
INTRODUCTION

In Pakistan, industrial wastewater is being used for

irrigating 32500 ha land1. It is estimated that scarcity of water

in agricultural areas will reach up to 33 % of the entire needs

in 20252. The farmers using municipal wastewater for irriga-

tion can earn more profit (US$300 approximately) each year

as compared to those using fresh water1. Wastewater, some-

times allows the farmer to grow crops more than one time in a

year. In Pakistan, irrigation of crops with municipal wastewater

is a common practice particularly in the peri-urban areas of

big cities3.

Wastewater enriches the crops with nutrients that are

essential for better growth and improved yield. Heavy metals,

nitrates, salts and nutrients in sewage water pose a harmful

impact on the environment4. The continuous utilization of

unprocessed water results in the enrichment of soil with both

macro and micro-nutrients5, 6. Wastewater causes a problem in
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This research was conducted to evaluate the metal and metalloid concentrations in soil and Cucurbita maxima. A composite of soil and

vegetable samples were collected from two sites of district Sargodha, Pakistan receiving domestic sewage water. Soil and vegetable

samples were digested and analyzed for metal contents. The levels of six different metals and metalloids in soil viz., Co, Ni, Cu, As, Zn

and Se were found to be 19.61, 3.29, 11.97, 26.40, 3.84 and 2.36 mg kg-1 at site-I and 19.63, 3.57, 11.76, 26.39, 3.73 and 2.29 mg kg-1 at

site-II, respectively. The metal contamination levels at both sites were almost similar. The study showed that constant supply of raw water

for irrigation resulted in accumulation of metals and metalloids in the vegetable above the maximum permissible limit. The mean concen-

trations of metals and metalloids in edible portion of Cucurbita maxima in mg kg-1 at site-I were 0.544 for Co, 4.33 for Ni, 23.43 for Cu,

11.72 for As, 61.77 for Zn and 0.835 for Se and at site-II 0.760 for Co, 4.827 for Ni, 23.49 for Cu, 9.097 for As, 58.65 for Zn and 0.833

for Se. The transfer factor indicated that Zn had the strongest capacity of metal accumulation from the soil to the vegetable at both sites.

Pollution load index for Se, Cu and Co was greater than 1 at both sites. Health risk index due to intake of Cucurbita maxima (mg day-1)

was 0.07 for Co, 1.24 for Ni, 3.37 for Cu, 224.63 for As, 1.18 for Zn, 0.90 for Se at site-I and 0.101 for Co, 1.38 for Ni, 3.37 for Cu,

174.35 for As, 1.12 for Zn and 0.95 for Se at site-II. Concerning the consumption routine of residents in sampling area, the daily intake

of As, Cu, Ni and Zn was beyond the oral dose, thus eating of Cucurbita maxima is not considered to be safe for inhabitants of the

sampling sites.
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organisms as it contains considerable amount of poisonous

heavy metals.

Among various types of pollution, soil pollution with

metals may cause severe problems because these metals are

firmly attached to soil particles and may persist in soil for a

long period. Metals gather in the soil very quickly but removal

of metals takes place from soil very slowly either by leaching

down in the ground water or by getting into the plant7. Soil

acts as a natural buffer and reservoir for pollutants, thus it

helps control the transfer of ions and chemicals to biota,

atmosphere and hydrosphere8. For the food production, the

soil acts as an essential natural source and plants obtain

nutrients from the soil via roots.

The most favorable and low cost way of achieving the

essential nutrients for the body is the use of excess fruits and

vegetables mainly in those areas where other nutrients are

deficient. Vegetables work as a buffer for acidic substances

produced during the process of digestion. Due to considerable

Asian Journal of Chemistry;   Vol. 25, No. 17 (2013), 9712-9716

http://dx.doi.org/10.14233/ajchem.2013.15194



awareness among masses, the vegetable consumption in the

last few decades has increased tremendously because of its

role in the prevention of certain diseases and presence of key

nutritional components essential for human health9.

Prolonged intake of foodstuffs containing hazardous metal

contents may cause toxicity in humans by disrupting metabolic

processes and hence causing a variety of health disorder10.

For example, high level of Cu causes toxicity in humans and

plants and it disturbs physiological and biochemical processes

such as pigment synthesis, photosynthesis, membrane integrity

and protein synthesis11-13. In severe cases, arsenic toxicity can

badly affect the human health, especially hardening of skin,

skin pigmentation and lesions and to some extent it can cause

neurological disorders and cancer14. Symptoms associated with

Co toxicity are nausea, vomiting, abdominal pain and respira-

tory problems such as wheezing and asthma15.

Cucurbita maxima (pumpkin), a member of Cucurbitaceae

family, is generally cultivated all over the world as a popular

vegetable. Aerial parts and fruits of Cucurbita maxima are

generally eaten as vegetable. It is an annual or perennial herb

and is large and climbing. Its leaves are trifoliate and stem is

flexible and succulent16. In many countries like India, Brazil,

America, Yugoslavia and China, pumpkin is usually used as

medicine17.

The aim of this study was to assess the levels of Co, Ni,

Cu, As, Zn and Se in Cucurbita maxima and its rhizospheric

soil usually irrigated with wastewater in District Sargodha and

determined the transfer of metals and metalloids from the soil

to the vegetable. We also assessed the pollution load in soil

and health risk index due to intake of contaminated Cucurbita

maxima from the sampling sites.

EXPERIMENTAL

This research was conducted in Sargodha District

(Central Punjab), Pakistan. Sargodha is present on 32°082003

north latitude and 73°72003 east longitude. Sargodha is an

agricultural city. The samples of Cucurbita maxima and the

rhizospheric soil were taken from peri-urban areas, usually

irrigated with municipal wastewater. Two sites were selected

for sample collection. Site-I was located at 10 km radius and

site-II at 25 km radius of Sargodha city. The sampling was

done in the month of July and August 2012.

Soil samples: From each site of sampling, the composite

soil of almost 1 kg was collected under the vegetable. The

composite soil consisted of 5 sub-samples. To attain random-

ness, the soil was dug up to 20 cm depth in a zigzag path.

Firstly, the soil samples were dried in air and then dried at

72 ºC in an oven for three consecutive days18 and were pulve-

rized and mashed into powder form by using a grinder and

sieved. Prior to analysis, the samples were packed into

polythene bags.

Vegetable samples: Six replicates of the vegetable (edible

part) were collected from each site. Vegetable samples were

washed once with distilled water. Edible portions were cut

into small pieces with a knife and dried in sunlight and then

placed in an oven at 92 °C for 48 h. Dried samples were ground

into powder with the help of an electric grinder.

Digestion of soil samples: 1 g soil sample was taken in a

flask and then added 8 mL of H2O2 and 4 mL of H2SO4. The

samples were placed for 0.5 h in a digestion chamber at

appropriate temperature. After the digestion was completed,

2 mL of H2O2 were added to each flask. All samples were heated

again until the samples became colourless. After filtering the

digests the final volume of each sample was raised to 50 mL

and then stored in plastic bottles until analysis.

Digestion of vegetable samples: 1 g dried sample of the

vegetable was taken in a flask and 4 mL of H2O2 and 2 mL of

H2SO4 were added to it. Further course of the protocol was

same as adopted for soil analysis.

Standard preparation and metal analysis: In order to

determine accurate values of different metals and metalloids

in the soil and vegetable samples, standards of Co, Ni, Cu, As,

Zn and Se were prepared to calibrate the flame photometer

and atomic absorption spectrophotometer19. All soil and vege-

table samples were run on these instruments to determine the

concentrations of the six metals in the soil and vegetable.

Quality control: In order to check the level of authenti-

cation, repeated comparison was done with the standard

reference values (SRM 1570) given by National Institute of

Standard and Technology for all metals, mainly in ± 2 range.

To remove any contagion and dependability, the level of quality

was checked and at least 5 values were taken by standardizing

the instrument. The level of variation was also determined and

below 10 was considered authentic.

Statistical analysis: Biostatistics was employed for the

data obtained from different analysis using the SPSS software

17. For soil, one-way ANOVA was used and for the vegetable,

a two-way ANOVA with interaction was applied on the data.

Correlation was also worked out between the soil and the vege-

table metal contents. Its significance was tested at 0.001, 0.01

and 0.05 levels of probability20.

Transfer factor for vegetable/soil system: To analyze

the accumulating capability of metals from the soil to the vege-

table, a quantitative assessment of the correlation between the

concentration of metal contents in edible portion of vegetable

and those in soils was done by the transfer factor (TF)21.

soil

vegetable

]Metal[

[Metal]
TF =

where: TF stands for transfer factor for vegetable/soil system;

[Metal]vegetable is the total metal concentration in the edible

portion of vegetable, mg kg-1, in dry matter; [Metal]soil is the

total metal concentration in soil where this vegetable is grown,

mg kg-1, in dry matter.

Pollution load index: Pollution load index (PLI), for a

particular site, has been evaluated22.

This parameter is expressed as: PLI = Metal concentration

in investigated soil/reference value of the metal in soil.

Health risk index: The health risk index (HRI) was

calculated as the ratio of estimated daily intake of metal via

test vegetable and oral reference dose21.

Daily intake of metal (DIM) 
weight Average

intake foodmetal

B

DC ×
=

Health risk index (HRI) 
DR

DIM

F

=
23
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where: Cmetal, Dfood intake and Baverage weight represent the heavy metal

concentrations in vegetable (mg kg-1), daily intake of vegetable

(kg day-1) and average body weight (kg), respectively. The

average daily vegetable intake rate was calculated by conducting

a survey in which 100 people with an average body weight of

60 kg were asked for their daily consumption of a particular

vegetable from the experimental area in each month of samp-

ling23-25. Values of RfD for Co (0.043 mg kg-1 day-1), Ni (0.02

mg kg-1 day-1), Cu (0.04 mg kg-1 day-1), Se (5 × 10-3 mg kg-1

day-1), As (3 × 10-4 mg kg-1 day-1) and Zn (0.3 mg kg-1 day-1)

were taken from the Integrated Risk Information System26.

The average daily intake of metals in 0.345 kg of vegetables

per day for adult residents was used24, 25. An index greater than

1 is considered dangerous to human health23.

RESULTS AND DISCUSSION

Analysis of variance for data in soil showed non-signifi-

cant (p > 0.05) effect of the sites on Co, Ni, Cu, As, Zn and Se

concentrations (Table-1). The results of the two-way analysis

of variance with interaction in the vegetable and the site showed

a significant (p < 0.05) effect of the site on Co and Zn concen-

trations while the reverse (p > 0.05) was true for Ni, Cu, As

and Se concentrations. Ni, Cu, As, Zn and Se were non-signi-

ficantly (p > 0.05) affected while Co concentration was less

significantly (p < 0.05) affected by the site and vegetable

interaction (Table-2).

TABLE-1 
ONE- WAY ANALYSIS OF VARIANCE FOR METALS 

AND ETALLOIDS IN SOIL AT TWO DIFFERENT 
SITES IN SARGODHA DISTRICT 

Metal and metalloid Site Metal and metalloid Site 

Co 0.001ns As 0.000ns 

Ni 0.240ns Zn 0.037ns 

Cu 0.135ns Se 0.015ns 

ns = not significant. 
 

TABLE -2 
ANALYSIS OF VARIANCE WITH INTERACTION 

FOR METALS AND METALLOIDS IN THE 
VEGETABLE AT DIFFERENT SITES 

Metal and metalloid Site Vegetable Site × vegetable 

Co 0.061* 0.225*** 0.065* 

Ni 0.001ns 0.062ns 1.421ns 

Cu 1.992ns 5.807ns 2.372ns 

As 4.259ns 104.459*** 19.010ns 

Zn 189.46* 668.163*** 37.593ns 

Se 0.049ns 0.204* 0.048ns 

*** = significant at 0.001 level * = significant at 0.05 level. ns =not 
significant. 
 

Heavy metals and metalloids in soil: At both sites, the

levels of metals and metalloids in raw water irrigated soil were

found below the maximum permissible limit given by

USEPA27,28. The concentrations of all heavy metals and

metalloids investigated were lower at site-II than those found

at site-I of the sampling area except Co and Ni. At site-I, the

concentrations of different metals were as Co (19.61), Ni

(3.29), Cu (11.97), As (26.40), Zn (3.84), Se (2.36) and at

site-II, Co (19.63), Ni (3.57), Cu (11.76), As (26.39), Zn (3.73),

Se (2.29) mg kg-1, respectively (Table-3).

TABLE-3 
CONCENTRATION (mg kg-1) OF SOME METAL AND 

METALLOID POLLUTANTS IN SOIL SAMPLES OBTAINED 
FROM TWO DIFFERENT SITES OF DISTRICT SARGODHA 

Sampling sites 
Metal and 
metalloid Site-I 

(means ± SE) 
Site-II 

(means ± SE) 

Permissible 
maximum 

limit USEPA27 

Co 19.61 ± 0.174 19.63 ± 0.320 65 

Ni 3.294 ± 0.017 3.577 ± 0.147 50 

Cu 11.977 ± 0.147 11.765 ± 0.287 50 

As 26.405 ± 0.290 26.397 ± 0.256 40 

Zn 3.848 ± 0.027 3.737 ± 0.002 200 

Se 2.367 ± 0.031 2.297 ± 0.017 3 

SE = Standard error. 
 

Heavy metals and metalloids in Cucurbita maxima: The

total concentrations of heavy metals and metalloids in the vege-

table (Cucurbita maxima) collected from the two sub-urban

sites of Sargodha city are presented in Table-4.

TABLE-4 
CONCENTRATION (mg kg-1) OF SOME METAL AND 

METALLOID POLLUTANTS IN THE VEGETABLE OBTAINED 
FROM TWO DIFFERENT SITES OF DISTRICT SARGODHA 

Sampling sites 
Metal and 
metalloid Site-I 

(means ± SE) 
Site-II 

(means ± SE) 

Permissible 
maximum 

limit WHO28 

Co 0.554 ± 0.014 0.760 ± 0.027 1 

Ni 4.33 ± 0.025 4.827 ± 0.159 2 

Cu 23.437 ± 1.326 23.49 ± 0.261 20 

As 11.72 ± 0.274 9.097 ± 0.259 7 

Zn 61.771 ± 1.443 58.65 ± 0.454 50 

Se 0.835 ± 0.027 0.833 ± 0.021 – 

SE = Standard error. 
 

The average concentration of Co in the vegetable tissue

(dry wt.) was found to be 0.55 mg kg-1 at site-I and 0.76 mg

kg-1 at site-II, respectively. The Co level was lower than the

permissible limit of 1 mg kg-1 dry wt. suggested by WHO29.

The vegetable Co concentration was, however, higher at site-

II than that at site-I.

The concentration of Ni in the vegetable was 4.82 mg kg-1

at site-II and 4.33 mg kg-1 at site-I, respectively. Higher Ni

concentration was observed at site-I than that observed at site-

II. The concentration of Ni in the vegetable tissue exceeded

the permissible limit of 2 mg kg-1 recommended by the WHO29.

The mean vegetable Cu concentration was recorded to be

23.49 mg kg-1 at site-II and 23.43 mg kg-1 at site-I, respec-

tively. These values at both sites exceeded the permissible limit

of 20 mg kg-1 as reported by the WHO29.

The mean vegetable As concentration was 11.72 mg kg-1

at site-I and 9.097 mg kg-1 at site-II, respectively, however, the

As concentration reported at site-I was higher than that detected

at site-II. The concentration of As in the vegetable tissues at

both sampling sites was above the permissible limit of 7 mg

kg-1 suggested by the WHO29.

The average Zn level in the edible parts of Cucurbita

maxima was 61.77 mg kg-1 at site-I and 58.65 mg kg-1 at site-

II, respectively. The levels of Zn in the vegetable tissue at both

sites exceeded the permissible limit of 50 mg kg-1 as suggested

by the WHO29.

The average Se concentration in the edible tissues of the

vegetable was 0.835 mg kg-1 at site-I and 0.833 mg kg-1 at

9714  Khan et al. Asian J. Chem.



site-II, respectively, the values at site-I being considerably

higher than those at site–II, in this investigation.

The average transfer factor of the selected heavy metals

and metalloids at site-I and site-II was calculated as the concen-

tration of metals and metalloids in the vegetable tissues were

found to be within the range from 0.028-16.05 mg kg-1. Trans-

fer factor was in order: TF Zn (16.05) > TF Cu (1.956) > TF

Ni (1.314) > TF As (0.443) > TF Se (0.350) > TF Co (0.028)

at site-I and TF Zn (15.69) > TF Cu (1.996) > TF Ni (1.349) >

TF Se (0.362) > TF As (0.344) > TF Co (0.038), at site-II,

respectively (Table-5).

TABLE-5 
TRANSFER FACTOR (TF) FOR VEGETABLE/SOIL SYSTEM 

Transfer factor (mg kg-1) Sampling 
sites Co Ni Cu As Zn Se 

Site-I 0.028 1.314 1.956 0.443 16.05 0.352 

Site-II 0.038 1.349 1.996 0.344 15.69 0.362 

 
Ni (r = -0.889), Zn (r = -0.758) and Se (r = -0.797) showed

negative and significant correlations between soil and vege-

table, while Co (r = 0.556), Cu (r = 0.191) and As (r = 0.203)

showed positive and non-significant correlations (Table-6).

TABLE-6 
METAL AND METALLOID CORRELATION 

BETWEEN SOIL AND VEGETABLE 

Metal and 
metalloid 

Soil-vegetable 
(r) 

Metal and 
metalloid 

Soil-vegetable 
(r) 

Co 0.556 As 0.203 

Ni -0.889** Zn -0.758** 

Cu 0.191 Se -0.797** 

**Correlation is significant at 0.01 level. 
 

Pollution severity and its variation along the sites were

determined with the use of pollution load index. The contami-

nation factor at both sites was almost similar. The reference

values30 of Co, As and Se in soil were 9.1, 29.0 and 0.7 mg kg-1

and for Ni, Cu and Zn were 9.06, 8.39 and 44.19 µg g-1 dry

matter, respectively31. The pollution load index at site-I was in

the following sequence: Se (3.38) > Co (2.178) > Cu (1.427)

> As (0.910) > Ni (0.363) > Zn (0.087) and at site-II: Se (3.281)

> Co (2.181) > Cu (1.402) > As (0.91) > Ni (0.394) > Zn

(0.084) (Table-7).

TABLE-7 
POLLUTION LOAD INDEX (PLI) FOR 
METAL AND METALLOID IN SOIL 

Pollution load index (mg kg-1) Sampling 
sites Co Ni Cu As Zn Se 

Site-I 2.178 0.363 1.427 0.910 0.080 3.38 

Site-II 2.181 0.394 1.402 0.910 0.085 3.28 

 
The health risk index due to intake of heavy metals and

metalloids via Cucurbita maxima ranged from 0.074-224.63

mg day-1. The risk index at site-I was: As (224.63), Cu (3.368),

Ni (1.245), Zn (1.183), Se (0.902), Co (0.074) and at site-II:

As (174.35), Cu (3.376), Ni (1.387), Zn (1.124), Se (0.957),

Co (0.101). Highest risk index was observed due to As and

lowest due to Co (Table-8).

It is now widely known that application of a chemical

fertilizer to the soil may cause it polluted due to accumulation

TABLE-8 
HEALTH RISK INTAKE (HRI) DUE TO METAL 

AND METALLOID VIA INTAKE OF VEGETABLE 
FROM WASTE WATER IRRIGATED SITES 

Health risk intake (mg day-1) Sampling 
sites Co Ni Cu As Zn Se 

Site-I 0.074 1.244 3.368 224.63 1.183 0.902 

Site-II 0.101 1.387 3.376 174.35 1.124 0.957 

 
of a variety of toxic metals. In the present study, high amount

of arsenic, while low of Ni was found. The concentrations of

all heavy metals in the soils of both sites were below the maxi-

mum permissible limit. The use of wastewater for irrigation

changes the chemical and physical properties of soil and uptake

of metal by vegetables32. Uncontrolled accumulation of metals

and metalloids in soil is detrimental because these are extremely

toxic and once accumulated in soil, they cannot be easily elimi-

nated. Soil Zn, Ni and Cu levels found in the present investi-

gation were similar to those found at some different sites in

the Faisalabad region33.

Among all the heavy metals and metalloids, Zn concen-

tration was the maximum and Co the minimum in the vege-

table at both sites. The levels of all metals and metalloids were

above the maximum permissible limit except those of Co. The

heavy metal concentrations in vegetables are believed to vary

from site to site and differ from one vegetable species to the

other. This may be due to translocation of metals in different

parts of plants or uptake capacity of a vegetable through its

roots34,35. It can also be due to the different characteristics of

soil such as organic contents, acidity and ability of plant roots

to penetrate where the toxic metals are present. Metal concen-

tration differs among vegetables as it depends on absorption

capacity of metals and physico-chemical characteristics and

nature of soil, which are changed by anthropogenic and

environmental interferences and type of plants35. Radwan and

Salama36, also found highest concentration of Zn in some

vegetables collected from Egyptian markets. Due to variations

in absorption of metals in plants through roots and their

further translocation within the plant parts, edible parts of

vegetables showed variations in heavy metal concentrations34.

Contrary to these findings, Khimpa et al.37 determined lower

levels of Zn and Cu in some vegetables grown in the vicinity

of closed dumpsite, Tanzania. The Cu, Ni and Zn levels in

pumpkin in the present investigation were similar to those

observed by Hussain et al.33 at some sites of Faisalabad,

Pakistan.

Among the selected metals, Zn showed maximum values

of transfer factor, which ranged from 15.69-16.05 at both sites

and it was minimum for Co, ranging from 0.028-0.038. Transfer

factors for Cu, Zn and Ni were greater than 1 while for Co, As

and Mo were lower than 1 (Table-3). Transfer factor varies

from vegetable to vegetable due to differences in uptake of

elements and metal concentration in soil38. The high transfer

values for Zn, Cu and Ni from soil to plant indicate a strong

accumulation of the respective metals by the vegetable. The

transfer factors for Zn, Ni and Cu in the present findings were

similar to the earlier study conducted by Ullah et al.3 while

the transfer factors of Zn, Cu and Ni from the soil to the vege-

table were higher in the present study than the values reported

by Chao et al.39.
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Pearson correlation coefficient was calculated to ascertain

the relationship of metal between variables40. The highest

correlation was found for Co while the correlation due to Ni

between soil and vegetable was lower. Correlation between

soil and plant depends on the availability of metals in soil. Zn,

Ni and Se showed negative and significant correlations. The

negative sign indicates that there is a weak correlation between

the soil and the vegetable. These results showed the mineral

imbalance of these metals among soil and vegetable. Co, Cu

and As reveal positive and non-significant correlations indica-

ting a strong association between the soil and the vegetable.

The suitability of soils for agricultural use can be further

assessed by using pollution load index which assesses the

environmental risk caused by contaminated soils. In the present

study, the pollution load indices observed for Co, Cu and Se

were greater than 1, which can cause environmental hazardous

effects while for Ni, As and Zn were lower than 1, which do

not pose environmental risk. Highest pollution load index was

observed due to Se while that due to Zn was lowest at both

sites. The pollution load due to investigated metals and metal-

loids was similar at both sites. The pollution load index due to

As was higher in the present investigation, whereas that of Zn

was lower than the findings of Oti-Wilberforce and Nwabue41.

The results of the current investigation indicate that the

sampling area is facing hazardous toxicity due to Co, Cu and

Se, while no toxic effects due to soil Ni, As and Zn concentrations

could be assessed.

The metal accumulation in edible portions of different

vegetables may have a direct impact on inhabitant’s health,

consuming such vegetables. At both sites, the population was

at a greater risk of As, Zn, Cu and Ni since their values were

greater than 1 while the values observed for Co and Se were

lower than 1 at both sites. The human population will have no

risk, if the ratio is lower than 1, but if the ratio is equal or

greater than 1, the population may experience health risk42.

The health risk assessment is dependent on physical charac-

teristics of soil, its chemical composition, vegetable type and

rate of consumption of vegetables43. To avoid the toxic metal

accumulation in food chain, standard monitoring of metal

contents in vegetables is necessary in contaminated areas.

Health risk indices due to Cu, Ni and Zn were higher in the

present study than those recorded by Singh et al.31 in pumpkin

irrigated with wastewater in India. Health risk index observed

in this research due to Cu and Zn was higher than those

reported by Cui et al.21. The findings of our study indicate that

there is a potential hazard of toxicity in humans due to As, Zn,

Cu and Ni in the sampling areas.
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