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Heavy metal contamination harms soil and plant growth, making it a serious global environmental issue.
Due to the scarcity of canal water, people have become more reliant on groundwater, but aquifers are
expensive and of poor quality. Therefore, wastewater has become one of the essential sources of irriga-
tion in developing countries and rural areas. In rural areas, sanitary, sewage, and municipal wastewater
are the most common sources of irrigation. The objective was to analyze and compare the concentration
of heavy metals in Spinach (Spinacia oleracea) collected from two different sites, i.e., one field irrigated
using sanitary wastewater and another by tube well water through drainage ditches in a rural area of
Faisalabad. AAS (Atomic Absorption Spectrophotometry) analyzed heavy metals from plants through irri-
gated water, soil, and the collected edible parts of plant samples. The samples were digested by using
acids and AAS-analyzed metals. The concentration of Cd (0.051 ± 0.029) mg/l found higher than the rec-
ommended values by WHO (0.01 mg/l) in sanitary wastewater, as well as Cd concentration (0.478 ±
0.276) mg/kg in edible parts of spinach, also detected beyond the permissible limits (0.2) mg/kg of WHO
(2007). These exceeding values of Cd in edible parts of spinach may cause serious human health risks.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Agriculture is critical not only for domestic food security but
also for sustainable poverty prevention. Agriculture is acknowl-
edged to be one of the most significant roles in the economy in
all economies, particularly in developing countries (Soubbotina
and Sheram, 2000). The agriculture sector is the backbone of Pak-
istan (Ahmad and Heng, 2012). Agricultural innovation ‘‘systems
are an indispensable part of modern farming, yet they are helping”
to optimize agricultural profitability and efficiency (Tingey-
Holyoak et al., 2021). Agriculture, the quality of cultivated food,
and population health are all factors that influence global food
security (Salimova et al., 2020). Irrigation water is extensively used
in agriculture. Pakistan possesses the world’s most extensive irri-
gation system, the Indus Basin Irrigation System (IBIS). Due to
water scarcity, wastewater has become a common application for
irrigation. ‘‘In Pakistan, around 99 percent of sewage water is
directly used for crop growth and released into various water bod-
ies, with barely 1 % being cleaned in major towns” (Sardar et al.,
2020). In rural Pakistan, wastewater is used in irrigation, which
originates from sanitary and domestic waste. Heavy metals and
dangerous organisms may be in sewage sludge (Zafar et al.,
2020; Latosińska et al., 2021). Heavy metal refers to metals and
metalloids with a density greater than 5 g/cm3 that are toxic in
small quantities, such as As, Cd, Cr, Cu, Fe, Pb, Hg, Ag, Zn, and other
metals and metalloids. Heavy metals accumulate in nature due to
their non-biodegradable habit, producing bio-accumulation in the
food chain, which can lead to environmental and health problems
(Leong and Chang, 2020). The heavy metals are necessary for
‘‘plant growth, development, and physiological life functions are
Cu, Zn, Fe, Ni, Co, Mn, and Mo. Excessive concentrations of these
elements and trace amounts of many other heavy metals reported
as hazardous to plants (Liu et al., 2020; Çelik and Kunene, 2021).
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Various plants have an odd capability to obtain a large num-
ber of heavy metals by adsorption from the soil. Plants have a
higher ability to build metal than soil from wastewater. Plant
metal expansion systems may also be due to defensive mecha-
nisms like opposition to pathogens and herbivores (Khan et al.,
2019; Rattan et al., 2005; Sherene, 2010). Spinach (Spinacia oler-
acea) is one of the essential leafy nutrient vegetables cultivated
in Asian countries, especially Pakistan. It has the potential to
absorb a higher quantity of heavy metals and toxic elements
from the rhizosphere and translate them into edible parts com-
pared to fruits and root vegetables (Bashir et al., 2020). Metals in
soil are used in solid-phase processes. Soil texture, fissures, and
cracks are the main elements that increase metal mobility. The
sewage water is used in agricultural soil for economic and envi-
ronmental gains. It includes the nutrients required for plant
growth and is applied as a fertilizer (Alawsy et al., 2018).
Vegetables are carriers of heavy metals when taken up by
humans and ingested by the human body. The present study
was planned (i) to estimate concentrations of heavy metals in
the soil; (ii) to assess the concentration of heavy metals and
their bioaccumulation in spinach irrigation type/site-wise, and
(iii) to estimate the hazardous impacts of wastewater.
2. Methodology

2.1. Study area

This study was conducted in the selected rural area (the coordi-
nates 31�33059.700N and 73�06003.000E) of Faisalabad. In rural areas,
spinach is used as edible food and is highly dependent on spinach
crops as food. Farmers used both tube well water and sanitary
wastewater as irrigation sources. This study area was selected
because of low traffic and other industrial pollution being away
from the road.
2.2. Sample collection

This study was carried out in Faisalabad’s rural areas, where
sanitary effluent and tubewell water were used to cultivate vegeta-
bles and crops. For this purpose, spinach was exploited (Spinacia
oleracea). The samples were collected from two locations: one field
was irrigated with wastewater and with tube well water. ‘‘Soil
samples were collected from roughly 0–20 cm depth, along with
nine water samples from both crop zones from the selected sites”.
Twenty-one soil samples were obtained at the time of cultivation.
Twenty-one specimens of spinach were collected from the field
irrigated with sewage wastewater and tubewell water. After
60 days, the vegetables were harvested.

Plant leaves samples of spinach were randomly obtained from
both locations after a 10-day interval, with site one watered with
canal water and site two irrigated with sewage effluent. Water
samples were collected in previously cleaned and dried bottles,
while soil and vegetable samples were stored in clean polythene
bags and labeled. All vegetables were cleaned in fresh running
water to remove dust, grime, and foreign particles, and their edible
parts were sliced into little pieces for air drying. After four days, all
vegetable samples were collected and arranged in an oven at 65 �C
for complete removal of moisture. Soil samples were collected
from both plants’ sites, dried in sunlight for four days, and then
dried in a thermal oven for the complete removal of moisture. After
drying, samples of vegetables and soil samples were grounded to
powder form by using a grinder to homogenize size. The powder
form of samples was stored in polythene zip lock bags.
2

2.3. Sample digestion procedure

Water sample digestion: 100 ml of the conical flask was used.
5 ml of nitric acid (HNO3) was added and heat it on a hot plate until
its volume was reduced to 20 ml. Remove the flask and let it cool
down. After that 10 ml of perchloric acid (HClO4) was added, and
then 5 ml of nitric acid (HNO3) was added and heated it again on
a hot plate. Brown fumes appear immediately. No heat was applied
after the volume was reduced to 2–3 ml, and white fumes
appeared. A small portion (nearly 1 gm) was transferred into a con-
ical flask, and then 5 ml of nitric acid (HNO3), 2 ml of perchloric
acid (HClO4), and 1 ml of sulphuric acid (H2SO4) were added with
25 ml of distilled water. After this, samples were placed on a hot
plate. The fumes appeared after some minutes. No more heat
was applied as the volume was reduced to 2–3 ml, and white
fumes appeared. Heavy metals from the samples were determined
using the AB-DTPA method (Soltanpour and Workman, 1985).

In a 125 ml conical flask, 10 g of well-prepared soil was
weighed. Ammonium bicarbonate and 0.005 DTPA were combined
to make a 20 ml extraction solution. This solution was shaken for
15 min at 180 cycles min�1 on a reciprocal shaker. Filtration of
the solution mentioned above via Whatman no.42 filter paper
yielded the supernatant. The heavy metals were identified using
an Atomic Absorption Spectrophotometer (AAS Trace A11200 Aur-
ora, Canada). The principle on whom AAS work is that electromag-
netic radiation passes through the substance that electromagnetic
radiation may transmit or absorb by the substances depending on
radiation wavelength. The samples were run in Atomic Absorption
Spectrophotometer to determine the concentration of Pb, Cu, Cd,
Zn, and As in spinach.
3. Results

Heavy metals toxicity was analyzed in Spinach (Spinacia oler-
acea) leaves irrigated with tube well water and sanitary wastewa-
ter using AAS. The results (Mean and S.D ± error) of seven replicas
of randomly selected leave samples were compared. Four selected
heavy metals were estimated in water, soil, and leaf sample. The
following trend of heavy metals accumulation in Spinach (Spinacia
oleracea) leaves was observed:

Irrigated with tube well water: Cu > Cd > Pb > Zn
Irrigated with sanitary wastewater: Cu > Pb > Zn > Cd

The following trend was observed in the selected study area’s
soil for plant growth:

Tube well water: Pb > Cu > Cd > Zn
Sanitary wastewater: Cu > Pb > Cd > Zn

The heavy metals in tubewell and wastewater were recorded in
the following order: was observed in tubewell water;
Cd > Cu > Pb > Zn

and wastewater; Pb > Zn > Cu > Cd, respectively.
Copper (Cu): Copper, an essential mineral found in many pro-

teins and enzymes, plays a vital function in plant health and nutri-
tion (Kasana et al., 2017). On the other hand, copper overload
causes oxidative stress in plants by increasing the generation of
reactive oxygen species (ROS). ‘‘Because of its dual nature (essen-
tial and potentially harmful), this metal needs a complicated net-
work of absorption, sequestration, and transport (Mir et al.,
2021). Cu deficiency or excess harms human health (Kumar
et al., 2021). The highest (0.82 ± 0.473) and the lowest concentra-
tion (0.064 ± 0.037) mg/kg of Cu was recorded in edible parts of
spinach irrigated with tube well water (Table 4). The highest
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(1.396 ± 0.806) and the lowest concentration (0.12 ± 0.069) mg/kg
of Cu was recorded in edible parts of spinach in irrigated wastew-
ater water (Table 5). The highest (1.821 ± 1.051) and lowest con-
centration (1.144 ± 0.660) mg/kg of Cu was recorded in the
selected study area of soil irrigated with tube well water (Table 2).
The highest (0.442 ± 0.255) and the lowest concentration (0.036 ±
0.021) mg/l of Cu were detected in tube well water (Table 1). The
highest (0.071 ± 0.041) and lowest concentration of Cu (0.033 ±
0.019) mg/l was recorded in the field irrigated with wastewater
(Table 1).

Cadmium (Cd): The highest concentration of Cd (0.478 ± 0.276)
mg/kg was observed in the edible part of spinach irrigated with
tube well water, and the lowest concentration of Cd (0.087 ±
0.050) mg/kg was observed in spinach (Table 4) irrigated with tube
well water. The highest concentration of Cd (0.123 ± 0.071) mg/kg
was detected in edible parts of spinach irrigated with sanitary
wastewater, and the lowest concentration of Cd (0.033 ± 0.019)
mg/kg in spinach irrigated with sanitary wastewater (Table 5).
The soil irrigated with sanitary sewage and tube well water shows
a variation in Cd concentration. ‘‘The highest concentration of Cd
(0.392 ± 0.227) and lowest concentration of Cd (0.110 ± 0.063)
mg/kg was observed in the soil samples irrigated with tube well
water (Table 2). Spinach that was grown in soil irrigated with san-
itary wastewater” showed the highest concentration of Cd (0.566 ±
0.327) and the lowest concentration of Cd (0.068 ± 0.039)
mg/kg (Table 3). The highest (0.548 ± 0.316) and the lowest con-
centration mg/l of Cd was detected in tube well water (Table 1).
The highest concentration (0.051 ± 0.029) mg/l of Cd was
estimated in irrigation water through sanitary wastewater, and
the lowest concentration (0.029 ± 0.017) mg/l of Cd in the water
of irrigation through sanitary wastewater (Table 1).

Lead (Pb): The highest concentration (0.396 ± 0.229) mg/kg of
Pb was determined in edible parts of spinach irrigated with tube
well water, and the lowest concentration (0.033 ± 0.019) mg/kg
in spinach samples collected from the field irrigated with tube well
Table 1
Heavy metals concentration (mg/L) in Tube well water and sanitary waste water

Heavy metals Tube well water (mg/L) S

1 2 3 1

Pb 0.209 ± 0.120 0.234 ± 0.135 0.329 ± 0.190 0
Cu 0.036 ± 0.021 0.053 ± 0.030 0.442 ± 0.255 0
Zn 0.278 ± 0.160 0.008 ± 0.004 0.027 ± 0.015 0
Cd 0.512 ± 0.295 0.548 ± 0.316 0.202 ± 0.117 0

Table 2
Heavy metals Concentration (mg/kg) in Soil samples irrigated with tube well water.

Heavy metals 1 2 3 4

Zn 0.058 ± 0.033 0.067 ± 0.032 0.056 ± 0.113 0.072 ± 0.0
Cd 0.365 ± 0.211 0.136 ± 0.078 0.137 ± 0.079 0.291 ± 0.1
Cu 0.480 ± 0.277 0.624 ± 0.360 0.308 ± 0.178 0.820 ± 0.4
Pb 0.162 ± 0.094 0.651 ± 0.376 1.008 ± 0.582 0.744 ± 0.4

Table 3
Heavy metals concentration (mg/kg) in Soil samples irrigated with sanitary wastewater) m

Heavy metals 1 2 3 4

Zn 0.074 ± 0.043 0.043 ± 0.025 0.046 ± 0.027 0.090 ± 0.0
Cd 0.068 ± 0.039 0.223 ± 0.129 0.269 ± 0.155 0.111 ± 0.0
Cu 0.484 ± 0.279 0.724 ± 0.418 1.821 ± 1.051 0.592 ± 0.3
Pb 0.687 ± 0.397 0.657 ± 0.379 0.876 ± 0.506 0.675 ± 0.3
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water (Table 4). The lowest concentration (0.204 ± 0.118) mg/kg of
Pb in spinach samples was determined in the field irrigated with
wastewater water (Table 5). However, the highest (1.326 ±
0.766) and the lowest concentration (0.162 ± 0.094) mg/kg of Pb
was observed in a selected field of soil irrigated with tube well w
ater (Table 2). ‘‘The highest (0.876 ± 0.506) and the lowest concen
tration (0.219 ± 0.126) mg/kg of Pb was recorded in the soil irri
gated with wastewater water (Table 3)”. The highest (0.329 ±
0.190) and the lowest concentration (0.209 ± 0.120) mg/l of Pb w
as detected in tube well water (Table 1). The highest (0.739 ±
0.427) and lowest concentration (0.032 ± 0.018) mg/l of Pb was
observed in the field irrigated with sanitary wastewater (Table 1).

Zinc: The highest Zn (0.157 ± 0.091) and the lowest concentra-
tion of Zn (0.032 ± 0.019) mg/kg was ‘‘detected in edible parts of
spinach, mg/kg was estimated in the field of spinach irrigated with
tube well water (Table 4)”. The highest Zn (0.246 ± 0.142) and the
lowest concentration of Zn (0.049 ± 0.028) mg/kg was recorded in
edible parts of spinach irrigatedwith sanitarywastewater (Table 5).
The highest Zn (0.129 ± 0.074) and the lowest concentration of zinc
(0.056 ± 0.113) mg/kg, was observed in spinach samples from the
field irrigated tube well water (Table 2). Spinach that was grown in
soil irrigated with sanitary wastewater (Table 3) showed the high-
est Zn (0.175 ± 0.101) and the lowest concentration of Zn (0.037 ±
0.021) mg/kg. The highest concentration (0.278 ± 0.160) mg/l of Zn
was detected in tube well water, and the lowest concentration
(0.008 ± 0.004) mg/l of Zn was observed in irrigation water of tube
well (Table 1).

4. Discussions

Results obtained from tube well water and sanitary wastewater
irrigation clarify the concentration of Cu and Cd (Table 1) higher
than the permissible limits of WHO/FAO (2007). In a previously
reported study (Eid et al., 2017a,b), the concentration of heavy
metal (Cd (1.17), Zn (667.6), Cu (162.6), and Pb (671.2)) mg/kg
anitary Wastewater (mg/L) Safe limits

2 3 WHO/FAO (2007)

.238 ± 0.137 0.032 ± 0.018 0.739 ± 0.427 5.0

.044 ± 0.025 0.033 ± 0.019 0.071 ± 0.041 0.20

.141 ± 0.081 0.102 ± 0.059 0.072 ± 0.042 2.0

.051 ± 0.029 0.047 ± 0.027 0.029 ± 0.017 0.01

Safe limits

5 6 7 WHO/FAO (2007)

11 0.114 ± 0.066 0.102 ± 0.059 0.129 ± 0.074 300–600
68 0.110 ± 0.063 0.182 ± 0.105 0.392 ± 0.227 3.0–6.0
73 0.232 ± 0.134 0.091 ± 0.053 1.144 ± 0.660 135–270
30 0.246 ± 0.142 1.326 ± 0.766 0.447 ± 0.258 250–500

g/kg.

Safe limits

5 6 7 WHO/FAO (2007)

52 0.175 ± 0.101 0.097 ± 0.056 0.037 ± 0.021 300–600
64 0.566 ± 0.327 0.429 ± 0.248 0.272 ± 0.157 3.0–6.0
42 0.392 ± 0.226 0.262 ± 0.151 0.232 ± 0.134 135–270
90 0.675 ± 0.390 0.342 ± 0.197 0.219 ± 0.126 250–500



Table 4
Heavy metals concentration (mg/Kg) in edible part of spinach irrigated with tube well water.

Safe limits
Heavy metals 1 2 3 4 5 6 7 WHO/FAO (2007)

Zn 0.058 ± 0.033 0.067 ± 0.039 0.056 ± 0.032 0.072 ± 0.041 0.074 ± 0.042 0.032 ± 0.019 0.157 ± 0.091 60.0
Cd 0.149 ± 0.086 0.090 ± 0.052 0.255 ± 0.147 0.087 ± 0.050 0.163 ± 0.094 0.239 ± 0.138 0.478 ± 0.276 0.2
Cu 0.288 ± 0.166 0.164 ± 0.095 0.82 ± 0.473 0.62 ± 0.358 0.288 ± 0.166 0.336 ± 0.194 0.064 ± 0.037 40.0
Pb 0.156 ± 0.090 0.222 ± 0.128 0.033 ± 0.019 0.165 ± 0.095 0.165 ± 0.095 0.252 ± 0.145 0.396 ± 0.229 5.0

Table 5
Heavy metals concentration (mg/Kg) in edible parts of spinach irrigated with sanitary wastewater.

Safe limits
Heavy metals 1 2 3 4 5 6 7 WHO/FAO (2007)
Zn 0.049 ± 0.028 0.153 ± 0.088 0.094 ± 0.054 0.246 ± 0.142 0.208 ± 0.120 0.201 ± 0.116 0.061 ± 0.035 60.0
Cd 0.087 ± 0.050 0.107 ± 0.062 0.068 ± 0.039 0.033 ± 0.019 0.123 ± 0.071 0.081 ± 0.047 0.055 ± 0.032 0.2
Cu 0.612 ± 0.353 1.396 ± 0.806 0.12 ± 0.069 0.848 ± 0.490 0.256 ± 0.148 0.719 ± 0.415 0.208 ± 0.120 40.0
Pb 0.24 ± 0.139 0.339 ± 0.196 0.213 ± 0.123 0.542 ± 0.313 0.488 ± 0.282 0.204 ± 0.118 0.531 ± 0.307 5.0
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was higher in sewage sludge which is not in line this present study.
Cd, Zn, Cu, and Pb concentrations were higher than those in
wastewater from Varanasi, India (Singh et al., 2010). Sobhan
Ardakani et al. (2016) reported that Zn, Pb, Cd, and Cu concentra-
tions in groundwater samples in the spring season were in the
summer compared to winter, and these concentrations were
higher than in the tube well water. Tables 2 and 3 show that heavy
metal concentration (Cd, Cu, Pb, and Zn) was lower than the per-
missible limits of WHO/FAO (2007). The kind of soil in a site was
influenced by local climate components (such as rainfall), terrain,
regional water movement, mineral composition and rock frag-
ments accumulating in the soil, animals living in the soil, plants
growing in the area, and human activities nearby (Ding et al.,
2019). The findings of this study were not in line with the results
of Tasrina et al. (2015).

Tables 4 and 5 showed the concentration of heavy metals (Zn,
Cd, Cu, and Pb) in a sample of the edible part of spinach irrigated
tube well water and sanitary wastewater from the study area of
Faisalabad. Table 4 showed that the concentration of Cd in edible
parts of spinach samples collected from tubewell water was higher
than the permissible limits suggested by WHO/FAO (2007). The
concentration of heavy metals (Pb, Zn, and Cu) collected from edi-
ble parts of spinach irrigated with tubewell water and sanitary
wastewater were below the permissible limits of WHO/FAO
(2007). Zhang et al. (2020) reported the concentration of Pb (1.02
± 0.20), Zn (7.03 ± 0.53), and Cu (1.84 ± 0.21) mg/kg accumulation
in Brassica campestris L. that disagreed with the present study.
Boamponsem et al. (2012) reported heavy metal accumulation in
Lactuca sativa, Daucus carrota, and Brassica oleracea L.” The results
showed the order of accumulation of Cu in the three vegetables
irrigated with wastewater was; Lactuca sativa (0.160mg/Kg) > Dau-
cus carrota (0.152 mg/Kg) > Brassica oleracea L. (0.066 mg/Kg) dis-
agreed with the present study outcomes”. Singh et al. (2012)
reported that heavy metals (Pb, Cu, Zn Cd) exhibit different values
of heavy metal accumulation in different edible crops, which dis-
agreed with the present study.
5. Conclusion

This study revealed that wastewater was used for irrigation
purposes. Heavy metals like Zn, Cd, Cu, and Pb in wastewater accu-
mulate in soil and plant effects humans directly. By applying san-
itary wastewater, cadmium exceeds the safe permissible limits and
causes toxicity in edible parts of spinach and copper in irrigation
4

sources. These metals were beyond the allowable limits estab-
lished by FAO/WHO (2007). It has been further concluded that
Cd concentration was higher in the edible part of spinach which
was irrigated with sanitary. It is suggested that wastewater be
used in moderate quantities to avoid possible health issues by con-
suming such spinach.
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