
food plants and grasshoppers from the Taigetos Mountains,
Greece. Agric. Ecosyst. Environ. 78, 85-91.

EL-Mowelhi, N.M., Shams EL-Din, H.A., Gazia, E.A., Abo Soliman,
M.S.M., 2001. Effect of marginal water reuse, N, K, and irrigation
method on yield of some crops and health risk. Zagazig J. Agric.
Res. 28 (6), 1177-1188.

European Union, 2002. Heavy Metals in Wastes, European Commis-
sion on Environment. <http://www.ec.europa.eu/environment/
waste/studies/pdf/heavymetalsreport.pdf > .

FAO, 1985. Guidelines: land evaluation for irrigated agriculture. Soils
Bulletin 55. Food and Agriculture Organization of the United
Nations, Rome, Italy.

FAO, 1992. Wastewater treatment and use in agriculture. In: Pescod,
M.B. (Ed.), Irrigation and Drainage. Paper 47. FAO, Rome.

Frost, H.L., Ketchum, L.H., 2000. Trace metal concentration in
durum wheat from application of sewage sludge and commercial
fertilizer. Adv. Environ. Res. 4, 347-355.

Galavi, M., Jalali, A., Ramroodi, M., Mousavi, S.R., Galavi, H., 2010.
Effects of treated Municipal wastewater on soil chemical properties
and heavy metal uptake by Sorghum (Sorghum bicolor L.). J. Agric.
Sci. 2, 235-241.

Gewaily, E.M., Mohamed, G.M., Bedrous, V.S., Marghany, S.A.,
2001. Effect of irrigation with sewage water on nodulation, growth
and yield of faba bean Plants grown on clay soil. Zagazig J. Agric.
Res. 28 (6), 1109-1124.

Gupta, N., Khan, D.K., Santra, S.C., 2008. An assessment of heavy
metal contamination in vegetables grown in wastewater-irrigated
areas of Titagarh, West Bengal, India. Bull Environ. Contam.
Toxicol. 80, 115-118.

Gupta, S., Satpati, S., Nayek, S., Garai, D., 2010. Effect of wastewater
irrigation on vegetables in relation to bioaccumulation of heavy
metals and biochemical changes. Environ. Monit. Assess. 165 (1),
169-177.

Gupta, N., Khan, D.K., Santra, S.C., 2012. Heavy metal accumulation
in vegetables grown in a long term wastewater-irrigated agricultural
land of tropical India. Environ. Monit. Assess. 184, 6673-6682.

Hossner, L.R., 1996. Dissolution for total methods of soil analysis
elemental analysis, third ed. In: Methods of Soil Analysis. Part 3:
Chemical Methods SSSA & Amer. Soc. of Agron., Madison, WI,
pp. 46-64.

ISI (Indian Standard Institution), 1983. Specifications for Drinking
and Irrigation Waters. IS: 10500. New Delhi, India.

Ji, N.K., Das, M., Mukherji, R., Kumar, R.N., 2012. Trace metal
contents in water, sediment and hydrophytes at a freshwater
wetland in central Gujarat, India. Bull. Environ. Sci. Res. 1 (1),
16-24.

Kawatra, B.L., Bakhetia, P., 2008. Consumption of heavy metal and
minerals by adult women through food in sewage and tube-well
irrigated area around Ludhiana City (Punjab, India). Human Eco.
— Delhi 23 (4), 351-354.

Kiziloglu, F.M., Turan, M., Sahin, U., Kuslu, Y., Dursun, A., 2008.
Effects of untreated and treated wastewater irrigation on some


http://refhub.elsevier.com/S1658-077X(15)00006-5/h0385
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0385
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0015
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0015
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0015
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0015
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0015
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0390
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0390
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0390
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0020
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0020
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0020
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0020
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0025
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0025
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0025
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0395
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0395
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0395
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0400
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0400
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0400
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0400
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0405
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0405
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0405
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0405
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0060
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0060
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0060
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0060
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0065
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0065
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0045
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0045
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0045
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0045
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0410
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0410
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0415
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0415
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0415
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0080
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0080
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0080
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0085
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0085
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0085
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0085
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0090
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0090
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0090
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0420
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0420
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0420
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0420
http://www.ec.europa.eu/environment/waste/studies/pdf/heavymetalsreport.pdf
http://www.ec.europa.eu/environment/waste/studies/pdf/heavymetalsreport.pdf
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0115
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0115
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0115
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0120
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0120
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0120
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0120
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0425
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0425
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0425
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0425
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0130
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0130
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0130
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0130
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0135
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0135
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0135
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0135
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0140
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0140
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0140
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0155
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0155
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0155
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0155
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0430
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0430
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0430
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0430
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0165
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0165

58

M.A. Alghobar, S. Suresha

chemical properties of cauliflower (Brassica olerecea L. var.
botrytis) and red cabbage (Brassica olerecea L. var. rubra)
grown on calcareous soil in Turkey. Agric. Water Manage. 95,
716-724.

Ladwani, K.D., Ladwani, K.D., Manik, V.S., Ramteke, D.S., 2012.
Impact of industrial effluent discharge on physico-chemical char-
acteristics of agricultural soil. Internat. Res. Environ. Sci. 1 (3),
32-36.

Lone, M.I., Saleem, S., Mahmood, S., Saifullah, K., Hussain, G.,
2003. Heavy metal contents of vegetables irrigated by Sewage/
Tubewell water. Int. J. Agric. Biol. 5 (4), 533-535.

Mageed, M.A., Kareem, B.M., 1997. The effect of using Sana, a City
sewage water (AL-Rawdha area) on the concentration of some
trace elements in the soil and wheat plant. Abstract of workshop
on: water resources management in Yemen. Sana, a Rep. of
Yemen, p. 14.

Malla, R., Tanaka, Y., Mon, K., Totawat, K.L., 2007. Short-term
effect of sewage irrigation on chemical build up in soils and
vegetables. Agric. Eng. Int. CIGR E-J. 9 (7), 1-6.

Mangwayana, E.S., 1995. Heavy Metals Pollution from Sewage Sludge
and Effluent of Soil and Grasses at Crowborough Farm. B.Sc.
Thesis. University of Zimbabwe, p. 63.

Mapanda, F., Mangwayana, E.N., Nyamangara, J., Giller, K.E., 2005.
The effect of long-term irrigation using wastewater on heavy metal
contents of soils under vegetables in Harare, Zimbabwe. Agric.
Ecosyst. Environ. 107 (2), 151-165.

McKeague, 1.A. (Ed.), 1978. Manual on Soil Sampling and Methods
of Analysis. Canadian Soc. of Soil Sci., pp. 66-68.

McLean, E.O., 1982. Soil pH and lime requirement. In: Page, A.L.
(Ed.), Methods of Soil Analysis, Part 2: Chemical and Microbio-
logical Properties. Am. Soc. Agron., Madison, WI, USA, pp.
199-224.

Ministry of Water and Environment. Environment protection Author-
ity. Kreditanstalt Fur Wiederaufbau, 2003. Feasibility study for
effluent and sludge Reuse in Aden, Amran, haggah, Ibb, and
Yarim. Vol. (5). Site Report — Ibb.

Misra, S.G., Mani, D., 1991. Soil pollution. Ashish Publishing House,
Punjabi Bagh. Mohamed, I.R., Atia, N.A., Khlefa, M.M., 2004.
Soil supplying power for Iron as affected by cropping periods.
Zagazig J. Agric. Res. 31(1), pp. 181-200.

Mohamed, I.R., Atia, N.A., Khlefa, M.M., 2004. Soil supplying power
for Iron as affected by cropping periods. Zagazig J. Agric. Res. 31
(1), 181-200.

Muchuweti, M., Birkett, J.W., Chinyanga, E., Zvauya, R., Scrimshaw,
M.D., Lester, J.N., 2006. Heavy metal content of vegetables
irrigated with mixture of wastewater and sewage sludge in
Zimbabwe: Implications for human health. Agric. Ecosyst. Envi-
ron. 112, 41-48.

Nagajyoti, P.C., Lee, K.D., Sreekanth, T.V.M., 2010. Heavy metals,
occurrence and toxicity for plants: review. Environ. Chem. Lett. 8,
199-216.

Nan, Z., Li, J., Zhang, C., Cheng, G., 2002. Cadmium and zinc
interaction and their transfer in soil-crop system under actual field
conditions. Sci. Total Environ. 285, 187-195.

Nyamangara, J., Mzezewa, J., 1999. The effect of long term sewage
sludge application on Zn, Cu Ni, and Pb levels in a clay loam soil
under pasture grass in Zimbabwe. Agric. Ecosyst. Environ. 73,
199-204.

Olsen, S.R., Cole, C.V., Watanabe, F.S., Dean, L.A., 1954. Estimation
of available phosphorus in soils by extraction with sodium
bicarbonate. U.S. Dep. Agric. Circ. 939, USA.

Patterson, S.J., Chanasyk, D.S., Mapfumo, E., Naeth, M.A., 2008.
Effects of diluted Kraft pulp mill effluent on hybrid poplar and soil
chemical properties. Irrig. Sci. 26, 547-560.

Rattan, R.K., Datta, S.P., Chhonkar, P.K., Suribabu, K., Singh, A K.,
2005. Long-term impact of irrigation with sewage effluents on
heavy metal content in soils, crops and groundwater-a case study.
Agric. Ecosyst. Environ. 109, 310-322.

Saffari, V.R., Saffari, M., 2013. Effect of treated municipal wastewater
on bean growth, soil chemical properties, and chemical fractions of
zinc and copper. Arab J. Geosci. 6, 4475-4485.

Salvatore, M., Carratu, G., Carafa, A.M., 2009. Assessment of heavy
metals transfer from a moderately polluted soil into the edible parts
of vegetables. J. Food, Agric. Environ. 7 (2), 683-688.

Samia, K., Abdelkarim, C., Hidri Yassin, H., Teruo, H., 2013. The
effect of long-term soil irrigation by wastewater on organic matter,
polycyclic aromatic hydrocarbons, and heavy metals evolution:
case study of Zaouit Sousse (Tunisia). Arab J. Geosci. 6, 4337—
4346.

Sanderson, K.C., 1986. Introduction to the workshop on wastewater
utilization in horticulture. Hort. Sci. 21, 23-24.

SAS, 2004. Statistical Analysis System, SAS Institute, Inc., Cary., N.C.
U.S.A.

Sauve, S., Cook, N., Hendershot, H.W., McBridge, B.M., 1996.
Linking tissue copper concentrations and soil copper pools in
urban contaminated soils. Environ. Pollut. 94, 153-157.

Sharma, R.K., Agrawal, M., Marshall, F.M., 2006. Heavy metals
contamination in vegetables grown in wastewater irrigated areas of
Varanasi, India. Bull. Environ. Contam. Toxicol. 77, 312-318.

Sharma, R.K., Agrawal, M., Marshall, F., 2006. Heavy metal
contamination in vegetables grown in wastewater irrigated areas
of Varanasi, India. Bull. Environ. Contam. Toxicol. 77, 312-318.

Sharma, R.K., Agrawal, M., Marshall, F.M., 2007. Heavy metals
contamination of soil and vegetables in suburban areas of
Varanasi, India. Ecotoxicol. Environ. Saf. 66, 258-266.

Singh, K.P., Mohan, D., Sinha, S., Dalwani, R., 2004. Impact
assessment of treated/untreated wastewater toxicants discharged
by sewage treatment plants on health agricultural and environ-
mental quality in the wastewater disposal area. Chemosphere 55,
227-255.

Singh, R., Singh, D.P., Kumar, N., Bhargava, S.K., Barman, S.C.,
2010. Accumulation and translocation of heavy metals in soil and
plants from fly ash contaminated area. Environ. Biol. 31, 421-430.

Singh, S., Srivastava, P.K., Gupta, M., Mukherjee, S., 2012. Modeling
mineral phase change chemistry of groundwater in a rural-urban
fringe. Water Sci. Technol. 66 (7), 1502—-1510.

Sinha, S., Singh, S., Mallick, S., 2008. Comparative growth response of
two varieties of Vigna radiata L. (var. PDM 54 and var. NM 1)
grown on different tannery sludge applications: effects of treated
wastewater and ground water used for irrigation. Environ.
Geochem. Health 30, 407-422.

Soliman, K.G., Atia, N.A., Khlefa, M.M., 2003. Status of soil
phosphates and alfalfa growth in sandy soils as by cropping
periods. Zagazig J. Agric. Res. 30 (16), 2239-2256.

Sparks, D.L., Page, A.L., Helmke, P.A., Loeppert, R.H., Soltanpour,
P.N., Tabatabai, M.A., Johnston, C.T., Summer, M.E., 1996.
Methods of Soil Analysis Part 3: Chemical Methods, third ed.
SSSA and ASA, Madison, WI, pp. 46-64.

Srivastava, P.K., Han, D., Gupta, M., Mukherjee, S., 2012a.
Integrated framework for monitoring groundwater pollution using
a geographical information system and multivariate analysis.
Hydrol. Sci. 57 (7), 1453-1472.

Srivastava, P.K., Kiran, G., Gupta, M., Sharma, N., Prasad, K.,
2012b. A study on distribution of heavy metal contamination in the
vegetables using GIS and analytical technique. Int. Ecol. Dev. 21
(1), 89-99.

Sulthana, A., Latha, K.C., Ramya, R., Sridhar R., Balasubramanian,
S., 2013. Factor Analysis and Discriminant Analysis of Wastewater
Quality in Vidyaranyapuram Sewage Treatment Plant, Mysore,
India: A Case Study. Environmental Anal. Toxicol. pp. 3-7.

Taghinia Hejabi, A., Basavarajappa, H.T., Qaid Saeed, A.M., 2010.
Heavy metal pollution in Kabini River Sediments. Int. J. Environ.
Res. 4 (4), 629-636.

Usman, R.A., Ghallab, A., 2006. Heavy metals fractionation and
distribution in soils profiles short-term irrigated with sewage
wastewater. Chem. Ecol. Taylor and Francis 22, 267-278.


http://refhub.elsevier.com/S1658-077X(15)00006-5/h0165
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0165
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0165
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0165
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0170
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0170
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0170
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0170
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0175
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0175
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0175
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0185
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0185
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0185
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0195
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0195
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0195
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0195
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0220
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0220
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0220
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0225
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0225
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0225
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0225
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0225
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0240
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0240
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0240
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0230
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0230
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0230
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0235
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0235
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0235
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0235
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0250
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0250
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0250
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0255
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0255
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0255
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0255
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0435
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0435
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0435
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0260
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0260
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0260
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0265
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0265
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0265
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0265
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0265
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0270
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0270
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0280
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0280
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0280
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0290
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0290
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0290
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0300
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0300
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0300
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0295
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0295
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0295
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0310
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0310
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0310
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0310
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0310
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0315
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0315
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0315
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0305
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0305
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0305
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0320
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0320
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0320
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0320
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0320
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0325
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0325
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0325
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0440
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0440
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0440
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0440
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0330
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0330
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0330
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0330
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0335
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0335
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0335
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0335
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0350
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0350
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0350
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0445
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0445
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0445

Evaluation of metal accumulation in soil and tomatoes

59

Vinogradov, A.P., 1959. Geochemistry of Rare and Dispersed Chem-
ical Elements in Soils (translated from Russia) Consultant Bureau,
New York, 209p.

Wilson, B., Pyatt, F., 2007. Heavy metal dispersion, persistance, and
bioccumulation around an ancient copper mine situated in Angle-
sey, UK. Ecotoxicol. Environ. Saf. 66 (2), 224-231.

Zalawadia, N.M., Raman, S., Patil, S.G., 1997. Influence of diluted
spentwash of sugar industries application on yield and uptake by

sugarcane and changes in soil properties. J. Indian Soc. Soil Sci. 45,
767-769.

Zhang, Y.L., Dai, J.L., Wang, R.Q., Zhang, J., 2008. Effects of long-
term sewage irrigation on agricultural soil microbial structural and
functional characterizations in Shandong. China. Eur. J. Soil Biol.
44, 84-91.


http://refhub.elsevier.com/S1658-077X(15)00006-5/h0365
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0365
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0365
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0370
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0370
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0370
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0370
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0375
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0375
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0375
http://refhub.elsevier.com/S1658-077X(15)00006-5/h0375

	Evaluation of metal accumulation in soil and tomatoes irrigated with sewage water from Mysore city, Karnataka, India
	1 Introduction
	2 Materials and methods
	2.1 Study sites
	2.2 Water, soil and plant sampling
	2.2.1 Water
	2.2.2 Soil
	2.2.3 Plant

	2.3 Chemical analysis of water, soil and tomatoes samples
	2.3.1 Water
	2.3.2 Soil
	2.3.3 Plant

	2.4 Statistical analysis

	3 Results and discussion
	3.1 Physico-chemical properties of the used sewage water and groundwater
	3.2 Effect of sewage water and groundwater irrigation on soil nutrients
	3.3 Effect of irrigation with different qualities of wastewater on the content of tomatoes nutrients and heavy metals

	4 Conclusion
	Conflict of interest
	References


