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Abstract

The present research determines the effect of wastewater for irrigation on heavy metd
accumulation in vegetables in the example of spinach (Spinacia oleracea L.) and to evaluate
human health risk from consumption. Trace metal values of Cd, Cu, Cr, Fe, Zn, Ni and Mn, were
determined in the water, soil and plant samples by Atomic Absorption Spectrophotometer. Trace
metal concentrations in spinach samples ranged from 0.29 to 0.37, 0.14 to 1.25, 0.07 to 0.67, 1.12
to 2.48, 0.33 to 0.38, 1.92 to 2.90 and 0.51 to 0.63 mg/kg for Cd, Cr, Cu, Fe, Ni, Zn and Mn,
respectively. These values of trace metals were lower than the permissible limits except for Cd.
All health risk index (HRI) values except for Cd were less than 1. However, the HRI values

related to spinach samples irrigated with canal water and sugar mill water were generally higher
than the values of the samples irrigated with groundwater. The HRI value of Cd was higher than 1
and consumers of such vegetablesin which HRI of metal was greater than 1 will be at risk.
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I ntroduction

Wastewater irrigation is an important source of
agricultural irrigation especialy in countries that
have difficulties in terms of freshwater resources
[1-4]. One of the most prominent problems faced
by cities and factories is the discharge and disposal
of wastewater. If the industrial and sewage
wastewaters are not disposed of within the scope
of appropriate solutions, they pose significant
problems for the environment [5-11]. So, irrigation
of agricultural soil by wastewater for along period
may lead to the accretion of trace metals in soils
and vegetables [12-13]. Also, these metals can
pass to animals and humans through the food
chain and cause ecosystem-wide contamination.
Potential health risks and food safety problems

make this one of the most alarming environmental
aspect [14-18].

The term heavy metal is used for metals
with a density higher than 5 g/cm® in terms of
physical properties. Some metals are indispensable
for living beings, while others are highly toxic.
However, indispensable metals are also known to
be toxic after a certain amount for living beings.
Many studies on the subject have shown that the
use of industriadl and sewage wastewater in
agricultural irrigation causes heavy metal pollution
in soil and plants [19-22]. High level of trace
metals is present in the upper layer of soil due to
wastewater irrigation. This depth zoneislocated in
the root area of many crops [23]. For this reason,
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this layer has an important place in the uptake of
plants from the soil.

Vegetables are one of the most important
elements of human and anima nutrition.
Necessary components of daily diet like protein,
calcium, vitamins and other nutrients are supplied
by vegetables. Vegetables may also store trace
metals in their edible and non-edible parts [4].
Trace elements are essential for norma metabolic
functions in plants, but at higher concentrations,
these metals are toxic and can serioudy interfere
with physiological and biochemical functions[13].
Cd, Cu, Cr, Fe, Zn, Ni and Mn are the type of
heavy metals that react as micronutrients at minor
concentrations, they act as toxic compounds at
higher concentrations. Health issues produced by
contaminated soil and vegetables have been
widely reported throughout the world [24-28]. For
this reason, determination of heavy metal
accumulation values, especidly in plants
consumed as food, has an important place in the
researches on environmental pollution.

Spinach (Spinacia  oleracea L.,
Amaranthaceae) is grown in Pakistan and al over
the world. S oleracea is used in traditiona
medicine to treat condtipation, aleviate stomach
acidity, treat anaemia and as diuretic and
carminative. With all these features, spinach is an
important plant in terms of nutrition, protection
against diseases and dternative medicine
practices. Pakistan is an important agricultura
country and the most important economic activity
of the country is agriculture. However, there is a
shortage of clean water in the country and
wastewaters such as industrial wastewater and
sewage water are widely used in agricultura
irrigation. Studies showed that wastewater
irrigation is effective in heavy metal accumulation
for spinach, as in other agricultural products [22].
Also, the literature studies on the subject showed
that the studies on the irrigation of spinach with
wastewater, heavy metal accumulation and its
effect on health are not sufficient. In this direction,
the present research was aimed to determine the
effect of using wastewater for irrigation on heavy
metal accumulation in vegetables in the example
of spinach (Spinacia oleracea L.) and to evaluate
human health risk from the consumption.

Materials and M ethods
Study area

This study was performed in Khushab
Digtrict of Punjab, Pakistan (Fig. 1). The
maximum temperature measured in the region in
the summer is about 50 °C, and the minimum
temperature recorded in the winter is about 12 °C.
Due to this temperate feature, the city of Khushab
offers a favourable environment for agricultural
applications.
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Figure 1. The map of study area

Plant cultivation and sample preparation

Spinach (Spinacia oleracea L.) samples
were grown at the end of October 2016 in 60 small
plastic pots. Approximately 2.5 kg of soil was
filled to each plastic pot and a different treatment
was applied in every 20 plagtic pots. Ten seeds
were sown in each plastic pot, and each pot was
irrigated twice a week with a litre of groundwater
(TI: GWI), canal water (TIl: CWI) and sugar mill
water (THI: MWI). After the plant samplesin the
pots matured, only four plants were left in each pot
and 210 kg ha™ urea fertilizer was applied to each
pot.

The samples of water used in the irrigation
of the pots were also taken as examples in the
metal analysis. Soil samples were taken from the
pots from a depth of 5 cm with the help of an
auger. At the end of April 2017, spinach leaves
were collected for analysis, dried outdoors and
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ground by pounding in a mortar. Ground
powdered plant samples were dried in an oven for
3 days at 75 °C. After it was completely dry, the
samples were prepared for metal analysis using the
Wet Digestion Method.

Metal analysis

Cd, Cu, Cr, Fe, Zn, Ni and Mn amounts
were determined in the water, soil and plant
samples with the help of Atomic Absorption
Spectrophotometer (Shimadzu model AA-6300).
Table 1 shows the operating conditions used for
each heavy metal in the analysis process.

Table 1. Oper ating conditionsfor the analysis of metalsusing
atomic absor ption spectrometry.

Elements
Parameters Cd Cr Cu Fe Ni Zn Pb

Wavelength (nm)  228.8 422.7 324.8 248.3 232.0 2139 283.3

Slit width (nm) 07 07 07 02 02 07 07
Lamp current

8 10 6 12 12 8 10
(mA)
Air flow rate 5 15 15 15 15 15 15
(L/min)
Acetylene flow
rate (L/min) 18 28 18 22 16 2 20
Burner height
(mm) 7 9 7 9 7 7 7

Statigtical analysis

The variance of the metal values for water,
soil and vegetables were analysed by one-way
ANOVA by SPSS 23. In evauaing the
differences in metal concentrations in the samples,
0.001, 0.01 and 0.05 values were determined as
the level of significance.

Bioconcentration factor (BCF)

Bioconcentration factor refers to metal
accumulation in the plant as a result of the heavy
metal transition from soil to plant. The following
formula is used to calculate the bioconcentration
factor:

BCF = Cveg / Cso“

While C,q refers to the meta
accumulation value in plant tissues (mg/kg, fresh

weight), C,; refers to the metal concentration in
the soil (mg/kg, dry weight) [12].

Daily intake of metals (DIM)

One of the certain methods considered to
detect consumer-based health risks is the daily
intake of metals. DIM was measured using the
following formula:

Da”y intake of metal s= Cmete\l x Cfood intake/ Baverageweight

While C,«a denotes metal concentration
in plant samples, Ciood inke iNdicates daily food
intake and Baerage weight iNdicates average body
weight. In this study, the daily food intake of a
person was taken as 0.345 mg/kg and an average
bodywei ght of 60 kg as a standard.

Health risk index (HRI)

The HRI indicates a health threat to people
who consume contaminated food. In this study, it
was used to calculate the heavy metal exposure
that can occur if spinach samples are consumed by
humans. HRI is described as the ratio of DIM in
food cropsto the oral reference dose [9].

HRI = DIM / Oral reference dose

Pollution load index (PLI)

According to each metal value in the soil,
PLI provides an estimation to the metal
accumulation status. PLI was calculated for each
treatment using the following formula[29]:

PLI = Determined meta vaue of
researched soil / Reference metal value of soil.

The reference trace metal values of soil for
Cd (1.49 mg/kg), Cr (9.07 mgkg), Cu (8.39
mg/kg), Ni (9.06 mg/kg), Zn (44.19 mg/kg), and
Mn (46.75 mg/kg) were taken according to Khan
et a. [9 and Fe (56.90 mg/kg) was taken
according to Ahmad et al. [1].

Results and Discussion
Trace metal concentration in water samples

In the current study, the recorded Fe and
Zn concentrations in the water samples used for
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irrigation were greater than other metal values
(Fig. 2). However, it was observed that heavy
metal accumulation values in cana and sugar mill
water were higher than groundwater accumulation
values. The ANOVA results indicated that there
were no significant differences (p>0.05) between
the metal concentrations for Cr, Cd, Cu, Ni and
Mn while the significant differences for Fe and Zn
in the water samples (Table 2).

The maximum permissible limits of the
Cd, Cr, Cu, Fe, Ni, Zn and Mn in water were
reported by Standard Guidelines in Europe as
0.01, 0.5, 0.2, 5, 0.2, 2 and 0.2 mg/L, respectively
[30].
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Trace metal values in water samples
except Mn were above the maximum limits
reported for water. In line with these results, it can
be said that there is pollution in the waters used for
irrigation in the study area. In the study conducted
in Khushab, Khan et a. [9] noticed the metal
values in groundwater, canal water and industria
water samples from the region as 0.01-0.02-0.03
mg/L for Cu, 1.69-1.76-1.88 mg/L for Cd, 0.64-
0.72-0.83 mg/L for Fe, 0.54-0.57-0.65 mg/L for
Cr, 0.08-0.10-0.14 mg/L for Ni, 0.07-0.08-0.12
mg/L for Mn and 0.57-0.61-0.66 mg/L for Zn,
respectively. The metal values obtained from this
study were found above the maximum permissible
limits by USEPA [31].
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Figure 2. Trace metal concentrationsin irrigation water
Table 2. Analysisof variance for heavy metals and metalloidsin soil and spinach.
Sourceof Variation ~ De9reeof Mean Squares
Sample freedom .
(SOv) (df) Cd cr Cu Fe Ni Zn Mn
Treatments 4 215" .002" .364™ 6.189" .750™ .006™" .186™
Water
Error 10 052 .001 .074 .813 307 .001 .039
Treatments 4 .010° .030** .026™ 534" .001™ 33.458™ .050™
Sail
Error 10 .002 .003 .023 32.603 .003 2.259 .006
Treatments 4 .006™ 1.510™ .396™ 204.0%* .002™ 1.151* .013™
Spinach
Error 10 .004 623 219 16.956 .001 .281 .006

* xx kkk gignificant at 0.05, 0.01, and 0.001 levels; ns, non-significant



Trace metal concentration in soil samples

In the present study, the determined mean
metal values in soil samples were 0.35, 0.155,
0.348, 6.52, 0.38, 6.64 and 5.20 mg/kg for Cd, Cr,
Cu, Fe, Ni, Zn and Mn, respectively. The mean Fe,
Zn and Mn concentrations were higher, and the
mean Cd and Cr concentrations were lesser among
the three treatments (Fig. 3). These values aso
clearly showed that heavy meta accumulation
values in soil samples irrigated with sugar mill
water were higher than the metal accumulation
values of soil samples irrigated with other waters.
According to the dtatistica anaysis, while
different irrigation regimes produced a statistically
significant difference in the accumulation of Cd,
Cr, Zn and Mn in the soils where spinach was
grown, it did not make a significant difference in
terms of Cu, Fe and Ni accumulation (p>0.05)
(Table 2).

USEPA [31] reported the maximum
permissible limits in the soil for the accumulation
of Cd, Cr, Cu, Fe, Ni, Zn and Mn as 3, 100, 50,
21000, 50, 200 and 2000 mg/kg, respectively. All

SOIL

metal values in the present research identified
below permissible limits for al treatments.
Findings of Alrawiq et a. [32] showed a higher
amount of metals than the presented values in this
study except for Cd. Many studies performed in
Pakistan reported on the high concentration of
trace metals in vegetables irrigated with industria
water or sewage Sludge. Ahmad et a. [33]
examined the heavy metal accumulation in the soil
samples irrigated with wastewater and tap water in
their study in Khushab, Pakistan, and found that
the cobat accumulation in the soil irrigated with
sewage water (20.2 mg/kg) was more than
irrigated with tap water (13.5 mg/kg). As
mentioned in this study, it was concluded that
heavy metal accumulation was higher as aresult of
irrigation with the sewage water. The reason for
these results may be low adsorption property of
this metd in soil [9]. However, many factors such
as the geologica characteristics of the soil of the
region, industrial establishments in the
environment, climate and precipitation can be
shown among the factors affecting the heavy metal
level in the soil.
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Figure 3. Fluctuation in metalsin soil of spinach
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Trace metal concentration in vegetable samples

Trace metal concentrations in spinach
samples ranged from 0.29 to 0.37, 0.14 to 1.25,
0.07 to 0.67, 1.12 to 2.48, 0.33 to 0.38, 1.92 to
2.90 and 0.51 to 0.63 mg/kg for Cd, Cr, Cu, Fe,
Ni, Zn and Mn, respectively. Among the three
treatments, the mean Fe and Zn concentrations
were higher in al treatments and the mean Cr and
Cu concentrations were lesser in treatment | and |1
(Fig. 4). These vaues showed that heavy metal
accumulation values in spinach samples irrigated
with sugar mill water were higher than the metal
accumulation values of spinach samples irrigated
with other waters except Cd, Mn and Ni.
According to the datistical anaysis, while
different irrigation regimes produced a statistically
significant difference in the accumulation of Cd,
Cr, Cu, Ni and Mn in the spinach samples, it did
not make a significant difference in terms of Fe
and Zn accumulation (p>0.05) (Table 2).

USEPA [31] reported the maximum
permissible limits in the plants for the
accumulation of Cd, Cr, Cu, Fe, Ni, Zn and Mn as
0.1, 5 73, 425 67, 100 and 500 mg/kg,
respectively. The range values of trace metals in
spinach samples were lower than these permissible
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limits except for Cd. Also, the Cd concentration
was considerably higher than the values (0.002-
0.08 mg/kg) in Egypt reported by Dogheim et al.
[34]. However, the present Cd values were lesser
than the vegetables studied by Gupta et al. [35] in
India (10.37-17.79 mg/kg) and within the range
(0.03-0.73 mg/kg) noted by Liu et a. [36] in
China. Demirezen and Aksoy [37] examined
various vegetables and determined that Zn
contents were in the range of 3.56-4.59 mg/kg
which was higher than the present study as in the
range from 1.92 to 2.90 mg/kg. Ahmad et al. [33]
observed a higher range of cobalt in the root
samples (1.07-1.26 mg/kg) of the plants irrigated
with the sewage water. As mentioned in this study,
it was concluded that heavy metal accumulation
was higher as aresult of irrigation with the sewage
water. The main factors that affect the heavy metal
intake of plants from the soil are factors such as
pH, temperature, cation exchange capacity of the
soil, the rate of other metals in the soil, chemical
selectivity, oil value and species of the plant [29].
In line with the findings obtained from this study,
it can be said that the use of wastewater for
irrigation increases the heavy metal accumulation
in the soil and maybe the reason for the high heavy
metal level in other factors mentioned above.
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Figure4. Fluctuation of metalsin spinach



Bioconcentration factor (BCF)

Andysis of various metds in three
irrigations, Zn showed the maximum and Cu
showed the minimum vaue in groundwater
treatment. In treatment-I (GWI), transfer factor for
Cr, Fe and Cu was lower than Cd, Mn, Ni and Zn.
In treatment-11 (CWI1), transfer factor for Zn, Fe,
Cu and Cr was lower as compared to Cd, Mn and
Ni. Finally, in treatment-111 (MWI1), Fe, Zn and Ni
values were lower than the values of Cr, Cu, Cd
and Mn (Table 3). Bioconcentration factor values
for Cd, Cr, Cu and Zn in spinach samplesirrigated
with sugar mill water and Mn and Zn values in
samples irrigated with groundwater were found
higher than 1. The BCF is the best way to know
the availability of important metals transferred
from soil to grow vegetable. The BCF values of
Cd, Cr, Cu and Zn in sugar mill irrigated samples,
and the BCF values of Mn and Zn in groundwater
irrigated samples were higher than 1, which shows
that these metals were easily available to
vegetables and diffused more in them [1]. The
mean vaues for BCF reported by Ahmad et al.
[33] were 0.036 and 0.038 for Co in Brassica rapa
grown a tap water and sewage water irrigated
sites, respectively. Although it was close to each
other, it was observed that BCF vaue in
wastewater irrigation area is higher like as in the
present study.

Table 3. Bioconcentration factor for spinach.

Heavy Metals
Cd Cr Cu Fe Ni Zn Mn

| 09300 0.699 0.273 042 0934 222 1613

Irrigations

1 0.954 0.767 0.511 0.187 0.939 0.809 0.907

I 1147 8116 1.759 0.254 0.878 1.836 0.995

Pallution load index (PLI)

PLI values for spinach grown with three
different irrigations was in the following sequence.
Order of PLI in treatment-1 (GWI), treatment-11
(CWI) and treatment-1Il (MWI) were Cd>Fe>
Ni>Cu>Cr>Zn>Mn, Cd>Fe>Zn>Cu>Ni>Cr>Mn
and Cd>Fe>Zn>Cu>Ni>Cr>Mn, respectively. The
highest PLI was observed for Cd and the lowest
PLI for Cr and Mn in al three irrigations
(Table 4).

It was observed that the PLI values of the
sugar mill water and cana water irrigated samples
were higher than the groundwater irrigated
samples. However, the measured values were
lower than the values found by Khan et al. [16].
Higher PLI value (1.493) was noticed by Ahmad
et a. [33] when the sewage source was used to
irrigate the soil instead of tap water. In the study
conducted in the region, Ahmad et a. [1] found
the highest PLI value for Cd. In this direction, the
results of the present study were paralel to the
values reported by Ahmad et d. [1]. A PLI value
greater than 1 indicates that the food is
contaminated with metal, and less than 1 indicates
that it is not contaminated [15]. The fact that the
PLI values obtained as a result of the study were
less than 1 indicates that the spinach samples are
consumable.

Daily intake of metals (DIM)

DIM values for Fe and Zn were higher and
Cr was the lowest value in sugar mill water and
cana water treatments. The order of DIM values
in in treatment-l (GWI), treatment-1l (CWI) and
treatment-l1l (MWI) were Fe>Zn>Mn>Ni>Cd>
Cr>Cu, Zn>Fe>Mn>Ni>Cd>Cu>Cr and Zn>Fe>
Cu>Mn>Cd>Ni>Cr, respectively (Table 5).

According to WHO/FAO, DIM values for
Cd, Cr, Cu, Ni and Zn were 0.06, 0.05-0.2, 3, 1.4,
60 mg/day, respectively. The DIM values for all
metals presented in this study are below the
standard values. Mahmood and Malik [38] pointed
out that, daily intake of metal was higher for Zn
and less for Cr and Cd in foodstuff grown at
wastewater. In the present study, the consequences
of the DIM value of vegetables irrigated with
sugar mill wastewater showed resemblance to that
given by Mahmood and Malik [38].

Health risk index (HRI)

In the present study, the order of HRI
values of the metals in treatment-l (GWI),
treatment-I1 (CWI) and treatment-I111 (MWI) were
Cd>Ni>Mn>Zn>Fe>Cu>Cr, Cd>Ni>Mn>Zn>Cu>
Fe>Cr and Cd>Ni>Cu>Mn>Zn>Fe>Cr,
respectively (Table 6). The metal with the lowest
health risk index for spinach samples in all
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irrigation environments was chromium. The fact
that the calculated HRI value was greater than 1
indicates that the consumption of this food carries
health risks and that less than 1 indicates that
consumption is not a problem in terms of health
[7]. In the present study, Cd value was higher than
1 and consumers of such vegetables in which HRI
of metal was greater than 1 will be at risk [15]. On
the other hand, athough the HRI values were less
than 1, it was seen that the values related to

Table5. Daily intake of metal for spinach.

spinach samples irrigated with canal water and
sugar mill water were generadly higher than the
values of the samples irrigated with groundwater.
A similar finding was reached by Ahmad et al.
[33] and it was reported that HRI values were
higher in products that were irrigated with
wastewater. The HRI indicates a hedth threat
to people who consume contaminated food [39-
40].

Heavy Metals
Irrigations
Cd Cr Cu Fe Ni Zn Mn
[ 0.0017 0.00083 0.00042 0.01430 0.00210 0.01106 0.00362
I 0.00216 0.00143 0.00125 0.00649 0.00222 0.0161 0.00319
1" 0.00198 0.00123 0.00388 0.00956 0.00194 0.01667 0.00297
Table 6. Health risk index values.
Heavy Metals
Irrigations
Cd Cr Cu Fe Ni Zn Mn
I 1721 0.002 0.0106 0.0204 0.1051 0.0368 0.0885
I 2.167 0.0009 0.0312 0.0092 0.111 0.0536 0.0780
1T 1.980 0.0048 0.097 0.0136 0.0973 0.0555 0.072
Table 7. Metal correlation between soil-vegetable. Correation
Correlation .
i < Tveaa The results presented positive non-
S -vegeabe significant correlation of Cd, Cu, Zn and Ni and
Cd 669 negative non-significant correlation of Cr, Fe and
or 680 Mn (Ta_lble 7). Bibi et aI [17] reported that the
correlation between soil and vegetable was
cu 476 positive and non-significant for Cd and Ni. Results
Fe -405 of correlation in the current study were similar to
N 98 that study.
Zn 883 Conclusion
Mn -721

In the present study, Cd, Cr, Cu, Fe, Ni,
Zn and Mn values in Spinacia oleracea samples
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irrigated with groundwater, canal water and sugar
mill water were examined. The values of the trace
metals in spinach samples except Cd were below
the maximum permissible limits. Also, these
values showed that heavy metal accumulation
values in spinach samples irrigated with sugar mill
water were higher than the metal accumulation
values of spinach samples irrigated with other
waters except Cd, Mn and Ni. According to the
findings of the study, health risk index value of Cd
was higher than 1 and consumers of such
vegetables in which HRI of metal was greater than
1 will be at risk. Even so, it can be said that legal
measures should be taken and implemented
sengitively by local governments and appropriate
authorities.
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