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ABSTRACT

The purpose of the study was to calculate the effects of urban untreated wastewater irrigation on the heavy metals accumulation in
vegetable samples consisting turnip (Brassica rapa), radish (Raphanus sativus), spinach (Spinacia oleracea), pumpkin (Cucurbita
moschata), cabbage (Brassica oleracea capitata), onion (Allium cepa), smooth luffa (Luffa aegyptiaca), coriander (Coriandrum sativum),
vegetable gourd (Lagenaria siceraria) and carrot (Daucus carota subsp. sativus). This was accomplished by monitoring waste as well as
fresh water-irrigated agricultural fields of Lakki Marwat, Pakistan. Flame atomic absorption spectrometer (FAAS) was used to assess the
concentrations of these heavy metals. The concentration of a total of six metals including iron (Fe), zinc (Zn), copper (Cu), nickel (Ni),
lead (Pb), and cadmium (Cd) were detected and quantified in vegetable samples. Concentration of Pb was very low, while Fe concentration
was higher in all the samples under investigation in the waste water-irrigated vegetables. The highest concentrations of Zn were observed
in onion (441.3%+2.7 mg.kg!), and smooth luffa (293.1+0.5 mg.kg'). Onion (361.95+2.3 mg.kg™"), turnip (292.15+5.6 mg.kg!) and Spinach
(280.25+4.8 mg.kg!) showed exceedingly higher concentrations of Fe. Daily intakes of metals (DIM) were calculated for both adults
as well as children. The DIM values for Ni and Cd exceeded the recommended value. The concentration of Fe and Zn was higher in
wastewater-irrigated area samples as compared to fresh water-irrigated vegetables. The data obtained displayed a trend of heavy metal
Fe>Zn>Cu>Ni>Cd>Pb. Our findings have demonstrated the accumulation of heavy metals in the vegetables irrigated by the wastewater as
confirmed by flame atomic absorption spectroscopy.
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INTRODUCTION toxic, due to their non-biodegradable nature, extended physiological
half-lives, and capacity to accumulate in many bodily parts.!! Further,
due to their ability to dissolve in water, the majority of heavy metals
are thus potentially highly toxic. Also, some heavy metals such
as Zn, Fe, and Cu in low doses are generally considered essential
nutrients for humans. Nevertheless, these essential micronutrients
become exclusively harmful when the concentration rises above
the standard limits.!? In this context, lead, cadmium, and nickel
are extremely toxic because a small amount of these metals causes
serious deteriorative effects on human health.”® In addition, by the
complex nature, some heavy metals form complexes, and the relative
toxicity of these complexes is extremely high as compared to the
heavy metals.'* However, due to the high risks associated with the
toxicity of heavy metals, vegetables that have been polluted with them
through anthropogenic or natural sources are extremely important.
About 90% of the total amount of heavy metals that humans ingest
comes from vegetables, with the other 10% coming via contaminated
dust and skin contact.’® Therefore, of the well-known toxicity and
metabolic role in the human organism, the precise determination
and quantification of daily intake of heavy metals concerning
human body weight are of significant importance.’* Laboratory
analytical techniques, such as potentiometry,!” voltammetry,'® atomic
absorption spectrometry (AAS),” and inductively coupled plasma
mass spectrometry,?® have been applied for the metals determination
over the years. Comparatively, AAS is one of the most reliable
techniques for metal determination, due to its affordable price,
excellent sensitivity, simplicity of operation, and elemental analysis
capabilities.”!

Water contamination is an issue of major concern in the modern
world. This concern arises as water is considered as a symbol of life
and hence is of paramount importance in the ecosystem.! The last few
decades has seen an increase in the utilization of fresh water as well as
exposure to contaminated water has become increasingly alarming.?
Agriculture is the world’s largest user of water. Considering water
abstraction, agricultural use of water represents near 70% of the
global use.* The extensive use of available freshwater by industrial,
agricultural, and the domestic sectors and the huge production of
wastewater are leading to the gradual contribution of contamination
of the natural environment.” Heavy metal contaminated waste
water and as a consequence of industrial or municipal are sources
of the problems in current times.> Because it is easily accessible,
wastewater from industrial and municipalities is commonly used
to irrigate a variety of vegetables in the periurban environment.®
Since wastewater includes large amounts of hazardous heavy metals,
irrigation with wastewater is known to greatly increase the amount of
heavy metals in the soil.” From a health perspective, irrigation with
heavy metal-contaminated wastewater is of great concern.® These
metals transferred to vegetables and pose a threat to human health,
due to consumption. Since vegetables are an essential constituent
of our daily diet, contamination of vegetables by heavy metals is a
worldwide major concern.’ Inorganic constituents in vegetables play
a crucial role in the measurement of their quality in terms of food
safety and nutritional value.’® Specifically heavy metals are highly
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The main goal of the current study is to determine and quantify the
potential for the accumulation of heavy metals (Fe, Zn, Cu, Ni, Cd and
Pb) in some of the commonly grown vegetables irrigated with various
water sources in Lakki Marwat, Pakistan, as well as to compare their
potential accumulation rates. Daily intakes of the respective metals
through consumption of the vegetables for both adults as well as for
children were then calculated.

EXPERIMENTAL
Chemicals and reagents used

High purity chemicals (perchloric acid 70%, nitric acid 68%, and
hydrochloric acid 37%) were used and obtained from the local
suppliers (Musaji Adam & Sons, Chemicals Suppliers Peshawar,
Pakistan) and utilized for experiments as received without further
purification. For the experiments, the distilled water used was obtained
from the Department of Chemistry at Kohat University of Science &
Technology, Kohat, Pakistan.

Sampling and study area

The laboratory analyses were carried out in the Chemistry Department
at the Kohat University of Science & Technology in Kohat, Pakistan.
Popular crops grown in Lakki Marwat region presented in Figure
1 consisted of turnip, radish, spinach, pumpkin, cabbage, onion,
smooth luffa, coriander; vegetable gourd and carrot were investigated.
Vegetable samples were taken from areas that were irrigated using
untreated municipal effluent water as well as from fresh tube wells
irrigated water vegetables of Lakki Marwat Pakistan (as shown in
Figure 1). A total of thirty samples of ten different vegetable varieties
were collected (triplicate) from both respective water sources.
Thus a total of 30 samples were acquired. Selected fresh vegetable
were collected from Lakki city of District Lakki Marwat, Khyber
Pakhtunkhwa, Pakistan in December 2011 in the morning hours
(from 9 am to 11 am). The study only used the edible portions of the
vegetable for the laboratory analysis of the metals under investigation.

A location within the vegetable area was chosen for the soil
collection. With a shovel, the top layer of soil was removed, and some
of the soil was scooped by slanting the shovel beneath the ground. An
area of 40 by 50 centimeters was dug. Samples of soil were collected up
to a depth of 10 cm. Polyethylene containers were utilized for storing
the soil samples.?? To ensure the homogeneity of soil samples from a
location, collections were carried out in triplicate from spots. Soil pH
was measured in 1:2.5 soil:water using electronic pH meter.

Sample preparation

For the removal of surface contaminants and dust particulates,
all samples of the respective vegetables field sites were collected.
The vegetable were washed three times in distilled water (in the
laboratory). After weighing and air-drying for a day, all of the samples
were subsequently oven-dried for five hours at 105 °C in a hot air oven.
Dried samples were ground into powder using a pestle and mortar and
then stored in vial in refrigerator at 4 °C for further analysis.

Digestion of vegetable samples

Dried powdered (ash) of vegetable samples (0.5 g) were placed in
crucibles after being precisely weighed using an electric balance
(AY120 SHIMADZU JAPAN). A mixture of perchloric acid and
nitric acid (1:4) was used for the digestion of vegetable sample. For
digestion, 6 ml of acid mixture was added to 0.5 g of ash. After 2 hours
of dissolution, the sample was boiled in a laminar flow container
until the solution became clear and decreased from 2.5 to 2.0 ml. The
heated sample was cooled down. Each sample solution was diluted
with distilled water to a final volume of 25 ml, and the contents were
subsequently passed through Whatman filter paper No. 42.

Radish @
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Pumpkin @
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Carrot o

Figure 1. Map of vegetable field sampling site in of Lakki Marwat city. (a) waste
water irrigated and, (b) fresh tube well water irrigated of Lakki Marwat city

Digestion of soil samples

The samples were sieved using a 2-mm plastic sieve to remove large
particles, gravel-sized pieces, roots of plants, and various other waste
after being oven-dried at 45 °C for three days, and stored in sealed
plastic containers prior to laboratory analysis. Approximately 2 g of
soil sample was accurately weighed into a crucible. These samples
were digested with 12 ml of aqua regia (1:3 HNO;:HCI) under reflux
in a conical flask for 2 hr. Reflux continued till the initial sample
volume was reduced to 3 ml. The samples were then cooled to ambient
temperature. Distilled water was then added to reconstitute the
respective samples to 50 ml of final volume. Subsequently, the contents
were filtered using Whatman filter paper No. 42. The same process was
used to prepare the blank solution but without the soil sample.

Collection and preparation of water samples

Samples were stored in premium polyethylene bottles (Massive Attack
Limited, Peshawar Pakistan) with tight caps. The bottles were rinsed
overnight in 10% (v/v) nitric acid after being cleaned with distilled
water before use. The Whatmann filter No 4 was used to filter the
samples. In order to prevent the precipitation of metals and biological
growth, a few drops of nitric acid were added to samples to get the pH
of the samples to pH 2.23 Samples were stored in iceboxes at 4 °C for
further analysis.

The open digestion method for preliminary digestion of metals
was used to reduce the interference of organic matter and to convert
metals that are associated with organic matter into a form that could
be used for atomic absorption. About 95 ml of water sample that had
already been preserved was used for that purpose, and 5 ml of HNO,
(concentrated) was added to it in a beaker. The beaker’s contents were
boiled in a water bath until 95 ml remained. Whatman No. 42 filter
paper was used to filter the solution. Using a volumetric flask, the
filtrate mixture was diluted with distilled water to 100 ml. Similar steps
were taken to prepare the blank solution using distilled water.”

Standards solutions

Multi-element standard solutions of heavy metals (1000 mg.L"),
namely Fe, Zn, Cu, Ni, Cd, and Pb were procured from Perkin Elmer.
By diluting the standards, solutions of various concentrations were
created for each metal, preparing of 0.3, 0.6, 1.2, 2.4, 4.8, and 9.6 ppm
as calibration standards. Accuracy, reliability, and repeatability of the
data, curves for calibration were established and the analytical tests
were executed in triplicates.
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Determination of concentration of heavy metals in samples

Different concentrations of 0.3, 0.6, 1.2, 2.4, 4.8, and 9.6 ppm,
the samples for heavy metals were examined using an atomic
absorption spectrophotometer (FAAS, PERKINS ELMER 400).
After standardization and the necessary set-up, the samples were
sequentially aspirated into the AAS. The concentration of each metal
in the blank was subtracted from the analyzed value. Each sample’s
reading was determined in triplicate.

Daily intake of metal based on vegetable consumption

The amount of metal (mg) absorbed by a person each day is determined
by their DIM. DIM of metals is the amount of metal taken per kg of
body weight.
The following equation was used to calculate DIM:
iy = IMIxK T
1)

where: [M] = Concentrations of heavy metal in plants (mg.kg!); K =
Represent conversion factor (same for all metals); I = Daily vegetable
intake; and, W= Average weight of body.

The conversion factor? for green fresh vegetable weight to dry vegetable
weight is 0.085. According to the literature reported, the average daily
vegetable consumption for children and adults was estimated to be
0.232 and 0.345 kg/person/day, respectively.” The average body weight
for an adult is regarded to be 55.9 kg, while that of a child is believed
to be 32.7 kg.”*

RESULTS AND DISCUSSION

The purposes of the research were to determine, quantify, and compare
the accumulation of heavy metals in commonly grown vegetables in
Lakki Marwat District, Khyber Pakhtunkhwa, Pakistan, irrigated with
different water sources (Figure 1). To evaluate the usefulness, daily
intakes of metals calculated for both adults and children based on the
findings of this study are presented in Table 1.

Metal concentrations in waste, fresh tube well water, and
soils studied

Table 1 presents the concentration of metal in waste and freshwater
used for irrigation. It is found that the physicochemical properties of
soil change with the application of wastewater, which ultimately causes
the accumulation of toxic heavy metals in vegetables. The physical
features of soil samples are represented by the mean concentrations
of heavy metals in Table 1. The research region, which included soil
that had been irrigated with both fresh water and waste, showed
a wide range of heavy metal accumulation (Table 1). The findings
shows that the range of Fe contents in soil samples were very high,
ranging from 2267 to 2699 mgkg!. This is twofold higher than
the study carried out by Olawoyin and colleagues 2012 2. The soil
irrigated with wastewater sources showed the highest concentration
of Ni (69.3 mgkg') as compared to freshwater soil concentrations
of 25.3 mgkg!. The concentration of Cd was between 3.75 and
2.12 mg.kg!. Table 1 showed the concentrations of Pb ranging from
2.62 to 2.32 mg.kg!. The concentration of Zn ranged from 100.43
to 263.31 mg.kg!. which is higher when compared with the literature
(58.37 to 37.0 mg.kg!) . Similarly, the concentration of Cu ranged
from 29.93 to 25.01 mg.kg'. The calculated pH of water and soil
samples was 7.6+0.34 and 7.2+0.16 respectively.

Metal concentrations in vegetables grown by waste and
fresh water irrigated soils studied

Table 1 displays the concentrations of heavy metals accumulated
in edible vegetable parts in the Lakki Marwat District of Pakistan.
In all of the vegetable samples, Pb content was the lowest and iron
concentration was the highest among all of the heavy metals. The
highest concentration of metals was observed in leafy vegetables
such as spinach and coriander, as shown in Table 1. It was observed
that vegetables watered with wastewater had higher concentrations
of all heavy metals than vegetables irrigated with freshwater (Table
1). Vegetables irrigated with wastewater sources show a very high
concentration of heavy metals compared to those of freshwater
irrigated, as shown in Table 1. Except for onion, radish, and carrot,

Table 1. Heavy metal content (mg.kg!) (dry weight basis) in vegetables grown in waste and fresh water irrigated soil (+ sd, n = 3)

Plants Fe Zn Cu Ni Pb Cd

Waste Fresh Waste Fresh Waste Fresh Waste Fresh Waste Fresh Waste Fresh

Onion 361.95 73.6 441.3 47.9 22.05 20.6 9.8 9.6 1.42 0.32 1.21 0.23
+2.3 +0.1 +2.7 +0. +1.2 +1.15 +0.15 +0.05 +0.02 +0.12 +0.11 +0.1

Carrot 202.7 134.5 91.1 63.85 38.8 22.25 5.4 4.8 1.75 0.45 1.92 0.35
+0.55 +0.85 +.065 +0.2 +1.75 +1.2 +0.2 +0.1 +0.15 +0.05 +0.12 +0.05

Radish 189.65 98.9 73.8 62.65 15.35 6.7 7.55 7.2 1.45 0.65 1.86 0.28
+1.05 +0.6 +.075 +1.5 +0.8 +0.35 +0.05 +0.2 +0.1 +0.03 +0.18 +0.03
Vegetable 195.9 165.5 140.2 58 40.4 39.6 10.1 7.25 0.65 0.45 0.95 0.45
Guord +1.2 +5.05 +1.8 +0.35 +2.1 +2.05 +0.15 +0.15 +0.2 +0.10 +0.2 +0.10
Smooth Luffa 121.8 109.5 293.1 48.35 55.05 24.1 6.4 5.15 0.46 0.29 0.95 ND
+0.8 +0.8 +0.5 +0.4 +2.5 +1.25 +0.15 +0.15 +0.15 +0.02 +0.2
Pumpkin 220.5 117.1 172 59 32 26.6 4.75 3.8 0.42 0.23 0.25 ND
+0.6 +0.5 +1.05 +1.6 +1.65 +1.4 +0.2 +0.2 +0.05 +0.06 +0.05

Spinach 280.25 241 135 88 16.3 13.2 7.7 6.65 0.55 0.25 0.45 0.25
+4.8 +6.35 +3.35 +4.9 +0.85 +0.7 +0.2 +0.05 +0.12 +0.05 +0.10 +0.05

Coriander 215.1 205.05 78.15 75.55 22.85 20.25 7.35 7.0 0.48 0.36 0.45 0.6
+0.6 +6.6 +1.2 +3.8 +1.2 +1.05 +0.25 +0.15 +0.13 +0.10 +0.10 +0.10

Cabbage 144 111.7 142.2 123.4 37.95 9.6 10.4 6.6 0.90 0.80 1.20 0.85
+0.45 +0.85 +0.5 +1.6 +1.95 +0.5 +0.2 +0.05 +0.3 +0.15 +0.2 +0.15

Turnip 20215 1324 1729 593+ 2070 19.2 6.85 6.1 2.56 0.43 2.42 1.05
+5.6 +1.1 +0.9 1.25 +0.8 +1.00 +0.11 +0.05 +0.11 +0.03 +0.10 +0.35

Soil 2699.7 2267.4 263.31 100.43 29.93 25.01 69.3 25.3 1.75 1.12 1.62 1.32
Water 3.090 1.812 0.360 0.072 0.161 0.142 0.047 ND 0.014 ND 0.058 0.021
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where the trend was Fe>Zn>Cu>Ni>Pb>Cd, while the estimated
heavy metal content was in the sequence Fe>Zn>Cu>Ni>Cd>Pb for
all other vegetables. The ranges of Fe contents in vegetable samples
irrigated with wastewater and those irrigated with fresh water were
121.8 to 361.95 mgkg! and 73.6 to 241.01 mg.kg?’, respectively
(Figure 2a). The Fe contents of wastewater-irrigated vegetables were
in close agreement at 116 to 378 mg.kg™! with those previously studied
by Monu Arora and colleagues (2008).”” Due to the chlorophyll
structure of leafy vegetables, they are reported as the primary sink
for Fe deposition.?® A study carried out by Sahrawat in 2000 revealed
that Fe > 300 mg.kg! dry weight is the critical limit and toxic to the
plants.? However, the elevated levels of Fe found in all vegetables
examined, together with the smallest percentage loss from plants,
can be linked to its comparative abundance in the earth’s crust as
well as its role in plants’ chlorophyll synthesis.*® A similar trend was
observed by authors like Audu and Lawal (2006)* and Onianwa and
Egunyomi (1983)3!. Wastewater-irrigated onions and turnips showed
significantly higher iron accumulation than onions and turnips
irrigated by fresh water. However, the concentration of Fe in spinach
and coriander leaves was higher in both water sources as presented in
Figure 2a&b. Zinc is considered a less toxic metal and also a necessary
element in human food to maintain different body functions.’> In
our study, the range of Zn concentrations in vegetables irrigated
with wastewater and freshwater was 73.8 to 441.3 mg.kg' and 47.9
to 123.4 mg.kg!, respectively (Figure 2b). The concentration of Zn
ions was much higher when compared with the studies of Yang and
colleagues (2011)*, who reported a range of 23.9-91.1 mgkg™, and
Monu Arora and colleagues (2010)*, who reported a range of 22.5-
46.4 mgkg'. Wastewater-irrigated onion and smooth luffa showed
a significantly higher accumulation of Zn as recommended limits
are 0.3 mg.kg! (FAO/WHO 1993) and 0.2 mg.kg! (WHO/EU). For
men, the recommended value for zinc is 15 mg/day, and similarly for

(a)

I FeWaste water mFe Fresh water

400 +

mekg!

&
$
-

women 12 mg/day.** The bioavailability of Zn in the diet is significantly
affected by its composition. The results obtained from a study carried
out by Spears and colleagues in 2004, comparing organic and
inorganic sources of zinc have shown varying levels of bioavailability.*
The interactions of Zn have been investigated with other nutrients like
fiber, proteins, phytates, and some minerals.® Elevated concentrations
of Zn in vegetables may however cause renal damage, vomiting, and
cramps.” The copper concentration in the investigated vegetable
was in the range of 15.35 to 55.05 mg.kg'and 6.7 to 39.6 mg.kg!in
wastewater-irrigated and freshwater-irrigated vegetables, respectively
(Figure 2c). The Cu contents were much higher 0.2-1.7 mg.kg' than
Sridhara Chary and colleagues (2008).3 Waste water-irrigated cabbage
and smooth luffa showed the highest accumulation of Cu compared
to freshwater-irrigated. Wastewater-irrigated vegetables show close
agreement in copper contents with those of the EU and WHO. Due to
possible contributions of water metallic burden from external sources
such as home garbage and the use of heavy-duty trucks to transport
sand from the river, the vegetable sample irrigated with waste water
may have a high level of Cu.*

Nickel is a poisonous heavy metal. The concentration of Ni was from
4.75t010.4 mg kg and 3.8 to 9.6 mg.kg'! in wastewater and freshwater
treatment vegetables, respectively (Figure 2d). Cabbage, vegetable
guord, and onion irrigated on wastewater treatment show higher
accumulation of Ni (Table 1), which is in agreement with 8.00 mg.kg™
Amin and colleagues (2013). The concentration of Ni in our vegetable
samples exceeded the limit (0.2 mg.kg?) set by WHO and EU (1995).

The level of Pb found in different water sources for vegetables
was in the range of 0.42 to 2.56 mg.kg? in the wastewater and 0.23
to 0.80 mgkg!in the freshwater-growing vegetables (Figure 3a).
Wastewater-irrigated turnips, radish, carrots, and onions show
significantly higher accumulations of Pb not only than freshwater
irrigated vegetables but also far higher than the FAO/WHO (1993)
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Figure 2. Comparison of (a) Fe, (b) Zn, (c) Cu and (d) Ni in vegetables irrigated with fresh and wastewater
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Figure 3. Comparison of (a) Pb and (b) Cd in vegetables irrigated with fresh and waste water, (c) Fe, Zn, Cu in different water sources and (d) Ni, Pb and Cd in

different water sources

recommended safe limit (0.3 mg.kg") (Table 1). However, the level of
Pb was lower 3.09 to 15.74 mg.kg™! as compared to the levels previously
studied by Sharmaa and colleagues (2007).% The pH of the soil and the
amount of organic matter in the soil can also boost Pb uptake.*

The cadmium level found in the studied vegetables ranged from
0.25 to 2.42 mg.kg'! and 0.23 to 1.05 mg.kg' in wastewater-irrigated
and freshwater-irrigated vegetables, respectively (Figure 3b).
Wastewater turnips, cabbage, vegetable guord, and onion show a
higher concentration of Cd than freshwater-irrigated vegetables. The
value of fresh water was in close agreement with 0.10 to 1.07 mg.kg™!
studied by Yang and colleagues (2011) *. The Cd level in vegetables
here was much higher than in the previous study in the literature by Li
and colleagues (2012).4!

It is reported in the literature that vegetable samples have been
found to contain the highest concentration of iron in vegetables as a
result of variations in the uptake of metals by plants through roots and
their subsequent transfer within the plant sections. Edible portions
of vegetables displayed changes in heavy metal concentrations . The
physical and chemical characteristics of the water and soil, as well as
the plant’s ability to absorb each metal, determine the variations in the
metal concentrations of the vegetables under investigation. The use of
freshwater-irrigated vegetables might be less hazardous and toxic to
human health than those from wastewater-irrigated areas.

Daily intake of heavy metals

Calculating the exposure amount and identifying the routes that
pollutants follow to reach the target individual are crucial for
identifying the primary risks to human health. A pathways for heavy
metal exposure to humans is the food chain.#? The human body
is mostly exposed to pollutants like heavy metals through the food

chain. To estimate the average vegetable consumption for both adults
and children, the DIM was calculated in pg.kg* of body weight. (Table
3). The DIM values calculated for wastewater-irrigated vegetables are
higher as compared to freshwater-irrigated vegetables. The maximum
daily intake rates of Fe via wastewater vegetable consumption were
189.8 and 218.3 pg/day/kg of body weight for adults and children,
respectively, from wastewater and 126.4 and 145.3 pg/day/kg of body
weight for adults and children from freshwater irrigated vegetables.

Wastewater onions show the highest daily intake of Zn at 231.5 and
266.1 pg/day/kg of body weight for adults and children, respectively.
The maximum intakes of iron and zinc were from the utilization of
onion, turnips, smooth luffa, vegetable gourd, cabbage, and spinach
for both adults and children as wastewater vegetables. The daily
intake of onion from wastewater-irrigated vegetables shows a higher
concentration of Fe and Zn if taken in large quantities although it is
below the recommended acceptable values proposed by the FAO/
WHO Joint Expert Committee on Food Additives (1993).4

The maximum daily intake of Cu via wastewater vegetable gourd
consumption was 21.19 and 24.36 pg/day/kg of body weight for adults
and children, respectively, and 20.77 and 23.88 pg/day/kg of body weight
for adults and children, respectively, from freshwater irrigated vegetable
gourd. However, the Cu DIM was lower than the recommended
tolerable levels and is a safe limit, according to WHO (1982).%

The daily intake of Ni via wastewater vegetable consumption was
5.46 and 6.27 ug/day/kg of body weight for adults and children,
respectively, and 5.03 and 5.79 pg/day/kg of body weight for adults
and children, respectively, from freshwater vegetables. The DIM value
of Ni in onion and wastewater-irrigated vegetable gourds and cabbage
exceeded the recommended acceptable levels proposed by WHO
(2000).% Thus, the use of onion, vegetable gourd, and cabbage in the
wastewater irrigated soil shows a risk if used in a daily routine.
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Table 2: Estimated DIM pg.kg! body weight/day) (body weight = 60 kg)
Toxic Elements Cd Fe Cu Ni Pb Zn
Recommended values/ ug.kg! body weight/day 1.01 20000 500 5.00 3.50 2000
[References] 48 43 49 45 50 43
Table 3: Daily Intakes of Heavy metals in Vegetables in pg/day/kg of the body weight
Heavy water Onion  Carrot  Radish Vegetable  Smooth Pumpkin ~ Spinach ~ Coriander ~ Cabbage  Turnip
metals sources Gourd Luffa
Adults 189.87 106.33 99.49 102.76 63.89 115.67 147.0 112.84 75.54 153.26
WwV!
Fe Children 218.3 122.2 1144 118.1 73.4 132.9 169.0 129.7 86.8 176.1
20000 Adults 38.61 70.6 51.9 86.8 57.4 61.4 126.4 107.5 58.5 69.4
FwWV?
Children 44.4 81.1 59.6 99.8 66.0 70.6 145.3 123.6 67.3 79.8
Adults 231.5 47.79 38.71 73.55 153.7 90.23 70.82 40.99 74.59 90.70
WwV!
7n Children 266.1 54.94 44.50 84.55 176.76 103.73 81.41 47.13 85.76 104.27
2000 Adults 25.12 3349  32.86 30.42 25.36 30.95 46.16 39.63 64.73 31.10
FwV?
Children 28.88 38.50 37.78 34.97 29.14 35.58 53.07 45.56 74.42 35.76
Adults 11.56 20.35 8.05 21.19 28.87 16.78 8.55 11.98 19.91 10.86
WwV!
Cu Children 13.29 23.40 9.25 24.36 33.20 19.29 9.83 13.78 22.88 12.48
500 Adults 10.80 11.67 3.51 20.77 12.64 13.95 6.92 10.62 5.03 10.07
FwV?
Children 12.42 13.42 4.04 23.88 14.53 16.04 7.96 12.21 5.79 11.47
Adults 5.14 2.83 3.96 5.30 3.35 2.49 4.04 3.85 5.46 3.59
WwV!
Ni Children 5.91 3.25 4.55 6.09 3.86 2.86 4.64 443 6.27 4.13
50 Adults 5.03 2.518 3.77 3.80 2.70 1.99 3.49 3.67 3.46 3.2
FwWV?
Children 5.79 2.89 4.34 4.37 3.10 2.29 4.01 4.22 3.98 3.68
Adults 0.744 0.918 0.761 0.341 0.241 0.220 0.289 0.252 0.472 1.343
WwV!
Pd Children 0.856 1.055 0.874 0.392 0.277 0.253 0.331 0.289 0.542 1.544
3.5 Adults 0.167 0.236 0.341 0.236 0.152 0.120 0.131 0.188 0.419 0.255
FwV?
Children 0.193 0.271 0.392 0.271 0.175 0.139 0.151 0.217 0.482 0.259
Adults 0.635 1.007 0.976 0.498 0.498 0.131 0.236 0.236 0.629 1.269
WwV!
cd Children 0.729 1.158 1.122 0.573 0.573 0.151 0.271 0.271 0.724 1.459
1.01 Adults 0.212 0.183  0.147 0.236 ND ND 0.131 0.315 0.446 0.551
F 2
Children 0.139 0.211 0.169 0.271 ND ND 0.151 0.362 0.513 0.633

'WWYV = Waste Water Vegetables. 2FWV=Fresh Water Vegetables

Similarly, the DIM of Pb ranged from 1.343 and 1.544 pg/day/kg
of body weight for adults and children, respectively, in wastewater
turnips. The DIM value in wastewater soil carrots ranged from 0.918
and 1.055 pg/day/kg of body weight of adults and children, respectively.
However, the DIM of Pb in both waste and freshwater vegetables was
lower than the recommended levels suggested by WHO (1993).%

The DIM of Cd from wastewater vegetable consumption ranged
from 1.269 to 1.459 ug/day/kg of body weight for adults and children,
respectively. While, in freshwater sample vegetables, the DIM ranged
from 0.551 and 0.633 pg/day/kg for adults and children, respectively.
The daily intake of Cd in turnips, radishes, and carrots from
wastewater-irrigated vegetables exceeds the recommended acceptable
levels suggested by the FAO/WHO Joint Expert Committee on Food
Additives (2001).*” So the use of wastewater turnips shows a risk for
Cd for both adults and children. Also, wastewater-irrigated radish and
carrot show risk of Cd for children. According to the study on DIM,
the consumption of vegetables cultivated on waste water-contaminated
soils is higher than that of vegetables irrigated with fresh water, but it is
almost risk-free, except for Ni and Cd.

When long-term intake of contaminated or waste water-irrigated
vegetation occurs, heavy metals have a more detrimental impact. The
results of the present and previous studies”?”* showed that wastewater-

irrigated growing plants are generally polluted with contaminants such
as heavy metals, which are extremely dangerous to human health.

CONCLUSION

The effects of municipal wastewater irrigation on the accumulation
of toxic and non-biodegradable heavy metals, like Fe, Zn, Cu, Ni, Pb,
and Cd, in the vegetable samples were investigated by monitoring
waste as well as fresh water-irrigated agricultural fields in District
Lakki Marwat. The results displayed that onions, spinach and turnips
irrigated with wastewater are risky with respect to Fe and Zn, if the
specific vegetables are consumed in large quantities i.e., more than
0.232 kg/day for children and 0.345 kg/day for adult.

The DIM of Ni and Cd concentrations in the wastewater irrigated
soil onions, vegetable gourds, cabbage, and turnips shows potential
risk when consumed in excess, as it does not only enter the human
body through vegetables, but also through water and other food
sources. Cadmium poses a risk factor when taken even in small
amounts and shows an elevated level, as set by the Joint FAO/WHO
Expert Committee on Food Additives (1993).

The DIM values for Fe, Zn, Cu and Pb detected in all vegetables
(Table-3) were low compared to WHO standards and were free of risk.
The present study suggests that wastewater-irrigated growing plants
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are generally polluted with heavy metals contaminants, which are
extremely dangerous to human health.

FUTURE RECOMMENDATION

To prevent an excessive accumulation of toxic heavy metals in the
human food chain, it is recommended that routine monitoring of
heavy metals in vegetables and other food items be carried out. To find
any risks connected to wastewater irrigation, regular risk assessments
should be carried out. It is important to design and apply efficient risk
management measures in order to reduce the potential negative effects
on crop quality and human health.

LIMITATION OF THE STUDY

Here the study is limited to only ten vegetable and not considered
all the vegetable grown on the municipal wastewater. Also here we
selected specific area of Lakki Marwat city, not throughout the district
or province. We have selected only inorganic hazardous few heavy
metals and not the organic carcinogenic compounds.
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