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ABSTRACT
The study was based on investigating the concentration of heavy metals in

Parthenium hysterophorus sampled from the polluted locations of District Mardan and
Nowshera, Khyber Pakhtunkhwa, Pakistan during 2015 in split plot design to ascertain its
potential of heavy metal uptake and bioremediation of polluted soils. Samples of P.
hysterophorus were collected from different Industrial, Agricultural and Dumping sites and
were analyzed in the Soil and Environmental Sciences Laboratory at The University of
Agriculture, Peshawar, Pakistan. The higher Cu content was observed in parthenium leaves
(2.7 g/kg) while the lowest content was recorded in roots (2.4 g/kg). Highest Cu content
was found in the industrial site (5.1g/kg), while the lowest observed in agriculture site.
Highest Fe contents were observed in the stem (42.9 g/kg) and lowest were recorded in
leaves (11.6 g/kg). The highest Fe content was found in dumping sites (38.3 g/kg) while
lowest in agriculture sites (26.2 g/kg). Similarly the Highest Pb content was observed in
stem (145 g/kg) while lowest in leaves (12.5 g/kg). High Pb amount was found in dumping
site while lowest in agricultural site. Highest Ni content was observed in the stem (42.9
g/kg) while the lowest Ni content was recorded in leaves (11.4 g/kg). Similarly, High Ni
amount was found in dumping site (39.2 g/kg) while lower in agricultural site (18.9 g/kg).
Higher Cd contents were observed in the stem (42.9 g/kg) while the lowest in leaves (11.4
g/kg). Amongst sites, highest Cd amount was found in dumping site (39.2 g/kg) while lower
in the agriculture site (18.9 g/kg). From the present study it is concluded that that dumping
sites were more polluted in heavy metals as compared to industrial sites and the P.
hysterophorus growing in highly polluted environments showed the ability of higher uptake
and accumulation of different heavy metals in its different parts. This study, therefore,
concluded that P. hysterophorus could be an option for bioremediation of highly polluted
environments. These results need further confirmation of its potential of bioremediation by
specifically growing it in pots with different heavy metal concentrations under contrrolled
conditions.
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INTRODUCTION
Parthenium hysterophorus L. is an

aggressive weed originating in tropical
America (Haseler, 1976). It is now widely
distributed in a number of tropical and
sub-tropical countries like Australia, India,
Pakistan, China and Kenya (Navie et al.,
1996). Mass introduction of P.
hysterophorus to eastern Ethiopia is
believed to have occurred along with army
vehicles during the Ethiopian-Somalian
war of 1976 where it has now emerged as
one of the most troublesome weeds of
both grazing and croplands (Tamado and
Milberg, 2000). The parthenium weed is
reported to cause number of health
hazards and its proportion is reached to
epidemic condition. The problem cause by
this weed upon fodder and food crops
make agriculturist worried, in human
beings it cause skin problems and allergy
(Morin et al. 2009). P. hysterophorus is
considered as a noxious weed because of
its prolific seed production and fast
spreading ability (Haseler, 1976). P.
hysterophorus has a number of benefits
as its decoction used in traditional
medicine to treat many diseases like
diarrhoea, fever, urinary tract infections,
neurologic disorders, dysentery and
malaria (Surib-Fakim et al., 1996). The
active content of that weed is Parthenin,
reveal several medicinal features including
anticancer property (Venkataiah et al.,
2003).

It is a fast maturing annual weed
which is spreading rapidly in Pakistan. The
weed is very common along the roadsides,
around the agricultural fields and on
waste lands. The allelopathic nature of
this weed has been well documented and
water soluble phenolics and sesquiterpene
lactones have been reported from the
roots, stems, leaves, inflorescences,
pollens and seeds (Evans, 1997). Many
farms in East and Southern Africa are
particularly affected by infestations of
invasive alien species like P.
hysterophorus (Mcconnachie et al., 2010).
The weed that has been widely spreading
to other parts of the country at an
alarming rate must have now exerted
substantial amount impact on the

biodiversity of rangelands and arable
lands. The invasive ability of the weed can
be attributed to its high reproductive and
dissemination ability and  its allelopathic
effect on other plants, its higher
phenotypic plasticity, and its ability to
with stand against wide range of
environmental conditions. P.
hysterophorus is so aggressive and
devastating that very little and sometimes
no other plant species are seen in areas
where it has gained dominance (Adkin,
1996; Kohli, 2004; Prasanta et al., 2005;
Shabbir and Swhsana, 2005). Globally the
pollution of water is a big issue and the
major contributors in it are heavy metals
and dyes (Karbassi and Pazoki, 2015).
Number of researchers after trying a lot of
chemical and physical measures for it
removing, the biological management
leading to be a temporary solution,
researcher developed a new way for
removal of heavy metals toxic dyes and
hazardous heavy metals from wasted
water by using parthenium as a
“biosorbent”. Parthenium plant use in
powder form whole weed and activated
carbon or ash for destruction of these
contaminants (Roy and Shaik, 2013).
Researchers reported utilization of
parthenium in different form for removing
different metals Kadirvelu et al., 2002.
reported the removal of mercury Hg(II)
using Parthenium the Cadmium Cd(II)
removal by using parthenium from waste
water has been demonstrated (Ajmal et
al., 2006), Nickel Ni(II) elimination from
waste water has been reported by Lata et
al., 2008 and Singh et al., 2009.

MATERIALS AND METHODS
Sample Collection

This research work was conducted
in district Mardan and Nowshera, Khyber
Pakhtunkhwa with the hypothesis that P.
hysterophorus weed being a heavy
scavenger of macro and micro nutrient
from agricultural fields and possesses the
ability to uptake heavy metals from
polluted soils and is helpful in
bioremediation and to compare presence
of heavy metals region wise. The
experiment was planned at The University
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of Agriculture Peshawar Amir Muhammad
Khan Campus Mardan, Khyber
Pakhtunkhwa Pakistan for the survey and
collection of plant samples on August 13,
2015, to December 2015. Locations given
in Table-1 were sampled. Parthenium
plants at flowering stage before the onset

of seeds were carefully uprooted.
Collected sampled plants were properly
labeled with respect to their location and
date of sampling and were transported to
the laboratory of Soil and Environmental
Sciences, AMK Campus Mardan for further
processing.

Table-1. Locations of collected samples of P. hysterophorus weed plant in Mardan
and Nowshera Districts.
Industrial Site Agriculture Site Dumping Site
Sugar Mill Mardan Mardan AkoraKhatak Nowshera
Soap Industry Katlang Katlang Takhtbhai
Marble Industry Mardan Nowshehra Mardan

Preparation of samples
The sampled plant was cleaned

from pebbles and debris by gently
washing thoroughly with tape water to
eliminate dirt, dust and other possible
parasites. The sample was then properly
rinsed with distilled water. The rinsed
plants were dried under shade at 25-30 0C
for 3 days. The air dried plants were cut
into respective parts of roots, stem and
leaves, collected in clean paper bags and
were duly labeled and were placed in an
oven for 24 hours at 105 0C for complete
drying. Dried samples were ground
through the grinding mill and were
preserved in clean plastic envelops duly
labeled for further analysis.
Chemical analysis of plant biomass

From the oven-dried ground plant
materials, 0.5g was accurately weighed
and transferred into a Kjeldahl’s apparatus
and digested slowly using Mixed Acid
Digestion procedure (Stewart et al., 1974)
with a mixture of 10ml of 80 % nitric acid,
5ml of perchloric acid moderate heat and
increased later. The digestion was
continued for 10-15 minutes after the
appearance of white fumes. It was then
cooled, diluted with deionized distilled
water and filtered by using Whatman filter
paper No.44 and then made upto 100ml
with deionized distilled water. A blank was
prepared in a similar manner. This filtrate
was analyzed for the Heavy metal
concentration in sample. The solution was
quantified by using atomic Absorption

Spectrophotometer (Perkin Elmer
Precisely Analyst 200).
Statistical analysis

Mean values of element content
were calculated, and analysis of variance
(ANOVA) was performed to observe
differences between samples. The
differences were considered to be
significant at p≤0.05 and highly significant
at the p≤0.005 level of significance using
Statistix 8.1 Software.

RESULTS AND DISCUSSION
Copper

Statistical analysis of the data
(Table-2) showed that Cu content in plant
parts was non significantly different (<
0.05) and also in the sources copper
content was significant. Their interaction
was also significant. Higher cu content
was observed in leaves (2.6 g/kg) and
Lower cu content was recorded in the
stem (2.4 g/kg). The results regarding
different sites revealed that high cu
content was found in dumping site
(3.8g/kg) while lower observe in
Agriculture site (1.7g/kg).

Permissible limits for Cu set by
China and Singapore are 20 150 ppm,
respectively (WHO, 2005). Bowen (1966)
and Alloway (1968) reported the range of
Cu in agricultural products between 4 to
15 ppm. Reddy and Reddy (1997)
reported range of Cu in 50 medicinally
important leafy materials growing in India
was 17.6 ppm to 57.3 ppm.
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Table-2. Copper concentration in different plant parts of Parthenium weed
sampled at different locations.

Organ
Industrial
(g/kg)

Agriculture
(g/kg)

Dumping
(g/kg) Mean

Stem 2.0 1.7 3.1 2.4
Leaves 2.9 1.2 3.7 2.5
Roots 1.5 0.8 4.4 2.6
Mean 2.1 1.7 3.8

LSD(0.05) plant parts: NS LSD(0.05) locations: 0.4481

Figure 1. Copper concentration in different plant parts of Parthenium weed
sampled at different locations
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Iron (Fe)
The data in Table-3 and Figure 2

showed that Fe content in different plant
parts were statistically significant (PA>
0.05) and also in the sources too. The
interaction was found non-significant.
Higher Fe contents were observed in the
stem (42.9 g/kg) while minimum was
noted in leaves (11.6 g/kg). The amount
of Fe was higher at Dumping site (38.3

g/kg) whereas lower was observed in
Agriculture site (26.2 g/kg).

Sheded et al. (2006) reported that
the range of Fe in their study was
between 261 ppm to 1239 ppm in
selective medicinal plants of Egypt. Fe is
necessary for the formation of
haemoglobin and also plays an important
role in oxygen and electron transfer in the
human body Kaya and Incekara (2000).

Table-3. Iron concentration in different plant parts of Parthenium weed sampled
at different locations.

Organ
Industrial
(g/kg)

Agriculture
(g/kg)

Dumping
(g/kg) Means

Stem 37.5 34.6 56.4 42.9
Leaves 13.4 11.6 9.8 11.6
Roots 41.3 32.2 48.6 40.7
Mean 30.7 26.2 38.3

LSD(0.05) plant parts: 2.36 LSD(0.05) locations: 2.041

Figure 2. Iron concentration in different plant parts of Parthenium weed sampled
at different locations.
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Lead (Pb)
Statistical analysis of the data in

Table-4 and Figure 3 showed that Pb
content in different plant parts were
significant (p< 0.01). In different plant
parts the higher Pb content was observed
in the stem (145 g/kg ) and roots (106.1
g/kg)  indicating that Parthenium plant
takes up higher Pb and accumulate the
maximum of its share in the stem. Lower
Pb content was recorded in leaves (12.5

g/kg).  The differences at sites were also
noted highest Pb concentration (93.4) was
found in dumping site while lower observe
in Agriculture site (80.4).

Pb causes both acute and chronic
poisoning, and also poses adverse effects
on kidney, liver, vascular and immune
system (Heyes, 1997). Hadi and Bano
(2009) reported P. hysterophorus for the
remediation of Pb contaminated soil as it
is a good accumulator of Pb.

Table-4. Lead concentration in different plant parts of parthenium weed sampled
at different locations.

Organ Industrial Agriculture Dumping Means
Stem 158.8 120.8 155.5 145.0

Leaves 17.2 17.1 3.1 12.5
Roots 93.2 103.2 121.7 106.1

Mean 89.7 80.4 93.4
LSD(0.05) plant parts: 4.9490 LSD(0.05) locations: 3.8600

Figure 3. Lead concentration in different plant parts of Parthenium weed sampled
at different locations

0

10

20

30

40

50

60

Industrial g/kg Agriculture g/kg Dumping sites g/kg

Stem

Leaves

Roots



Pak. J. Weed Sci. Res., 24(3): 213-222, 2018 219

Nickel (Ni)
Statistical analysis of the data

described that Ni content were significant
(>0.05) in plant parts  and also in the
sources, while the interaction was found
non-significant (>0.05). Higher Ni content
was observed in the stem (18.0 g/kg)
followed by stem (11.7) and the lowest Ni
content was in leaves (6.3 g/kg) [Table-
5).  Significantly lowest Ni concentration
was recorded in industrial site while
highest were noted at dumping site
respectively (9.4 g/kg)  (14.8 g/kg)
(Table-5, Figure 4).

The permissible limit set by
FAO/WHO (1984) in edible plants was
1.63 ppm. After comparison, the metal
limit in the studied medicinal plants with
those proposed by FAO/WHO (1984) it is
found that all plants accumulate Ni above
this limit. However, for medicinal plants,
the WHO (2005) limits not yet been
established for Ni. Ni toxicity in human is
not a very common occurrence because
its absorption by the body is very low
(Onianwa et al., 2000).

Table-5. Nickel (g/kg) concentration in different plant parts of parthenium weed
sampled at different locations.

Organ Industrial Agriculture Dumping Means
Stem 5.0 13.6 16.6 11.7
Leaves 12.5 5.5 0.8 6.3

Roots 10.6 16.3 27.1 18.0

Mean 9.4 11.8 14.8
LSD(0.05) plant parts: 11.618 LSD(0.05) locations: 22.47

Figure 4. Nickel concentration in different plant parts of Parthenium weed sampled
at different locations
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Cadmium (Cd)
Data presented in Table-6 and

Figure 5 showed that Cd content in plant
parts were significantly different (< 0.05)
and also in the sources. The interaction of
the source and plant parts was also found
significant. Higher Cd contents were
observed in the roots (4.0g/kg). While
lowest Cd contents were recorded in
leaves (1.54 g/kg) which showed a
significant difference to stem.
Significantly highest Cd amount was found

in dumping site (4.5 g/kg) while
agriculture site and industrial site showed
no significant difference to each other.

Permissible limits in medicinal
plants for Cd set by Canada were 0.3 ppm
in raw medicinal plant material and 0.006
mg/day in finished herbal products (WHO,
2005). After comparison, metal limits in
the studied medicinal plants with those
proposed by FAO/WHO (1984) and WHO
(2005) it was found that all studied plants
accumulate Cd above this limit.

Table-6. Cadmium (g/kg) concentration in different plant parts of parthenium
weed sampled at different locations.

Organ Industrial Agriculture Dumping Means

Stem 1.2 1.8 2.8 1.9

Leaves 1.9 1.6 1.1 1.5

Roots 1.4 1.0 9.7 4.0

Mean 1.5 1.5 4.5

LSD(0.05) plant parts: 3.19 LSD(0.05) locations:8.18

Figure 5. Cadmium concentration in different plant parts of Parthenium weed
sampled at different locations.
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CONCLUSION
This study concluded that P.

hysterophorus along with its other
advantages and disadvantages, can be
profitable for bioremediation of highly

polluted environments. These results need
further confirmation of its potential of
bioremediation by specifically growing it in
pots with different heavy metal
concentration under laboratory conditions.
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