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Abstract

The current study was undertaken to evaluate the mobility, bioaccumulation and transfer of the
heavy metals; Cr, Mn, Cu, and Pb from the wastewater of Qalyasan stream to roots tissues and from
roots tissues to shoots tissues by means of bioaccumulation factor (BAF), enrichment factor (EF) and
translocation factor (TF) in the macrophytes species of T. angustifolia and P. australis at two sites. The
analyzed macrophytes plant species were sampled along the streambank of Qalyasan in Sulaimani city.
Qalyasan stream is used as a source for irrigation water and also as a sink for the untreated urban and
industrial domestic's wastewater effluents. Domestic and industrial discharges are probably the most
two main sources for heavy metal contamination in the water of the stream. Our results showed that
concentrations of the studied metals in the root and shoot tissues of the macrophyte species were much
higher than those in the samples of wastewater from Qalyasan stream. Bioaccumulation factor and
enrichment factor values in both species were above 1. High variation among the values was noticed, this
indicating that these plants could be considered as trace metals accumulators and both have potential
for phytostabilization and phytoextraction. The ranking order of bioaccumulation factor by T.
angustifolia for the studied heavy metals was Mn> Cu > Pb > Cr, while by P. australis was Mn> Cu > Cr
> Pb. Translocation factor values for Cr, Mn and Cu was higher than 1 by P. australis, whereas by T.
angustifolia the values only for Cr and Mn were greater than 1, this is evident that the uptake and
accumulation of these metals were higher in the shoot tissues rather than root tissues of the investigated
macrophyte species.

Keywords: Bioaccumulation factor (BAF); Enrichment factor (EF); Qalyasan stream; Heavy
metals; Phytoremediation; Macrophytes; Pollution indicators; Translocation factor (TF).

Introduction environmental pollution with toxic metals has
The large-scale industrialization and production increased  dramatically due to  rapid
of variety of chemical compounds has led to industrialization and surge in pollution.
global deterioration of the environmental quality  Environmental pollution with heavy metals is a
[1]. The researchers [2] have pointed out that global disaster that is related to human activities
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such as mining, smelting, electroplating, energy
and fuel production, power transmission,
intensive agriculture, sludge dumping, and
melting operations [3]. The accumulation of
heavy metal in plants from anthropogenic
sources has increased the attention on inorganic
pollution and established plants as passive bio-
monitors [4 and 5]. A variety of plant species
have been used as biological monitors since,
these species have a tendency to assimilate
metals from the surrounding environment [6].

In recent years, the amount of wastewater
produced from several activities has increased as
a result of the rapid improvement of living
standards [7]. Although some communities treat
their wastewater in a suitable way, others lack
convenient treatment systems and discharging
untreated  wastewater into  the natural
environment, IKR or Irag as a whole is an
example of such a case. Pollutants enter aquatic
systems via numerous pathways, including
effluent discharge, industrial, urban and
agricultural run-off [8]. Many researches from
around the world are concerning to find cost-
effective technologies and the possibility of
using the biosystem as "tools" in bioremediation
activities for cleaning up the contaminated soil or
aquatic ecosystems by heavy metals [9].
Therefore, plants can be used to ameliorate
heavy metal pollutants from the soil and
wastewater. This cost effective approach is
called phytoremediation which referred as green
solution [10]. Depending on the ability of plants
used as a phytoremediation medium to absorb,
accumulate and tolerate heavy metals, available
plants are classified into three categories of
hyperaccumulators, indicators and excluders
[11].
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An important parameter used in environmental
toxicology and risk assessment is the
bioaccumulation factor [12]. Bioaccumulation
factor also called bioconcentration factor (BCF)
and both are the metrics traditionally used by
regulatory agencies [13], but BCFs are generally
standardized, laboratory-based bioaccumulation
indicators [14].

BAF is used in the determination of the degree
of intake and component storage of toxic
compounds in plants and animals [15]. The BAF
refers to the ratio of plant metal concentration in
roots tissues to the soil or polluted environment
[(Metal) root/ (Metal) polluted environment or
substrate]. While, [16] have defined the BAF as
the ratio of contaminant concentration measured
in biota in the field (or under multiple exposure
conditions) to the concentration measured in the
surrounding water. This ratio should be greater
than one for inclusion into the hyperaccumulator
category [12]. Several authors [17 and 18]
classify the bioaccumulation factor as an element
for classification as a hyperaccumulator species.
The researchers; [19, 20, 21 and 22] have pointed
out that the ability of phytoremediation has
commonly been characterized by a translocation
factors (TF), which is defined as the ratio of the
metal concentration in the shoots tissues to that
in the roots tissues [(Metal) shoot/ (Metal) rot].
Plants with TF wvalues greater than 1 are
classified as high-efficiency plants for metal
translocation from the roots to shoots [23]. The
identification of metal hyperaccumulators, plants
capable of accumulating extra ordinary high
metal levels, demonstrates that plants have the
genetic potential to clean up contaminated soil.
Hyperaccumulators are also characterized by a
shoot to root metal concentration ratio (i. e. the
translocation factor of more than 1, whereas non-
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hyperaccumulator plants usually have great
metal concentrations in the roots than in the
shoots [24].  According to [25 and 26],
establishing of enrichment factor (EF) approach
is an alternative method used to characterize the
degree of anthropogenic pollution. The
enrichment factor is calculated as the ratio plant
shoot concentration to contaminated
environmental medium (e.g. soil and wastewater)
concentration [(Metal) shoot/ (Metal) polluted
substrate], [27].Therefore, the general objectives
of this study were to: 1) Determine the
concentrations of the heavy metal of Cr, Mn,
Cu, and Pb in wastewater and plant organs
(roots and shoots) of the macrophytes species of
T. angustifolia and P. australis at Qalyasan
stream, 2) Define which species and which plant
organ exhibit the greatest accumulation, 3)
Assess whether these species could be usefully
employed in biomonitoring studies , 4) Calculate
of BAF, EF and TF indices to assess the
tolerance categories developed by these species
and to evaluate their potential for
phytoremediation purposes.

MATERIAL AND METHODS

1-Site description and sampling

Qalyasan Stream lies in the southwest to south of
Sulaimani city. Geographically, it is positioned
between latitudes 35° 35' 01" N to 35° 28' 44" N,
and between longitudes 45° 21' 39" E to 45°26'
17" E in Sulaimani city/lraq, and elevated 656-
787 m above sea level. The length of the stream
is about 10 km till to the downstream point of the
stream with Tanjaro river and flows southward
through many agricultural fields and used as a
source for irrigation and livestock drinking
purposes (for agriculture purpose), it is also used
as a sink for the untreated urban and industrial
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domestic's wastewater. Therefore, the good
quality of the stream changed from protected to
impacted and finally to degraded. Degradation of
water quality in Qalyasan stream increased year
after year because of discharging many
pollutants directly into the stream from the
expanding human habitats (domestic) and vibrant
industrial, institutional, and socio-economic
activities sources.

Regarding selection of the investigated sites,
two points were taken into consideration, first the
abundant of the two macrophytes plant species,
since they are not regularly grown along the
stream and not available along the complete
length of the stream due the industrial activities.
Second, many effluent discharges of untreated
wastewater way into the stream, hence, as a
consequence of that fact, the selected sites were
between the first main outlet of Sarchinar district
and the next outlet of Kawstaha-Jahm and Awal
villages .Site one (S1) was selected after about
300 meters far from the first main outlet or
effluent into Qalyasan stream (Sarchinar outlet)
with a GPS coordinates of (35° 34' 51" N and -
45° 22' 43" E). Site two (S2) was near to the
Qalyasan Bridge and has a GPS coordinates of
(35° 34' 05" N and -45° 22' 31" E). The overall
distance between the sample site S1 to sample
site S2 was about (2) km (Figure 1). For carrying
out the intended objectives of this study,
representative water samples from the two sites
of Qalyasan stream as well as two abundant and
dominating macrophytes plant species grown at
some zones along waterway of the stream were
collected. The macrophytes plant species were T.
angustifolia (common cattail, locally known as
Laban)) and P. australis (common reed, locally
known as Qamish). Reed and Cattail were
selected because they are wetland macrophytes
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of broad geographical distribution [28], and are including; pH, EC and DO by portable meters.

widely used in wastewater treatments [29]. The measurements have been carried out twice
for each parameter and then the mean values
2-Analytical methods were undertaken

In situ measurement was adopted to determine
some physico-chemical parameters of water

Fig. 1 Location of experiment and sampling sites: (a) shows Iragish map, (b) shows Sulaimani governorate's
map and (c) shows experiment and sampling sites map.
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In order to get the representative plant sample,
random plant samples were performed in
triplicate and then the average dry matter for a
single plant was considered. The roots and
shoots of the plant samples were pretreated
according to [30] by washing or rinsing with
running tap water and then acidified distilled
water (0.1% HCI), followed by distilled water,
dried by a hot air oven at 70 °C for 24 hours after
placing them in new paper bags, then gently
grinded with stainless-steel grinder, sieved
through a 40 mesh of stainless-steel sieve and
finally stored in plastic container for heavy metal
analysis according to [31]: A duplicate 1.0 g dry
matter sample was digested separately with 20
ml mixture of concentrated H,SO, and H;0O, of
37% in a ratio of 1:1 at room temperature for 30
minutes for each sample, then digested at 350
°C using Kjeldahl digester (model Buchi Speed
Digester K-425/Switzerland). Once the digest
became clear, was diluted with deionized water,
filtered through an ashless Whatman 41 filter and
diluted to 100 ml with excess distilled water,
then stored in polyethylene bottles at 4 °C for the
heavy metals analysis of; Cr, Mn, Cu, and Pb by
the inductively coupled plasma-optical emission
spectroscopy ICP-OES instrument (model
PerkinElmer, precisely Optima
2100/USA).Likewise, this final step of the
procedure was conducted for water samples after
completing the digestion process.

The water samples were analyzed in duplicate as
described by standard methods of [32]for thirteen
physico-chemical parameters namely; pH
(Hydrogen ion concentration), EC (Electrical
conductivity), DO (Dissolved oxygen), turbidity,
TH (Total hardness), ions of Ca®* (Calcium),
Mg*  (Magnesium), Na' (sodium), K"
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(potassium), CI” (chloride), SO4* (sulfate), NO3
(nitrate) and PO,* (phosphate).

For determination of the intended heavy metals
in the representative water bodies of Qalyasan
stream, samples were collected at the two
designated sites by lowering precleaned 500 ml
plastic bottles into the bottom of the water body,
30cm deep, and allowed to over flow before
withdrawing. Then a 100 ml of the sampled
water was evaporated and digested as described
by [32]. The water samples for heavy metals
were also analyzed in duplicate.

3-Phytoremediation efficiency of macrophyte
species in current study.

Three indicators were used to determine the
potential of the two macrophytes species for
phytoremediation and they are; bioaccumulation
factor (BAF), enrichment factor (EF) and
translocation factor (TF). Bioaccumulation
Factor (BAF) was calculated from the following

relation:
Cr

BAF = w
Where, BAF is Bioaccumulation Factor
Cr represents metal’s concentration in
roots of the studied macrophytes species.
Cw represents metal concentration
content of water body in Qalyasan stream.

The Enrichment factor (EF) is calculated as the
metal’s ratio of plant shoot concentration to
polluted substrate or contaminated environmental
medium (e.g. soil and wastewater) concentration
using the relation below:

__ C=
Cwr

EF

Where, EF is Enrichment factor
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Cs represents metal’s concentration in
shoots of the studied macrophytes species.

Cw represents metal concentration
content of water body in Qalyasan stream.

For heavy metals translocation from root to shoot
in the studied macrophytes species, translocation
factor (TF) was measured using the relation
below:

_E's

TF =—
r

Where, TF is Translocation Factor;

Cs represents metal’s concentration in
shoots of the studied macrophytes species.

Cr represents metal’s concentration in
roots of the studied macrophytes species.

RESULTS AND DISCUSSION
a) Physico-chemical and heavy metals
concentrations in the representative
wastewater samples.
The values of the physicochemical parameters
and the concentration level of the heavy metals
of Cr, Mn, Cu, and Pb in water body of Qalyasan
stream are presented in Tables (1). In general,
the results indicated that the values of most
parameters such as (EC, DO, turbidity, TH, Ca*",
Na+, K*, CI, NOs and PO,*) were beyond the
permissible limits and exceeding the permissible
limits as described by World Health
Organization (WHO) standards for drinking
water [33]. Several scientists have studied
mineral levels in different bodies of water, and
have found that the high levels of phosphates and
nitrates heavily impact the overall health of the
water and its inhabitants [34].
The high level of those ions may be attributed to
the discharge of wastewater from domestic
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activities and hazardous waste of industrial and
agricultural activities into Qalyasan stream.
Regarding the studied heavy metals of Cr, Mn,
Cu, and Pb in the water body of Qalyasan
stream, the concentration were; (0.026, 0.076,
0.005 and 0.002) and (0.021, 0.062, 0.004 and
0.002) mg L™ at both studied sites respectively. It
was obvious that the concentration of the studied
heavy metals except of Pb was relatively lower at
site 2 as compared to site 1, and that is due to the
purification effect by the macrophytes species
through the stream flow path towards the
downstream.

As comparison assessment, concentration of the
metals in the studied water body of Qalyasan
stream was compared with the maximum
permissible limits of drinking standard regulated
by World Organization Health (WHO). As a
whole, concentrations values were greater than
the WHO limits except for Cu. The maximum
permissible limits standards of the studied metals
by WHO are (Cr*® =10; Mn =500; Cu =1000;
and Pb =10 ug L™ water), [30].

Current research results for the heavy metal
concentration of Cr and Mn being greater, but for
Pb being lower as compared those obtained by
[35] in wastewater samples which ranged from
0.0006 to 0.0007, 0.0001 to 0.0014 and 0.0092 to
0.108, mg L™ respectively. On the other hand,
the results found by the current study for Cr and
Pb in wastewater were more lower than those
revealed by [36], which ranged from 0.120 to
0.311 and 0.039 to 0,075 mg L™ respectively.
Metals like lead, mercury, cadmium, copper, and

chromium can cause physical and mental
developmental  delays, kidney  disease,
gastrointestinal illnesses, and neurological

problems [37].
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Table 1: Physico-chemical parameters and heavy
metals concentrations in the representative water
body samples of Qalyasan stream.

Paramet_ Heavy M9 L

ers Unit  value Metal .
mgL?! Sitel Site2

pH - 703  Cr 0.026 0.021

EC uS/cm 567.0 Mn 0.076 0.062

DO mg.L? 026 Cu 0.005 0.004

Turbidity (NTU) 380  Pb 0.002 0.002

TH mgL? 258.6

ca® mgL? 324.0

Mg”* mgL? 147.0

Na* mgL? 942

K* mgL? 234

Cr mgL? 580

NOs uLt 284

PO~ mgL? 1331

TSS mgL® 83.0

b) Heavy metals concentration, uptake and
dry matter production for the studied
macrophyte

plant species.

Table (2) summarizes the amount of dry matter
in gram per plant (g plant®) and also the mean
concentrations of the studied heavy metals of Cr,
Mn, Cu, and Pb in microgram per gram dry
matter (ug g™ dry matter) in shoots and roots
tissues of the macrophytes plant species. The
results showed that the amount of dry matter
values varied from 2.5 to 2.7 and from 5.1 to 6.2
g plant™ at both sites, respectively. The amount
of roots dry matter was lower than those in
shoots for both of the macrophytes species
(Table 2). Concentration of the heavy metals Cr,
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Mn, Cu, and Pb were ranged between (0.3 to 5.1,
137.9 t0 205.6, 0.7 to 2.8 and 0.2 to 0.4) and (0.9
to4.1. 37.6t0 201.1, 1.5t0 5.7 and 0.3 t0 1.2) ug
g, inshoot and root samples respectively.

The findings of this study indicated that the
extent of heavy metal concentrations differed
among the investigated plant species, tissue
bodies (root and shoot) and types of heavy metal,
because plant communities respond differently to
heavy metal that present in wastewater
depending on their ability to accumulate and
detoxify various heavy metals [38]. Therefore,
no systematic pattern was observed for the
distribution of the studied metals in the
investigated species and their organ tissues of
root and shoot. However, trace metals
sequestration from the wastewater to these plants
characterized them as trace metals pollution
indicators.

In general, T. angustifolia species was
characterized by high level concentration of Mn
and Pb in its root and shoot system, while the P.
australis species was characterized by high level
concentration of Cr in both its root and shoot
system. But for Cu, the highest level
concentration was found in shoot system of P.
australis species at site 1 and the lowest level
concentration in root system of T. angustifolia
species at site 1 also. These results were almost
in compliance with the report of the researcher
[39], who demonstrated that the accumulation of
selected metals varied greatly among plants
species and the uptake of an element by a plant is
primarily dependent on the plant species, its
inherent controls, and the soil quality.
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Table 2: Heavy metals concentration in dry matter of T. angustifolia and P. australis Macrophytes.

Mean concentration (ug g ™)

Macrophytes Location Dry matter (g plant™) Cr M Cu oh
Site 1 Shoots 55 2.9 205.6 0.7 0.4
T anaustifolia Roots 2.7 1.4 201.1 5.7 1.2
- ang Sie2 Shoots 5.1 0.3 148.0 13 0.3
Roots 2.5 0.9 152.4 1.5 0.7
Site 1 Shoots 6.2 51 137.9 2.8 0.2
P. australis Roots 2.6 4.1 37.6 2.0 0.3
Site 2 . ; ; _ - -

* The macrophytes species P. australis dependent on a number of plant factors. These

was not available at site 2

The subsequent increasing order of concentration
for the investigated metals in root and shoot
system of P. australis were as follow; Mn > Cr >
Pb > Cu, similar trend also occurred in shoot
system of T. angustifolia. However, in root
system of T. angustifolia the following trend Mn
> Cu > Cr > Pb of increasing concentration was
observed, (Table 2).

Table (3) presents the calculated uptake of the
investigated heavy metals by T. angustifolia and
P. australis macrophytes species in pg plant™.
Special attention has been given to the uptake
and biotransformation mechanisms occurring in
plants (particularly edible plants) and its role in
bioaccumulation and impact on consumers,
especially human beings. Some concerns have
been raised about the possibility of toxic
concentrations of certain elements being
transported from plants to higher strata of the
food chain, since plants constitute the foundation
of the food chain [40]. Plant uptake of chemical
species from the plant growth system is also

include: physical processes such as root
intrusion, water, and ion fluxes and their
relationship to the kinetics of metal solubilization
in soils; biological parameters, including kinetics
of membrane transport, ion interactions, and
metabolic fate of absorbed ions; and the ability
of plants to adapt metabolically to changing
metal stresses in the environment [41].

As it is shown in Table (3), the highest uptake
for all the studied metals and in both of the
macrophytes species except for Cu at site 1 were
recorded in the shoot system as compared to the
root system. In general, the shoot system of P.
australis has got more uptakes of Cr, Mn, and Pb
except for Mn at site 1 as compared with the
shoot system of T. angustifolia. But for the metal
Pb, the high level of uptake or accumulation was
in shoot system of T. angustifolia rather than
Phragmites australis. Normally, accumulation of
selected metals varied greatly among plants
species and uptake of an element by a plant is
primarily dependent on the plant species, its
inherent controls, and the growth system quality
[39].
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Table 3: Heavy metals uptake by T. angustifolia and P. australis macrophytes

. ] Uptake g plant™
Macrophytes Location Dry matter (gm plant™
Pyt ! y gmp ) Cr Mn Cu Pb
Site 1. Shoots 55 15.95 1130.8 3.85 2.20
T anqustifolia Roots 2.7 3.78 542.97 15.39 3.24
+ang Site 2 Shoots 51 1.53 754.8 6.63 1.53
Roots 2.5 2.25 381.0 3.75 1.75
Site 1 Shoots 6.2 31.62 854.98 17.36 1.24
P. australis Roots 2.6 10.66 97.76 5.20 0.78
_* - - - - -
Site 2
*The macrophytes species P. australis was not c) Bioaccumulation Factor (BAF),

available at site 2.
Note: The uptake amount of the heavy metals in
ng plant® were calculated by applying the
following formula (Source; the researchers of
this study)
Uptake (g plant™) = C x DM
Where C= denotes concentration of the heavy
metal in ppm or pg gm™ plant

DM= gram dry matter per plant (table 3).

The results showed that the uptake of Cr,
Mn, Cu, and Pb by the macrophytes plants
corresponded to the increasing level of water
contamination. According to [24], it has been
found that both P. australis and C. laevigatus
were found to be the best candidates among
seven native plant species (Calotropis procera ,
Citrullus colocynthis , Rhazya stricta , Cassia
italic, P. australis, Cyperus laevigatus and
Argemone Mexicana) for biomonitoring and
phytoremediation programs of polluted soils by
most metals of (Cd, Cr, Co, Cu, Fe, Ni, Pb and
Zn) in Riyadh city/Saudi Arabia, due to their
high accumulation capability of these species.

Enrichment Factor (EF) and Translocation
Factor (TF) in
the investigated macrophyte plant species.

As described by [42], bioaccumulation in animal
tissue or uptake in plants is the process where
chemicals of potential ecological concern
(CPECs) in the surrounding media are
accumulated within the tissues of ecological
receptors, especially to concentrations higher
than in the surrounding media. On the other
hand, [43] defined bioaccumulation as the
process by which chemicals are taken up by an
organism either directly from exposure to a
contaminated medium or by consumption of
food containing the chemical. Bioaccumulation
can occur in an organism any time a chemical is
taken up and stored faster than it is eliminated
(i.e., metabolized and/or excreted), and it
represents the combined accumulation from diet
and direct uptake from abiotic media. The
bioaccumulation factor was calculated as the
ratio of the studied heavy element concentration
in root tissues of the macrophyte species to metal
concentration content of wastewater in Qalyasan
stream, whereas enrichment factor (EF) was
determined as the metal's ratio of plant shoot
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concentration to metal's concentration of polluted
substrate or contaminated environmental medium
(e.g. soil and wastewater) [31].

As presented in Table (4) and Figure (2), the
BAF values for T. angustifolia species of the
investigated heavy metals of Cr, Mn, Cu and Pb
were found to be in the ranges of 42.9 to 53.8,

2458.1 to 2646.1, 375.0 to 1140.0, and 350.0 to
600.0, respectively at site 1 and 2. While for P.
australis species the values were 157.7, 494.7,
400.0 and 150.0 respectively at site 1, since in
site 2 P. australis species was not available.

Table 4: Bioaccumulation Factor (BAF) and Enrichment Factor (EF) values for the investigated heavy metals
in macrophyte species T. angustifolia and Phragmites australis.

Macrophyte

BAF and EF values for the studied heavy

Species Factors Site No. metals
Cr Mn Cu Pb

T. angustifolia Bioaccumulation 1 53.8 2646.1 1140.0 600.0
(BAF) 2 42.9 2458.1 375.0 350.0
Enrichment Factor 1 111.5 2705.3 140.0 200.0
2 14.3 2387.1 325.0 150.0
P. australis Bioaccumulation 1 157.7 494.7 400.0 150.0

(BAF) 2 -* - - -
Enrichment Factor 1 196.15 1814.5 560.0 100.0

2 - - - -

* The macrophytes species P. australis was
not available at site 2.

The trend in the average values of BAF by T.
angustifolia was in the ranking order of Mn> Cu
> Pb > Cr, whereas by P. australis was in the
ranking order of Mn> Cu > Cr > Pb. Among the
heavy metals, BAF value was found to be the
highest for Mn by both the macrophyte species
and at the two sites, the lowest BAF value was
found for Cr in T. angustifolia and for Pb in
Phragmites australis. The food chain
(environment-plant-human) is mainly known as
one of the major pathways for exposure of
human to  environmental  contaminants.
Environment to plant transfer is one of the key
processes of human exposure to toxic heavy
metals through the food chain [44]. According to

[45], when BCF < 1 or BAF =1, it denotes that
the plant only absorbs the heavy metal but does
not accumulate when BCF > 1, and this indicates
that plant accumulates the heavy metals.

Table (4) and Figure (2) also showed that the
enrichment factor (EF) values of Qalyasan
stream for the investigated heavy metals by T.
angustifolia were found to be in the ranges of Cr
(11.5t0 11.5), Mn (1974.4 to 2705), Cu (140.0 to
260), and Pb (150 to 200) at both sites and in the
ranking average order of Mn > Cu > Pb > Cr for
both site. Moreover, the maximum values of EF
except for Cu were at site 1.But, the enrichment
factor (EF) values of the studied heavy metals of;
Cr, Mn, Cu, and Pb in P. australis were found to
be 196.15, 1814.5, 560.0 and 100.0, respectively
and in the ranking order of Mn > Cu > Cr > Pb.
Among the estimated metals, the maximal
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enrichment was found in case of Mn and Cu for
the wastewater of Qalyasan stream (Figure 2).
[46] reported that EF values greater than 1
indicate higher availability and distribution of
metals in the contaminated wastewater,
subsequently increasing the metal accumulation
in plants species. According to [22], the success
of phytoextraction process depends on heavy
metal removal by the shoots tissues. Therefore,
we could propose that the investigated plant
species could be considered as an accumulators
or hyperaccumulators for phytoremediation,
since they had generally the higher metal
concentrations in their shoots tissues rather than
in their roots tissues.

TF values by P. australis were 1.24, 3.66, 1.4
and 0.66 for the metals Cr, Mn, Cu and Pb
respectively, it was observed the values except
for Pb greater than 1, and root-to-shoot transfer
factor (TF) values decreased from Mn >> Cu >
Cr > to Pb. TF greater than one (> 1) represent
that translocation of metals effectively was made
to the shoot from root [49, 50 and 51]. Plants
with both bioaccumulation and translocation
factors greater than one (BCF and TF>1) have
the potential to be used in phytoextraction.

Besides, plants with Bioaccumulation factor
greater than one and translocation factor less
than one (BCF>1 and TF <1) have the potential
for phytostabilization [21].

In general, plant's ability to translocate metals
from the roots to the shoots is measured using
the translocation factor. TF was calculated as
recommended by [47 and 48] as the ratio of the
total concentration of elements in the shoot
tissues or aerial part of the plant (Cshoor) to the
concentration in the root tissues (Cyot) and the
values are given in Figure 3 and Table 6.

Present study showed that the values of
translocation factor (TF) of T. angustifolia
species for the studied heavy metals ; Cr, Mn, Cu
and Pb were ranged between 0.33 to 2.07, 0.97 to
1.02, 0.12 to 087 to and 0.33 to 0.42
respectively at both sites. Findings indicated that
TF was less than 1 by T. angustifolia species for
all the studied metals at site 2 and also for Cu
and Pb at site 1. This means the quantities of
trace elements accumulated in the roots tissues
exceeded those in the shoots tissues, moreover
the subsequent increasing order of the average
TF values for both sites was as follows; Cr > Mn
> Cu > Pb.
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Shoots Roots Shoots Poots Shoots Boots
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T. angustifolia F. ausiralis

Fig. 2 Bioaccumulation Factor (BAF) and Enrichment Factor (EF) values for the investigated heavy metals in
macrophyte species T. angustifolia and Phragmites australis.

TF values

Cr | Mn | Cu| Pb Cr| Ma |Cu| Pb Cr | Mn| Cu| Pb
Site 1 Site 2 Site 1 Site 2

T. angustifolia P. australis

Fig. 3 Translocation Factor (TF) Values for the investigated heavy metals in macrophyte Species T.
angustifolia and Phragmites australis.

104


http://en.wikipedia.org/wiki/Typha_angustifolia
http://en.wikipedia.org/wiki/Typha_angustifolia

J.Z.S. - Part A, Vol. 16 (4), 2014

Table 6: Translocation Factor (TF) Values of the investigated heavy metals in macrophyte species

T. angustifolia and Phragmites australis.

Translocation Factor Values

Macrophyte Species Locations o M cu Ph
T. angustifolia Site 1 2.07 1.02 0.12 0.33
Site 2 0.33 0.97 0.87 0.42
P. australis Site 1 1.24 3.66 1.40 0.66
Site 2 -* - - -
*The macrophytes species P. australis was not heavy metal concentrations beyond the

available at site 2

CONCLUSION

Findings from our investigation indicated that
due to the purification effect by the macrophytes
species along the stream flow path towards the
downstream, the concentration of the studied
heavy metals except for Pb had relatively
decreased at site 2 as compared to site 1.
Furthermore, the concentrations of the elements
in the plant tissues were affected by the
concentrations of the heavy metals in the
wastewater body of Qalyasan stream, hence the
metals accumulated in increasing quantity in
shoots and roots. As a result, bioaccumulation
and enrichment factors were above one. The
present study showed that plants grown in
contaminated areas have a high risk of having

permissible limit for each of them as compared
to the less contaminated areas. In addition to that,
this study indicated that both of the investigated
macrophytes species of T. angustifolia and P.
australis tend to absorb, translocate and
accumulate essential and nonessential heavy
metals in their root and shoot tissues.

Although no control plant from the examined
species has been found for comparison test, we
can propose that the studied plants can be
considered as accumulators or
hyperaccumulators for phytoextraction and
phytoremediation, since a suitable plant species
is one of the most important factors which can be
used to uptake the heavy metals from the
environment. We conclude also with the need for
further study in order to establish the biotic
potential of the investigated macrophyte for
phytoremediation of other heavy metals.

105


http://en.wikipedia.org/wiki/Typha_angustifolia
http://en.wikipedia.org/wiki/Typha_angustifolia
http://en.wikipedia.org/wiki/Typha_angustifolia

J.Z.S. - Part A, Vol. 16 (4), 2014

References

[1] Chakravarty, P., SenSarma, N. and Sarma, H. P. (2010). Biosorption of cadmium (I1) from
aqueous solution using heartwood powder of Areca catechu. Chemical Engineering Journal,
162, pp 949-955.

[2] Al-Khateeb, S. A. and Leilah, A. A. (2005). Heavy metals accumulation in the natural
vegetation of Eastern Province of Saudi Arabia. J. Biological Sci., V. 5 Issue. 6, pp 707-712.

[3] Igwe, J. C., Abia, A. A. (2006). A bioseparation process for removing heavy metals from
wastewater using biosorbents. African Journal of Biotechnology, 5, pp1167-1179.

[4 ] Wittig, R. (1993). General Aspects of Biomonitoring Heavy Metals by Plants. In: Plants as
Biomonitors, Market B. (Ed.). VCH Verlagsgesellschaft, Weinheim, Germany, pp 3-27.

[5] Monaci, F., Moni, F., Lanciotti, E., Grechi, D., and Bargagli, R. (2000). Biomonitoring of
airborne metals in urban environments: New tracers of vehicle emission, in place of lead.
Environmental Pollution, 107, pp 321-327.

[6] Kadukova, J., Manousaki, E. and Kalogerakis, N. (2008). Pb and Cd Accumulation and Phyto-
Excretion by Salt Cedar (Tamarix smyrnensis Bunge). International Journal of
Phytoremediation, 1, 10, pp. 31-46.

[7] EPA (US Environmental Protection Agency). (1994). National Water Quality Inventory:
1992 Report to Congress. EPA 841-R-94-001. Office of Wetlands, Oceans, and Watersheds.
Washington, DC.

[8] Vardanyan, L., Schmieder, K., Sayadyan, H., Heege, T., Heblinski, J., Agyemang, T., De, J.
and Breuer, J. (2008). Heavy metal accumulation by certain aquatic macrophytes from Lake
Sevan (Armenia). Proceeding of Taal 2007, The 12" World Lake Conference: 1020-1038.
Sengupta, M. and Dalwani, R. (Editors).

[9] Chatterjee S., Chetia, M., Singh, L., Chattopadhyay, B., Datta, S., and Mukhopadhyay, S.
K. (2011). A study on the phytoaccumulation of waste elements in wetland plants of a Ramsar
Site in India. Environmental Monitoring and Assessment , 178(1-4), pp 361-371.

[10] Butcher, D. J. (2009). Phytoremediation of lead in soil: recent applications and future prospects.
Applied Spectroscopy Reviews, 44, pp123-139.

[11] Ghosh, M. and Singh, S. P. (2005). A comparative study of cadmium phytoextraction by
accumulator and weed species. Environ. Pollut. 133, pp 365-371.

[12] Badr, N., Fawzy M., and Al-Qahtani, K. M. (2012). Phytoremediation: An Ecological Solution
to Heavy-Metal-Polluted Soil and Evaluation of Plant Removal Ability. World Applied Sciences
Journal 16 (9): 1292-1301.

[13] Burkhard, L. P., Arnot, J. A., Embry, M. R., Farley, K. J., Hoke, R. A., Kitano, M., Leslie,

H. A., Lotufo, G. R., Parkerton, T. F., Sappington, K. G., Tomy, G. T. and Woodburn, K. B.
(2011). Comparing Laboratory and Field Measured Bioaccumulation Endpoints. SETAC.
Integrated Environmental Assessment and Management. V. 8(1), pp 17-31.

[14] Brisebois, A. R. (2013). Relationship between the Bioconcentration Factor (BCF), the

Bioaccumulation Factor (BAF), and the Trophic Magnification Factor (TMF). Project

106


http://link.springer.com/journal/10661

J.Z.S. - Part A, Vol. 16 (4), 2014

Submitted in Partial Fulfillment of the Requirements for the Degree of Master of Resource and
Environmental Management Report No. 576 in the School of Resource and Environmental
Management Faculty of the Environment. Simon Fraser University. Canada.

[15] Connell, D. (1997). In: Basic Concepts of Environmental Chemistry, CRC Press.

[16] Nowell, L. H. and Capel, P.D. (1999). Pesticides in stream sediment and aquatic biota:
distribution, trends, and governing factors: Boca Raton, Fl., Lewis Publishers, 1040 p. National
Water-Quality Assessment CRC Press.

[17] McGrath, S. P. and Zhao, F. J. ( 2003). Phytoextraction of metals and metalloids from
contaminated soils. Current Opinion in Biotechnology, 14:1-6.

[18] Sun, Y., Zhou, Q. and Diao, Ch. (2008). Effects of cadmium and arsenic on growth and metal
accumulation of Cd hyperaccumulator, Solanum nigrum L. Bioresour. Technol., 99: 1103-
1110.

[19] Baker, A. J. M. (1981). Accumulators and excluder-strategies in the response of plants to
heavy metals. J. Plant Nutr. 3, 643-654.

[20] Srivastava, M., Ma, L.Q. and Santos, J.A.G. (2006). Three new arsenic hyperaccumulating
ferns. Sci. Total Environ. 364 : 24-31.

[21] Yoon, J., Cao, X., Zhou, Q. and Ma, L.Q. (2006). Accumulation of Pb, Cu, and Zn in native
plants growing on a contaminated Florida site. Sci. Total Environ. 368:456-464.

[22] Usman, A. R. A. and Mohamed, H. M. (2009). Effect of microbial inoculation and EDTA on
the uptake and translocation of heavy metal by corn and sunflower. Chemosphere 76, 893-899.

[23] Ma, L. Q., Komar, K. M., Tu, C., Zhang, W., Cai, Y. and Kennelley, E. D. (2001). A fern that
hyperaccumulates arsenic. Nature, 409: 579-579.

[24] Al- Qahtani, K. M. (2012). Assessment of Heavy Metals Accumulation in Native Plant Species
from Soils Contaminated in Riyadh City, Saudi Arabia. Life Science Journal; 9 (2), pp 384-
392.

[25] Sutherland, R.A., Tolosa,C. A., Tack, F. M. G. and Verloo, M. G. (2000). Characterization of
selected element concentration and enrichment ratios in background and anthropogenically
impacted roadside areas, Archives of Environmental Contamination and Toxicology, Vol.38,
428-438.

[26] Mmolawa, K. B., Likuku, A. S. and Gaboutloeloe G. K. (2011). Assessment of heavy metal
pollution in soils along major roadside areas in Botswana, African Journal of Environmental
Science and Technology, Vol.5, 186-196.

[27] Branquinho, C., Serrano, H. C., Pinto, M. J. and Martins-Loucao, M. A. (2007). Revisiting the
plant hyperaccumulation criteria to rare plants and earth abundant elements. Environmental
Pollution, V. 146, Issue 2, pp 437-443.

[28] Haslam, S. M. (1973). Some aspects of the life history and autoecology of Phragmites
communis, Trin. Areview. Polskie Archwn Hydrobiol. 20: 79-100.

[29] Vrhovsek, D., Kukanja, V. and Bulc, T. (1996). Constructed wetland (CW) for industrial
wastewater treatment. Wat. Res. 30, 2287-2292.

107


http://www.sciencedirect.com/science/journal/02697491/146/2

J.Z.S. - Part A, Vol. 16 (4), 2014

[30] Gupta, P. K. (2004). Soil, plant, water and fertilizer analysis. Fourth Edition. Agrobios, India.

[31] Jones, Jr., J. B. (2001). Laboratory Guide for Conducting Soil Tests and Plant Analysis. CRC
Press LLC. U.S.A.

[32] APHA (American Public Health Association). (1999). Standard Methods for the Examination
of Water and Wastewater. 20th Edition. American Public Health Association, American Water
Works Association, Water Environment Federation. Joint Editorial Board: Lenore, S. Clesceri,
WEF, Chair Arnold E. Greenberg, APHA. ISBN 0-87553-235-7. Washington, DC 20005.
USA.

[33] WHO (World Health Organization). (2006). Guidelines for drinking water quality. 3" Edn.
WHO, Geneva. Available at: http://www.who.int/water_sanitation_health/dwqg/gdwaqg3rev/en.

[34] Yanamadala, V. (2005). Calcium Carbonate Phosphate Binding lon Exchange Filtration and
Accelerated Denitrification Improve Public Health Standards and Combat Eutrophication in
Aquatic Ecosystems. Water Environment Research, 77(7): 3003-3012 p.

[35] Gupta, S., Satpati, S., Nayek, S. and Garai, D. (2010). Effect of wastewater irrigation on
vegetables in relation to bioaccumulation of heavy metals and biochemical changes. Environ

Monit Assess 165:169-177p.

[36] Varalakshmi, L. R. and A. N. Ganeshamurthy, A. N. (2010). Heavy metal contamination of
water bodies, soils and vegetables in peri urban areas of Bangalore city of India. 19th World
Congress of Soil Science, Soil Solutions for a Changing World. Brisbane, Australia. Published
on DVD.

[37] EPA (US Environmental Protection Agency). (2002). Design Manual of Onsite Wastewater
Treatment systems and Disposal Systems, chapter 3, pp 37. United State Environment Protection
Agency, Washington DC, USA.

[38]Lee, S. B., Lee, Y. B., Lee, C. H., Hong, C. O., Kim, P. J. and Yu, C. (2008). Characteristics of

boron accumulation by fly ash application in paddy soil. Bioresour. Technol. 99:5928-5932.

[39] Chunilall, V., Kindness A. and Jonnalagadda, S.B.( 2005). Heavy metal uptake by two edible
Amaranthus herbs grown on soils contaminated with Lead, Mercury, Cadmium and Nickel. J.
Environ. Sci. Health, 40: 375- 384.

[40] Peralta-Videa, J. R., Lopez, M. L., Narayan, M., Saupe, G. and Gardea-Torresdey, J. (2009).

The biochemistry of environmental heavy metal uptake by plants: Implications for the food

chain. The International Journal of Biochemistry & Cell Biology. V. 41, Issues 8-9, pp.
1665-1677.

[41] Cataldo, D.A. and Wildung, R. E.(1978). Soil and Plant Factors Influencing the Accumulation

of Heavy Metals by Plants. Environmental Health Perspective,.Vol. 27, pp. 149-159.

[42] EPA (US Environmental Protection Agency). (2011). Bioaccumulation Factors.

Attachment U-1. Casmalia Resources Superfund Site Final Remedial Investigation Report.
Appendix U-Attachment 1. Bioaccumulation Factors. C S C U1-15 January 2011. Att U-1
(BAFs).

[43] Corl, E. (2001). Bioaccumulation in the Ecological Risk Assessment (ERA) Process. Issue

108


http://www.who.int/water_sanitation_health/dwq/gdwq3rev/en
http://www.sciencedirect.com/science/article/pii/S1357272509001009
http://www.sciencedirect.com/science/article/pii/S1357272509001009
http://www.sciencedirect.com/science/article/pii/S1357272509001009
http://www.sciencedirect.com/science/article/pii/S1357272509001009
http://www.sciencedirect.com/science/journal/13572725
http://www.sciencedirect.com/science/journal/13572725/41/8

J.Z.S. - Part A, Vol. 16 (4), 2014

Papers Bioaccumulation in the ERA Process. Organization: Atlantic Division, Naval Facilities
Engineering Command.

[44] Zhuang, P., McBride, M. B., Xia, H., Li, N. and Li, Z. (2009). Health risk from heavy metals
via consumption of food crops in the vicinity of Dabaoshan mine, South China, Science of the
Total Environment, vol. 407, No. 5, pp. 1551-1561.

[45] Satpathy, D., Reddy, M. V., and Dhal, S. P. (2014). Risk Assessment of Heavy Metals
Contamination in Paddy Soil, Plants, and Grains (Oryza sativa L.) at the East Coast of India.
Hindawi Publishing Corporation. BioMed Research International. V. 2014, Article 1D
545473, 11 pages.

[46] Gupta, S., Nayek, S., Saha R. N. and Satpati, S. (2008). Assessment of heavy metal
accumulation in macrophyte, agricultural soil, and crop plants adjacent to discharge zone of
sponge iron factory. Environmental Geology, vol. 55(4), pp. 731-739.

[47] Favas, P. J. C., Pratas, J., Varun, M., D’Souza, R. and Manoj S. Paul, M. S. (2014).
Phytoremediation of Soils Contaminated with Metals and Metalloids at Mining Areas: Potential
of Native Flora. Chapter 17. Environmental Sciences » "Environmental Risk Assessment of
Soil Contamination”, book edited by Maria C. Hernandez-Soriano, Published: March 26, 2014
under CC BY 3.0 license.

[48] Karami, A. and Shamsuddin, Z.H. (2010). Phytoremediation of Heavy Metals with Several
Efficiency Enhancer Methods. African Journal of Biotechnology, 9: 3689-3698.

[49] Baker, A. J. M. and Brooks, R.R. (1989). Terrestrial higher plants which hyperaccumulate
metallic elements, a review of their distribution, Ecology and Phytochemistry. Biorecovery 1:
81-126.

[50] Zhang, W. H., Cai, Y., Tu, C. and Ma, Q. L. (2002). Arsenic speciation and distribution in an
arsenic hyperaccumulating plant. Science of the Total Environment; 300: 167-177.

[51] Fayiga, A.Q. and Ma, L. Q. (2006). Using phosphate rock to immobilize metals in soils and
increase arsenic uptake in Pteris vittata. Science of the Total Environment; 359: 17-25.

109


http://www.intechopen.com/subjects/environmental-sciences
http://www.intechopen.com/books/environmental-risk-assessment-of-soil-contamination
http://www.intechopen.com/books/environmental-risk-assessment-of-soil-contamination
http://creativecommons.org/licenses/by/3.0/

