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ARTICLE DETAILS ABSTRACT

Article History: An agricultural field located in the vicinity of the Hattar industrial Estate irrigates with industrial wastewater
containing potentially toxic metals and excessive nutrients. In this study, onion field soil, wheat field soil, and
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edible parts of the wheat and onion were sampled from the field irrigated with long-term industrial
wastewater to evaluate the potentially toxic metals (Cr, Cd, Ni, Fe, Zn, Hg, Cu) and excessive nutrients (K, Ca,
Mg). Lake sediments were also sampled to examine the effects on polluted soil and edible plants. The results
indicate that concentration level of potentially toxic metals are high in the soil and nutrients in the sediment.
The plant component study shows that potentially toxic metals and nutrients are maximum in onion (root
vegetable) than in wheat. During analysis of sediment’s effects on contaminated soil and spinach, it was
concluded that potentially toxic metals were very high in spinach of contaminated soil than in sediments
amended soil, while nutrients were high in sediments amended soil. A leafy part of spinach was more
vulnerable to the accumulation of potentially toxic metals than other parts. The column leaching experiment
shows that the concentration of metals and availability of nutrients in sediments amended soil is higher than
in contaminated soil due to less uptake of nutrients and potentially toxic metals by spinach. It is concluded
that sediments are suitable in polluted soil for reducing potentially toxic metals and excessive nutrient uptake
by edible plants.
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cytotoxic, and mutagenic effects in humans and animals (Trichopoulos et
al,, 1997; Al-Othman et al,, 2011). The average concentration of nutrients
inirrigated wastewater is advantageous for plant growth, but the excessive
amount may cause toxicity and adverse effects (Ghafoor et al., 1999;

1. INTRODUCTION

In developing countries, insufficiency of fresh water for irrigation of crops
is a major issue. Therefore, wastewater is used to fulfill the requirement of

irrigation (Singh et al., 2010). Mostly industrial and municipal wastewater
is used for agriculture, which creates serious health problems (Van der
Gaag et al, 1991; Al-Othman et al, 2012; Yang et al,, 2013; Vaiserman,
2014; Pan et al,, 2016; Rehman et al., 2018; Zhang et al., 2018; Kanwal et
al.,, 2020). This industrial wastewater contains potentially toxic metals and
excessive nutrients (Samara et al., 1992; Voutsa et al.,, 1996; Ambulkar,
2017). Their adverse effects include reduction of germination and
photosynthesis, slowing down plant growth and enzymatic reactions,
alteration in root morphology, etc. (Shekar et al.,, 2011; Tiwari et al., 2013;
Bergqvist et al., 2014; Rizwan et al,, 2017).

In environmental pollution studies, analysis of the bioavailable metal pool
has gained much interest due to potentially toxic metal accumulation in
different parts of plants (Rattan et al, 2005). Potentially toxic metals
accumulated in vegetables and dietary crops are difficult to remove
because they are long-lasting (Mapanda et al, 2007). The non-
biodegradability of the potentially toxic metals caused carcinogenic,
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Granstedt et al, 2008; Carr et al,, 2011). Excessive nutrients including
nitrogen, phosphorus, potassium, etc. cause eutrophication of
groundwater, toxic algal blooms, hypoxia, and acid rain (Carpenter et al.,
1998; Walters, 2016).

Pakistan is an agricultural country. The availability of groundwater/
freshwater in Pakistan is just 60 billion m3 (Qureshi, 2020), which cannot
fulfill the requirement of irrigation. Pakistan has two leading industrial
estates Sindh Industrial Trading Estate and Hattar Industrial Estate. The
analysis of Hatter industrial effluents concluded that the effluents were
highly polluted with potentially toxic metals and excessive nutrients (Sial
et al,, 2006; Rasheed et al, 2013; Afzal et al, 2018). When fields are
irrigated with such polluted water, potentially toxic metals and excessive
nutrients accumulate in the soil (Arora et al., 2008; Rasheed et al,, 2013).
This study aimed to investigate potentially toxic metals: Chromium (Cr¢+),
Cadmium (Cd), Mercury (Hg), Nickel (Ni), Copper (Cu), Iron (Fe), and Zinc
(Zn), and excessive nutrients: potassium (K), Calcium (Ca) and Magnesium
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(Mg) of Industrial wastewater from onion field soil, wheat field soil, and
edible parts of the wheat and onion. Also, examine the effects of sediments
on polluted soil and edible plants.

2. MATERIALS AND METHODS
2.1 Out-door work

The study area was an agricultural field present in the vicinity of Hattar
Industrial Estate, irrigated with industrial wastewater. In this industrial
estate, most of the industries without any treatment discharge their
effluents directly into the main drain, which drop into canals, streams, and
then to the Haro river (Figure 1). The wheat and onion field soil sampling
were done before any fertilizer, manure or lime from fields. Total of 6000g
of soil samples were collected at three different sites of wheat and onion
fields by soil auger from both depths of 0-20 cm and 20-100 cm. After
sampling, wheat field soil (WFS; 3000g) and onion field soil (OFS; 3000g)
of all sites were mixed according to their depth and then packed in the
sample bags with proper labels. The already cultivated wheat and onion
over polluted soils were also sampled from three sites in the rabi cropping
season. Total of 3000g of composite sediment samples were also collected
at three different sites from both depths of 0-20 cm and 20-100 cm of
Tarbela lake, Haripur for laboratory experiments. After sampling,
sediments were mixed according to their depth, packed, and then send to
the laboratory. Previous literature shows that lake sediments are easy to
act with potentially toxic metals by adsorption, complexion, and
precipitation, etc., which will affect the speciation of heavy metals (Gao et
al,, 2003; Singh et al,, 2005; Huang et al,, 2016; Zhang et al., 2017; Yu et al,,
2021; Sun etal,, 2022).
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Figure 1: Location map of the research area showing the sampling
points.

2.2 In-door work

The physicochemical properties of collected soil and sediment samples
were measured before starting the experiments in the Environmental
Laboratory of COMSATS Abbottabad, Pakistan (Table 1). The
physicochemical properties affect the movability of potentially toxic
metals in soil and sediments (Centioli et al., 2008). State View software
(SAS9.1) was used for the statistical analysis of primary data. A probability
level of P < 0.05 was considered significant and means were calculated by
fisher's least significant difference (LSD) test. The in-door work includes
the following laboratory analysis.

Table 1: Physicochemical Properties of Soil and Sediment Samples.
Soil layers H Electrical conductivity Moisture Organic
(cm) P (ds/m) content (%) content (%)
Mean Stdev. Mean Stdev. Mean Stdev. Mean Stdev.
WEFS
(0-20) 7.3 0.12 463 153.6 325 0.95 1.92 0.025
WEFS
(20-100) 7.6 0.02 573 71.9 24.8 1.00 2.16 0.035
OFS 7.5 0.07 518 126.2 30.7 0.76 1.98 0.010
(0-20) . . . . . . .
OFS 7.7 0.03 442 27.0 24.6 1.80 2.26 0.031
(20-100) : : : : : - :
Sediment
(0-20) 7.2 0.03 599 61.0 71.1 0.85 191 0.025
Sediment
(20-100) 7.1 0.04 464 20.1 32.8 0.47 2.36 0.035

2.2.1 Potentially Toxic Metals and Nutrients Fractionation

Fractionation of selected potentially toxic metal sets was done using
modified versions of the sequential extraction procedure as suggested by
in soil and sediments (Stover et al., 1976). In the laboratory, collected soil
samples (onion field soil and wheat field soil) were air-dried, oven-dried,
crushed, and sieved to ensure homogeneity then 3g of soil samples were
taken in a centrifuge tube of 50 ml for sequential extraction. By sequential
extraction procedure, different forms of potentially toxic metals were
fractionated with 25 ml of the reagents: 0.5 M KNOs, shaken for 16 hours
(exchangeable metal); de-ionized water, shaken for 2 h (adsorbed metal);
0.5 M NaOH, shaken for 16 hours (organically bound metal); 0.05 M
NazEDTA, shaken for 6 h (carbonate precipitated metal) and 4 M HNO;s,
shaken for 16 hr. (residual forms) at 80°C, respectively. During each
extraction procedure, the sample suspension was centrifuged (2500 rpm)
for 10 min. Moreover, the resulting supernatant solution was decanted and
filtered by a 0.22um filter. The elegant solution content of metals was
examined by Spectrophotometer, using standards to form the background
matrix with the extracting agent. The amounts of metal collected by each
extraction procedure with the help of a complete weight balance system
(Table 2; Figure 2). The extractable, water-soluble, and total forms of
nutrients in soil and sediments were also examined by Atomic Absorption
Spectrophotometer (Table 3; Figure 3). For more detail procedure follow
(Xu etal., 2022).
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Figure 2: Fractionation of Hg in different soil and lake sediments profile.
OFS, onion field soil; WFS, wheat field soil; Sed, sediments.

2.2.2 Pot and Plant Components Experiment

In the pot experiment, first of all pot trials were carried out to verify the
irrigation water requirement of each manure amended soil. A total of eight
pots were used during analysis, two pots filled with soil according to depth,
same as two pots filled with sediments, and four pots filled with both types
of soil amended with lake sediments (5%) according to depth. After this,
six ordinary spinach (Spinacia Oleracea) plant seeds (freshwater irrigated
field's seeds) were grown in each pot for eight weeks to evaluate the
potentially toxic metal and nutrient sets concentration in plant (spinach)
tissues. In the plant components study, polluted soil cultivated wheat and
onion were harvested, rinsed with distilled or de-ionized water, and oven-
dried at 65°C for 48 hours to determine the plant dry matter. After that,
plant samples were ground, sieved via a 0.5 mm sieve and digested with a
strong acid mixture of HNO3 and HCIOs4+ to measure the content of
potentially toxic metal and nutrient sets in the shoot, grains, and bulb by
polarized Zeeman atomic absorption spectrophotometer (Model Z-2300,
Hitachi, Japan).

2.2.3 Pot Leaching Experiment

This study aimed to investigate potentially toxic metal and nutrient sets in
leachates. A pot leaching experiments were conducted in the same soils
and sediments on which spinach were grown in the laboratory. After each
irrigation event, leachates (water) were collected within 24 hours and
immediately transferred to the laboratory for chemical analysis. A total of
ten consecutive events (days) of leachates were collected. Atomic
absorption spectrophotometer was used to determine the concentration
of potentially toxic metals and nutrients in the filtrates.

3. RESULTS AND DISCUSSION

The primary sources of soil pollution are potentially toxic metals of
phosphate fertilizers, municipal sewage wastes, and industrial wastes
(Kim et al.,, 1988; Harrison and Chirgawi, 1989; Jackson and Alloway, 1991;
Briffa et al,, 2020). In the Hattar industrial zone, the source of irrigation is
wastewater released from different industries. This wastewater has light
brown color with a temperature of 35.5°C, average pH of 7.26, and
electrical conductivity of 2.8 ds/m. Detailed work on Hattar industrial
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effluents has already been done by different authors (e.g., Sial et al., 2006;
Rasheed et al,, 2013; Afzal et al., 2018).

3.1 Potentially Toxic Metals and Nutrients Fractionation in Soil and
Sediments

(He et al, 1995) According to different forms of potentially toxic metals
and nutrients such as water-soluble, exchangeable, absorbed, organically
bound, oxide bound, and precipitated are present in the different soil
profiles. Therefore, selected potentially toxic metals concentration in OFS
and WFS were observed in different following fractions KNOs3
(exchangeable), H20 (adsorbed), NaOH (organically bound), Na:EDTA
(carbonate precipitated), and HNOs (residual form). According to metals
in water-soluble, exchangeable, and organically bound complexed
fractions may be readily leachable and bio-available in the environment
(He et al,, 1995). The solid particulate fractions of metal are relatively
immobile and may not be readily available. However, metals in the residual
fraction are tightly bound and not expected to be released readily under
normal conditions (He et al., 1995).The resultant data of selected toxic
metal fractionation analysis shows that the concentration of all toxic
metals are maximum in the OFS while the minimum are in sediments
(Figure 2, Table 2). It indicates that industrial wastewater has high toxic
metals than fresh/lake water, which accumulate during irrigation in the
soil. The extraction methods of potentially toxic metals and the type of
samples greatly influence the number of heavy metals (Singh et al,, 2010).
According to previous studies, the concentration of potentially toxic metals
in soil and crop has a linear relationship (Wu-zhong et al.,, 2002). The
detailed results of selected metals are in supplementary data.

Table 2: Cr Fractionation (mg kg 1) in Different Soils and Lake Sediments.
Soil layers KNO3 Ho0 NaOH EDTA HNOs+H | ol soil
(cm) ClO4
Mean |Stdev.| Mean | Stdev| Mean |Stdev, Mean |Stdev,| Mean | Stdev| Mean | Stdev,|
OFS
(0-20) 577 | 046 | 445 | 0.6 | 453 | 06 | 398 | 05| 475| 1.1 | 957 | 1.2
OFS 8.14 | 0.54| 427 | 0.6 | 5.7 | 03 | 434 | 06 | 369 | 0.6 | 91.3 | 1.1
(20-100) X . . . . . " . A . . .
WFS
(0-20) 5 06 | 354 | 06 |389| 05| 3.1 | 06| 449 | 1.1 | 934 | 05
WES 749 |0.15| 343 | 03 | 507 | 06 | 3.85| 0.1 | 353 | 04 | 886 | 0.7
(20-100) E . . . . . i . . E . .
Se[g‘_‘;‘g)‘“ 063 | 02 |037] 05|031| 07 |082| 08322 12459 13
Sediment
(20-100) 0.82|1.12|0417| 05| 038 | 0.1 | 0.77 | 0.6 | 23.8| 1.2 | 363 | 0.7
LSD 1.03 0.62 0.44 0.57 1.37 1.67

Note: LSD, least significant difference.

The essential plant nutrients and organic matter are present on the soil
surface (Mikkelsen, 2010). During the analysis, it was concluded that the
maximum extractable selected nutrients were in the sediments top layer
(0-20 cm) while the minimum were in OFS top layer (0-20 cm) except Mg,
which was the minimum in the WFS top-layer (0-20 cm). The highest value
of water-soluble K and Ca was noticed in the sediments sub-layer (20-100
cm), while Mg was noticed in the sediments top-layer (0-20 cm) and the
lower value of K, Ca, and Mg was in the WFS top-layer (0-20 cm). A total K
and Ca concentration were high in the sediments sub-layer (20-100 cm)
while Mg in the sediments top-layer (0-20cm). A total K concentration was
low in the OFS top layer (0-20 cm), Ca in the WFS top layer (0-20 cm), and
Mg in the OFS sub-layer (20-100 cm; Figure 3, Table 3). The above
discussion conclude that nutrients are maximum in freshwater sediments
than in wastewater irrigated soil.
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Figure 3: Fractionation of nutrients in different soil and lake sediments
profile. OFS, onion field soil; WFS, wheat field soil; Sed, sediments.

Table 3: Nutrients Fractionation (mg kg -1) in Different Soils and Lake Sediments.

Soil layers (cm) | Extractable k | Water soluble k Total k Extractable ca
Mean |Stdev. | Mean | Stdev. |Mean |Stdev. | Mean | Stdev.
WEFS (0-20) 201 1 146 1 247 1 497 1.5
WFS (20-100) 220 1 173 1 282 1.5 538 1
OFS (0-20) 178 1 154 1.5 202 1 467 1
OFS (20-100) 201 1 177 15 259 1 630 1
Sediment (0-20)| 349 1 300 1 379 1 870 1
igg“fgg)t 337 | 1.5 | 313 2 [ 38 | 2 | 867 | 2
Water soluble Total Ca Extractable Water soluble Total Mg
Ca Mg Mg
Mean | Stdev. | Mean | Stdev. | Mean | Stdev. | Mean | Stdev. | Mean | Stdev.
378 1 633 1 159 1 120 1 262 1.5
436 1 695 1 218 1 157 1 271 1
411 1.5 668 2 224 1 177 1 221 1
559 1 686 1 229 1 145 1.5 220 1.5
768 2 1214 2 321 2 288 15 353 2
809 2 1284 2 310 2 249 2.1 331 2

3.2 The Concentration of Potentially Toxic Metals and Nutrients in
Crops and Vegetables

The edible plants have more tendencies to accumulate potentially toxic
metals through bio-uptake (Intawongse and Dean, 2006; Sultana et al,,
2022). Their uptake ability depends on the type of climate and soil,
irrigation interval, the concentration of toxic metals, and plant maturity
(Voutsa et al,, 1996; Ghasemidehkordi et al, 2018; Sultana et al., 2022).
The trace metals and nutrients accumulation, uptake, and distribution
pattern are different in different cultivated wheat and onion over
contaminated soil (Singh et al.,, 2012). Wheat crops and vegetables (onion
and spinach) with excessive potentially toxic metals and nutrients due to
soil and atmospheric contamination pose a threat to their quality and
safety. In the component studies of the wheat and onion, nutrients and
potentially toxic metals were detected in the wheat shoot (WS), wheat
grain (WG), onion shoot (0S), and onion bulb (OB) (Figure 4, Table 5). The
resultant analysis data show that selective nutrients and metals
concentration are maximum in OS and minimum in WG. A group
researcher also suggested that root vegetables have a high concentration
of potentially toxic metals than other vegetables (Mallik et al., 2017).

200

180
160
140
- 120
n
& 100
= 80
60
40
o (6§ (TS arlui Wask
; 1]
Shoot Grains Shoot Bulb
Wheat ‘Wheat Onion Onion
Samples

ECr mCd BNi #Fe BZn BHg mCu BK ECa EMg

Figure 4: Potentially toxic metals and nutrients concentration in different
parts of wheat and onion.

Later, observed in leafy vegetable accumulation of toxic heavy metals are
higher than in root vegetable (Sultana et al., 2022; Huang et al,, 2020). In
this study, selected potentially toxic metals and nutrients were also
investigated in spinach (leafy vegetable), cultivated in different pots.
Potentially toxic metals react easily with lake sediments. It affects the
accumulation of potentially toxic metals in vegetables grown over WFS and
OFS amended with lake sediments. It was observed that leaves are the
entry point for potentially toxic metals from the air, so leafy parts of
spinach are more vulnerable to the accumulation of potentially toxic
metals than other parts. The pots have polluted soil without lake sediment
amendments known as control soil (CS). The observed order of
accumulating potentially toxic metals in laboratory-grown spinach was CS
spinach > sediments amended OFS spinach > sediments amended WFS
spinach (Table 4). The concentration of excessive nutrients were also
observed in laboratory-grown spinach in the following order sediments
amended WFS spinach > sediments amended OFS spinach> CS spinach
(Table 4). The above-observed results suggest in CS more selected metals
were present than in other soil in which lake sediments were present and
in WFS amended with lake sediments more selected nutrients than in
other soil. This whole experiment also suggests that in spinach selected
metal set concentration is less than in wheat and onion.
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Table 4: Potentially Toxic Metals and Nutrients Concentration (mg kg 1) in Laboratory Grown Spinach.

Min. Max. Mean Stdev. Min. Max. Mean Stdev.
Control soil (0-20 cm) Control soil (20-100 cm)
Cr 7.21 7.63 7.43 0.21 7.32 7.91 7.62 0.3
Cd 0.22 0.75 0.53 0.27 0.62 0.97 0.81 0.18
Ni 4.67 4.92 4.77 0.13 5.12 5.93 5.56 0.41
Fe 4.23 4.97 4.64 0.37 2.14 6.48 431 2.17
Zn 8.21 8.66 8.44 0.23 8.32 8.85 8.6 0.27
Hg 2.38 2.89 2.65 0.26 1.57 1.97 1.78 0.2
Cu 421 4.98 4.79 0.4 5.32 5.98 5.68 0.34
K 251 256 254 2.52 249 251 250 1
Ca 763 767 765 2 750 754 752 2
Mg 305 309 306 2.1 227 231 229 2
Onion field soil (0-20 cm) Onion field soil (20-100 cm)
Cr 5.45 5.96 5.7 0.26 5.19 5.97 5.59 0.39
Cd 0.35 0.56 0.45 0.11 0.36 0.99 0.69 0.32
Ni 3.49 3.99 3.77 0.25 3.98 4.87 4.39 0.45
Fe 1.51 591 3.72 2.2 2.31 5.08 3.64 1.39
Zn 7.12 7.89 7.52 0.39 7.57 7.91 7.79 0.19
Hg 1.67 1.99 1.85 0.16 1.39 1.68 1.5 0.16
Cu 3.25 3.98 3.62 0.37 4.38 4.82 4.65 0.24
K 481 485 483 2 552 554 553 1
Ca 948 951 950 1.5 955 959 957 2
Mg 611 617 614 3 607 612 610 2.52
Wheat field soil (0-20 cm) Wheat field soil (20-100 cm)

Cr 3.64 391 3.76 0.14 3.28 3.92 3.65 0.33
Cd 0.17 0.46 0.32 0.15 0.29 0.67 0.51 0.2
Ni 2.56 2.82 2.69 0.13 2.75 3.26 3.01 0.26
Fe 1.35 3.09 2.19 0.87 3.2 5.1 4.17 0.95
Zn 5.46 5.97 5.66 0.27 5.43 5.84 5.65 0.21
Hg 1.04 1.26 1.16 0.11 0.53 0.94 0.74 0.21
Cu 2.35 2.95 2.67 0.3 3.05 3.48 3.27 0.22
K 539 541 540 1 527 529 528 1
Ca 977 981 979 2 936 939 937 1.5
Mg 614 621 618 3.6 628 633 631 2.5

3.3 Leachability of Potentially Toxic Metals and Nutrients

The risk of releasing potential pollutants from soil and sediments to the
aqueous phase is well-assessed, thanks to leaching tests (Roskam and
Comans, 2009). Leachate was collected from the same soil and sediments
pots on which spinach was grown in the laboratory. In this study, the
leaching concentration of nutrients and potentially toxic metals were
investigated in ten events. During the first and second events, the
concentration of nutrients and potentially toxic metals were maximum;
after that, their concentration gradually decreased. In the first leaching
event, the concentration of nutrient set was minimum in both depth of CS
and maximum in sediments amended WFS at a depth of 0-20cm except for
K. The concentration of potassium was maximum in sediments amended
OFS at a depth of 20-100cm.

In the 10th leaching event K, Ca, Mg concentrations were minimum in
control soil and maximum in sediments amended WFS at a depth of 20-
100cm except Ca. The calcium concentration was maximum in sediments
amended WFS at a depth of 0-20cm (Figure 5). Soil pH may have a strong
influence on nutrient concentration in the leachate. The concentration of
nutrients in the leachate varied irrespective of the total amount applied
with each manure treatment. A particular nutrient does not depend upon
the amount added to the soil but upon the source of nutrients applied.
Same as in the 1st and 10th leaching event, the concentration of potentially

toxic metal set was minimum in both depths of CS and maximum in both
depths of sediments amended WFS except Fe.

1 2 3 4 5 6 7 8 9 10
Ca-leaching events (days)

—0— WFS+Sed (0-20cm)  —8—WFS+Sed (20-100cm) —0— OFS+Sed (0-20cm)
—0— OFS+Sed.(20-100cm) —8— Control(0-20cm)  —O— Control(20-100¢m)

Figure 5: Ca concentration in the leachate of different soil and lake
sediments profile. OFS, onion field soil; WFS, wheat field soil; Sed,
sediments.
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Table 5: Potentially Toxic Metals and Nutrients Concentration (mg kg ‘) in Different Parts of Wheat and Onion.
Max. Min. Mean Stdev. Max. Min. Mean Stdev.
Wheat Shoot Wheat Grains

Cr 87.2 84.1 85.5 1.53 81.65 79.98 80.62 0.84
Cd 43.5 419 42.4 0.8 39.98 37.12 38.75 1.43
Ni 29.8 27.3 28.7 1.25 23.5 20.8 22.3 1.35
Fe 239 21.2 224 1.35 219 19.3 20.8 131
Zn 105 105 105 0.29 98.95 99.89 99.54 0.48
Hg 32 30 30.6 1.24 21.69 19.85 20.75 0.92
Cu 54.7 53 53.9 0.86 52.02 49.24 50.45 1.39
K 54.3 51.1 52.4 1.03 52.6 46.9 49.9 2.85
Ca 194.5 190 192.4 2.2 189.4 183.9 186.7 2.75
Mg 52.9 50.9 51.5 1.61 53.4 48.1 50.6 2.65

Onion Shoot Onion Bulb

Cr 89.1 87.33 88.17 0.86 83.62 81.94 82.65 0.84
Cd 46.2 44.38 45.33 0.92 40.58 40.08 40.37 0.25

Ni 329 30.89 31.82 1.02 25.46 23.27 24.35 1.1
Fe 29.4 279 28.7 0.75 249 22.5 23.5 1.21
Zn 107 105 106 1.12 101.4 99.9 100.7 0.76
Hg 36.4 349 35.7 0.75 26.74 24.29 25.45 1.23
Cu 56.7 54.7 55.8 1.02 53.82 51.28 52.45 1.27

K 54.7 52.8 53.8 0.95 51.1 46.9 48.8 2.1
Ca 194 192.9 193.8 0.62 191.8 189.7 190.4 1.07
Mg 56.9 52.4 54.8 2.25 51.2 47.9 49.5 1.65

These metal set concentration in the leachate of control soil is deficient
because a vast amount of heavy metal has been moved to the spinach
(Figure 6). The Fe concentration was maximum during 1st event in
sediments amended OFS (20-100cm) and during 10th event in sediments
amended WFS (20-100cm). It aimed to provide a realistic theoretical basis
for ecological threat evaluation, predicting trace metals accumulation in
soil, and sustainable use of soil resources. Lake sediments may help in
lowering the concentration of potentially toxic metals in the soil and
plants. It may reduce the toxicity and eutrophication in dams. It may
alleviate the leaching of potentially toxic metals from soil. Lake sediments
may provide a basis for trace metal pollution, prevention, and control.

1 2 3 4 5 6 7 8 9 10
Cr-leaching events (days)

—0—WF5+5ed.(0-20cm) —8—WEFS+5ed.(20-100cm) —8— OFS+Sed.(0-20cm)
—0— OF5+Sed.(20-100cm) —@— Control(0-20cm) —0— Control(20-100cm)

Figure 6: Cr concentration in the leachate of different soil and lake
sediments profile. OFS, onion field soil; WFS, wheat field soil; Sed,
sediments.

4. CONCLUSIONS

1) The fractionation of selected potentially toxic metals’ concentration
in the top layer (0-20 cm) and sub-layer (20 -100cm) of polluted soil
taken from onion fields, wheat fields, and lake sediments were
observed maximum in the onion field soil and minimum in
sediments. Selected excessive nutrients fractionation were maximum
in sediments and minimum in both sub-soil of onion field and wheat
field.

2) The concentration of potentially toxic metals and nutrients in
different components of wheat crops and onions show that the
maximum in onion shoot (53.8-193.8 mgkg! and 28.7-106.2 mgkg-,
respectively) while the minimum in wheat grains (49.9-186.7 mgkg!
and 20.8-99.5 mgkg, respectively).

3) The concentration of potentially toxic metals in laboratory grown
spinach are in the following order control soil spinach (8.64mgkg1) >
sediments amended onion field soil spinach (7.79mgkg?) >
sediments amended wheat field soil spinach (5.66mgkg?), while
nutrients are in order sediments amended wheat field soil spinach
(979mgkg?!) > sediments amended onion field soil spinach
(959mgkg 1) > control soil spinach (765mgkg1).

4) In leachate concentration of selected potentially toxic metals and
nutrients during the leaching process decreased as the leaching
events increased. The overall concentration of potentially toxic
metals and nutrients in leachate were observed in the following
order; sediments amended wheat field soil > sediments amended
onion field soil > control soil.

The above results indicate that excessive nutrients and potentially toxic
metals of irrigated industrial wastewater ruin soil quality and may result
whole food chain contamination. The amendment of lake sediments in
contaminated soil reduces the toxic metals and excessive nutrients uptake
by the edible plants.
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