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Abstract 
 

Due to insufficient clean water resources wastewater is largely used for irrigation of vegetables in many developing 
countries, particularly in Pakistan. As a result, vegetables in spite of providing nutrients also accumulate toxic metals and 
causes health risks. In the present study, comparison of heavy metal contents, using two digestion methods, in fresh and 
wastewater-irrigated vegetables was appraised by ICP-AES and also their proximate composition was accessed. Samples of 
wastewater-irrigated vegetables; cauliflower, green pepper, spring onion and brinjal edibles and leaves were collected from 
wastewater-irrigated and fresh water-irrigated area of Faisalabad. In all the samples large variation of elemental 
concentration was found however, wastewater grown vegetables showed more accumulation of heavy metals than their 
respective fresh water irrigated vegetables. The amount of Pb (1.87 mg kg–1), Fe (1.09 mg kg–1), Cu (1.01 mg kg–1), Zn 
(1.03 mg kg–1), Cr (0.97 mg kg–1) showed more accumulation than Mn (0.17 mg kg–1), Cd (0.08 mg kg-1) and Ni (0.45 mg 
kg–1) both the edible and leaves of investigated vegetables but nearly all metals were found within safe limits. Only Pb (1.87 
mg kg–1) concentration in wastewater-irrigated vegetables exceeded the permissible limits defined by World Health 
Organization (WHO). Of the two digestion methods nitric acid showed more recovery of metals as compared to dry ash 
procedure. The leaves of vegetables showed more intake capacity of heavy metals. Continuous accumulation of these metals 
can pose severe threats to health of people. 

 
Introduction 
 

Freshwater is a unique natural resource with 
intriguing qualities. Worldwide fresh water is inadequate 
and declining as demand for water has tripled since 1950s 
(Gleick, 2003) particularly in regions of world such as 
Africa, Southern Asia and Middle East. Among the entire 
major water consuming sector, agriculture is the leading 
sector using freshwater worldwide, accounting for almost 
85% of global consumption (Jury & Vaux, 2007). 
According to Intergovernmental Panel on Climate Change 
several hundred million people will face serious water 
shortage due to global warming in the near future. 

Municipalities have only two options for wastewater 
disposal, first in open water bodies and the second to add 
in ground water and turn a blind eye to use it for 
agricultural purposes (Rattan et al., 2001). Farmers use 
wastewater for irrigation with an intention of being a rich 
source of nutrient and economically feasible, as it saves a 
lot of fertilizer expenditure (Lone et al., 2003; Qadir et 
al., 2008) particularly in agricultural lands located near 
cities or in the vicinity of an industrial area (Murtaza et 
al., 2010). Irrigation practices require a large volume of 
water as 80- 95% of the mass of plants is composed of 
moisture (Singh et al., 2001; Hanif et al., 2006). In spite 
of containing essential plant nutrients as N, P, K, Ca, Mg 
and Fe which are important for plant growth, wastewater 
also contains a variety of inorganic substances from 
domestic and industrial sources, including potential toxic 
elements and heavy metals Pb, Cd, Ni, Cr and Hg 
(Sharma et al., 2006) which may be at phytotoxic levels 
or originate health risks (Pereira et al., 2002; Murtaza et 
al., 2010). Consequently, the usage of wastewater for 
irrigation ends to soil contamination and heavy metals 
accumulation both in soil and crops (Bigdeli & 
Seilsepour, 2008; Zulfqar et al., 2012). 

Heavy metals no doubt, are important constituents for 
plants and humans but only in small amount; some 
micronutrient elements may also be toxic to both animals 
and humans at high concentrations, for example copper 
(Cu), chromium (Cr), fluorine (F), molybdenum (Mo), 
nickel (Ni), selenium (Se) or zinc (Zn). Other trace 
elements such as arsenic (As), cadmium (Cd), mercury 
(Hg) and lead (Pb) are toxic even at small concentrations 
(Divrikli et al., 2006). They are persistent and non-
biodegradable that are neither removed by normal 
cropping nor are they easily leached by rainwater as they 
have strong affinities by soil solid phase (Tandi et al., 
2004). The duration of contamination by heavy metals 
may be for hundreds or thousands of years, even after 
their addition to soils had been stopped (Mapanda et al., 
2005;). Moisture, fibers and ash contents of vegetables 
and plant species have been considered vital to the human 
health and also for the soil quality (Hussain et al., 2011). 

Vegetables accumulate heavy metals in their edible 
and non-edible parts (Perveen et al., 2012). Leafy parts of 
vegetables accumulate higher amounts of heavy metals 
than their fruits (Sawidis et al., 2001). The ability to 
accumulate these metals depends on several factors as its 
assimilation capability, levels of sewage sludge 
amendments applied (Muchuweti et al., 2006) and plant 
metal uptake or transfer factor of metals from soil to 
plants. Mapanda et al., (2005) determined that the 
concentrations of heavy metals in vegetables per unit dry 
matter generally follow the order: leaves > fresh fruits > 
seeds. Human exposure to heavy metals has been linked 
with increased blood acidity, developmental retardation, 
various cancers, and interference with essential elements, 
kidney damage, and even death. 
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The total water resources of Pakistan are not sufficient 
to meet up its requirements especially of irrigation. 
Pakistan is an agricultural country and more than 60 
different types of vegetable species are cultivated as 
summer and winter crops in Pakistan (Tahir et al., 2011). 
Total region of Punjab under crop growing is 57% of total 
cultivation in Pakistan. In Pakistan total geographic area is 
about 20.63 million hectares of which 12.49 million 
hectares is under cultivation (Anon., 2008-09) while 
vegetables are grown in the area of about 253800 hectares 
during 2007-08 (Perveen et al., 2010). In Faisalabad district 
about 1623 liters/sec of wastewater is used for irrigation 
and more than 2000 hectares are irrigated by wastewater. 
The present study was intended to determine heavy metal 
accumulation and proximate analysis in edible part of 
vegetables and their leaves, to determine and compare the 
heavy metal concentrations in different parts of vegetables 
i.e., edible and leaves irrigated with fresh water and 
wastewater and also to access the recovery of different 
metals by wet and dry digestion processes. For this 
investigative study status of eight heavy metals (Pb, Cd, Cr, 
Ni, Cu, Zn, Mn and Fe) in four vegetables (Cauliflower, 
Green pepper, Spring onion and Brinjal) were determined. 
 
Materials and Methods 
 
Collection of samples: The fully grown vegetable’s 
(cauliflower, green pepper, spring onion and brinjal) 
edible portion and leaves of fresh water irrigated were 
randomly collected from University of Agriculture, 
Faisalabad and the same vegetables irrigated with 
wastewater were randomly collected from industrial areas 
of Faisalabad, Pakistan. The each variety collected was 
further authenticated from Department of Botany, GC 
University Faisalabad, Pakistan.     
 
Pre-treatment: Samples of edible part of vegetables and 
their leaves were thoroughly washed with distilled water 
to remove any dust particles and then air dried for an hour 
and put in an electric oven at 70ºC for a day to remove all 
of its moisture. Dried samples were ground and sieved to 
obtain fine powder. All the samples were placed in 
polythene bags until used for further analysis. 
 
Proximate analysis: The proximate analysis of 
vegetable’s edible part and their leaves were analyzed 
using standard methods. Moisture content was determined 
using reported method (Anwar et al., 2011). Ash content 
was evaluated according to ISO (Anonymous, 1977) 
method. Crude fiber content was determined according to 
the ISO (Anonymous, 1981) method. Kjeldahl’s method 
was used to estimate the protein contents in the 
investigated vegetables as described in AOAC (1985).  
 
Digestion of samples: Two different digestion processes i.e., 
wet digestion/ nitric acid method (Farooq et al., 2008; Hseu 
2004) and dry ash method (Hseu, 2004) were used to prepare 
the samples for determination of heavy metal concentration 
in the fresh and wastewater irrigated vegetables.  
 
Analysis of samples: Metal ion concentrations (Pb, Cd, 
Cr, Ni, Cu, Zn, Mn and Fe) were measured by 
Inductively Coupled Plasma-Atomic Emission 
Spectrometry (ICP-AES).  

Statistical analysis: The recorded data were subjected to 
two-way analysis of variance (ANOVA) to assess the 
influence of different variables on the concentrations of 
heavy metals in the fresh and wastewater irrigated 
vegetables (Steel & Torrie, 1986).  
 
Results and Discussion 
 
Proximate analysis: Moisture content of leaves, edibles 
of wastewater irrigated vegetables ranged between 79.1-
83.6%, 83.6-95.1% respectively, whereas in fresh water 
grown leaves, edibles samples it was found 76.2-88.9%, 
85.6-95.1% respectively (Tables 1 and 2). The results are 
comparable (78.53-86.53%) to the moisture content 
reported in leaves of different vegetables by Effiong et 
al., (2009). Edible part of vegetable showed high mean 
moisture content to those of leaves of fresh and 
wastewater grown vegetables. Hanif, et al., (2006) also 
found moisture in edible parts of different vegetables in 
the range of 77-95%. 

The ash content of wastewater leaves was found to be 
in range of 0.4-2.05% (Table 1) and its edible parts 
contained 0.25-1.4% (Table 2). In fresh water, leaves of 
vegetables ranged 0.5-1.85% (Table 1) and in edibles it 
ranged 0.25-1.65% (Table 2). Edible parts showed less 
ash contents as compared to leafy parts of same 
vegetables. Hanif et al., (2006) found ash content (0.4-
1.2%) in leafy and non leafy vegetables which support the 
results of leafy parts but the results of non leafy parts are 
slightly higher (Hanif, et al., 2006). All vegetables 
showed lower values of ash to those found by Effiong, et 
al., (2009) for pumpkin and okra. Variation may occur 
due to environmental conditions of collection area and 
different varieties. 

The crude fiber content in leaves of wastewater 
grown vegetables was found to be in the range of 7.6-
12.8% (Table 1) and in edible part it was found to be in 
range of 4.6-11% (Table 2).  In fresh water is ranged from 
7.8-13.2% in leaves whereas in edible portion it was 
found 4.7-10% as shown (Tables 1 and 2). Results of 
edible and leafy parts of vegetables demonstrated that 
leafy vegetables contained more fiber compared to non 
leafy vegetables. Effiong et al., (2009) also reported that 
leafy parts contained more fiber than non leafy parts. 
Hanif, et al., (2006) evaluated less mean fiber contents in 
different varieties of vegetables. There is great variation 
in fiber content comparison of fresh and wastewater 
grown vegetables and their leaves. In some vegetables 
wastewater irrigated showed more fiber in others fresh 
water irrigated showed more fiber. 

The crude protein content in leaves, edible portions 
of wastewater grown vegetables were in the range of 
26.2-32.8%, 21.8-37.5%, respectively (Tables 1 and 2). In 
leaves of fresh water irrigated vegetables crude protein 
was found to be in the range of 20.6-37.1% (Table 1) and 
in edible portion ranged 24-30.6% (Table 2). The results 
of crude protein contents in selected vegetables are in 
similar to observed by Effiong, et al., (2009) for different 
vegetables but higher than observed by Hanif, et al., 
(2006). Wastewater grown vegetables edible and leafy 
parts contained more protein contents than fresh water 
grown edibles and leaves except in cauliflower leaf and 
edible and onion edible. This may be due to high nitrogen 
contents in wastewater in comparison to fresh water. 



HEAVY METAL CONTENTS OF VEGETABLES GROWN WITH FRESH AND WASTE WATER 393

 



KHADEEJA REHMAN ET AL.,  394

Heavy metal contents 
 
Lead (Pb) contents: In all the samples digested by two 
methods (Dry ash and HNO3 digestion method), Pb 
showed highest concentration in cauliflower irrigated 
with fresh and wastewater (0.06-1.87 mg kg–1) (Tables 
3-10). And lowest concentrations were observed in both 
parts of green pepper (0.02-0.014 mg kg–1) (Tables 4, 6, 
8 and 10) digested by both methods, grown with fresh 
water. On the other hand, in wastewater grown 
vegetables, spring onion (1.10-1.31 mg kg–1) showed 
least accumulation of Pb digested by both methods 
(Tables 3, 5, 7 and 9). Higher amount of Pb was found 
in wastewater grown leaves and edible part of all the 
vegetables (1.10-1.87 mg kg–1) as compared to fresh 
water grown vegetables digested by both methods 
(0.014-0.08). Statistically significant differences 
(p<0.05) were obtained between fresh water and 
wastewater-irrigated samples. The waste water irrigated 
all the samples have concentrations of Pb exceeding 
much the safe limits (0.3 mg kg–1) as described by WHO 
standards and can pose severe health effects. Muchuwti 
et al., (2006) also evaluated lead contents (6.77 mg kg–1) 
exceeding the safe limits in wastewater grown 
vegetables. Continuing irrigation with this water can 
result in more build up of Pb in all the samples. All the 
samples grown under fresh water were found to be 
within the safe limits. Results of analysis for leaves 
(0.02-1.87 mg kg–1) of samples showed more 
accumulation of Pb than their respective edible parts 
(0.014-1.83 mg kg–1). Sawidis et al., (2001) also found 
that leaves accumulate more concentration of heavy 
metals than edible parts. Pb showed (Tables 1-8) more 
recovery in samples digested by dry ash procedure 
(0.014-1.87 mg kg–1) than their respective samples 
digested by nitric acid procedure (0.018-1.73 mg kg–1), 
only a few samples showed equal recovery. 
 
Cadmium (Cd) contents: In all the samples digested by 
dry ash and HNO3 digestion method Cd was shown 
highest in concentration in cauliflower irrigated with both 
fresh and wastewater (0.039-0.08 mg kg–1) (Tables 3-10). 
And lowest concentration of Cd was shown in spring 
onion digested by both methods (0.01-0.039 mg kg–1). 
Higher amount of Cd was found in wastewater grown 
leaves and edible part of all the vegetables (0.03-0.08 mg 
kg–1) as compared to fresh water grown vegetables 
digested with both methods (0.01-0.05 mg kg–1). The 
statistical analysis revealed that the difference was non-
significant (p>0.05) between fresh water and wastewater 
irrigated leaves and significant (p<0.05) between edibles 
of different vegetables digested by dry ash method. 
However, nitric acid method showed non-significant 
(p>0.05) difference between fresh and wastewater edibles 
and significant difference (p<0.05) between their leaves. 
Leafy parts of vegetables showed more Cd contents as 
determined by Fytianos et al., (2001) that roots and leafy 
vegetables accumulate Cd more effectively and industrial 
area vegetables contained more Cd than their respective 
rural area grown vegetables. Cd concentrations in fresh 

and wastewater grown vegetables were within safe limits 
(0.1 mg kg–1) as recommended by WHO guidelines. 
Yususf et al., (2003) found that Cd ranges in leafy and 
non leafy vegetables were 0.09-0.62 mg kg–1. Al-Jassir et 
al., (2005) determined Cd in different vegetables in the 
range of 0.046-0.353 mg kg–1. In the present study, both 
edible part and leafy parts of cauliflower grown with 
wastewater showed Cd concentration very close to 
permissible limits (0.1 mg kg–1), and if the wastewater is 
supplied continually to the same field it may result in 
exceeded concentration of Cd. In all the selected 
vegetable samples Cd concentrations vary, it showed 
vegetables have different capacities for absorbing a metal 
or may depend on several factors. Cd recovery by both 
digestion methods did not exhibit much difference. Thus 
Cd recovered equal in both processes of digestion or 
slightly more by nitric acid method. 
 
Chromium (Cr) contents: Brinjal showed more 
accumulation for Cr (0.06-0.97 mg kg–1) and green pepper 
showed least (0.03-0.24 mg kg–1) Cr concentrations in 
most of the selected vegetables (Tables 3-10). Results of 
analysis showed that there was not much variation in Cr 
recovery in leaves and their respective edible parts. But 
significant differences (p<0.05) were observed between 
fresh and wastewater irrigated samples digested by dry 
ash method. However, there were non-significant 
differences (p>0.05) found between fresh and wastewater-
irrigated samples digested by nitric acid method. No 
international guidelines or standards were found for limits 
of chromium concentration in vegetables. Divirkli et al., 
(2006) examined Cr contents in herbal spices that was 
high (0.1-9.7 mg kg–1) comparable to the present study 
(0.03-0.97 mg kg–1). In another study, Sharma et al., 
(2006) found Cr concentrations within safe limits. In most 
of the samples, Cr recovery was found more by dry ash 
digestion method. Hseu (2004) also found recovery of Cr 
more by dry ash method than nitric acid method in 
different composts. 
 
Nickel (Ni) contents: In some vegetables Ni showed 
more recovery in dry ash and in others more in nitric 
acid. More recovery of nickel was found by nitric acid 
samples than dry ash process. Leaves (0.02-0.45 mg kg–

1) (Tables 3, 4, 7 and 8) of nearly all samples contained 
more metal accumulation than their edible parts (0.018-
0.4 mg kg–1) (Tables 5, 6, 9, 10). All the waste and fresh 
water samples Ni was found within safe limits (67 mg 
kg–1) though in waste water grown samples (0.03-0.45 
mg kg–1) more accumulation of Ni was found than fresh 
water samples (0.018-0.07 mg kg–1) which were in 
accordance to those examined by Demirezen & Aksoy 
(2006) that the concentration of nickel to be high in 
vegetables grown in urban area (1.8-13.45 mg kg–1) than 
the same vegetables grown in rural area (0.44-4.02 mg 
kg–1) of Turkey but nickel was found to be within safe 
limits in both areas. The statistical analysis revealed that 
the difference was non-significant (p>0.05) between 
fresh water and wastewater irrigated leaves and edibles 
of different vegetables. 
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Copper (Cu) contents: Cu contents were found more in 
wastewater-irrigated samples (0.09-1.01 mg kg–1) (Tables 
3, 5, 7 and 9) than fresh water samples (0.02-0.08 mg kg–

1) (Tables 4, 6, 8 and 10), but Cu was found within safe 
limits (73 mg kg–1) in all the samples as described by 
WHO standards. There were great variation found in 
accumulation of Cu by different vegetables but in most of 
the samples, green pepper (0.03-1.01 mg kg–1) showed 
more accumulation of Cu. In nitric acid method copper 
showed more recovery of metal supporting the results of 
Hseu (2004). Leaves (0.02-1.01 mg kg–1) showed more 
concentration of copper than edible portion (0.02-0.9 mg 
kg–1) except spring onion edible part (0.9 mg kg–1) grown 
with waste water and digested by dry ash procedure 
showed much higher concentration of Cu than its leaf part 
(0.11 mg kg–1). In fact, non-significant (p>0.05) 
difference was found between fresh and wastewater 
grown all vegetable portions except for nitric acid 
digested fresh water grown edible parts (0.02-0.9 mg kg–

1) of vegetables. Fytianos et al., (2001) observed that Cu 
contents in vegetables grown in urban and rural areas did 
not vary significantly while Farooq et al., (2008) 
determined Cu contents were below 10 mg kg–1. 
 
Manganese (Mn) contents: Ellen et al., (1990) found Mn 
concentrations in different fruits and vegetables in the 
range of 0.95-5.50 mg kg–1 whereas in the present study 
the tested vegetables showed values below to that range. 
In present study, all the samples cauliflower (0.12-0.17 
mg kg–1) showed higher accumulation of Mn but green 
pepper (0.006-0.08 mg kg–1) showed least accumulation 
of Mn (Tables 3-10). The variation in heavy metal 
concentration in vegetables may be due to variation in 
their absorption, and accumulation tendency. (Khan et al., 
2012; Fardous et al., 2010; Sinha et al., 2006) Wastewater 
gown samples depicted more Mn concentration but in 
spring onion samples fresh water samples (0.12-0.14 mg 
kg–1) showed slightly more concentration of Mn than 
waste water grown spring onion (0.08-0.15 mg kg–1). 
Thus, no significant difference (p>0.05) was found 
between fresh and wastewater grown samples. In the 
present study, all the vegetable samples, Mn recovery was 
found more in nitric acid method than dry ash method. 
Leaves (0.008-0.17 mg kg–1) of the vegetable samples 
showed more accumulation than their edible parts (0.006-
0.15 mg kg–1). In most of the samples nitric acid method 
gave high recovery for Mn. 
 
Zinc (Zn) contents: Zn was found highly variable in 
different vegetable samples, more values were found in 
green pepper and cauliflower samples and low 
concentrations of Zn were found in brinjal and spring 
onion. Non-significant differences (p>0.05) were found 
within fresh and wastewater samples. However brinjal 
and cauliflower edible parts showed more concentration 
of Zn than their leafy parts. Demirezen & Aksoy (2006) 
analyzed different vegetables and found Zn contents 
(3.56-4.59 mg kg–1) which are also in limits (100 mg kg–

1). In the present study, wastewater irrigated sample (0.6-
1.03 mg kg–1) were found to contain more Zn 
concentrations than their fresh water irrigated samples 
(0.06-0.89 mg kg–1). In most of the samples Zn recovery 

was found better in nitric acid digestion process but some 
samples showed better recovery by dry ash procedure.  
 
Iron (Fe) contents: Fe accumulation was found highest 
in leaves and edible part of brinjal (0.76-1.09 mg kg–1) 
(Table 3-10). Ismail et al., (2005) also found that Fe, Zn 
and Mn were most commonly detected metals and Fe 
concentration was found below (0.33-0.54 mg kg–1) than 
that examined in the present study. But all samples of Fe 
were found to be within limits defined by WHO (425 mg 
kg–1). Though wastewater grown (0.41-1.09 mg kg–1) 
samples showed more accumulation of Fe than their fresh 
water grown parts (0.28-1.0 mg kg–1). Fe recovery was 
found better in nitric acid digestion method (0.28-1.09 mg 
kg–1) as compared to dry ash method (0.28-0.99 mg kg–1). 
In dry ash digested samples non-significant difference 
(p>0.05) was found in fresh and wastewater irrigated 
samples. In nitric acid digested samples, however, it 
differs non-significantly (p>0.05) in fresh and wastewater 
edible while fresh and waste leaves was found to differ 
significantly (p<0.05). 
 
Conclusion 
 

The results from the present study suggested that 
elemental concentration existed more in wastewater-
grown vegetables than fresh water irrigated vegetables. Pb 
contents were above the toxicity level in wastewater 
grown vegetables and Cr contents were found near to 
toxic levels. Other heavy metals were within permissible 
limits. Elemental concentrations also varied between 
different vegetable varieties. This may be due to their 
structures and assimilation capacities. Comparatively, 
cauliflower showed highest metal accumulation. Mainly 
leafy parts of all the vegetables depicted more 
concentration of metals than their fruits. Of the two 
methods used nitric acid yields more recovery of metals 
except for Pb and Cr. Mean moisture, ash and fiber 
contents found more in fresh water vegetables but mean 
protein contents examined more in wastewater vegetables. 
Moisture contents were found more in edibles and ash 
contents in leaves of vegetables. It could be concluded 
that in wastewater grown vegetables, uptake of metals 
may increase and nutritional value decrease that severely 
damage health of people.   
 
Acknowledgements 
 

The data presented in this manuscript is part of 
research work of Master’s Thesis at Government College 
University, Faisalabad. The authors are thankful to Dr. 
Naeem Iqbal (Department of Botany, GC University 
Faisalabad) for his technical support and help. 
 
References 
 
Al-Jassir, M.S., A. Shaker, M.A and Khaliq. 2005. Deposition of 

heavy metals on green leafy vegetables sold on roadsides of 
Riyadh City, Saudi Arabia. Bulletin of Environmental 
Contamination and Toxicology, 75: 1020-1027. 

Anonymous. 1977. (ISO), Determination of Total Ash, ISO, 
Geneva, 1977, Standard No. 749. 



KHADEEJA REHMAN ET AL.,  400

Anonymous. 1981. Animal feeding stuffs- determination of 
nitrogen and calculation of crude protein content, ISO, 
Geneva, 1981, Standard No. 5983. 

Anonymous. 1985. Association of official analytical chemists 
(AOAC). Official Methods of Analysis, (14th edn.)., 
Arlington, VA. 

Anonymous. 2008-09. Agricultural Statistics of Pakistan (ASP). 
Retrieved from http://www.agripunjab.gov.pk/index.php? 
agri= detail&r=0.  

Anwar, F., U. Rashid, Z. Mahmood, T. Iqbal and T.H. Sherazi. 
2011. Inter-varietal variation in the composition of Okra 
(Hibiscus esculentus L.) seed oil. Pak. J. Bot., 43: 271-280. 

Bigdeli, M. and M. Seilsepour. 2008. Investigation of metals 
accumulation in some vegetables irrigated with waste water 
in shahre rey-Iran and toxicological implications, Amn-
Euras.  J. Agric. & Environ. Sci., 4: 86-92. 

Demirezen, D. and A. Aksoy. 2006. Heavy metal levels in 
vegetables in Turkey are within safe limits for Cu, Zn, Ni 
and exceeded for Cd and Pb. J. Food Qual., 29: 252-265. 

Divrikli, U., N. Horzum., M. Soylak and L. Elci. 2006. Trace 
heavy metal contents of some spices and herbal plantsfrom 
western Anatolia, Turkey. Intl. J. Food Sci. Technol., 41: 
712-716. 

Effiong, G.S., P.I. Ogban., T.O. Ibia and A.A. Adam. 2009. 
Evaluation of nutrient-supplying potentials of fluted 
pumpkin (Telfairia occidentalis, Hook, F.) and okra 
(Abelmoschus esculentus) (L.) Moench. Acad. J. Plant Sci., 
2: 209-214. 

Ellen, G., J.W. van Loon and K. Tolsma. 1990. Heavy metals in 
vegetables grown in the Netherlands and in domestic and 
imported fruits. Zeitschrift fur Lebensmittel-Untersuchung 
und Forschung, 190: 34-39. 

Fardous, A., S. Gondal, Z.A. Shah, K. Ahmad, Z.I. Khan, M. 
Ibrahim, A. Ejaz, W. Ahmad, S. Ullah and E.E. Valeem. 
2010. Sodium, potassium and magnesium dynamics in soil-
plant- animal continuum. Pak. J. Bot., 42: 2411-2421.  

Farooq, M., F. Anwar and U. Rashid. 2008. Appraisal of heavy 
metal contents in different vegetables grown in the vicinity 
of an industrial area. Pak. J. Bot., 40: 2099-2106. 

Fytianos, K., G. Katsianis., P. Trilantafyllou and G. Zachariadis. 
2001. Accumulation of heavy metals in vegetables grown 
in an industrial area in relation to soil. B. Environ. Contam. 
Toxicol., 67: 423-430. 

Gleik, P.H. 2003. Global freshwater resources: soft-path 
solutions for the 21st century. Science, 302: 1524-1528. 

Hanif, R., Z. Iqbal, M. Iqbal., S. Hanif and M. Rasheed. 2006. 
Use of vegetables as nutritional food: role in human health. 
J. Agr. Biol. Sci., 1: 18-22. 

Hseu, Z.Y. 2004. Evaluating heavy metal contents in nine 
composts using four digestion methods. Bioresource 
Technol., 95: 53-59. 

Hussain, J., N. ur Rehman, A.L.  Khan, H. Hussain, A. Al-
Harrasi, L. Ali, F. Sami and Z.K. Shinwari. 2011. 
Determination of macro-and micro-nutrients and 
nutritional prospects of six vegetable species of Mardan, 
Pakistan. Pak. J. Bot., 43: 2829-2833. 

Ismail, B.S., K. Farihah and H.J. Khairia. 2005. 
Bioaccumulation of heavy metals in vegetables from 
selected agricultural areas. B. Environ. Contam. Tox., 74: 
320-327. 

Jury, W.A and J. Vaux. 2007. The emerging global water crisis: 
Managing scarcity and conflict between water users. Adv. 
Agronomy, 95: 1-76. 

Khan, M.J., M.T. Azeem, M.T. Jan and S. Perveen. 2012. Effect 
of amendments on chemical immobilization of heavy 

metals in sugar mill contaminated soils. Soil & Environ. 31: 
55-66.  

Lone, M.I., S. Saleem, S.T. Mahmood, K. Saifullah and G. 
Hussain. 2003. Heavy metal contents of vegetables 
irrigated by sewage/tube well water. Intl. J. Agri. Biol., 5: 
533-535. 

Mapanda, F., E.N. Mangwayana, J. Nyamangara and K.E. 
Gillera. 2005. The effect of long-term irrigation using 
wastewater on heavy metal contents of soils under 
vegetables in Harare, Zimbabwe. Agri, Ecosys Environ., 
107: 151-165. 

Muchuweti, M., J.W. Birkett., E. Chinyanga, R. Zvauya, M.D. 
Scrimshaw and J.N. Lester. 2006. Heavy metal content of 
vegetables irrigated with mixtures of wastewater and 
sewage sludge in Zimbabwe: Implications for human 
health. Agri. Ecosystem Environ., 112: 41-48. 

Murtaza, G., A. Ghafoor, M. Qadir, G. Owens, M.A. Aziz, M.H. 
Zia and Saifullah. 2010. Disposal and use of sewage on 
agricultural lands in Pakistan: A review. Pedosphere, 20: 
23-34. 

Pereira, L.S., Oweis, T. and A. Zairi. 2002. Irrigation 
management under water scarcity. Agri. Water Manag., 57: 
175-206. 

Perveen, S., A. Samad, W. Nazif and S. Shah. 2012. Impact of 
sewage water on vegetables quality with respect to heavy 
metals in Peshawar, Pakistan. Pak. J. Bot., 44: 1923-1931.  

Perveen, S., Z. Malik and W. Nazif. 2010. Fertility status of 
vegetable growing area of Peshawar, Pakistan. Pak. J. Bot., 
42: 1871-1880. 

Qadir, M., D. Wichelns, L. Raschid-Sally, P.G. McCornick, P. 
Derchsel., A. Bhari and P.S. Minhas. 2008. The challenges 
of wastewater irrigation in developing countries. Agri. 
Water Manag., 97: 561-568. 

Rattan, R.K., S.P. Datta, P.K. Chhonkar, K. Suribabu and A.K. 
Singh. 2001. Effect of long term application of sewage 
effluents on available water status in soils under Keshopure 
Effluent Irrigation Scheme in Delhi. J Water Manag., 9: 
21-26. 

Sawidis, T., M.K. Chettri, A. Papaionnou, G. Zachariasis and J. 
Stratis. 2001. A study of metal distribution from lignite 
fuels using trees as biological monitors. Ecotoxicol. 
Environm. Safety, 48: 27-35. 

Sharma, R.K., M. Agarwal and F.M. Marshall. 2006. Heavy 
metals contamination in vegetables grown in wastewater 
irrigated areas of Varanasi, India. B. Environ. Contam. 
Toxicol., 77: 312-318. 

Singh, G., A. Kawatra and S. Sehghal. 2001. Nutritional 
composition of selected green leafy vegetables, herbs and 
carrots. Plant Foods Human Nut., 56: 359-364. 

Steel, R.G.D. and J.H. Torrie. 1986. Principles and procedures 
of statistics. McGraw Hill Book Co., Inc. New York, NY. 

Tahir, M., M. Ayub, H.M.R. Javeed, M. Naeem, H. Rehman, M. 
Waseem and M. Ali. 2011. Effect of different organic 
matter on growth and yield of wheat (Triticum aestivum 
L.). Pak. J. Life Soc. Sci., 9: 63-66. 

Tandi, N.K., J. Nyamangara and C. Bangira. 2004. 
Environmental and potential health effects of growing leafy 
vegetables on soil irrigated using sewage and effluent: a 
case of Zn and Cu. J. Envir. Sci. Health, 39: 461-471. 

Yusuf, A.A., T.A. Arowolo and O. Bamgbose. 2003. Cadmium, 
copper and nickel levels in vegetables from industrial and 
residential areas of Lagos City, Nigeria. Food Chem 
Toxicol., 41: 375-378. 

Zulfqar, S., A. Wahid, M. Farooq, N. Maqbool and M. Arfan. 
2012. Phytoremediation of soil cadmium using 
Chenopodium species. Pak. J. Agri. Sci., 49: 435-445. 

 
(Received for publication 28 October 2011) 


