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Abstract

Heavy metal contamination in water, soil and crops has become an increasing health problem. The present study aimed to
investigate potential health risks to public health by evaluating the mean metal concentrations in water, soil and Cucurbita
maxima (pumpkin) samples collected from three different irrigation areas using canal water (CWI), groundwater (GWI)
and municipal wastewater (MWI). Concentrations of copper (Cu), lead (Pb), iron (Fe), cobalt (Co), zinc (Zn), cadmium
(Cd) and nickel (Ni) in collected soil and vegetable samples were estimated through atomic absorption spectrophotometer.
Molybdenum (Mo) level in the specimens was analysed by graphite furnace and the flow injection hydride generation AAS
was employed for arsenic (As) and the fluorometric method was used for determination of selenium (Se) contents. The metal
concentrations in pumpkin samples were ranged from 7.75 to 9.01, 2.82 to 4.03, 0.43 to 0.74, 34.41 to 41.60, 16.76 to 20.15,
29.87 to 34.15, 6.86 to 8.99, 5.99 to 7.86, 3.55 to 3.91 and 0.13 to 0.16 mg/kg for Mo, As, Se, Fe, Cu, Zn, Ni, Pb, Cd and
Co, respectively. Likewise, the concentrations of Pb, Mo and Cd in the pumpkin at all irrigation sites were estimated to be
above the respective maximum permissible levels. Arsenic, at the MWI site, posed the highest risk threat (HRI="77. 34) for
public health. The highest pollution load index (PLI) was estimated for Ni (4.21) at the GWT site indicating soil contamina-
tion. According to the findings of this study, the amount of potentially toxic metals in all sample waters, especially municipal
wastewater, is at a level that may pose a risk to human health.
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Introduction

Heavy metals are a constant part of ecosystems, but their
irregular amounts can be dangerous to ecosystems (Ugulu
2015). Plants are directly contaminated with these metals in
the rhizosphere by the initial attachment of the metals to the
outer tissue surfaces and their subsequent transportation into
the internal tissues (Amadi et al. 2018). Different irrigational
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practices lead to the incorporation of toxic metallic compo-
nents into the rhizosphere. Irrigational practices employing
wastewater result in high depositions of poisonous metals
in the soil interfering with its properties and posing serious
threats to animals (Amlan et al. 2012; Ugulu et al. 2019).
Crop productivity and quality are significantly affected by
the accumulation of the heavy metals in soil which poten-
tially gets absorbed into the plants. A high content of toxic
metals in vegetables has serious impacts on the consumers
in terms of health and food security (Tariq et al. 2021).
Heavy metals are primarily metallic elements that have
a high concentration and are reported to be toxic at low
concentrations (Karak et al. 2014). In generic terms, the
group of elements having five times more atomic density
than water or greater than 4 g/cm?® are called heavy met-
als. During chemical reactions, these metals release elec-
trons to form simple cations and are usually required in
some definite trace amounts among all living organisms
(Khan et al. 2019). Living organisms are affected badly by
both the deficiency and excess of these metals (Xiao et al.
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2018). Inorganic metallic compounds characteristically
possess the strongest toxicity due to their ability to pen-
etrate internal organs via cellular membranes (Nawaz et al.
2021). Multiple factors like properties and composition
of the soil, type of plant species and the kind of metallic
element determine the efficacy of translocation of heavy
metals (Balkhair and Ashraf 2016).

Pumpkin (Cucurbita maxima Duch.) is an extensively
produced and highly consumed vegetable, belonging to
the family Cucurbitaceae, due to its nutritional value.
Additionally, the medicinal features of pumpkin make it
important as a potent remedy for hypertension, diabetes,
inflammation, bacterial infections and cancers. It is also
known to promote immunological responses (Ugulu et al.
2009). C. maxima production and demand are usually met
by wastewater irrigation in peri-urban agricultural lands,
while irrigation with heavy metal polluted canal water is
also in practice in some other areas. Metal accretion in
soil and vegetable can occur through continuous wastewa-
ter irrigation contaminating human bodies consequently
(Sahin et al. 2016).

In Pakistan, which is an agricultural country, most of the
population is associated with agriculture and related sec-
tors (Qadir et al. 2015). This situation makes the studies on
agriculture and agricultural ecology in the region even more
important. This study on the pumpkin, which is consumed
in the country for many purposes, especially for nutritional
and medicinal purposes, is also important in this respect.
Most recently, no study has been conducted on heavy metal
accretion in pumpkins and its effect on human health. There-
fore, this study was designed to investigate the heavy metal
content of C. maxima grown in irrigation waters, soil and
multiple irrigation regimes. In addition, the correlation
between plant and soil systems for metal accumulation and
displacement was also evaluated. The health risk to general
consumers was estimated through the enrichment coefficient
of irrigated soils and the pollution load index.

Materials and methods
Study site

The study was conducted at different sites in Bhakkar Dis-
trict, Punjab, Pakistan, where C. maxima are cultivated.
Both urban and peri-urban areas were chosen for sampling.
Bhakkar city is located on the southern side of Punjab with
distinct dunes and a drier climate. River Indus flows on the
western side of Bhakkar city which favours most of the agri-
cultural activities like cultivating cereal crops and vegeta-
bles. The average winter temperature varies between 5 and
23 °C and 35 and 49 °C in summer (Khan et al. 2020a).

@ Springer

Collection and preparation of samples

Chosen sampling sites were visited in late August to collect
soil, water and pumpkin samples in triplicates from three
sites irrigated with canal water (CWI), groundwater (GWI)
and municipal wastewater (MWI) (Fig. 1). Water samples
collected from each sampling site (100 mL) were stored
in acid polypropylene washed vials and 1 mL of HNO;
was added to each storage vial for prevention of microbial
growth. The samples were transferred to the laboratory for
further analysis.

Soil samples were processed initially for the assessment
of basic soil properties. Soil texture and organic content
were estimated through Gee and Budaer method (Gee and
Bauder 1986) and the Walkey-Black method (McLean 1982)
respectively. Available nitrogen, phosphorous and potassium
were determined through the method given by Mathieu and
Pieltain (Mathieu and Pieltain 2003). pH and EC (electrical
conductivity) were estimated by taking water to soil extract
in a 2:1 ratio (Mathieu and Pieltain 2003).

Pre-wet acid digestion procedure involved the collection
of soil samples at the depth of 20 cm. Fifteen soil samples
were collected in total; each sample weighed up to 1 kg.
The samples were dried in the open air and then placed in
an oven for 4-5 days at 72 °C for moisture eradication. The
samples were ground to a fine powder using a pestle and
mortar. The powdered samples were passed through a fine
sieve (2-mm mesh size). The samples were stored in labelled
plastic bottles until further analysis for wet-acid digestion
(Khan et al. 2019).

Fruits of C. maxima were collected from the three dif-
ferent irrigational sites and dried in the oven for 3 days at
72 °C. Dried fruits were ground to fine powder by pestle and
mortar and stored until further analysis.

Wet digestion procedure

Powdered soil and vegetable samples (1 g each) and water
samples (25 mL) were put in conical flasks with a 17-mL
mixture of H,SO,, HNO; and HCIO, (1:5:1) and heated on
a hot plate at 80 °C about 1 h for complete digestion of the
contents and attainment of transparent solution. The colour-
less solution, obtained after digestion, was allowed to cool
for half an hour and filtered by a Whatman filter paper. A
required amount of deionized water was added to each sam-
ple to achieve a 50-mL final solution.

Metal analysis and quality control

The digested samples were analysed for different metal-
lic elements like cadmium (Cd), cobalt (Co), nickel (Ni),
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Fig. 1 The map of sampling
points
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zinc (Zn), lead (Pb), iron (Fe) and copper (Cu) using
atomic absorption spectrophotometer (model PGI 990).
Molybdenum (Mo) was estimated through a graphite
furnace (Perkin-Elmer Model 503) and a fluorometric
method was employed for the evaluation of selenium
(Se). Meanwhile, the quantitative evaluation of arsenic
(As) was done through flow injection hydride generation
AAS (Perkin Elmer Analyst 400). The detection limits of
the AAS for Mo, As, Se, Fe, Cu, Zn, Ni, Pb, Cd and Co
were defined as 5, 0.05, 0.05, 5, 15, 1.5, 0.05, 0.05, 0.8
and 9 mg/L, respectively. As and Se were determined with
the very sensitive hydride technique with the operating
conditions given in Table 1. Repetitive analysis was done,
for all samples to ensure precision and accuracy, against
standard reference material (SRM 2709) given by the
National Institute of Standard Technology for all metals
under study. SRM soil mean recoveries for Cd, Zn, As, Cu
and Pb were 92%, 92%, 90%, 105% and 95% respectively
whereas mean SRM recoveries for all C. maxima samples
were 94%, 109%, 88%, 98% and 92% for Cd, Zn, As, Cu
and Pb respectively.

Statistical analysis

SPSS (version 22) was employed for the analysis of statistical
parameters. Descriptive analysis, one-way ANOVA and cor-
relation were used for data interpretation. The difference in
means was computed through one-way ANOVA keeping sam-
pling locations as groups and heavy metals as the variables for
which mean concentrations were evaluated. ANOVA runs on
three basic assumptions of homogeneity of variance, random
occurrences and normal distribution of responses for variables
(metals) (Miller and Miller 2005). These assumptions were

Table 1 The operating conditions used for As and Se analysis

Parameter As Se
Wavelength, nm 193.7 198.0
Slit width, nm 0.2 1.0
Lamp intensity, mA 9 10
Airflow, L/min 12 12
Acetylene flow, L/min 1.5 1.5
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tested using the Runs test, Levene statistic and K-S (Kolmogo-
rov—Smirnov) methods respectively. Homogeneity of variance
for the variables was found to be significant (Levene statis-
tic=4.896, P <0.001) providing validation for the statistical
method used. Moreover, all the mean concentrations for all
heavy metals under study followed a normal distribution pass-
ing the Kolmogorov—Smirnov normality test (P < 0.05). Rela-
tion between mean metal concentrations in soil and C. maxima
samples was established through Pearson correlation keeping
probability levels at 0.001, 0.01 and 0.05.

Transfer factor (TF)

The transfer factor provides a quantitative insight into the accu-
mulation capability of metallic ions in the vegetable tissues. It
is estimated as a ratio of the mean level of metal in vegetables
to the mean level of metal in the corresponding soil depicting
the transferability of a particular metal (Cui et al. 2004).

TF = Metal of vegetable /Metal of soil

Health risk index (HRI)

The health risk index (HRI) involves identifying potential
threats to the health of consumers by taking into account the
oral reference dose (R;D) and estimated daily intake of the
metal (DIM) (Cui et al. 2004).

Daily intake of metal = Concentration of metals (mg/kg)

X food intake X average weight

HRI = DIM / R;D

The average DIM for an adult human was estimated at
0.345 kg of vegetable whereas the average body weight was
considered to be 60 kg according to standard protocol (Wang
et al. 2005). The oral reference doses for metals were taken
from WHO (1996).

The values of R;D (oral reference dose) were for Co
(0.043), As (3x 107, Se (5% 107%), Ni (0.02), Fe (0.70),
Cu (0.04), Zn (0.37), Mo (0.009), Cd (0.001) mg/kg/day and
for Pb was 0.0035 mg/kg/day (Wang et al. 2005).

Enrichment coefficient (EC)

The enrichment coefficient (EC) was determined by follow-
ing Buat-Menard and Chesselet (1979).

EC = [metal vegetable/metal soil (sample)|

/ [metal vegetable /metal soil (Control)]

EC is computed based on control values (permissible metal
concentrations in vegetables and reference values of metals in
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soil) and estimated metal concentrations in vegetables and soil.
In this study, standard reference concentrations of Mo, As, Se,
Fe, Cu, Zn, Ni, Pb, Cd and Co for soil were applied as 3, 29,
0.7, 56.9, 8.39, 8.15, 44.9, 9.06, 8.15, 1.49 and 9.1 mg kg~!,
respectively, in line with the relevant literature (Dutch Stand-
ards 2000; Dosumu et al. 2005; Singh et al. 2010).

Results and discussion

All heavy metals showed a similar trend in mean levels
among the three water regimes selected for metal evalua-
tion. The examined metals were in the following order: Fe
>Pb>Ni>Co>Se>Cu>Zn>As>Mo>Cd among all
irrigation waters (Table 2). The metal concentrations dif-
fered non-significantly among water samples concerning the
selected sites (Table 3) indicating the possibility of induction
of metals in the irrigation waters through some contamina-
tion sources. All metals exceeded their respective maximum
permissible limits (MPLs) defined by WWF (2007) for the
three irrigation water except for Zn (Table 2). Metals could
end up in water from multiple sources like aerosol particles,
urban runoffs and soil erosion.

The soil was evaluated for the determination of basic
physical properties at the three sites under study. The soil
was mainly of loamy texture at all sites and the pH of the
soil varied between 8.2 (GWI) and 8.8 (MWI). The highest
organic matter was recorded for CWI as 0.93%. Almost simi-
lar concentrations of N, P and K were determined for soils at
three sampling stations. Electrical conductivity was invariably
similar at all sites with a mean value of 1.3 dS/m (Table 4).
The findings of this study were lower for EC but higher for
pH in comparison to a similar study (Murtaza et al. 2010).

Soil samples were further evaluated for the presence of
heavy metals at the three different sampling sites. The met-
als had relatively higher mean levels in soils irrigated with
municipal wastewater (Table 5); however, this difference was

Table 2 Mean concentration of metals in water samples (mg/L)

Metal CWI GWI MWI MPL
Mo 0.69+0.02 0.54+0.01 0.87+0.06 0.01
As 0.38+0.01 0.65+0.08 0.86+0.02 0.10
Se 0.15+0.01 0.34+0.09 0.73+£0.07 0.02
Fe 46.98 +£0.05 47.63 +0.05 63.34+0.04 5.0

Cu 0.26+0.01 0.20+0.01 0.65+0.03 0.20
Zn 0.29+0.02 0.27+0.08 0.65+0.04 2.0

Ni 4.86+0.03 4.50+0.03 6.06+0.01 0.20
Pb 3.27+0.03 4.83+0.03 6.07+0.09 0.1

Cd 0.04+0.00 0.05+0.03 0.08+0.03 0.01
Co 2.18+0.08 2.74+0.14 3.67+0.10 0.05

MPL maximum permissible limit according to WWF (2007)
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Table 3 Analysis of variance for metal concentrations in water, soil and C. maxima

Metal Mean squares
Mo As Se Fe Cu Zn Ni Pb Cd Co
Water 0.08 "™ 0.17™ 0.259™ 257.4™ 0.182™ 0.133™ 2.005™ 5.895™ 0.001™ 1.694™
Soil 0.459™ 1.968™ 0.062"™ 2.073™ 0.07™ 0.030™ 8.29"™ 56.879% 0.10™ 8.709 "
C. maxima 1.191™ 1.102* 0.092™ 43.05™ 9.209™ 17.546™ 4.113%* 2.727™ 0.112™ 0.001™
" **Significant at 0.5 and 0.01, ns non-significant
Table 4 Physical properties of soil samples wastewater irrigated lands at Sargodha and it was determined
Property Value that Se, Co, As, Zn, Cu and Fe accumulated in much higher
concentrations in the soil compared to the values estimated
CWI GWI MWI for these metals in the current study. Metals can build up in
Class of texture Loam Sandy loam Loam soils from different anthropogenic and natural sources and
Saturation 40 32 44 alter the soil composition of those areas (Ugulu et al. 2019).
pH 8.5 8.2 8.8 Evaluated heavy metal concentrations were of the fol-
Electrical conductivity (dS/m) 13 13 1.4 lowing order in C. maxima sampled from three irrigational
Organic matter (%) 0.93 0.77 0.88 sites: Fe>Zn> Cu> Mo > Ni>Pb>Cd> As> Se > Co.
Total N% 0.043 0.038 0.042 Mean concentrations of six heavy metals (Se, Ni, As, Fe,
Total P (ppm) 8.4 78 8.0 Zn and Pb) were relatively higher in vegetable samples
Total K (ppm) 176 170 189 collected from the MWI site (Table 5); however, only As

not significant (P> 0.05) except for Pb (P <0.05) (Table 3).
A similar study carried out in contaminated agricultural
areas of Sargodha, Punjab, Pakistan (Ahmad et al. 2016a)
reported lower mean concentrations for As (3.52-4.19 mg/
kg) and Se (1.81-2.51) in comparison to current findings.
A study conducted on the outskirts of main Khushab city,
Punjab, Pakistan, reported relatively higher mean levels for
Cd, Fe, As, Zn, Cu and Co (Ahmad et al. 2016b) than the
mean levels reported in the current study. Contamination for
brinjal was assessed by Ahmad et al. (2016c¢) for long-term

(P <0.05) and Ni (P <0.01) showed significant differences
in mean concentrations for C. maxima at all sites (Table 3).
Mo, Pb and Cd showed higher mean levels in C. maxima
collected from all sites compared to the respective MPLs
given by WHO (1996). Zn was reported to be the most com-
mon metal in vegetables cultivated in wastewater irrigated
areas in Nanjing city, China (Chao et al. 2007) which could
probably reflect higher input of Zn in municipal wastewa-
ter; however, the current study reported lower mean values
(below MPL) for Zn in all vegetable specimens. Ni, in the
current study, had a higher value than the MPL described
by WHO (1996). Differences in elemental concentrations
in soils and plants depend upon soil features like organic

Table 5 Mean concentration of

. . . Metal Soil MPL  C. maxima MPL

metals in respective soil and C.

maxima (mg/kg) CWI GWI MWI CWI GWI MWI
Mo 6.27+03 5.57+06 6.23+1.1 40 9.01+0.6 8.39+0.4 7.75+06 5
As 3515 36.63+1.8 3583+1.7 40 2.82+0.2 3.34+0.2 4.03+0.07 7
Se 259+04 280+02 253+0.1 3 0.45+0.04 043+0.09 0.74+0.1 -
Fe 528+05 4.76+0.5 6.39+02 21,000 34.41+1.7 3593+4.04 41.60+2.8 425
Cu 3.09+0.1 3.10+0.2 2.81+0.2 50 20.15+1.7 17.69+2.8 16.76+1.5 73
Zn 3.08+0.1 3.26+0.3 3.10+0.3 200 29.87+1.01 3395+14 34.15+24 100
Ni 348+1.2 38.14+0.6 3598+19 50 8.76+0.3 6.86+0.3 8.99+0.2 67
Pb 249418 19.62+1.2 28.24+2.1 300 5.99+0.3 724+1.04 7.86+0.5 0.3
Cd 3.13+0.3 3.13+0.02 3.45+0.1 3 391+0.1 3.85+043 3.55+0.1 0.10
Co 640+1.6 556+05 8.84+0.2 65 0.16+0.01 0.13+0.01 0.16x+0.01 50

MPL maximum permissible limit according to WHO (1996)
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content, pH and texture; the root penetration ability of a
plant also affects the transfer of metals from soil to the plant
(Khan et al. 2019). Accumulation properties of a plant may
also affect the ability of a metal to get stored in plant tissues.
Additionally, huge quantities of agrochemicals (fertilizers,
pesticides, herbicides) make their way into the agricultural
areas through direct application and indirect sources multi-
plying the level of certain compounds and ions in soils and
waters (Uboh et al. 2011).

Transfer factor for C. maxima accumulation potential for
metals from soil to vegetable was also determined. Zn had
the highest value of TF at MWI indicating efficient translo-
cation. This observation was also strengthened by the high
mean level of Zn in C. maxima at the municipal wastewater
irrigated site. The lowest TF was reported for Co at MWI
strengthening the low mean concentration observed in C.
maxima at the MWI site (Table 6). The bioaccumulation
potential of metals also affects their transferability from soil
to the living systems. TF greater than 1 indicates an efficient
transfer mechanism in operation for metals even transporting
them to aerial parts (Rai et al. 2019). In the present inves-
tigation, Cu, Zn, Fe, Mo and Cd showed TF values higher
than 1. Age and type of plant, different edaphic and envi-
ronmental factors are known to influence the metal uptake
by plants (Karak et al. 2014).

Health risk index (HRI) was calculated for C. maxima
consumers based on DIM and oral reference doses for
each metal under study. Highest HRI was observed for
As (77.34 mg/day) while the lowest was obtained for
Co (0.01 mg/ day). HRI> 1 is considered an imminent
threat to public health and Cd, Mo, Pb, As, Ni and Cu had
HRIs much higher than 1 in the current study (Table 6).
Uboh et al. (2011) computed high values for daily intake
for Cu and lower values for Pb and Cd in comparison
to the current investigation. Metal accumulation in food

chains can be avoided through quality based standard-
ized approaches for the evaluation of metallic contents in
vegetables (Wajid et al. 2020).

Another parameter depicting the accumulation of met-
als in the vegetable is the enrichment coefficient (EC). EC
values for C. maxima sampled from all irrigation sites were
of the following order: Co <Ni< As <Cu<Mo<Fe<Cd
<Zn <Pb (Table 7). Metal enrichment capability is mani-
fested through EC values exceeding 1. The highest EC was
obtained for Pb (10.02) at GWI in the current study; mean-
while, the lowest EC was observed for Co (0.004) at MWI.
The root system of plants and biotransportation of metal to
plants and its parts seem to influence the accumulation of
metals in vegetables (Tariq et al. 2021).

Pearson correlation test, for establishing positive and/
or negative relationships between different metals trans-
locating between soil and C. maxima, was analysed in the
present investigation. Only Fe displayed a significantly
positive correlation (P < 0.05) whereas Mo, Se and Cu
had a non-significant but positive correlation between
soil and vegetable. A non-significant but negative corre-
lation was obtained for As, Ni, Zn, Cd and Pb (Table 8).
Metal availability determines the relationship between
metal contents in soil and plants. Positive and negative
results regarding the correlations of metal concentrations
in vegetables (Luffa cylindrica (L.) Roem.) and soil in the
region were also recorded and evaluated by Khan et al.
(2020b). Khan et al. (2020b) determined a positive but
non-significant correlation for As (0.414), Se (0.038), Zn
(0.524), Ni (0.576), Pb (0.031) and Cd (0.515) and a non-
significant but negative correlation for Mo (-0.408), Fe
(-0.267), Cu (-0.072) and Co (-0.019). The differences
between the results of the studies may be due to the vari-
ous mechanisms of vegetables to uptake different metals
and metalloids. The differences in correlation values for

Table 6 Transfer factor and

0.08 0.18 651 652 9.69 025 024 1.25 0.03
0.09 015 754 570 1040 0.18 0.37 1.23 0.03
0.11 029 651 596 11.01 025 0.28 1.03 0.02
5418 052 028 290 0.46 252 9.84 22.53  0.02
64.11 050 030 254 0.53 197 1190 22.15 0.01
7734 086 034 241 053 259 1292 2044 0.02

Mo As Fe Cu Zn Ni Pb Cd Co

health risk index of metals in C. Metal Mo
maxima Transfer factor CWI 144
GWI 151
MWI  1.25
Health risk index CWI  5.76
GWI 537
MWI  4.96
Table 7 E.nrichment. coefficients Metal
of metals in C. maxima
Enrichment coefficients CWI
GWI
MWI

086 033 087 075 428 0.03 6.51 372 0.005
090 037 1.00 065 459 002 10.02 3.65 0.005
074 046 087 068 486 0.03 7.56 3.06 0.004
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Table 8 Correlation for

different metals between soil Correlation

and C. maxima Metal Soil-vegetable
Mo .552
As —.224
Se .104
Fe 728%*
Cu 164
Zn -.511
Ni —.529
Pb —.034
Cd —.008
Co 243
*Significant at 0.05

the metals under study also depict uneven concentrations
of these metallic elements in the soil. Metal bioavailability
and accessibility in soil affect the metal contents of veg-
etables grown over contaminated soils.

Conclusion

Nearly all metals displayed considerably higher mean
concentrations in water at the MWI site in comparison to
their respective MRLs in soil, water and C. maxima. Water
resources used for crop irrigation and other agricultural
purposes should be kept fairly clean and properly managed.
Concentrations beyond MPLs were found for Pb, Cd and Mo
in C. maxima at all sites. The quality of irrigation water and
distance from pollution sources affect metal concentrations
in vegetables and corresponding soils. High TF for Zn and
HRI (> 1) for As, Mo, Cu, Ni, Cd and Pb signify potential
health risks associated with the consumption of heavy metal-
contaminated vegetables. Therefore, appropriately scientific
and legal measures should be taken and implemented by
local governments and agriculture authorities to ensure the
safety of consumers.
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