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Abstract

Food safety has often attracted attention worldwide. Few studies have investigated the heavy metal (HM) pollution and health
risk assessment of crops and vegetables. The current work was conducted to evaluate the human risk assessment of HM (Cu, Cd,
Cr, Pb, and Zn) in radish, lettuce, tomato, onion, turnip, squash, okra, sunflower, Jews mallow, and garden rocket cultivated in
treated wastewater (TWW)-irrigated sites as compared with those cultivated in freshwater (FW)-irrigated sites. Irrigation water,
soil, and different plants were collected from 6 farmlands irrigated with TWW and two agricultural sites irrigated with FW (Nile
river). Heavy metal transfer factor (HMTF), chronic daily intake of metals (CDIM), health hazard risk (HR), and health hazard
index (HI) were estimated. The results showed that the tested HM levels in FW and TWW were below the Food and Agriculture
Organization (FAO) and Egyptian standards recommended for irrigation. In soil samples, HM levels were below the permissible
limits for both tested sites. The HM in soil and plants grew in TW W-irrigated sites possessed multiple levels higher than those
grown in FW-irrigated sites. Among different plants, HM levels in the edible parts of plants grown in TWW-irrigated sites
followed in decreasing order: tomato > sunflower >Jew’s mallow = turnip = squash > lettuce > okra = radish > onion > garden
rocket. The mean CDIM and HR values of plants irrigated using TWW were higher than those irrigated using FW. Furthermore,
HR values for all plants grown in polluted and unpolluted sites were < 1 except Cd in plants grown in the TWW-irrigated
farmlands. The mean HI for radish, lettuce, tomato, onion, turnip, squash, okra, sunflower, Jews mallow, and garden rocket
grown in TWW-irrigated sites were 2.08, 2.39, 1.76, 1.53, 2.08, 1.80, 2.03, 1.91, 1.82, and 1.44 (for adult), and 2.39, 2.75, 2.71,
1.75,2.38,2.06,2.33,2.69, 2.10, and 1.65 (for children). Plants irrigated with TWW showed a higher HMTF than plants irrigated
with FW. Jew’s mallow and okra irrigated with TWW had a maximum HMTF. Consequently, different practical measures can be
taken to minimize the HM levels in agricultural foodstuffs. These measures include preventing the excessive application of
pesticides and fertilizers for crop production and continuous monitoring of different foodstuffs in the market.
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Introduction

Water scarcity is a significant problem in many countries in
North Africa and the Middle East. Owing to the high popula-
tion and much-irrigated agricultural land, Egypt has moved to
a water-scarce country. Egypt’s primary water source is the
Nile River, which receives about 55.5 billion m> of freshwa-
ter; it is about 97% of the renewable water sources (Elbana
et al. 2013; El-Agha et al. 2020). In Egypt, wastewater pro-
duction is about 2.4 billion m*/year, representing a challenge
to recycle; most raw wastewater is passing through farmlands.
Owing to the limited availability of freshwater, farmers
around drainages use it as an alternative source of irrigation
for many crops (Egypt State of the Environment Report 2009).

Wastewater contains heavy metals (HM), and repeated
irrigation of this water causes the accumulation of HM in
agricultural soil. Plants uptake essential and non-essential
metals from soil and accumulate in different plant parts.
Increasing HM’s content above the permissible food-safe
levels contributes to the environmental crisis (Stavrides
2006). Consumption of crops and cereals grown in con-
taminated soil causes deterioration in human health, espe-
cially in children, and increases the possibility of cancer
risk (Lu et al. 2015; Qu et al. 2016; Parihar et al. 2021).
Heavy metals are non-biodegradable and have a long half-
life, and can bioaccumulate in the human body. Exposure
to such metals could cause many health problems like
changes in blood pressure, dysfunction of the liver, lung,
and kidney, and immune system defects (Ming-Ho 2005).
In the human body, cadmium and lead have no physiolog-
ical roles and are linked with disorders of the liver, kidney,
and nervous system (Jarup 2003). To sustain normal de-
velopment and maintenance of human physiology, trace
essential metals such as zinc and copper are required for
living organisms at low concentrations, but excessive ex-
posure to these elements poses human health risks (Nriagu
et al. 2009).

From the last century, there is public concern about food
safety, and many studies are concerned with the assessment of
foodstuffs grown in polluted soil because it is associated with
human health risks (Guadie et al. 2021; Haque et al. 2021;
Kharazia et al. 2021; Natashaa et al. 2021; Romén et al. 2021;
Zakir et al. 2020). In Egypt, several studies have explored the
assessment of human health hazard and detection of HM in
fish (Issa et al. 2018; Masoud et al. 2007), different foodstuffs
(Badwey et al. 2014; Farrag et al. 2016), squash (Galal 2016),
wheat and maize (Farahat et al. 2017), fruits (Amer et al.
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2019), meat from camel, cattle, buffalo, and sheep (Morshdy
et al. 2018), and soft drinks (Ghuniem et al. 2020).

The aims of this work are the following: (1) to monitor the
bioaccumulation and HM content in water, soil, and plant parts
sampled from various treated wastewater and freshwater irrigat-
ed farmlands, (2) to evaluate the chronic daily intake (CDIM) of
tested HM for children and adult residents via the intake of
edible parts, and (3) to assess the non-carcinogenic risk and
human health hazards linked by HM accumulation via con-
sumption of foodstuffs irrigated with treated wastewater
(TWW). The findings will provide valuable data for further
examining HM contents in foodstuffs, thus improving resi-
dents’ food safety and health. The outcome of this work is
expected to afford an essential contribution to policymakers in
Egypt concerning the use of TWW for irrigation foodstuff.

Materials and methods
Site descriptions

This study was performed during May 2018 and June 2019 in
two sites. The first site was located in El-Saff city’s cultivated
area (Helwan, Cairo Governorate, Egypt). According to local
farmers, this site has been exposed to TWW irrigation of crops
for over 40 years. The water originates from the sewage treat-
ment station at Helwan.

Helwan Sewage Treatment Plant (HSTP) was located near
the industrial area of Helwan city (iron and steel factory, coke,
weaving, and fertilizer industries). Those industrial activities
produce a vast amount of wastes, which is usually dumped
into HSTP for treatment. Also, the station receives domestic
wastewater from Helwan and 15™ May City. After secondary
treatment, the effluent is pumped into the El-Saff canal. These
areas are cultivated in violation of traditional crops by farmers.
The governorate was planned to use this water for planting
about 17,000 hectares of tree forest. The second site was lo-
cated at El-Badrashin (Giza governorate, Egypt), where the
fields in this location have been irrigated with water from
the Nile River.

According to the Egyptian Meteorological Authority, the
studied area climate is subtropical desert, with hot, sunny
summer, and a very mild winter. The temperature ranged from
10 to 36 °C. The precipitation is scarce over most of the year,
and the annual rainfall does not exceed 25 mm.
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Sampling and analysis
Water sampling

Field sampling was conducted from May 2018 and June 2019.
Treated wastewater (TWW) samples were collected regularly
from six different sites of the TWW canal passing the studied
farmlands. At the same time, the Nile River’s water was taken
as a control. Water samples were collected from each irriga-
tion source that simultaneously supplies the studied agricul-
tural farmlands as soil and foodstuff sampling. To avoid mi-
crobial activity, few drops of nitric acid (HNO3) were added,
and samples were taken to the laboratory for analysis.

Soil sampling

In a contaminated site, composite soil samples were collected
from different farms (6 farms, covering 8 ha) irrigated with the
El-Saff canal (TWW). Also, soil samples from a reference site
(2 farms) were taken. Ten profiles were selected randomly
within each farm for each soil sample, where soil samples
were sampled at 0-30 cm. The soil was stored in polyethylene
bags, air dried, sieved in 2 mm, and stored for analysis from
each sampling point.

Plant samples

At the harvest stage, 24 composite samples from different
plants were collected randomly from both studied sites.
These plants are radish (Raphanus sativus L.), tomato
(Solanum lycopersicum L.), lettuce (Lactuca sativa L.), onion
(Allium cepa L.), turnip (Brassica raba L.), squash (Cucurbita
pepo L.), sunflower (Helianthus annus), Jew’s mallow
(Corchorus olitorius), okra (Abelmoschus esculentus L.),
and garden rocket (Eruca vesicaria). All the collected plants
were thoroughly washed with double distilled water. The sam-
ples were cut to separate the roots, shoots, and fruits or seeds.
The plant parts were oven-dried until constant weight and then
grounded to a fine powder.

Water, soil, and plant analysis

Water samples were analyzed for their pH and electrical conduc-
tivity (EC). Nitrogen content was determined as described by
Peach and Tracey (1956). Chloride anions (Cl ), chemical oxy-
gen demand (COD), and biological oxygen demand (BOD) were
assessed according to APHA (2012). The phosphorous content
was determined as described by Rowell (1993). Sodium (Na)
and potassium (K*) were determined using a flame photometer
(PFP 7, Jenway, UK), according to AOAC (2000).

Soil extracts (1:2.5, w/v) were used to determine pH, EC,
and chloride according to Richards (1954) and Jackson
(1967). Total carbonate was determined according to Piper

(1950). Soil texture was analyzed by the pipette method as
outlined by Kilmer and Alexander (1949). Organic matter
(OM) was determined following the method of Nelson and
Sommers (1982). The total content of Cd, Cu, Cr, Pb, and Zn
in the filtered extracts obtained from samples digested by con-
centrated HNOj, concentrated H,SO,, and 60% HCIO,4 was
analyzed as outlined by Hesse (1971). The soil chemical-
extractable contents of these elements were extracted using
DTPA (diethylene triamine pentaacetic acid) to determine
available HM content according to Lindsay and Norvell
(1978).

Plant tissue powder (0.5 g) was digested according to
Norvell (1984) using a mixture of H,SO4, HNOj3 and
HCIO, to quantify select essential elements and HM.

Heavy and essential metals Cd, Cu, Cr, Pb, and Zn in
filtrate water, soil, and plant samples were analyzed using
Inductively Coupled Argon Plasma (ICAP 6500 Duo,
Thermo Scientific, England). A 1000 mg/L multi-element cer-
tified standard solution (Merck, Germany) was used as a stock
solution for instrument standardization.

Data analysis

Soil Pollution Load index (SPLI) was evaluated using
Eq. (D)

SPLI = Cp/Cup (1)

Whereas Cp and Cup is the HM content in polluted and
unpolluted soil (Liu et al. 2005).

Heavy metal transfer factor (HMTF), the proportion of
metal content in foodstuff (Cryogstusss D-Wt.) to metal con-
tents in soil (Cy;), was determined (Mirecki et al. 2015)
according to Eq. (2)

HMTF = Cfoodstuff / Csoil (2)

Chronic daily intake of metals (CDIM) for each metal
was assessed using Eq. (3)

CDIM=(Cyy xCy X Dg)/Buy (3)

C,, isthe HM content in foodstuff (mg kgﬁl), Cris the
conversion factor 0.085, Dy is a daily intake of foodstuff
with 0.232 and 0.345 kg ' day ' for children, and
adults, respectively. B, is the average body weight
with 32.7 and 55.9 kg for children and adults,
respectively (Rattan et al. 2005).
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Health risk (HR) was determined according to Eq. (4)
HR=CDIM/Ryp (4)

CDIM s calculated from Eq. (3), and oral reference doses
(Rip) are 0.001, 0.04, 1.5, 0.04, and 0.3 mg kg ' day ',
respectively, for Cd, Cu, Cr, Pb, and Zn, respectively
(US EPA 2018). For HR less than 1, foodstuff are

considered to be safe to the local people health.

Health hazard index (HI) is the sum of HR for all metals in
each crop grown in the study area. The HI was predicated
from Eq. (5) (Antoine et al. 2017; Weber et al. 2019).

HI=YHR (5)

Statistical analysis

The Q-cluster analysis was performed on the tested HM in
different plants (Fig. 1). In this analysis, the square

Euclidean distance was considered a measurement interval,
and the farthest neighboring element was applied.

Results and discussion
Treated wastewater and freshwater characteristics

Six water samples were obtained from TWW and FW
sites for measuring different chemical quality indicators
(Table 1). According to Egyptian governmental law and
the Food Agriculture Organization (FAO), the pH and EC
levels were below the permissible limits. The mean pH
and EC for TWW were 7.87 and 1.53 dsm !, respectively,
and those for FW were 7.40 and 1.14 dsm ', respectively.
The obtained data were in line with the finding obtained
by Osman et al. (2010) and Farrag et al. (2016) for the El-
Saff canal. Total dissolved salts (TDS) ranged between
700-1900 and 137-350 mg L™, respectively, in TWW
and FW. The mean TDS levels in TWW were below
FAO guidelines while surpassing the limits recommended
by Egyptian national law.

Chemical oxygen demand (COD) and biological oxygen
demand (BOD) are essential quality indicators used to assess

Table 1 Physiochemical and HM

characteristics of TWW and FW Quality Effluent Nile river Recommended value
used for irrigation (mean = stdv of indicator*
6 samples) Range Mean Range Mean Egypt® FAQP
pH 7.6-8.10 7.87+£0.22 7.4-8.3 7.83 £0.44 6.5-8.5 6.5-85
EC (mS/cm) 1.1-2.15 1.53+£0.45 0.52-1.5 1.14+£0.54 - (0.7-3)
TDS (mg/L) 700-1900 1157.50 + 137-350 22575+ <1000  (450-2000)
52143 102.69
COD (mg 1846 30.50 +9.29 2.90-10.5 5.18 £3.57 <50 -
Oy/L)
BOD (mg 9.5-37 2388+ 11.26  1.80-5.90 3.75+1.92 <30 -
Oy/L)
CI' (mg/L) 120-300 201.50 + 6.18-9.12 7.75+1.32 - 0-1100
82.03
NO; (mg/L) 3.5-4.83 426 +0.56 3.00-4.12 2.40 = 1.68 - 0-10
PO, (mg/L) 2.5-7 4.70 +£2.06 0.40-1.30 1.20 £0.96 - 0-2
K* (mg/L) 12-20 14.13 £4.63 0.50-1.67 1.14 £ 0.68 - 0-2
Na* (mg/L) 180-300 252.50 + 11.25-14.92 1256 £1.62 - 0-900
55.00
Cd*" (mg/L) 0.001-0.003  0.002 +0.001  0.0003-0.004 0.002 + <0.003 0.01
0.0018
Cu*™ (mg/L) 0.02-0.1 0.07 +£0.04 0.008-0.016 0.012 + <1.00 020
0.003
Cr™* (mg/L) 0.002-0.004  0.003 +0.001  0.0001-0.0003  0.0003+ <05 0.10
0.0001
Pb** (mg/L) 0.002-0.04 0.02 +0.02 0.006-0.012 0.01+0.003 <0.10 0.1
Zn** (mg/L) 0.007-0.01 0.01 £0.02 0.01-0.02 0.02+0.004 <2.00  2.00

*Egyptian Governmental Law 2013

®FAO 1985
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the water quality and provide an index of the impact
discharged wastewater will have on the receiving environ-
ment. Both quality indicators were within the permissible
limits recommended by Egyptian standards (Table 1). The
same findings were recorded by Farrag et al. (2016) and
Gedamy et al. (2012). Among tested anions and cations,
PO, and K were above the permissible levels recommended
by FAO. The mean value of PO4 and K in the El-Saff canal
were 4.26 and 4.70 mg/L, respectively.

The tested HM content in both FW and TWW did not ex-
ceed the FAO and Egyptian standards recommended for irriga-
tion (Table 1). In FW samples, HM contents had the lowest
values and fluctuated between (mg/L) 0.0003 to 0.004 for Cd,
0.008 to 0.016 for Cu, 0.0001 to 0.0003 for Cr, 0.006 to 0.012
Pb, and 0.01 to 0.02 for Zn. In TWW samples, tested HM
showed the highest levels and ranged (mg/L) between 0.001—
0.003 for Cd, 0.02—0.1 for Cu, 0.002-0.004 for Cr, 0.002-0.04
for Pb, and 0.007-0.01 for Zn.

The reported values are in line with Farrag et al. (2016) and
Gedamy et al. (2012). Farrag et al. (2016) found that the mean
values of Cd, Cr, Cu, Pb, and Zn in the El-Saff wastewater
canal were 0.002, 0.002, 0.033, 0.022, and 0.01 mg/L, respec-
tively. Meanwhile, the detected data were less than those ob-
tained by Osman et al. (2010), who found Cd and Zn contents
in wastewater canals were 0.16 and 1.50 mg/L, respectively.
Even though tested HM values were below the standards
levels recommended for irrigation by FAO and Egyptian
guidelines. The long irrigation period by such water may
cause a detrimental impact on the agricultural soil and poten-
tial health risk.

Soil characteristics of tested agriculture sites
Physiochemical characteristics of soil samples taken from

both tested sites are presented in Table 2. Soil pH, EC,
OM, Cl, and CaCO3 were significantly higher in TWW-

Table 2 Values of

physiochemical and HM Quality indicators  Site

characteristics of TWW-irrigated

and FW-irrigated sites (mean = TWW- FW-irrigated SPLI
stdv of 6 samples) irrigatedsites sites
Coarse sand (%) 25.43 8.14
Fine sand (%) 27.02 36.87
Silt (%) 44.35 23.10
Clay (%) 3.20 31.88
Texture Sandy loam Clay loam
pH 8.06 +0.33 7.47 +0.25
EC )mS/cm( 3.67+0.44 1.49+0.11
OM (%) 3.90 +0.69 3.15+0.28
Cl (%) 24.06 £ 1.04 8.73+£0.58
CaCOs (%) 14.64 +0.65 4.63+£0.18
Total N (mgkg™")  110.81 + 1.67 236.02 £21.91
Total P (mg kg")  12.14+0.28 21.92 +1.96
Total HM (mg kg ") Limit according
toFAO/WHO* EU#**
Cd 240+ 0.54 0.51+0.03 3.00 3.00 471
Cu 77.55 + 6.95 3.65+0.48 140 100 21.25
Cr 7.00 +1.37 1.22+0.22 150 100 574
Pb 53.75 +£2.46 3.92+£0.58 300 100 13.71
Zn 83.90 + 6.41 21.00 £ 3.20 300 300 4.00
DTPA-extractable metals (mg kg ")
Cd 022 +£0.02 0.08 £0.01
Cu 9.62 +3.39 0.26 +0.03
Cr 0.09 £ 0.02 0.06 = 0.02
Pb 13.10 £ 4.80 0.24 +0.05
Zn 1.14+0.17 0.16 £ 0.02
“FAO/WHO (2007)
" EU (2002)
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irrigated sites than FW-irrigated sites. These findings are
consistent with several studies indicated that prolonged
irrigation with TWW causes such increases (Alghobar
et al. 2014; El-Hassanina et al. 2020; Galal 2016;
Rezapour et al. 2019; Gemeda et al. 2021).

Heavy metals values of Cd, Cu, Pb, Cr, and Zn in soil
irrigated by TWW had multiple folds compared with soil
irrigated with FW. Tested metal values in both tested sites
had the following order: Zn> Cu> Pb> Cr> Cd. The metal
values of Cd, Cu, Cr, Pb, and Zn in the TWW-irrigated
sites were 2.40, 77.55, 7.00, 53.75, and 83.90 mg kgfl,
respectively, while in FW-irrigated sites were 0.51, 3.65,
1.22, 3.92, and 21.00 mg kgfl, respectively (Table 2).
Identical findings were recorded by Alghobar et al.
(2014), Farahat et al. (2017), Farrag et al. (2016), and
Guadie et al. (2021). El-Hassanina et al. (2020) reported
that irrigation of agriculture soil by low-quality water sig-
nificantly increased Pb and Cd many folds (2.4-3.0 folds)
compared to those irrigated by FW.

The soil pollution load index (SPLI) of the tested
metals was greater than 1, the maximum SPLI (21.25)
was for Cu, and the minimum (4.00) was for Zn
(Table 2). Relatively high HM levels in TWW-irrigated
soils may be ascribed to anthropogenic activities, exces-
sive usage of fertilizers and pesticides, and smelter depo-
sition in more than 400 brick factories around the studied
site. Meanwhile, in the FW-irrigated sites, slightly high
Cu and Zn content may be due to chemical fertilizers
and atmospheric deposition.

Tested HM levels for both tested sites (TW W-irrigated and
FWe-irrigated sites) were below the limit according to FAO/
WHO (2007) and EU (2002). The safe limit values of tested
metals in polluted agriculture soils could be attributed to the
cultivation and rotation of different crops in such agricultural
soils to remove such metal (Chauhan and Chauhan 2014).

Heavy metal contents in the cultivated plants

Tested HM contents in different parts of plants cultivated in
both tested sites are presented in Table 3. In the TWW-
irrigated sites, Cd, Cu, Cr, Pb, and Zn levels were higher than
grown in the FW-irrigated sites. Levels in Cd, Pb, and Zn in
the polluted site were surpassed the permissible limits, 0.5,
5.00, and 60 mg kg, respectively, according to WHO/FAO
(2007), while Cr and Cu contents were below the permissible
levels, 5 and 40 mg kg ', respectively.

Q-cluster analysis was carried out on ten plant species
grown in TWWe-irrigated sites. The HM concentrations in
the ten plant species were divided into two main groups: the
first contained squash, Jews mallow, tomato, onion, and sun-
flower plants in ascending order. The second contained radish,
lettuce, turnip, garden rocket, and okra plants in ascending
order. This group could be classified into two subgroups:

@ Springer

(radish—lettuce) and (turnip—garden rocket—okra). Cluster
analysis showed that the highest HM contents were in tomato
and sunflower among the studied foodstuffs (Fig. 1). The
cluster analysis results were consistent with the content anal-
ysis conclusions.

For both sites, HM accumulation in various plant parts
was in descending order Zn > Cu > Pb > Cd > Cr. Among
plant parts, levels of HM in the edible parts grown in
polluted site followed the order: tomato > sunflower >
Jew’s mallow = turnip = squash > lettuce > okra = radish
> onion > garden rocket. Variation in HM levels in plants
grown under identical environmental conditions could be
attributed to differences in the growing cycle, morpholog-
ical characteristics, and their ability to accumulate, retain,
and exclude metals uptake (Kumar et al. 2009; Demim
et al. 2013).

Among parts of plants grown in the polluted site, the
highest levels Cd, Zn, and Cu were detected in sunflower
shoot, and seed (5.34, 68.3, and 37.2 mg kgfl, respective-
ly), whereas the highest Cr and Pb were found in squash
shoot (4.83 mg kgfl) and tomato root (30.3 mg kgfl),
respectively. On the other hand, in the FW-irrigated site,
the highest Cd and Cu were found in tomato root (0.71
and 2.18 mg kgfl), while the highest Cr, Pb, and Zn were
detected in radish root (0.33 mg kg_l), okra root (2.27 mg
kg "), and sunflower seed (12.4 mg kg ).

The obtained data were similar to those mentioned by
Badwey et al. (2014), who reported that the mean HM con-
tents in grains of maize and rice and fruits of guava, pepper,
eggplant, palm, okra, and beetroot irrigated from the Bahr El-
Bagar drain were 4.18-17.50 mg kg ' for Cr, 2.75-34.7 mg
kg ! for Cu, and 65.1 mg kg™ for Zn (on dry weight bases).
On the other hand, the data obtained from this work are lower
than those obtained by Galal (2016), who detected that Pb was
244.5-280.67, Cd was 4.62—61.6, Cr was 3.98-4.62, Cu was
75.7-132.5, and Zn was 1545-1686 mg kg ' in squash irri-
gated by industrial effluents. Our results were also higher than
those previously reported (El-Hassanina et al. 2020; Farrag
et al. 2016).

Chronic daily intake of metals, health risk, and health
hazard index

In Egypt, low-quality water is widely used for crop irri-
gation due to water scarcity. Assessment of human health
risk is of vital importance. The mean calculated values of
CDIM and HR for plants consumed by children and
adults are presented in Tables 4 and 5. The mean chronic
daily intake of metals (CDIM) values of plants irrigated
by TWW water were higher than plants irrigated by FW.
Guadie et al. (2021), Mahmood and Malik (2014), and
Massaquoi et al. (2015) also documented higher CDIM
values in wastewater-irrigated farmlands than in FW-
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Table 3 HM contents (mg kg ) in different parts of plants grown in TWW-irrigated and FW-irrigated sites (mean = stdv of 12 samples)

Foodstuff Part TWWe-irrigated sites FWe-irrigated sites
Cd Cu Cr Pb Zn Cd Cu Cr Pb Zn
Radish Root 340+ 21.16 334+ 20.95 + 50.13 + 0.15+ 2.15+ 033+ 143 + 10.02 +
0.33 +1.05 0.22 7.12 7.48 0.12 0.99 0.24 0.32 3.46
Shoot 2.70 £ 12.70 + 1.12 + 18.49 + 53.80 + 0.11 + 1.61 + 0.12 + 1.06 + 8.44 +
0.12 0.29 0.11 1.18 8.01 0.04 0.13 0.04 0.13 0.44
Lettuce Root 430+ 19.36 + 246 + 25.81 + 52.78 + 0.14 + 1.90 + 0.28 + 0.83 + 6.88 +
0.30 1.70 0.15 1.25 6.26 0.09 0.15 0.07 0.15 0.15
Shoot 3.65+ 12.73 £ 1.28 + 16.01 + 58.30 £ 0.12 £ 1.28 + 0.18 + 1.11 £ 12.13 +
0.21 0.62 0.05 0.84 1.71 0.12 0.12 0.12 0.12 0.44
Tomato Root 395+ 37.03 + 3.19+ 30.30 + 65.63 + 0.19 + 2.18 + 0.18 + 0.44 + 10.93 +
0.18 1.27 0.31 2.88 3.90 0.09 0.22 0.10 0.09 1.01
Shoot 3.05+ 13.28 + 1.13 + 17.35 + 4528 + 0.07 + 125+ 0.13 + 0.85 + 7.55+
0.19 0.69 0.21 3.18 5.78 0.01 0.34 0.05 0.14 0.98
Fruit 2.54 + 3445 + 2.06 + 22.41 + 53.51 + 0.14 + 1.36 + 0.04 + 134+ 8.38 +
0.22 4.03 0.27 4.99 9.10 0.14 041 0.03 0.23 0.77
Onion Root 3.84 + 29.55 + 1.17 + 19.53 + 63.30 + 0.08 + 1.17 + 0.14 + 1.06 + 12.51 +
1.51 5.01 0.71 6.07 7.27 0.16 0.36 0.08 0.16 0.79
Shoot 1.89 + 24.19 + 0.98 + 11.34 + 39.90 + 0.17 + 143 + 0.07 + 1.20 + 7.69 £
041 5.09 0.39 3.69 7.75 0.03 0.43 0.05 0.14 0.56
Turnip Root 2.66 + 23.45+ 155+ 2135+ 5091 + 0.16 + 2.19 + 0.20 + 1.15+ 838 +
1.19 4.86 0.57 1.19 11.19 0.10 0.79 0.11 0.15 0.48
Shoot 1.85+ 1591 215+ 19.46 £ 54.96 £ 0.13 + 1.60 £ 0.14 £ 045+ 5.68 =
0.23 4.12 0.65 5.24 7.88 0.09 0.12 0.03 0.12 0.94
Squash Shoot 411+ 24.79 + 4.83 + 23.09 + 5342 + 0.10 + 2.07 + 022+ 0.89 + 9.87 +
0.65 3.50 1.22 4.72 5.26 0.07 0.12 0.12 0.15 0.84
Fruit 2,11+ 26.43 + 2.34 + 19.34 + 49.79 + 0.14 + 0.76 + 0.32 + 133+ 5.88 +
1.44 6.28 1.37 3.30 8.38 0.09 0.11 0.11 0.11 0.11
Okra Shoot 4.99 + 29.68 + 1.08 + 26.42 + 51.55+ 0.17 + 135+ 022+ 227+ 11.46 +
1.39 5.61 0.81 6.24 7.08 0.10 0.31 0.07 0.85 1.11
Fruit 3.96 + 15.45 + 210+ 13.48 + 54.20 + 0.09 + 217+ 0.17 + 1.65 + 11.50 +
1.88 4.06 1.17 5.21 6.96 0.04 0.36 0.06 0.48 1.38
Sunflower  Root 4.88 + 36.70 + 3.88 + 22.20 + 56.81 + 0.07 + 3.07 + 023+ 1.03 + 731+
2.66 8.17 1.95 7.67 6.79 0.03 0.78 0.10 0.15 2.11
Shoot 534+ 29.81 + 3.06 + 17.70 + 68.36 + 0.02 + 025+ 0.17 + 045+ 8.53 +
1.78 6.57 1.93 8.33 7.48 0.01 0.08 0.06 0.12 0.80
Seed 1.97 + 3725+ 141+ 22.61 £ 4533 + 0.15 + 0.14 + 0.19+ 1.54 + 12.49 +
145 7.90 0.99 8.51 8.54 0.09 0.05 0.06 041 1.04
Jews mallow Root 226+ 28.61 + 4.09 + 22.24 + 47.94 + 0.17 + 036+ 0.18 + 0.56 + 13.46 +
1.31 5.40 2.14 6.39 9.11 0.06 0.07 0.08 0.11 0.92
Shoot 3.63 + 19.94 + 2.08 + 19.88 + 53.57 + 0.16 + 0.08 + 0.09 + 0.62 + 9.50 +
2.03 6.07 1.65 7.97 6.75 0.05 0.01 0.02 0.10 0.99
Garden Root 2.96 + 20.54 + 127 + 21.03 + 65.08 + 0.09 + 1.57 + 030 + 1.46 + 346 +
rocket 0.79 4.08 0.57 7.21 8.21 0.06 0.20 0.08 023 0.56
Shoot 1.79 + 18.88 + 0.84 + 14.37 + 36.03 + 0.06 + 0.62 + 0.18 + 0.95 + 2.14 +
0.61 4.40 0.29 5.00 7.80 0.03 0.09 0.03 0.09 0.26
Limits WHO/FAO 0.20 40.0 5.0 5.0 60 0.20 40.0 5.0 5.0 60

irrigated farmlands. The highest CDIM in both children
and adults were detected for Zn as 0.035 and 0.028, re-

spectively (Table 4).

In TWW-irrigated site, the CDIM values in adults of Pb for
radish, lettuce, tomato, onion, turnip, squash, okra, sunflower,

Jews mallow, and garden rocket were 1.01E — 02, 8.40E — 03,
1.18E — 02, 5.95E — 03, 1.12E — 02, 1.01E — 02, 7.07E — 03,
1.19E — 02, 1.04E — 02, and 7.54E — 03, respectively. In
children, the values were 1.16E — 02, 9.65E — 03, 1.35E —
02, 6.84E — 03, 1.29E — 02, 1.17E — 02, 8.13E — 03, 1.36E —
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Fig. 1 Cluster analysis of ten

plants grown in TWW-irrigated

sites

02, 1.20E — 02, and 8.66E — 03, respectively. Children had
higher risks than adults, and the CDIM values were higher for
children than adults. The same finding was reported by Huang
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Table 4 Chronic daily intake of HM (CDIM; mg person ' day ™) from plants grown in TWW-irrigated and FW-irrigated sites

et al. (2018) and Hussain and Qureshi (2020). Among differ-
ent plants, sunflower showed the highest risk to human health,
followed by squash, turnip, and Jews mallow.

Foodstuft Adult Children
Cd Cu Cr Pb Zn Cd Cu Cr Pb Zn
TWWe-irrigated sites
Radish 1.52E-03 8.61E—03 1.11IE—03 1.01E—02 2.66E—-02 1.74E—03 9.90E—-03 128E-03 1.16E—02 3.06E—02
Lettuce 191E-03 6.68E—03 6.72E—04 840E—03 3.06E—02 220E-03 7.68E—03 7.73E—04 9.65E—03 3.52E—02
Tomato 1.33E—-03 2.11E-03 1.08E—03 1.18E—02 2.81E—02 1.53E—-03 243E-03 124E-03 135E-02 3.23E-02
Onion 9.92E-04 127E—-02 5.16E—04 595E—03 2.09E—02 1.14E—-03 146E—-02 593E—-04 6.84E—03 241E-02
Turnip 140E—03 123E—-02 8.13E—04 1.12E—02 2.67E-02 1.61E—-03 141E—02 934E—-04 129E—02 3.07E-02
Squash I.1IE-03 139E—-02 123E—03 1.0lE—02 2.6lIE—-02 127E-03 1.59E—-02 141E—-03 1.17E—02 3.00E—02
Okra 1.55E-03 8.1IE—-03 1.10E—03 7.07E—03 284E—-02 1.79E—03 932E-03 127E-03 8.13E—03 327E-02
Sunflower 1.04E-03 195E—-02 738E—04 1.19E—02 238E—02 1.19E—03 225E-02 848E—-04 136E—02 2.73E—02
Jews mallow 121E—03 1.05E—02 1.09E—03 1.04E—02 281E—-02 139E-03 120E—02 126E—03 120E—02 3.23E-02
Garden rocket 9.37E—04 991E—03 439E—04 7.54E-03 189E-02 1.08E—03 1.14E—02 S5.05E—-04 8.66E—03 2.17E-02
FWe-irrigated sites

Radish 6.82E—05 9.88E—-04 1.15E—04 6.53E—04 485E—-03 7.84E—05 1.14E-03 133E—-04 7.51E—-04 5.57E-03
Lettuce 630E-05 6.7IE—04 9.18E—05 582E—-04 636E—03 724E-05 7.72E—04 1.06E—04 6.69E—04 7.32E—03
Tomato 734E-05 7.15E—04 1.84E—05 7.05E—04 439E—-03 844E-05 822E—04 2.11IE—05 8.10E—04 5.05E—03
Onion 8.92E—05 7.50E—-04 3.85E—-05 631E—04 4.03E—03 1.03E—04 8.62E—04 442E—05 7.26E—04 4.64E—03
Turnip 6.82E—05 1.53E-03 1.07E—04 6.02E—04 440E—-03 7.84E—05 1.76E—03 123E—04 6.92E—-04 5.05E—03
Squash 734E-05 399E-04 1.68E—04 6.98E—04 3.08E—03 844E—-05 4.58E—04 193E—04 8.02E—04 3.55E-03
Okra 472E-05 1.14E-03 8.92E—-05 8.66E—04 6.03E—03 543E—-05 131E—03 1.03E—04 995E-04 6.94E—03
Sunflower 787E—-05 7.52E—-05 9.97E—-05 8.06E—04 6.55E—03 9.05E—05 8.64E—05 1.ISE—04 927E—-04 7.53E—-03
Jews mallow 8.39E—05 423E-05 4.55E-05 327E-04 498E-03 9.65E—05 4.86E—05 523E—-05 3.76E—-04 5.73E-03
Garden rocket 3.15E—05 325E—-04 927E—05 498E—-04 1.12E—-03 3.62E—05 3.74E—04 1.07E—04 5.73E—04 1.29E-03
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Table 5 Health risk (HR; mg person ' day ') from plants grown in TWW-irrigated and FW-irrigated sites
Foodstuff Adult Children
Cd Cu Cr Pb Zn Cd Cu Cr Pb Zn
Polluted sites
Radish 1.52 0.22 743E-04 025 887E—-02 1.74 025 854E-04 0.29 0.11
Lettuce 191 0.17 448E-04 0.21 1.02E-01 2.20 0.19 5.15E-04 024 0.12
Tomato 1.33 0.05 7.19E—04 0.29 937E—-02 1.53 0.73 826E-04 034 0.11
Onion 0.99 0.32 344E-04 0.15 697E—-02 1.14 036 395E-04 0.17 0.08
Turnip 1.40 0.31 542E—-04 0.28 890E-02 1.61 035 623E-04 032 0.10
Squash 1.11 0.35 820E-04 0.25 870E—-02 1.27 040 942E-04 0.29 0.10
Okra 1.55 0.20 735E-04 0.18 947E-02 1.79 023 845E-04 0.20 0.11
Sunflower 1.04 0.49 492E—-04 030 793E-02 1.19 1.07 5.66E-04 034 0.09
Jews mallow  1.21 0.26 729E—-04 0.26 937E-02 1.39 030 838E-04 030 0.11
Garden rocket  0.94 0.25 293E-04 0.19 6.30E—02 1.08 028 336E—-04 0.22 0.07
Unpolluted sites
Radish 682E—-02 247E-02 7.71E-05 1.63E—02 162E—-02 7.84E—02 0.028 8.86E—-05 1.88E—-02 1.86E—02
Lettuce 630E—-02 168E—-02 6.12E-05 146E—-02 212E-02 724E—-02 0.019 7.04E-05 1.67E—-02 244E-02
Tomato 734E-02 1.79E-02 122E-05 176E—-02 146E-02 844E—-02 0.021 141E-05 203E—-02 1.68E—02
Onion 892E-02 188E—-02 256E—-05 158E—-02 134E-02 103E—-01 0.022 295E-05 1.82E—-02 1.55E-02
Turnip 6.82E—02 3.83E-02 7.A1E-05 151E—-02 147E—-02 7.84E—-02 0.044 8.17E—05 1.73E—02 1.68E—02
Squash 734E-02 998E-03 1.12E—-04 1.75E—02 1.03E—02 844E—-02 0.012 129E-04 201E—02 1.I8E—02
Okra 472E-02 285E—-02 595E-05 217E—-02 201E—02 543E—-02 0.033 683E—-05 249E-02 231E-02
Sunflower 787E—-02 1.88E—-03 S595E—-05 202E—-02 2.18E—-02 9.05E—02 0.033 6.83E—-05 232E—-02 2.51E-02
Jews mallow  839E—02 1.06E—-03 3.03E-05 &.I8E-03 1.66E—02 9.65E—02 0.001 348E-05 188E-02 191E-02
Garden rocket 3.15E—02 8.13E—03 6.18E—-05 125E-02 3.73E-03 3.62E-02 0.009 7.10E—-05 1.67E—02 4.30E-03

Health risk (HR) has been considered a valuable pa-
rameter for assessing the risk associated with consuming
contaminated food crops (Sridhara Charya et al. 2008).
One of HM’s most notable exposure routes to humans is
the food chain via vegetable intake (Muchuweti et al.
2006). In the plants irrigated with FW, HR values were
lower than plants irrigated with TWW (Table 5). For
adults and children, all HR values for all HM in foodstuff
grown in farmlands irrigated with FW was <1, indicating
that the foodstuff safe for consumption. Meanwhile, HR
for plants irrigated with TWW were mostly <1, except for
Cd> 1, suggesting possible exposure to Cd toxicity for
local consumers (Table 5). Comparable results were re-
ported following evaluation for a field irrigated with
TWW in Dubi, UEA (Qureshi et al. 2016), and farmlands
irrigated with TWW in western Azerbaijan province, Iran
(Rezapour et al. 2019). Cadmium is a non-essential metal
and, at very low content, had harmful impacts on human
health. Exposure to Cd could cause chronic diseases like
liver and kidney dysfunction, and human tissue accumu-
lation causes cancer. In the present study, higher HR
values were detected in children than adults, which could
be attributed to children’s behavioral habits that increase
skin contact possibility (Huang et al. 2018).

The health hazard index (HI) has to be <1 to pose any
health risk, while when HI is >1; there could be possible
health hazards associated with overexposure (USEPA 2006).
In this work, the order of HI for plants grown in TWW-
irrigated sites was lettuce > radish = turnip > okra > sunflower
> Jews mallow > squash > tomato > onion > garden rocket for
adults, while the HI sequence for children was lettuce > toma-
to = sunflower > radish > Jews mallow > okra = turnip >
squash > onion > garden rocket (Table 6).

The comparative contributions to the aggregated poten-
tial risk of radish, lettuce, tomato, onion, turnip, squash,
okra, sunflower, Jews mallow, and garden rocket were
11.0, 12.6, 9.36, 8.12, 11.0, 9.54, 10.7, 10.1, 9.68, and
7.66, respectively. Garden rocket and onion have a low HI
percentage revealed a low health hazard to consumers
(Table 6).

Sanaei et al. (2021) found that the health hazard index
HI in different foodstuffs consumed by the residents in
Isfahan (Iran) was 2.98, 4.08, and 6.91 for adults, teens,
and children, respectively. This reflects the potential
threat for all communities, particularly children. In this
context, regular observation of these metals in agricultural
foodstuff in the studied sites is essential for preventing
excessive accumulation of metals in the food web.
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Table 6 Mean health index (HI) of plants grown in TWW-irrigated sites

Plant Radish Lettuce Tomato Onion Turnip Squash Okra Sunflower Jews mallow Garden rocket
HI Adult 2.08 2.39 1.76 1.53 2.08 1.80 2.03 191 1.82 1.44
HI childern 2.39 2.75 2.71 1.75 2.38 2.06 2.33 2.69 2.10 1.65

Heavy metal transfer factor

Plants irrigated with TWW showed higher HMTF than
plants irrigated with FW, and Cd has the highest HMTF
than other tested metals (Table 7). Among different plants
grown in TWW-irrigated sites, the HM transfer factor was
maximum in Jews mallow and okra. In Jews mallow,
HMTF take the following order Cd (1.513) > Zn (0.638)
> Pb (0.370) > Cr (0.297) > Cu (0.257). Meanwhile,
among plants irrigated with FW, the highest HMTF was
found in okra. In okra, HMTF was in order Cu (0.595) >
Zn (0.548) > Pb (0.421) > Cd (0.176) > Cr (0.139).

Heavy metal transfer factor (HMTF) values were varied
among various plants. It could be attributed to variations in
soil metal levels, plant species, and metal (Cui et al. 2004).
Extensively, HMTF values were varied among the edible
parts of tested plants grown in TWW-irrigated sites and fluc-
tuated between 0.120 and 1.650. Simultaneously, HMTF
ranged from 0.022 to 0.600 in the edible parts of tested plants
grown in FW-irrigated sites (Table 7). Rehman et al. (2019)
found that heavy metal transfer factor (MTF) was higher in
mustard, carrot, turnip, cabbage, spinach, and cauliflower
grown in farmlands irrigated with wastewater than in farm-
lands irrigated with groundwater and was higher for Fe and Ni
than for other tested metals (Pb, Cd, Cu, Zn, and Mn).

In all tested plants grown in both tested sites, the
HMTF was a maximum in Cd followed by Zn (Table 7).
It could be attributed to low retention and high metal
mobility in the soil (Lokeshwari and Chandrappa 2006).
The main module for human exposure to HM through the
food chain is the metal transfer from soil to edible parts in
the plant. HMTF is fundamental to examine risk index for
human health (Cui et al. 2004)

Conclusion

The main objective of this work was to assess the levels of five
HM (Cu, Cd, Cr, Pb, and Zn) in ten highly consumed plants
(radish, lettuce, tomato, onion, turnip, squash, okra, sunflow-
er, Jews mallow, and garden rocket) grown in a field farms
irrigated with TWW and FW in Southern Cairo (Egypt). The
HR and HI were also evaluated. The levels of tested HM in
FW and TWW were below the FAO and the Egyptian stan-
dards. In soil samples, HM levels were below the permissible
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limits for tested sites. The HM levels in soil and plants grown
in TWWe-irrigated sites possessed multiple levels than those
grown in FW-irrigated sites.

The most critical and worst scenario was considered:
the consumption of all contaminated foodstuffs by local
consumers. For the children, HR level was above the per-
missible limit only for Cd for all tested foodstuffs, and
high HR levels were detected in lettuce, tomato, and sun-
flower. Simultaneously, for adults, these levels were less
than detected in children.

According to this work, there is currently no health risk of
HM toxicity resulting from human consumption of tested
foodstuff irrigated with TWW, except for Cd. Routine mon-
itoring of HM levels in TWW, soil, and foodstuff should be
performed to prevent potential exposure and associated health
hazards. Moreover, some suitable and practical solutions

Table 7 Metal transfer factor of plants grown in TWW-irrigated and
FWe-irrigated sites

Plant Cd Cu Cr Pb Zn

TWWe-irrigated sites

Radish 1.271 0.218 0319 0.367 0.619
Lettuce 1.521 0.164 0.183 0.298 0.695
Tomato 1.058 0.444 0.294 0.417 0.638
Onion 0.788 0.312 0.140 0.211 0.476
Turnip 1.108 0.302 0.221 0.397 0.607
Squash 0.879 0.341 0.334 0.360 0.593
Okra 1.650 0.199 0.300 0.251 0.646
Sunflower 0.821 0.480 0.201 0.421 0.540
Jews mallow 1.513 0.257 0.297 0.370 0.638
Garden rocket 0.746 0.243 0.120 0.267 0.429
FW-irrigated sites
Radish 0.255 0.515 0.184 0.318 0.440
Lettuce 0.235 0.351 0.148 0.283 0.578
Tomato 0.275 0.373 0.033 0.342 0.399
Onion 0.333 0.392 0.057 0.306 0.366
Turnip 0314 0.600 0.164 0.293 0.399
Squash 0.275 0.208 0.262 0.339 0.280
Okra 0.176 0.595 0.139 0.421 0.548
Sunflower 0.294 0.038 0.156 0.393 0.595
Jews mallow 0314 0.022 0.074 0.158 0.452
Garden rocket 0.118 0.170 0.148 0.242 0.102
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include the tertiary treatment of wastewater and management
practices such as mixing TWW with fresh water. Implications
refer to the need for actions for spreading public awareness,
particularly concerning health risks are needed.

Abbreviations HM, Heavy metal; TWW , Treated wastewater; HMTF,
Heavy metal transfer factor; CDIM, Chronic daily intake of metals; HR,
Health risk; HI, Health hazard index; SPLI, Soil pollution load index;
FW, Fresh water; HSTP, Helwan Sewage Treatment Plant
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