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Abstract.- Bitter gourd (Momordica charantia) grown around refuse and effluent sites of District Sargodha,
Pakistan were analyzed for six metals and metalloids viz., cobalt (Co), nickel (Ni), copper (Cu), arsenic (As), zinc
(Zn) and selenium (Se) by atomic absorption spectrophotometric method. Results showed that the concentrations of
Co, Ni, Cu, As, Zn and Se at both sites were below the permissible limit. The levels of heavy metal and metalloid
(mg/kg dry wt.) in vegetable at site-1 were 0.83 for Co, 4.78 for Ni, 20.22 for Cu, 13.35 for As, 52.25 for Zn, 0.78 for
Se and 0.874 for Co, 5.63 for Ni, 22.68 for Cu, 13.54 for As, 61.77 for Zn and 0.642 for Se at site-1l. Transfer factors
in the range of 0.049-10.97 were obtained, with Zn and Cu having the highest concentration factors of 10.97 and 2.46,
respectively. The differences in uptake of these heavy metals and metalloids are ascribed to difference in tolerance to
these metals by the vegetable species. The contamination factor at site-l was greater as compared to those observed at
site-11. Concerning the eating habit of inhabitants, the daily intake of As, Cu, Zn and Ni was above the reference dose.
Therefore, the intake of Momordica charantia was not safe for consumption in the sampling area. To reduce the health
risk effects, it is suggested to treat the industrial wastes properly and phyto-extract the overload of heavy metals and
metalloids from polluted sites.
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INTRODUCTION

An assessment is necessary for the

regulation, bioremediation and handling of harmful
material in the whole ecosystem. Risk assessment of
ecosystem is dawning in the field of environmental
sciences and for sustainability of overall ecosystem,
significant survey is essential in industrialized
countries. In Pakistan, the appliance of wastewater
is confined in agricultural sub-farms. District
Sargodha is the region where municipal wastewater
is used to irrigate crops especially vegetables
(Ahmad et al., 2013). Under semi-arid and arid
conditions, the use of sewage water is advantageous
because of its low cost and easy way of
conservation and disposal (Mapanda et al., 2005).
Wastewater provides necessary nutrients such as
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nitrogen and phosphorus for cultivation purpose
(Nyamangara and Mzezewa, 1999).

Heavy metals and metalloids are abundant in
areas where anthropogenic pressure is greater. The
presence of metals and metalloids can cause severe
problems for all organisms. In agricultural soil, the
accumulation of metals badly affects the crop
growth and food quality (Msaky and Calvert, 1990;
Fergusson, 1990; Ma et al., 1994; Adhikari et al.,
2004; Islam et al., 2007) and environmental health,
including terrestrial animals and soil fauna and
flora. Plant intake these pollutants by absorbing it
from surface of plant, which is in direct contact with
contaminated soil and polluted air (Al-Jassir et al.,
2005; Singh and Kumar, 2006).

Vegetables comprises of essential dietary
components by supplying calcium, proteins,
vitamins and other nutrients (Thompson and Kelly,
1990). Vegetables resist the pH of the acidic
substances produced during the digestion process. In
addition to essential elements, vegetables also
contain toxic elements. Accumulation of these toxic
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compounds can be a threat for human health
(Damek-Poprawa and Sawicka-Kapusta, 2003;
Tlrkdogan et al., 2003). Vegetables also absorb
metals from air and deposit them on vegetables parts
exposed to polluted environment (Zurera-Cosano et
al., 1989; Sobukola et al., 2010). The vegetables
grown in polluted soil take up large quantities of
heavy metals in their different parts that can cause
public health problems (Mahfuz et al., 2004; Khan
et al., 2008; Khanam et al., 2011). The awareness
has increased among the people at national and
international level about the adverse effects and
risks caused by heavy metals present in the food
additives and as a result, the permissible level of
metal has decreased up to some extent in food items
(Radwan and Salama, 2006). The cleanup of heavy
metals from polluted soil is very expensive.
However, the metal removal from contaminated soil
by microbial activity has become the most common
(Shakoori et al., 2004; Rehman et al., 2007; Resmi
et al., 2010).

Momordica charantia commonly known as
bitter gourd. Bitter gourd is one of the most popular
vegetables in Southeast Asia. It is a member of the
Cucurbitaceae family. It is rich in vitamins,
minerals, carbohydrates and proteins (Miniraj et al.,
1993; Desai and Musmade, 1998; Behera et al.,
2010). Bitter gourd shows significant variation in
nutrient contents including calcium, proteins,
phosphorous, iron, ascorbic acids and magnesium
(Kale et al., 1991). Studies in Sargodha, Pakistan
focus primarily on Co, Ni, Cu, As, Zn and Se
concentration in  Momordica charantia and
rhizospheric soil. In addition, heavy metal and
metalloid uptake by the vegetable and the pollution
load and transfer factor from soil to edible portion
of vegetable as well as health risks due to
consumption of the vegetable were assessed. This
information may help understand whether or not
these municipal wastewater irrigated sites could be
fit for cultivation of vegetables particularly the
Momordica charantia.

MATERIALS AND METHODS
This study was conducted in the vicinity of

Sargodha district, Punjab, Pakistan. Sargodha city
lies in 32°08'00” north latitude and 73°7'00" east

longitude. Sargodha is an agricultural city. Its
climate is extreme, ranging 35-49°C in summer and
in winter 5-23°C. It is almost 30 miles away from
motorway and is linked to it through several link
roads. Vegetables are grown extensively in this
region. A reconnaissance survey was conducted in
the peri-urban sites, irrigated with municipal
wastewater.The samples of Momordica charantia
(edible portion) and rhizospheric soil were collected
from two sites. Site-1 located at 10 km distance and
site-11 at 25 km distance from Sargodha city. The
samples of Momordica charantia and rhizospheric
soil were collected randomly from wastewater
irrigated fields. The metals and metalloids under
investigation were cobalt (Co), nickel (Ni), copper
(Cu), arsenic (As), zinc (Zn) and selenium (Se).

Samples collection

Samples of Momordica charantia (each
included more than 03 repetitions) were collected
from two sites irrigated with wastewater. To remove
dust, vegetable samples were washed with distilled
water and air dried and then placed in an oven at
70°C for consecutive 3 days to remove moisture
contents.

Soil samples were collected under the
vegetable. The soil was excavated up to 12-15 cm
depth by an auger containing all layers (Sanchez,
1976). Firstly, the soil samples were dried in an air
and then dried at 72°C in an oven for three
consecutive days (Campbell and Planks, 1992) and
were pulverized and mashed into powder form by
using a grinder and sieved. Prior to analysis, the
samples were packed into polythene bags.

Reagents

Ultra pure water was used throughout the
work. Hydrochloric acid (90, s.9.119), nitric acid
(40, s.g 1.4), hydrogen peroxide (35% wi/v) were
analytical reagents.

Digestion of soil samples

H,O, and H,SO, reagents were used in 2:1 (8
ml and 4 ml) for digestion of 1g soil sample. The
samples were taken in pyrex flasks and placed in a
digestion chamber for 30 min until the evaporation
of reagents ceased. The flasks were removed from
the chamber and added 2 ml of H,O, into it. For
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further heating, the flasks were again heated in a
chamber until colorless end point achieved. The
reaction mixture was filtered and to it distilled water
was added to make the final volume equal to 50 ml.
These samples were stored in plastic bottles until
further analysis.

Digestion of vegetable samples

H,O, and H,SO, reagents were used in 2:1(4
ml and 2 ml) for digestion of 1g vegetable sample.
Further course of the protocol was same as adopted
for soil analysis.

Metal and metalloid 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 flame atomic
absorption spectrophotometer (FAAS) and graphite
furnace atomic absorption  spectrophotometer
(GFAAS). Ni, Cu and Zn were analyzed by atomic
absorption spectrophotometer Perkin-Elmer AAS-
5000 (Perkin-Elmer Corp., 1980). Co concentrations
were determined using graphite furnace atomic
absorption  spectrophotometer (AA-6300 and
GFAEXi7i, Shimadzu, Japan). A fluorometer was
used for selenium (Se) and AAS-GF-HG (Perkin
Elmer) for arsenic (As) determination. A standard
curve was constructed following Watkinson (1966)
using a stock solution of 1,000 mg I each.

Quality assurance

For all the metals, accuracy and precision of
analyses were assured within +2% error following
precautions proposed by the National Institute of
Standard and Technology, Standard Reference
Material (SRM 1570). The coefficients of variation
of replicate analyses were determined and variations
less than 10% considered reliable.

Statistical analysis

Statistical analysis of data was done by SPSS
17. For soil, one-way ANOVA and for vegetable
and site, two-way ANOVA was used. Correlations
between the vegetable and the soil were also worked
out. Significance of means was calculated at
probability levels of 0.05, 0.01 and 0.001 (Steel and
Torrie, 1980).

Transfer factor for vegetable/soil system

To analyze the accumulating capability of
metals from soil to vegetable, a quantitative
assessment of the correlation between the
concentration of metal contents in the vegetable and
in subsequent soils was done by transfer factor (Cui
et al., 2004).

TF: [Metal]vegetame /[Metal]soﬂ
where: TF stands for transfer factor

[M]vegetante 1S the concentration of metals in the
vegetables (mg/kg)
[M]si is the concentration of metals in the soils

(mg/kg)

Pollution load index
Pollution load index (PLI) has been evaluated
by following at a particular site (Liu et al., 2005).

PLI = Metal concentration in investigated soil /
reference value of the metal in soil

Health risk index

Health risk index was calculated as the ratio
of estimated exposure to metal via vegetable and
oral references dose (Cui et al., 2004).

Health risk index (HRI) = DIM/ RD (USEPA, 2002)
Daily intake of metal (DIM) = Cretat X Diood intake /

Baverage weight

where: Cmetah Dfood intake and Baverage weight represents
the heavy metal concentrations in vegetables
(mg/kg), daily intake of vegetables (kg/day) and
average body weight (kg), respectively. From
Integrated Risk Information System (USEPA,
2010), the R(D values were Cu (0.04), Se (5x107),
Ni (0.02), As (3x10), Co (0.043) and Zn (0.37)
mg/kg/day. The average daily metal intake in 0.345
kg of vegetables for adult and the average body
weight of 60 kg was considered (Ge, 1992; Wang et
al., 2005). An index greater than 1 is considered
dangerous for human (USEPA, 2002).

RESULTS

According to one-way analysis of variance of
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data for metals and metalloids in soil, sites had the
significant (P<0.01) effect on As concentration
while non-significant (P>0.05) effect on Co, Ni, Cu,
Zn and Se concentration (Table ). Two-way
analysis of variance of data for metals and
metalloids in vegetable illustrated highly significant
(P<0.001) effect of site on Zn while Ni was
significantly (P<0.01) affected but indicated non-
significant (P>0.05) effect on Co, Cu, As and Se
concentration. Due to site-vegetable interaction, Co,
As and Zn concentration was non-significantly
(P>0.05) affected while significant (P<0.01) effect
on Ni whereas Cu and Se concentration was less
significantly (P<0.05) affected by sites (Table II).

Table I.- One-way analysis of variance of metal and
metalloid in soil at different sites.

Metal and metalloid Site

Co 1.171™

Ni 0.754™

Cu 0.267™

As 0.975"

Zn 0.467™

Se 0.002"™

(3.12), Cu (9.49), As (25.34), Zn (6.02), Se (1.82)
and at site-1l Co (17.63), Ni (3.63), Cu (9.19), As
(24.77), Zn (5.63), Se (1.79) mg/kg, respectively
(Table 111).

Table Ill.- Concentration (mg/kg) of some metal and
metalloid pollutants in soil samples obtained
from two different sites of district Sargodha.

Sampling sites (Means +S.E) Perm_|SS|bIe
Metal and maximum
metalloid limit
Site-1 Site-11 (USEPA,
1997)
Co 17.005+0.31 17.63+0.29 65
Ni 3.12+0.03 3.63+0.02 50
Cu 9.49+0.17 9.19+0.39 50
As 25.34+0.14 24.77+0.03 40
Zn 6.02+0.14 5.63+0.23 200
Se 1.82+0.03 1.795+0.02 3

** —significant at 0.01 level ns = not significant

Table Il.-  Two-way analysis of variance of metal and
metalloid in vegetable at different sites.
Metal and Site Vegetable Site x
metalloid Vegetable
Co 0.006"™ 0.06" 0.03™
Ni 24397 10.55™ 8.19"
Cu 0.13" 76.097" 30.077
As 1.80™ 5.89" 0.75™
Zn 223.097" 34.19™ 70.60™
Se 0.08™ 0.007™ 0.37°

*** significant at 0.001level; **, significant at 0.01 level
*, significant at 0.05 level; ns, not significant

Heavy metals and metalloids in soil

At both sites, the level of metals and
metalloids in raw water irrigated soil were found
below the maximum permissible limit recorded by
the USEPA (1997). The concentration of all heavy
metals and metalloids investigated at site-1l were
lower than those found at site-1 except Co and Ni.
At site-l, the concentration was Co (17.01), Ni

S.E = Standard error

Heavy metals and metalloids in Momordica
charantia

The total heavy metals and metalloids in
vegetable (Momordica charantia) collected from
two sub-urban sites of Sargodha city are presented
in Table IV.

Table IV.- Concentration (mg/kg) of some metal and
metalloid pollutants in vegetable (Momordica
charantia) obtained from two different sites of
district Sargodha.

Metal . . Permissible
o Sampling sites (Means +S.E) maximum
. — o limit (WHO,
metalloid Site-1 Site-11 1996)
Co 0.83+0.01 0.87+0.03 1
Ni 4.78+0.023 5.63+0.17 2
Cu 20.22+0.29 22.68+0.17 20
As 13.35+0.26 13.54+0.14 7
Zn 52.25+0.03 61.77+0.16 50
Se 0.78+0.27 0.64+0.01 -

S.E = Standard error

The average concentration of Co in the
vegetable (dry wt.) was 0.834 mg/kg at site-1 and
0.87 mg/kg at site-1l. Co level was lower than the
permissible level of 1 mg/kg as reported by the
WHO (1996). Vegetable Co concentration at site-I
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was relatively higher.

Ni concentrations in the vegetable parts
average 5.63 mg/kg at site-11 and 4.78 mg/kg at site-
I, respectively. Higher concentration was observed
at site-11 than those at site-I. The concentrations of
Ni in the vegetable exceeded the permissible limit of
2 mg/kg as recorded by the WHO (1996).

Cu concentration in the vegetable at site-Il
average 22.68 mg/kg and 20.22 mg/kg at site-I,
respectively. Cu concentration at both sites in the
vegetable exceeded the permissible limit of 20
mg/kg recommended by the WHO (1996).

As concentration in vegetable (Momordica
charantia) at site-1 average 13.35 mg/kg and 13.54
mg/kg at site-1l, respectively. As concentration in
the vegetable at both sites were above the
permissible limit of 7 mg/kg as given by the WHO
(1996).

Zn level in edible parts of Momordica
charantia at site-1 average 52.25 mg/kg and 61.77
mg/kg at site-1l, respectively. Zn level in the
vegetable exceeded the permissible limit of 50
mg/kgas illustrated by the WHO (1996).

Se concentration in tissues of vegetable
averaged 0.78 mg/kg at site-l and 0.64 mg/kg at
site-11, respectively and with considerably higher
level at site-1 comparable to that at site-II.

The average transfer factor of the selected
heavy metals and metalloids were calculated as the
concentration of metals and metalloids in tissues of
vegetable related to concentrations in the soil. At
site-1, transfer factor was in the order: TF Zn (8.679)
> TF Cu (2.130) > TF Ni (1.53) > TF As (0.526) >
TF Se (0.430) > TF Co (0.05) and TF Zn (10.97) >
TF Cu (2.46) > TF Ni (1.55) > TF As (0.546) > TF
Se (0.357) > TF Co (0.049) at site-Il, respectively
(Table V).

correlations between the soil and the vegetable. Cu
(r = 0.041), As (r = 0.140) and Ni (r = 0.549)
correlations were positive and non-significant
(Table VI).

Table VI.- Metal and metalloid correlation between soil-

vegetable.

Metal and metalloid Soil-vegetable

Co -0.612"
Ni 0.549
Cu 0.041
As 0.140
Zn -0.225
Se -0.410

*. Correlation is significant at 0.05 probability level (2-tailed)

The severity and variation in pollution level
along sites can be calculated by pollution load
index. The contamination factor at site-1 was greater
as compared to those observed at site-11. In soil, the
reference values for Co, As and Se were 9.1, 29.0
and 0.7 mg/kg (Dutch Standards, 2000) and for Ni,
Cu and Zn were 9.06, 8.39 and 44.19 pg/g dry
matter, respectively (Singh et al., 2010). The
pollution load index at site-1 was in the sequence: Se
(2.60) > Co (1.89) > Cu (1.13) > As (0.87) > Ni
(0.345) > Zn (0.136) and at site-11: Se (2.56) > Co
(1.96) > Cu (1.09) > As (0.85) > Ni (0.401) > Zn
(0.127) (Table V1I).

Table VII.- Pollution load index (PLI) for metal and
metalloid in soil.

Sampling Pollution load index

sites Co Ni Cu As Zn Se
Site-1 1.889 0.344 1131 0.873 0.136 260
Site-1l 1.958 0.400 1.095 0.854 0.127 2.56

Table V.-  Transfer factor for vegetable/soil system.
Sampling Transfer factor
sites Co Ni Cu As Zn Se
Site-1 0.049 1529 2130 0526 8.679 0.430
Site-I1 0.049 155 2467 0546 10.97 0.357

Co (r = -0.612) showed negative and
significant correlations while Zn (r = -0.225) and Se
(r = -0.410) showed negative and non-significant

The risk index due to metals and metalloids
via Momordica charantia ranged from 0.112-
259.51. The risk index at site-1 was in the order: As
(255.87) > Cu (2.906) > Ni (1.374) > Zn (1.001) >
Se (0.897) > Co (0.112) and at site-11: As (259.51) >
Cu (3.260) > Ni (1.619) > Zn (1.183) > Se (0.738) >
Co (0.117). Highest risk index was observed for As
and lowest due to Co (Table VIII).
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Table VIII.- Health risk index of metal and metalloid via
intake of vegetable (Momordica charantia)
from wastewater irrigated sites.

Sampling Health risk intake (mg/day)

sites Co Ni Cu As Zn Se
Site-1 0.111 1374 2906 25587 1.001 0.897
Site-I1 0.117 1619 3260 25951 1.183 0.738

DISCUSSION

Non-significant effect of sampling sites was
observed on Co, Ni, Cu, Zn and Se concentration
whereas reverse was true for As concentration. The
higher metal and metalloid concentrations in the
vegetable and the soil could be due to excessive use
of hazardous chemicals and sewage water on
irrigated land. The levels of metal and metalloid in
the soil at both sampling areas were significantly
lower than the permissible limits. Among all metals
and metalloids, the As concentrations were at
elevated level, whereas Se concentrations were
lower at both sites. Elevated level of Cu in
wastewater irrigated soil was investigated in present
study whereas the concentration of Zn was within
range determined by Khan et al. (2013a) in Lahore,
Pakistan. Zn concentrations in soil were found to be
higher in current study while the result for Ni agrees
with the findings of Hussain et al. (2006). The Co,
Cu and Se levels in the present investigation were
lower whereas the values found for Ni were similar
to the findings of Khan et al. (2013b) in Sargodha,
Pakistan while working on status of pollutants in
soil and vegetable.

In Momordica charantia, sites had significant
effect on Ni and Zn while non-significant effect on
Co, Cu, As and Se concentrations. In vegetable, Co
was in appreciable amount while Ni, Cu, As and Zn
were beyond the maximum limit. The variations in
concentration of heavy metal concentrations in
vegetables of the same site may be attributed to the
differences in their physiology and morphology for
heavy metal accumulation, uptake, retention and
exclusion (Carlton-Smith and Davis, 1983; Kumar
et al., 2009). The order of metals and metalloids in
vegetable  (Momordica charantia) in  this
investigation was: Zn>Cu>As>Ni>Co>Se. Zn had
highest concentration in vegetable in this

investigation. Chao et al. (2007) demonstrated that
Zn level in vegetables was abundant among all
metals in Nanjing city, China. The concentration of
Cu and Zn in vegetable was higher in present study
as compared to the findings of Mosleh and
Alamgrabi (2013) in Jeddah, Saudi Arabia, irrigated
with treated wastewater. Concentration of Zn in
current study in vegetable was lower whereas the
concentration of Cu was higher as compared to the
finding of Achakzai et al. (2011) in Quetta,
Pakistan. Therefore, the consumption of this
vegetable grown by irrigating with wastewater may
have no hazardous effect on public at time of
investigation in Sargodha, Pakistan.

Table V presents the metal transfer from the
soil to the Momordica charantia. Transfer factor
was computed to calculate the ability of vegetable to
bioaccumulate metals. Highest transfer factors were
obtained for Zn, Ni and Cu. The values of transfer
factor were below 1 for Co, As and Se at both sites.
One reason for these finding is that some metals
may experience antagonistic and synergistic
behavior of other metals in nature and are retained
less strongly by the soil and are absorbed by the
plants (Lokeshwari and Chandrappa, 2006). Chao et
al. (2007) found highest transfer of Zn from soil to
vegetable, indicating that Zn had greater capability
of accumulation from soil to vegetable, collected
from wastewater irrigated site Nanjing, China. The
uptake of metal by plants could be affected by
multiple factors like nature of soil, plant species,
plant age, climatic factor and soil pH (Alloway and
Ayres, 1997; Uwah, 2009).

To investigate the relationship of heavy
metals and metalloids in soil and vegetable, Pearson
correlation coefficient was conducted (Pentecost,
1999). The Ni, Cu and As correlations were
perfectively positive and non-significant among soil
and vegetable while reverse was true for Co (Table
VI1). A strong relationship indicates a balance flow
of these metals and metalloids among soil and
vegetable. Zn and Se exhibited negative and non-
significant correlations between soil and vegetable,
which showed that the relationship was far more
complicated among soil and vegetable. This
indicates the imbalance of Zn, Se and Co in the
studied area.

To estimate the contamination status of metal
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and metalloid in soil, pollution load index was
determined. Pollution load index determines
whether the soil quality is suitable for agricultural
use or vegetable growth. Pollution load index was
calculated as metal concentration is sewage irrigated
soil with respect to reference value. Pollution load at
site-1 was greater as compared to that found at site-
Il (Table VII). Due to anthropogenic inputs,
agricultural runoff and industrial activities, the
pollution load due to Co, Cu and Se was greater
than 1 at both sites. The pollution load due to Co
and Se was lower in current study whereas due to
Ni, Cu and As was similar to the findings of Khan et
al. (2013b) in Sargodha, Pakistan while working on
the status of pollutants in soil and vegetable.
Pollution load index greater than 1 indicates that
these metals can cause environmental risk and
investigated sites need proper monitoring and
necessary steps should be taken to overcome it. The
contamination factor due to Ni, As and Zn was less
than 1, which indicates that these metals were not
involved in causing environmental risk.

Risk index ratio greater than 1 has a
deleterious effect on human whereas less than 1 has
no obvious effect (USEPA, 2002). At both sites, the
risk indices for As, Zn, Ni and Cu were greater than
1, while less than 1 for Se and Co (Table VIII).
According to Singh et al. (2010) the health risk
indices due to Ni, Cu and Zn were 0.39, 0.003 and
0.001 mg/day, which were many times lower than
the present study. The results concluded that
residents around waste sites were exposed to risk
due to Ni, Cu, As and Zn by consuming nearby
grown vegetables but no notable risk was observed
due to Co and Se.

CONCLUSIONS

The long-term use of wastewater for
irrigation resulted in increased heavy metal and
metalloid concentrations namely Co, Ni, Cu, As, Zn
and Se in vegetable. These metals are then
transferred to plants before being transferred to the
human body. The higher values of health risk index
showed that heavy metal contamination in the site
irrigated with wastewater presented a significant
threat to human health. To reduce the health risk
effects, it is suggested to treat the industrial wastes

properly and phyto-extract the overload of heavy
metals and metalloids from polluted sites.
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