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The concentration of some heavy metals in different parts of reed plant Phragmites
australis, along the Al-Sabeel River, Iraq
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Abstract: The present study was conducted to determine the concentrations of some heavy metals ~Article history:

of lead, cadmium, and chromium in the roots and stems of Phragmites australis collected from the
Al-Sabeel River in Iraq. Samples were collected at four selected sites in three provinces of Najaf,
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Diwaniyah, and Samawah over a distance of 114 km, from August 2022 to January 2023. The results

reveal that the concentrations of Pb, Cd, and Cr in the roots and stems of the reeds as 134.28-91.21,
189.47-180, and 190.57-97.9 mg/kg dry weight, respectively. Cr was the most accumulated element
in the stem, while Cd was the most accumulated in the roots. The results also showed that the stem
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accumulates heavy metals more than the roots, indicating the possibility of using the reed as an ~ Roots

indicator of heavy metal pollution.

Stem

Introduction

Pollution is one of the most serious nowadays
concerns worldwide, as it poses a threat to human
survival (Singh and Agrawal, 2010). It has significant
economic, environmental, and social dimensions,
especially  after technological
development causing deterioration of the natural
ecosystem (Kamran et al., 2014). Water pollution with
organic and inorganic materials results in rendering
water quality unsuitable for human use (Eid et al.,
2012). In this order, heavy metal pollution poses a
serious threat to the aquatic environments.

Heavy metals have a density of more than 5 g/cm?
(Environmental Protection Agency, 2003), and are
found in all ecosystems (Adelekan and Abegunde,
2011; Ahmed et al.,, 2015). Urban and industrial
development, metals processing, painting, electronics,
and surface runoff play crucial roles in polluting water
bodies with heavy metals (Islam et al., 2015; Gupta et
al., 2012). The natural weathering of rocks in the
Earth's crust is also a source of heavy metal pollution
(Taiwo et al., 2014).

The risk of heavy metals to the aquatic environment
arises from their non-biodegradability and their

industrial and

accumulation over time in the food chain, causing
various damages to living organisms (Doke et al.,
2012). There are several advanced techniques to
reduce the negative impact of heavy metals, including
natural biodegradable materials that are renewable,
inexpensive, abundant, and have the ability to remove
heavy metal ions (Sheba and Nandini, 2016).
Phytoremediation is one of the methods in which types
of plants are used to treat pollution of heavy metals
because they can reduce, decompose, or remove
pollutants using their parts such as leaves, roots,
shoots, or cell walls (Sharma, 2015). Many plants can
absorb pollutants from water, soil, and air and
accumulate them in their tissues without causing harm
to themselves, thus playing an important role in
treating or reducing the environmental pollution in
their presence (Ismail, 2012).

Aquatic plants are used as biological indicators for
detecting the presence of heavy metals, in addition to
their importance in preserving the nature of the
exposed bed (Bonanno, 2013). This method depends
on the type and concentration of the pollutants
(Yasseen, 2014). Hence, it is important to determine
the concentrations of some heavy metals in the roots
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and stems of the reed in the water bodies to understand
the plant parts that are most capable of accumulating
heavy metals. Therefore, this study aimed to
determine the concentrations of some heavy metals of
Cd, Cr, and PDb in the roots and stems of the common
reed, Phragmites australis collected from the Al-
Sabeel River in Iraq.

Materials and Methods

The samples of P. australis were manually collected
over six months starting from August 2022 to January
2023 along the Al-Sabeel River at four sites: the first
site was at the beginning of entering the Al-Sabeel
River, Al-Qadisiyah district, Najaf Governorate. The
second site was in Al-Gharb village, Al-Shanafiya
district, Diwaniyah Governorate, the third site was in
Al-Hilal Al-Rumaythah  district,
Muthanna Governorate, and the fourth site was in Al-
Majd sub-district, Al-Rumaythah district, Muthanna
Governorate (Fig. 1).

The collected samples were placed in clean plastic
bags after being washed with river water to remove
impurities and debris. They were then transported to
the laboratory and washed with tap water and distilled
water, followed by a rinse with ion-free water. The
roots and stems were separated and dried thoroughly,
after which heavy metals were extracted from the
plant according to the method described by
Antonijevic and Maric (2008). A Flame Atomic
Absorption Spectrophotometer was used to measure
the heavy metal ion concentrations, after preparing
standard solutions according to APHA (2003)

sub-district,

Results and Discussions

The results indicated that the order of heavy metals in
the stem of the reed was as follows: Cr < Cd < Pb, with
concentrations of 190.57, 189.47, and 134.28 mg/kg
dry weight, respectively (Table 1). In the roots, the
order of metals was as follows: Cd < Cr < Pb, with
concentrations of 180, 97.9, and 91.21 mg/kg dry
weight, respectively. The phytoremediation technique
is used to absorb and reduce heavy metals from the
environment by storing them in plant tissues (Lajayer
etal., 2019). Aquatic plants can accumulate pollutants
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Figure 1. Map of the studied sites in AL-Sabeel River.

in their bodies at a higher level regardless of their
concentrations in the environment (Zurayk et al.,
2001). The ability of aquatic plants to accumulate
heavy metals depends on several environmental
factors, such as salinity, temperature, season, and pH,
as well as the age and type of the plant (Bonnano and
Giudice, 2010).

The results showed differences in the
concentrations of heavy metals between the roots and
stems of the reed plant across months and sites. The
local variations may be attributed to the impact of
household and agricultural waste that flows into the
river (Torres et al., 2010). Additionally, variations in
the genetic traits of the plant species and
environmental conditions contribute to the differences
in the plant's ability to accumulate heavy metals
(Kabata-Pendias and Pendias, 1984).

Regarding the differences in heavy metals
concentrations during the present study months, the
highest values for heavy element concentrations in the
reed stems were recorded in November, which may be
attributed to the high rainfall and water flow causing
the leaching of many dissolved salts (Netshiongolwe
et al., 2020), or the use of fertilizers and pesticides
containing these metals, leading to an increase in
heavy element concentrations in plants (Mahmoud et
al., 2018).

This study showed that the stem of the reed has
more accumulator of heavy metals than the roots. This
is because reed is known for its ability to accumulate
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Table 1. Different concentrations of heavy metals in the roots and stem of the reed plant.

Metal Site August September  October November December January
Stem Root Stem Root Stem Root Stem Root Stem Root Stem  Root
g1 8363 8113 8202 770 6218 2351 5327 572 5213 5876 37.43 43.15
Pb S2 511 91.21 792 67.2 2349 2314 7536 2553 65.39 32.02 48.85 54.60
S3 29022 18.268 744 2140 7852 64.26 7641 8754 5865 5528 60.33 67.05
S4 694 68.08 651 489 5732 53.26 13428 85.63 4852 7271 7175 77.50
S1 541 26.0 37 240 87.75 79.08 166.54 133.67 105.62 98.47 86.72 17.63
S2 78 221 932 82 12214 56.92 189.47 180 87.39 73.94 58.73 115.63
cd S3 93 58 330 70.1 96.82 3324 92,62 4511 89.03 68.52 106.74 99.53

S4 973 747 425 2730 54.98

79.12 9737 26.61 79.83 57.83 97.62 98.42

S1 90.54 82.01 64.7 6517 2461
90.3 47.01 465 4582
Cr S3 7214 397 69.8 97.80 45.36
97.9 8140 94.01 87.60

S2 205

S4 821

67.51 175.86 83.42 19.13 21.97 1247 10.64
76.59 156.62 96.75 24.81 27.65 88.12 69.84
89.43 14213 70.43 30.49 2571 5155 33.28
9430 190.57 33.43 29.61 3351 56.62 96.75

(Table 1). The reed stem possesses a structure filled
with air spaces (Kattel et al., 2020). Moreover, as an
emergent aquatic plant, the reed has parts of its body
in water and other parts in the air, giving the stem a
greater chance to absorb heavy metals through
atmospheric deposits containing pollutants (Daylam-
Jafarabad et al., 2013). Additionally, the stem has high
biomass (Brezinova and Vymazal, 2015), and our
results are in agreement with the findings of Chandra
et al. (2018).

References

Adelekan B.A., Abegunde K.D. (2011). Heavy metals
contamination of soil and groundwater at automobile
mechanic villages in Ibadan, Nigeria. International
Journal of the Physical Sciences, 6(5): 1045-1058.

Ahmed M.K., Baki M.A., Islam M.S., Kundu G.K,,
Habibullah-Al-Mamun M., Sarkar S.K., Hossain M.M.
(2015). Human health risk assessment of heavy metals
in tropical fish and shellfish collected from the river
Buriganga, Bangladesh. Environmental Science and
Pollution Research, 22: 15880-15890.

APHA: American Public Health Association (2003).
Standard methods for the examination of water and
wastewater. 20th ed. Washington DC, USA.

Antonijevi¢ M.M., Mari¢ M. (2008). Determination of the
content of heavy metals in pyrite contaminated soil and
plants. Sensors, 8(9): 5857-5865.

Bonanno G. (2013). Comparative performance of trace
element bioaccumulation and biomonitoring in the plant
species Typha domingensis, Phragmites australis and

Arundo donax. Ecotoxicology and Environmental
Safety, 97: 124-130.

Bonanno G., Giudice R.L. (2010). Heavy metal
bioaccumulation by the organs of Phragmites australis
(common reed) and their potential use as contamination
indicators. Ecological Indicators, 10(3): 639-645.

Bfezinova T., Vymazal J. (2015). Evaluation of heavy
metals seasonal accumulation in Phalaris arundinacea
in a constructed treatment wetland. Ecological
Engineering, 79: 94-99.

Chandra R., Kumar V., Tripathi S., Sharma P. (2018).
Heavy metal phytoextraction potential of native weeds
and grasses from endocrine-disrupting chemicals rich
complex distillery sludge and their histological
observations  during phytoremediation.
Ecological Engineering, 111: 143-156.

Daylam-Jafarabad M., Azadfar D., Arzanesh M.H. (2013).
The ability to filter heavy metals of lead, copper and
zinc in some species of tree and shrub. International
Journal of Advanced Biological and Biomedical
Research (IJABBR), 1(1): 53-60.

Doke K.M., Yusufi M., Joseph R.D., Khan E.M. (2012).
Biosorption of hexavalent chromium onto wood apple
shell: Equilibrium, kinetic and thermodynamic
studies. Desalination and Water Treatment, 50(1-3):
170-179.

Eid E.M., Shaltout K.H., El-Sheikh M.A., Asaeda T.
(2012). Seasonal courses of nutrients and heavy metals
in water, sediment and above-and below-ground Typha
domingensis biomass in Lake Burullus (Egypt):
perspectives for phytoremediation. Flora-Morphology,
Distribution, Functional Ecology of Plants, 207(11):

in-situ



526 Jaber and Al-Ghanimy / Heavy metals in Phragmites australis, along the Al-Sabeel River

783-794.

Environmental Protection Agency. (2003). Water quality
analysis of heavy metals for the Pretty Boy reservoir
impoundment in Baltimore Country, Maryland. 1650
Arch Street, Philadelphia, PA 19103-2029.

Gupta V.K., Nayak A. (2012). Cadmium removal and
recovery from aqueous solutions by novel adsorbents
prepared from orange peel and Fe>Os nanoparticles.
Chemical Engineering Journal, 180: 81-90.

Islam M.S., Ahmed M.K., Raknuzzaman M., Habibullah-
Al-Mamun M., Islam M.K. (2015). Heavy metal
pollution in surface water and sediment: A preliminary
assessment of an urban river in a developing
country. Ecological Indicators, 48: 282-291.

Ismail S. (2012). Phytoremediation: a green technology.
Iranian Journal of Plant Physiology, 3(1): 567-576.
Kabata-Pendias A., Pendias H. (1984). Trace elements in
soils and plants. Boca Raton, FL: CRC Press. 548 p.
Kamran M.A., Mufti R., Mubariz N., Syed J.H., Bano A.,
Javed M.T., ... Chaudhary H.J. (2014). The potential of
the flora from different regions of Pakistan in
phytoremediation: a review. Environmental Science and

Pollution Research, 21: 801-812.

Lajayer B.A., Moghadam N.K., Maghsoodi M.R.,
Ghorbanpour M., Kariman K. (2019). Phytoextraction
of heavy metals from contaminated soil, water and
atmosphere using ornamental plants: Mechanisms and
efficiency improvement strategies. Environmental
Science and Pollution Research, 26(9): 8468-8484.

Mahmoud K.M.A., Mahmoud H.A., Sayed S.S.M. (2018).
Potential role of Ceratophyllum demersum in
bioaccumulation and tolerance of some heavy metals.
Egyptian Journal of Aquatic Biology and Fisheries,
22(4): 1-12.

Netshiongolwe N.R., Cuthbert R.N., Maenetje M.M., Chari
L.D., Motitsoe S.N., Wasserman R.J., Dalu T. (2020).
Quantifying metal contamination and potential uptake
by Phragmites australis Adans. (Poaceae) Along a
Subtropical River System. Plants, 9(7): 846.

Sharma A., Sharma S., Sharma K., Chetri S.P., Vashishtha
A., Singh P., Kumar R., Rathi B., Agrawal V. (2016).
Algae as organisms in  advancing
nanotechnology: a systematic review. Journal of
Applied Phycology, 28: 1759-1774.

Sheba C., Nandini M. (2016). Heavy metal lead removal by
biosorption: A review. International Journal of
Engineering Research and Technology, 5(11): 519-524.

Singh A., Agrawal M. (2010). Effects of municipal

crucial

wastewater irrigation on availability of heavy metals
and morpho-physiological characteristics of Beta
vulgaris L. Journal of Environmental Biology, 31(5):
727.

Taiwo LE., Henry A.N., Imbufe A.P., Adetoro O.O.
(2014). Heavy metal bioaccumulation and biomarkers
of oxidative stress in the wild African tiger frog,
Hoplobatrachus occipitalis. African Journal of
Environmental Science and Technology, 8(1): 6-15.

Torres P., Cruz C.H., Patifio P., Escobar J.C., Pérez A.
(2010). Applying water quality indexes (WQI) to the
use of water sources for human consumption. Ingenieria
e Investigacién, 30(3): 86-95.

Wang S.H., Yang Z.M., Yang H., Lu B., Li S.Q., Lu Y.P.
(2004). Copper-induced stress and antioxidative
responses in roots of Brassica juncea L. Botanical
Bulletin of Academia Sinica, 45: 203-212.

Yasseen B.T. (2014). Phytoremediation of industrial
wastewater from oil and gas fields using native plants:
The research perspectives in the State of Qatar. Central
European Journal of Experimental Biology, 3(4): 6-23.

Zurayk R., Sukkariyah B., Baalbaki R. (2001). Common
hydrophytes as bioindicators of nickel, chromium and
cadmium pollution. Water, Air, and Soil Pollution, 127:
373-388.



