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Abstract: Vegetables are important source of nutrients fam&n body. Wastewater irrigation may lead to
contamination of these vegetables and cause pedsédzlth risk. In the present study impact of wasater
irrigation on metals uptake (Fe, Mn, Ni, Co, Zn, @i and Pb) by five commonly consumed vegetalskgigh,
cabbage, lettuce, cauliflower and spinach) growrth@ suburbs of Peshawar were investigated using AA
(Atomic Absorption spectrophotometer). The uptake accumulation of metals for vegetables irrigatéth
wastewater were significanthp (< 0.05) higher than tube well irrigated vegetaldes permissible limits of
WHO/FAO. Among the edible parts of vegetables maximaccumulation of Mn, Pb and Cd occurred in radish
followed by Ni and Fe in spinach while Cr and Znrevligh in cauliflower and cabbage. The estimateity d
intake of metals (DIM) revealed that at presentdbasumption of studied vegetables were underdleeatble
limits of (US-EPA, IRIS), however intake of metaiswaste water irrigated vegetables were signifigamgh and
can cause health hazards in the long run.
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Introduction

Vegetables are important part of human diet. Theyide many essential nutrients to
human body for normal growth and development. Ih @so prevent various toxic
substances during digestion and support bettertthesaich as minimizing the risk of
colorectal cancer and other diseases [1]. Howemetritional quality and food safety
measures should be kept in mind when recommendiggtables for human consumption
because they contain both essential and non esiseitierals [1-3].

Wastewater irrigation is a prevalent practice foany years in most develop and
underdeveloped countries of the world, such as @eymFrance, India, Pakistan [4-8].
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Industrial effluents and municipal wastewater ibbuban ecosystem is an ultimate source
for irrigation, because of their availability, ptems of disposing and fresh water scarcity. It
is evident that using wastewater for irrigationn#figantly increase heavy metals content in
the soil [9], thus wastewater irrigation can be hbdteneficial as well as harmful in
agricultural sector [10]. Wastes utilization in igiture provides an economical way to
disposed off of these materials by producing littesironmental effects [11]. Wastewater
can be used as an important water resource anddedng their beneficial aspects that it
can add organic matter and plant nutrients to [4@]. However, it causes the buildup of
heavy metals concentrations in agricultural soilclinot only contaminate soils, but also
deteriorate safety and quality of food [13].

Heavy metals are detrimental to human health bec#usy have the capability to
accumulate in various parts of the human body. Thay have adverse health effects even
in low concentrations [14], because they are persisn nature and cannot be degraded
[15]. Many of the food plants can easily accumuteavy metals and result in an increased
guantity of these metals in the farm’s produce [LH, Contaminated soils are one of the
major sources for food chain translocation of heanetals and further their intake through
consumption of contaminated vegetables and othep plants which ultimately poses
health risks for human health [17-19]. Furthermdhe, intake of metals (Cu, Cd, Ni, Pb,
Zn, etc.) can have antagonistic effect on somehefdssential nutrients inside the body,
which results in the depleted immunological defensatrauterine growth retardation
(caused by Al, Cd, Mn and Pb), psychosocial dydfans, and abnormalities such as
malnutrition and gastrointestinal cancer [19, 20].

Generally crop plant take up many essential nusiemd trace elements in a short
period of time, therefore, the safety of vegetables a concern for human health and attract
more attention [12]. Some of the vegetable sucletasce, spinach, radish and carrot, can
easily take up heavy metadg, Cu, Cd, Pb, Zn and Mn in their tissue. The uptaktese
metals by plant is generally increased when theygiown on contaminated soils [21].
Studies related to health risk assessment of hestgls in contaminated vegetables are
being conducted in the developed world [22], howelmnited work is available in
developing countries and need to be explored [RBPRakistan there is limited published
data available regarding contamination of metalsvegetables grown in suburban
environment [7, 24, 25].

The present study aimed at comparing heavy meffasKb, Zn, Mn, Ni, Co, Cd and
Cr) accumulation of some commonly consume vegesalftadish, cabbage, lettuce,
caulifower and spinach) in Peshawar city, Pakisttastewater irrigation is a common
practice in Peshawar city, where the householdseeénd industrial effluents are directly
discharged off in the irrigation system. In thereunt study impact of wastewater irrigation
on uptake of heavy metal was also studied and coedpaith relatively clean source of
irrigation. Furthermore, the bioconcentration factf selected metals in the studied
vegetables and their dietary intake for childred adults are calculated.

Materials and methods

Study areas

Peshawar is the capital and largest city of KhyPakhtunkhwa province of Pakistan
with an area of 77 kfnhaving more than one million population. The siblaur part is
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mainly used for cultivation of vegetables and f@ragops, which are transported later on to
the city for human consumption and animal feediffpereas the irrigation source for these
crops is a canal originated from Shalam River whildo receives wastewater from a stream
carrying industrial effluents from the nearby inttizd zone is used for irrigation purposes
due to the lack of public awareness [7]. Moreovese canals also receive the household
wastewaters and disposals, which further multip/ hazards of contamination and risk for
inhabitants.

Samples collection and handling

All the experimental work was carried out at thpalkement of Agricultural Chemistry,
University of Agriculture Peshawar, Pakistan. Femmonly cultivated vegetable like
radish, cabbage, lettuce, cauliflower and spinadrewcollected from four different
locations of Peshawar, Pakistan such as BahadayKRhandu Payan and Pakha Ghulam,
where wastewater is used for irrigation and Prafeg€olony (Malakandare Farm), where
the source of irrigation is tube well water. Veddaand soil samples were randomly
collected from the farmer fields while the irrigati water was sampled from the water
courses of the same fields from where the soil @getable samples were taken. All the
samples were then transported to the laboratoryeidmstely. The obtained vegetables were
properly rinsed with tape water followed by doublstilled water to remove any adhering
pollutants and were cut with a stainless steelektif separate them into roots, stem and
leaves. These samples were then subjected to ayamgat 70 to 80°C to remove all the
moisture and were grinded to make it in powderethfo

Digestion and preparation of samples

Vegetable samples were digested according to vgetsdon method as described by
Jan et al [7]. Briefly a sample of 0.5 g was digdstising digestion tube by adding 1°ah
HCIO, and 4 cm of HNO,;. When the content became clear samples were caoldd
filtration was carried out using Whatman 42 filgaper. The filtrate was then diluted to
25 cn? with deionized water. A blank was also run perfimgnthe same steps without
adding the sample.

Soil samples were digested by following the metbé&harma et al [26]. One g soil
was transferred to a 250 trdigestion tube containing 10 émoncentrated HNQ The
tubes were then boiled for 30 to 45 minutes. Afteidation, the samples were subjected to
cool, 5 cm of 70% HCIQ was then added and the content was boiled agaithéil
appearance of white fumes. The tubes were allowazbol for some time and 20 Zrof
distilled water was added and boiled again till fimaes disappear completely. The solution
was then allowed to cool, filtered through Whatnfi¢ter paper No. 42. The filtrate was
transferred to 25 chrvolumetric flask. The final volume was mark witkidnized water.

A blank was also prepared following the exact pdore without adding soil sample. Water
samples were prepared by taking 5G ama beaker and treated it with 10%ooncentrated
HNO;. The solution in beaker was heated until 4G eolume remained. The solution was
passed again through Whatman filter paper Ma. and diluted to 50 cinby adding
deionized water. A blank solution was made in timilar way without adding water
sample.
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Determination of heavy metals

The entire chemicals used were of analytical gr&xmible deionized water was used
for sample dilution and reagent preparation. Thecsed heavy metals were analyzed using
Atomic absorption spectrophotometer (Perkin EImedet 2000, USA). Different working
standards were made from Perkin Elmer standard stolations (1000 ppm) used for the
determination of metals. The detection limits arav@lengths of the metals are shown in
Table 1. For precision and accuracy of analyticatkythe values of blank were subtracted
from sample. Also quality control procedures wedemed to minimize contamination and
enhance the reliability of data. Standards wereatfter every five samples, to ensure that
the instrument is working properly. Data were reeaf in triplicates.

Table 1
Detection limits and wavelength of each elementldse AAS analysis
Wavelength Limit of detection
Metals .
[nm] [ngem ]
Ni 232.0 10.0
Cr 357.9 6.0
Cd 228.8 1.5
Pb 283.3 10.0
n 213.9 2.0
Fe 248.3 6.0
Mn 279.5 2.0
Co 240.7 5.0

Data analysis
Bioconcentration factor (BCF)

Bioconcentration factor (BCF) is the ratio of tHemeental concentration in plant tissue
such as, leaves, stem, root etc. and the “exchhlejear potentially available portions of
metals in rhizospheric soils. The BCF for ediblet md vegetable was calculated with the
following formula:

Cp

Cs

BCF =

whereCp is the concentration of metal in edible part ofefble [mg kg] andCs is the
metal content in soil [mg Kg.

Daily intake estimates

The daily intake of metals (DIM) of various metdts children and adults were
estimated using the following equation:

DIM:M[K[I

where M is the concentration of metals in plants [mg*kgK is the conversion factor,

| is the daily intake of vegetable®y is the average body weight. A conversion factor
0.085 was used to convert fresh weight of vegesatuleldry weight as suggested previously
by Rattan et al [27]. The body weights of averadaltaand child were assumed to be
73 and 32.7 kg, respectively [7], while averagdydatakes of studied vegetable for adults
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and children were assumed to be 0.345 and 0.23%ispn/day, respectively [28]. The
triplicate data are compiled in terms of meansstaddard deviation (SD).
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Fig. 1. Location map of the study area and samdites

Statistical analysis

Data were statistically analyzed by using SPSS SRSES Inc., Chicago, IL, USA)
software. The concentrations of heavy metals iparse to different irrigation systems
were tested by analysis of variance (ANO\p%: 0.05) and presented in terms of mean and
standard deviation. Least significant differenc&[l) test was used to see the significant
difference among the observed means at 5% lev@gnofficance.

Results and discussions

Like other under develop countries Pakistan alsogmor environmental management.
Sewage and industrial wastewater are commonly asedigation water for the production
of vegetables and other crops particularly in thbusban areas. In the present study,
concentration of metals in soil and water usedirfigation were evaluated and the results
are summarized in Table 2. The wastewater and waste irrigated soils from different
localities of Peshawar region shows elevated levdlll the metals when compared with
tube well water and tube well irrigated soil. Metahtamination in wastewater irrigated soil
was in the order of Mn > Fe > Zn and Pb with meancentration 5.12, 3.8, 2.10, and
0.92 mg- kg™ respectively, while tube well irrigated soil comeed higher level of Fe
followed by Mn and Zn with mean concentration 3.1®3 and 1.29 mgkg ™ respectively.
The higher metal concentration was observed forZreand Pb in wastewater samples
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whereas, the concentration of these elements wias lgw in tube well water while the
concentration of Ni and Cr was not detected.

Metals accumulation in vegetables

Vegetables are important part of human diet ang plaital role in the human nutrition
since the beginning of human life. However, thebkdportion of vegetables varies and
depends upon the tradition and specific vegetatdebe consumed such as leaves for
spinach and root for radish etc. The concentratafrieeavy metals in the edible portion of
vegetables are shown in Figure 2. It is evidennfthe data that heavy metal concentration
in the edible part of vegetables irrigated with teasvater was significantly higher
(p < 0.05), as compared to tube well irrigated vedetalblhe selected metals maintained
the order of Fe > Mn > Pb > Ni > Zn > Cd > Cr > féoboth the waste water and tube well
water irrigated vegetables. The Fe concentratiarew the range of 4.2 to 16.25 kg™
and 2.85 to 11.7 mgkg™ for wastewater and tube water irrigated vegetat#ispectively,
which shows a significant difference between the twigation systems for heavy metal
uptake by plants (Tables 3 and 4). Spinach accuedithe highest level of Fe in the range
of 8.62-16.25 mg kg™ among all the vegetables showing significant iaseep < 0.05),
with wastewater irrigation. Radish irrigated witlastewater also accumulated significantly
elevated leveld < 0.01) of Fe than tube well water irrigated. The dontent in various
vegetables showed the order of, spinach > letturadish > cabbage with significant high
(p < 0.01) accumulation having wastewater irrigationrse. Iron is relatively abundant in
the earth crust and is considered being an impbgi@ment for plant and human. It was
reported previously that plant leaves are the meijuk for Fe accumulation where it is used
to build chlorophyll content [29]. Iron becomes itoxo plants when its accumulation
exceeds 300 mgkg™ especially at the soil having pH less than 5.0 [8]

Table 2
Heavy metal concentration in irrigation water ani sf the study area [mg kg
Metals Tube well water] Wastewater Tl.Jb.e well wa_ter Wastewater irrigated soil
irrigated soil

Ni bdl 0.052 0.099 0.58
Cr bdl 0.07 0.162 0.42
Cd 0.013 0.054 0.072 0.12
Pb 0.062 0.21 0.351 0.92
Zn 0.087 0.41 1.29 2.1
Fe 0.926 231 3.101 3.8
Mn 0.038 0.182 1.632 5.13
Co 0.019 0.152 0.144 0.16

The results clearly depicted the same trend footakkr metalse, higher accumulation
in wastewater irrigated vegetables and low in tuledl irrigated vegetables. The level of
Mn were in the range of 2.64 to 7.5 and 1.0 to 4r&j# kg™ for wastewater and tube well
irrigated vegetables respectively (Tables 3, 4m@aring the level of Mn in edible part of
vegetable, radish contained the highest level wh#aliflower with the lowest level
(Fig. 2). It was found that Mn concentration wag#ficantly higher in wastewater irrigated
vegetables than tube well irrigated. Manganeseldegstimated in the present study are
much higher than the safe limit of 0.2 mg kaccording to WHO/EU [30], but are
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consistent with that of Farooq et al [31]. Sridh@tsary, Kamala, and Raj [32] reported the
accumulation of Mn in A. cepa to a level of 5.39 nigj™. The factors responsible for the
high content of Mn in vegetables were proposededhe soil type and the application of
agricultural inputs such as pesticides and feetilif32]. The concentration of Pb in
wastewater and tube well water irrigated vegetablas in the range of 0.65 to 3.12 and
0.09 to 1.83 mg kg™ respectively (Tables 3, 4).

Table 3
Heavy metal concentration in wastewater irrigatieshis on dry weight basis [mckg™]
Metals Values Radish Cabbage Lettuce Cauliflower Spach
Ni Range 0.98-1.64 1.25-2.61 1.07-1.84 1.53-2.55 2.83-
Mean+S.D 1.38+0.04 1.86+0.03 1.43+0.04 1.97+0.06 1+@04
Cr Range 0.34-0.56 0.20-0.53 0.26-0.54 0.52-0.91 0.82-
Mean+S.D 0.47+0.02 0.38+0.02 0.41+0.08 0.68+0.04  51$0.03
cd Range 0.17-0.62 0.08-0.34 0.39-0.72 0.21-0.44 0.83-
Mean+S.D 0.33+0.01 0.26+0.01 0.51+0.02 0.37+0.01  62$0.03
Pb Range 1.89-3.12 1.73-2.83 0.86-1.88 0.65-1.62 2.80-
Mean+S.D 2.91+0.04 2.24+0.04 1.52+0.08 1.32+0.02  8440.03
7n Range 0.99-1.92 0.38-2.21 0.41-0.92 0.39-0.68 0.28-
Mean+S.D 1.62+0.02 1.38+0.03 0.84+0.02 0.59+0.05  63£0.03
Fe Range 11.31-14.3 11.56-13.5( 12.1-151 4.2-8.45 2-86625
Mean+S.D 12.21+0.05 12.84+0.0¢ 13.2+0.04 7.43+0.04 13.8+0.06
Mn Range 6.92-7.54 3.86-5.23 2.64-4.12 1.78-3.21 -3.38
Mean+S.D 7.32+0.03 4.93+0.04 3.65+0.0p 2.82+0.08  6240.05
Co Range 0.31-0.75 0.36-0.42 0.27-0.74 0.17-0.31 0.76-
Mean+S.D 0.66+0.02 0.37+0.01 0.48+0.08 0.29+0.02  54#$0.02
Table 4
Heavy metal content in tube well water irrigatednts on dry weight basis [mdg™
Metals Values Radish Cabbage Lettuce Cauliflower Spach
Ni Range 0.08-0.76 0.86-1.22 0.25-0.84 0.46-1.7 0.82-0
Mean+S.D 0.52+0.06 0.94+0.03 0.57+0.02 0.78+0.04 41$0.03
Cr Range 0.17-0.302 0.10-0.204 0.13-0.241 0.26-0.41  12-0.29
Mean+S.D 0.21+0.03 0.16+0.04 0.19+0.02 0.34+0.08 21$0.02
cd Range 0.1-0.42 0.04-0.12 0.16-0.27 0.12-0.38 0.82-0
Mean+S.D 0.27+0.02 0.09+0.02 0.22+0.08 0.24+0.08  19$0.02
Pb Range 0.33-1.59 0.09-1.83 0.74-2.2 0.10-0.4p 0.92-1
Mean+S.D 1.15+0.04 0.97+0.02 1.52+0.0% 0.26+0.00  2+0.04
7n Range 0.52-1.48 0.05-0.06 0.22-0.51 0.09-0.28 0.88-
Mean+S.D 0.96+0.03 0.04+0.01 0.38+0.04 0.15+0.00  31$€0.02
Fe Range 2.85-6.73 4.20-9.41 3.10-9.4 2.59-5.48 313-1
Mean+S.D 4.63+0.05 7.1+0.06 6.8+0.05 4.2+0.05 8060%
Mn Range 3.42-4.873 1.94-3.62 1.22-2.21 0.88-1.76 3100-
Mean+S.D 2.26+0.04 2.93+0.03 1.75+0.06 1.4+0.04 240004
Co Range 0.27-0.416 0.19-0.28 0.22-0.46 0.09-0.162  0-0.81
Mean+S.D 0.33+0.03 0.24+0.01 0.29+0.08 0.13+0.02  42$0.01

Among the edible parts, Pb was found maximum inista¢Fig. 2). Levels of Pb in the
studied vegetables exceeded the safe limit of @&grecommended by FAO/WHO [33].
One of the explanations for higher level of Pb iastewater and some tube well irrigated
vegetables could be the uptake of Pb promoted ibpldcand the levels of organic matter.
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Fig. 2. Heavy metal concentration in edible paftscommonly consumed vegetables irrigated with
wastewater and tube well water of the studied area

The high level of lead in waste water irrigated etadples could be attributed to
acid-lead batteries, household and industrial vgastischarged in the irrigation system.
In a previous study Demirezen and Ahmet [34] regmbra high concentration (3.0 to
10.7 mg' kg™) of Pb which poses health risks to human lifeatother study Al Jassir et al
[35] studied 6 washed and unwashed green leafytaklgs from Saudi Arabia and
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observed the concentration of Pb in the coriande7d mg- kg™) and purslane
(0.226 mg- kg™). Several pathological conditions are associaté#d ®Rb intoxication in
children and adults such as nervous and immuneragstlisorder, anemia and reduced
hemoglobin synthesis, cardiovascular diseases ané metabolism, and also renal and
reproductive dysfunction [36, 37]. Nickel was fouindthe range of 0.98 to 2.93 még™
and 0.08 to 2.61 mgkg™ in wastewater and tube well irrigated vegetablkethe studied
area respectively. Maximum accumulation of Ni wéseryved in edible part of spinach
(Fig. 2). The data for Ni showed highly significadifference p < 0.01) between
wastewater and tube well water irrigated vegetaldlas concentration of Ni in wastewater
irrigated vegetable were in the range of 0.98 @82ng- kg™ which are in good agreement
with 0.99 mg- kg™ reported by Jan et al [7] and 1.20 migy” reported by Pasha et al [38].
However the results of this study exceeded the jgsiite limit 0.2 mg kg™ by WHO/EU
[30]. The primary source of Ni is ultramafic rockad the soil derived from these rocks.
However it is also used extensively as catalysiiffierent industrial and chemical processes
[39]. The concentration of Zn in all vegetable irashe range of 0.28 to 2.21 még ™ for
wastewater and 0.07 to 0.86 migg™ for tube well irrigated (Tables 3, 4). The maximum
accumulation of Zn was found in edible part of cadp exposed to wastewater irrigation
source which shows highly significant differenpe<(0.01), from tube well irrigated source
(Fig. 2). The edible part of spinach accumulateel mhinimum level of Zn, having no
significant difference between two sources of atign.

Cadmium was highly accumulated by radish, lettuoel apinach irrigated with
wastewater showing highly significant differenge< 0.01) for wastewater and tube well
water irrigation. Among all of the heavy metals iBnconsidered to be the least toxic and
essential element for human beings as it is ne¢oladaintain normal function of body
immune system. Intake of too much Zn in the didess detrimental than its deficiency.
However, it was also reported that high concemmatf Zn in vegetables can cause
vomiting, renal damage and cramps [40]. The comatah of Zn in vegetables determined
by Zakir et al [41] is much higher than the presexttie while the concentration of Zn in the
same vegetables recorded by Bo et al [42] is irdgagreement to the present study. The
value of Zinc in wastewater irrigated vegetables ieund higher than the safe limits
0.3 and 0.2 mg kg™ [30, 33]. The range of cadmium for wastewater arm well water
irrigated vegetables were 0.08 to 0.85 and 0.0%38 mg kg™ respectively (Tables 3, 4).
Our results for Cd in wastewater and tube welbatéd vegetables showed higher levels
than 0.01 mg kg™, a safe limit set by WHO [30]. Demirezen and Ahifget] reported Cd
content (0.24-0.97 mg kg™) in various vegetables and suggested unsuitablddman
consumption. Chromium was also found in elevataellén all the studied vegetables
irrigated with wastewater. The maximum accumulatdi€r was observed in edible part of
cauliflower followed by radish irrigated with wastater (Fig. 2). The overall range of Cr
was 0.20 to 0.91 mgkg™ and 0.10 to 0.41 mgkg™ for wastewater and tube well water as
irrigation source respectively (Tables 2, 3). Acalation of Cr in the studied vegetables
was lowest in waste water irrigated vegetables @agp to the rest of the metals except
cobalt. These results are consistent with previiudies which reported that Cr is least
accumulated in cabbage [43, 44]. However, the Grelleexceeded the safe limit
0.1 mg- kg*' set by WHO/EU [30]. The high content of Cr in veasater irrigated
vegetables may be attributed to the discharge &iaSed effluent from tanneries in the river
and downstream in the irrigation system.
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Accumulation of Co was significantly higher in wastater irrigated vegetables in the
same way as in the case of other metals. Amorihe@Negetables spinach was observed to
accumulate higher amount of Co irrespective of thegation source (0.49 to
0.76 mg' kg™), while the concentration of Co was in the ranfy@.&7 to 0.76 mg kg™ and
0.09 to 0.81 mg kg™ for all the vegetables in wastewater and tube walker irrigation
system respectively (Tables 2, 3). Cobalt has Beenvn for biochemical functions and
was detected in legumes, spinach, cabbage, lethee greens and figs while higher plants
may not require this metal [26, 44, 45]. In ourdstuthe Co concentration was higher than
0.01 to 1.0 mg kg™ reported by Khan et al [16]. However, the conaatitns were found
consistent with the normal range in edible partgagfetables.

Bioconcentration factor (BCF)

Bioconcentration factor was determined in the debtbosegetables for the studied
metals. The results are given in the form of figut@enerally the BCF values were higher
for tube well irrigated vegetables as compared astev water irrigated vegetables. Nickel
accumulation was significantly highgs € 0.05), in cauliflower and lettuce when irrigated
with tube well water. The highest BCF value for Wak observed in cabbage when irrigated
with tube well water, showing significant differenfrom the rest of vegetables. Maximum
BCF value of lead was calculated for cauliflowerewhrrigated with wastewater (Fig. 3). It
was also observed that all the BCF values for Phwastewater irrigated was found
significantly greaterd < 0.05), than tube well water irrigated vegetald&sept lettuce.
Cabbage showed the highest BCF value for Co having well water as irrigation source.
In case of Cr, Fe and Zn the maximum BCF value reasrded in lettuce, cabbage and
cauliflower respectively when irrigated with tubeliwvater, while the greatest BCF value
for Mn was observed in radish having tube well watgirrigation source. The overall trend
of BCF values for the metals in selected vegetab® Pb > Cd > Ni > Cr > Co > Fe >
Mn > Zn and Ni > Cd > Pb > Fe > Co > Cr > Mn > Zor, wastewater and tube well water
respectively (Fig. 3).

Daily intake of metal

Human exposure to hazardous material can occunghrgarious means, among these,
food chain transfer is the most important one.Ha present study daily intake of the
selected metals in various vegetables consumelteitiarget areas were estimated for both
children and adults on daily basis. The daily ietadf metal (DIM) through the five
commonly consumed vegetables is given in Tablesd6a The data showed that the DIM
for all the metals through the consumption of vepkt irrigated with wastewater was
higher in both adults and children when comparetth wibe well irrigated vegetables. In
case of children the DIM in wastewater irrigatedetables was found to be highest for Fe
(9.80-10% followed by Mn (3.74-10), Pb (1.51-10), Ni (1.39-10%, zZn (9.29-10%), Cd
(3.80-10%, Cr (3.74-10") and Co (4.29- 1¢), while in tube well irrigated vegetables the
order was Fe (6.10- 19, Mn (2.79-10%, Pb (9.29- 10), Ni (5.97-10%, Zn (4.45-10f), Co
(3.17-10%, Cr (2.11-10%), and Cd (1.69- 1¢). Daily intake of metal for adults showed the
order of Fe (6.53-18), Mn (2.49-10%, Ni (9.28-10%, Pb (9.00-1d), Zn (6.19-10%, Co
(2.86-10%, Cd (2.53-10) and Cr (2.49- 10) in wastewater irrigated vegetables, where in
tube well water irrigated vegetables the DIM forublsl was in the following manner Fe
(4.07-10%, Mn (1.86-10%, Ni (3.98-10%, Pb (6.19-1d), Zn (2.96-10), Co (2.11-10),
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Cd (1.12-10% and Cr (1.41-10). Daily intake of metal was also observed to beeno
dependent on the species of vegetable, the trenddgimum DIM was in order of spinach
> radish > cauliflower > lettuce > and cabbage. urmlerstand the phenomena of risk
pertaining to any chemical pollutant, it is impératto notice the exposure concentration by
measuring the route of exposure of the pollutanth® target organism. Food chain
exposure is considered to be one of the most impbgpathways for exposure to many
pollutants including heavy metals. In the presently vegetables grown on wastewater
irrigated soils may cause health risk for the Iqoabulation due to metal contamination. It
is evident from the present data that estimated D®¥ children and adults through
consumption of vegetables irrigated with wastewéehigher than vegetables grown on
tube well water, but the consumption of these \edgletis risk free as the oral reference
dose for Zn, Cd, Pb, Ni, Cr and Mn are 3.0%10.0-10", 4.0-10°% 2.0-10% 1.5, and
3.3-10°mg - kg/day, respectively [7]. However, it represents onhe route for metals
exposure, there are many other sources such ascskitact, inhalation of dust, and
ingestion of metal-polluted soils, which may in@eahe cumulative risk of metal but not
dealt with in the present study.

Table 5
Daily intake of metal (DIM) due to consumption ostewater irrigated vegetables
in the study area [mgkg™}
Adults Children
Metal Radish |Cabbagg Lettuce Cauli- Spinach| Reddish [Cabbagg Lettuce Cauli- Spinach
flower flower

Ni [5.221048.4410%6.11109 7.5910* [9.2810747.8410*|1.2710%9.17107% 1.1410° |1.3910°°
Cr [2.241041.65107%1.9810 2.4910™* [1.2510943.3610*(2.4810%2.97107%| 3.7410* |1.8710™
Cd [2.331048.0310°%2.17109 1.5310™* |2.531043.5010*(1.21:10%3.2610% 2.3010* |3.8010™*
Pb [1.01:1099.0010%7.5610 3.9810™* |7.951041.51:10°3(1.351041.1310°%| 5.9710* [1.191073
Zn |4.541076.19102.65109 2.3710* |1.851076.81:10#|9.2910%43.9710% 3.5610°* |2.7710°*
Fe [4.3110%5.2410°%5.95109 2.8310° |6.531096.4710°|7.87108.9310°% 4.2510° |9.80107°
Mn [2.4910%2.171031.37109 1.1610° |1.731093.74103|3.26102.0610°% 1.7510° |2.5910°°
Co [2.131041.2910%2.57104 1.1810™* |2.8610743.2010*(1.9410%3.87107% 1.7710* |4.2910™

Table 6
Daily intake of metal (DIM) due to consumption abe well water irrigated vegetables
in the study area [mgkg™}
Adults Children
Metal Radish |Cabbagq Lettuce Cauli- Spinach| Reddish [Cabbaggq Lettuce Cauli- Spinach
flower flower

Ni [2.491093.9810%2.69109 3.5910* [3.091043.7410%5.971044.0410°° 5.3910* |4.6410™*
Cr [9.721097.5910%6.75109 1.4110* [4.061091.4610%1.141091.0210% 2.1110* |6.0910°
Cd [1.121093.21:1099.24109 1.0410% [8.441091.6910%4.821091.3910° 1.5710* |1.2710™*
Pb [4.541076.1910%4.94101 1.61:10* [5.3010746.81:104/9.291047.4210% 2.4110* |7.96107*
Zn [2.961092.561048.5610 8.3210° [1.371094.4510%3.841041.2810° 1.2510* |2.0510™*
Fe [1.931093.301033.78109 1.8210° 4.071092.891034.951035.6710% 2.7310° |6.1010°3
Mn [1.861031.201037.50109 6.8310* [1.211092.791031.801091.1310% 1.0310° |1.8210°
Co [1.501097.471091.561079 3.4910° [2.111092.2610%1.121042.3510% 5.2510° |3.1710™*
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Conclusions

Analysis of five vegetables grown on wastewateigéted soils revealed excessive
buildup of heavy metals. Accumulation of Mn, Pb, Knh, Cr and Cd were significantly
(p < 0.05,p < 0.01) above for wastewater irrigated vegetablglsich exceeded the
permissible limits of WHO/EU [30]. The estimated NDlindicated that residents of
Peshawar city are exposed to heavy metals throumisuemption of contaminated
vegetables. However, at present the consumptiothexfe vegetables is risk free but the
situation can be hazardous in future if proper mmrnental control measures would not be
adopted. It is also recommended that industriduefits and wastewater must be treated
before their discharge to irrigation system.
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POBIERANIE METALI PRZEZ WARZYWA NAWADNIANE ~ SCIEKAMI
| ICH DZIENNE ST EZENIE W DIECIE LUDNO SCI PESZAWARU, PAKISTAN

Abstrakt: Warzywa § waznym zrédtem skiadnikéw od/wczych dla organizmu cztowieka. Nawadnianie
sciekami mae prowadz do zanieczyszczenia tych warzyw i powodéveagraenie dla zdrowia. Zbadano
wplyw nawadniania rdin $ciekami na pobieranie metali (Fe, Mn, Ni, Co, Znd,CCr i Pb) przez pi
powszechnie spgywanych warzyw (rzodkiewka, kapusta, satata, katafi szpinak), uprawianych na
przedmidciach Peszawaru. genia metali oznaczono za pomoBAS (atomowej spektrometrii absorpcyjnej).
Pobieranie i akumulacja metali w warzywach nawadyth sciekami byly istotnie § < 0,05) wysze ni
dopuszczalne granice podawane przez WHO/FA@oO®W/cz$ci jadalnych warzyw maksymalna akumulacja Mn,
Pb i Cd wysipita w rzodkiewce, Ni i Fe w szpinaku, natomiasti@n w kalafiorze i kapécie. Oszacowane
dzienne stzenie metali w diecie ludsoi wykazalo,ze obecna ich ik w badanych warzywach mdeta si

w dopuszczalnych granicach (US-EPA, IRIS), jedrigkesiia metali w warzywach nawadniany&iekami byty
wysokie, co mee powodowa zagraenie dla zdrowia w ditsszym okresie.

Stowa kluczowe:metale ajzkie, warzywa, dzienne @tenie metali w diecie ludsoi, scieki, czynnik
biokoncentracji, Peszawar



