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ABSTRACT 
Water pollution has become one of the most serious intractable issues of this 
era. The use of aquatic plants is considered as one of the suitable routes to 
remove pollutants from industrial wastewater, to protect the environment 
and restore resources for reuse, especially water hyacinth plant. Multi studies 
have shown that the water hyacinth plant has an ability to recover heavy 
metals from different water bodies. This paper aims to study the efficiency of 
the different parts of water hyacinth plant to remove many ions of heavy 
metals, namely chromium (Cr), cobalt (Co), iron (Fe), manganese (Mn), lead 
(Pb) and zinc (Zn) from polluted water bodies in Iraq, Thera Dejla channel in 
the northwest of Baghdad as a case study. The results obtained showed the 
ability of water hyacinth plant roots to adsorb lead, manganese and zinc metals 
with concentrations of 3.668, 3.1297 ppm and 1.1057 ppm, respectively and 
the rafts to adsorb 10.1545 ppm of iron while cobalt and chromium were 
adsorbed by stem with 0.2652 and 0.0852 ppm respectively. However, the 
leafs of water hyacinth were the lowest ability to adsorb the heavy metals than 
other parts. On the other hand, the concentrations of these heavy metals were 
close to zero in the water near this plant. Therefore, this plant can be used as 
a cheap and low-cost bio-filter to purify polluted water in rivers, lakes and 
ponds despite the harmful effects caused by its excessive spread.  
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INTRODUCTION 
The water hyacinth is a plant or herb that belongs to the 
Pontoderiaceac family and has the scientific name 
Eichhornia crassipes [1], which is one of the jungles or 
aquatic plants affecting the water resources in many 
countries as it spreads in all continents of the world [2]. 
This plant is a perennial plant and is characterized by 
being broad-leaved and a floating aquatic plant, as it rafts 
on the surface of the water by rafts that are spread on the 
surface of the water and its stems are usually short and 
floating [3], but it may be rooted in the mud when the 
depth of the water is shallow, and it may be rhizome or 
purlin [4]. The water hyacinth plant reproduces by seeds 
and budding. The main reproduction and growth period of 
this plant is the period between April and November, and 
its peak growth and reproduction is in the hot months 
which are June, July, August and September [5]. It spreads 
and reproduces very quickly, as it is one of the most 
productive plants on our planet, as it doubles its numbers 
present during a period of (5-18) days and forms dense 
surfaces on the surface of the water and begins to compete 
with other submerged plants floating in the water [6]. A 
single plant of water hyacinth occupies an area of up to 
2,500 square meters per season, and this poses a serious 
threat to the environmental situation in the water [7]. It 
usually prevails with the direction of the water flow, and 
the spreading process is helped by the presence of bays 
and meanderings in the stream. It also protects and helps 
its reproduction by the existence of reeds and grasses on 
the banks of the river [8]. Thus, it forms what looks like a 
floating cancer, which leads to increase the water 
evaporation from the surface of its leaves by 3.2-3.7 times 
the amount of water lost from the water surface without 
the plant as a result, huge amounts of water evaporate 
from water bodies, reaching billions of cubic meters of 

water, which is sufficient to cultivate large areas of land 
[5]. On the other hand, the accumulation of this plant 
impedes the water flow in the irrigation channels, for 
example the spread of a dense cover of the water hyacinth 
in a channel of a cross section of 72.36 square meters may 
reduce the flow of water by 50% and stop it completely in 
the channels and streams that branch from them as well as 
shuts off the irrigation pumps [9]. The leaves and roots of 
the water hyacinth plant accumulate in thicknesses that 
may reach more than 1-3 meters annually, and its 
mechanical removal needs huge costs [10]. This plant has 
harmful effects as it affects the quality of the water by 
reducing its oxygen content resulting in an environment 
inadequate for other beneficial biological species and 
encourages the growth of other harmful organisms [11]. It 
also consumes large quantities of water, as it is estimated 
that one plant consumes between 1-4 liters of water per 
day. In addition, it causes great pressure on floating 
bridges standing on rivers, which leads to displacement 
and breakdown [12]. In most cases, the water hyacinth 
leads to block the sunlight from reaching to other 
organisms that live in the water, especially phytoplankton, 
which form the basic base of the ecosystem and the basic 
food for zooplankton or fish, causing an imbalance in the 
delicate balance of the food chain [10]. In spite of the 
damage caused by the accumulation of the water hyacinth 
plant over water bodies, there are some positives that 
occur as a result of its growth over these surfaces [13]. The 
growing plants from the water hyacinth contain urease 
enzyme, by which this plant analyzes urea resulting from 
disposing farm wastes (such as chemical fertilizers) into 
irrigation channels and water drains then the urea is 
removing [14]. Therefore, it is preferable to leave the roots 
and rhizomes in the agricultural drainage areas for several 
times, as they are used in the analysis of urea, after which 
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the plant is removed as a whole and extracted the urease 
enzyme from its roots [15]. The leaves and stems are used 
after excluding the roots and rhizomes in animal nutrition 
as a renewable source of animal fodder [14]. Some studies 
have indicated the possibility of using this plant as a 
source of fuel and alternative energy, as the water 
hyacinth is used to produce biogas in digesters and 
fermenters [16]. However, one of the very important 
benefits of this herb is the purification of water bodies, 
especially drains and irrigation channels, which are 
heavily polluted by heavy metals such as iron, zinc, lead, 
chromium and others, meaning that its presence reduces 
the water pollution with these heavy, deadly metals that 
destroy living cells [17-19]. In this way, it plays a 
significant role in saving all living organisms, whether 
living in water bodies or benefiting from those water 
resources and on their shores, from poisoning [20]. 
Moreover, wastewater and sludge can be treated using the 
water hyacinth plant by reducing the concentration of 
pollutants, heavy metals and other chemical compounds 
[21]. This plant can be used to purify industrial 
wastewater, sewage, get rid of pesticides and dyes, and 
control pests [22,23]. The aim of this study is to determine 
the ability of water hyacinth plant by various parts of it (i.e. 
roots, stems, leaves and rafts) to recover different heavy 
metals spontaneously from polluted water in Thera Dejla 
channel in the northwest of Baghdad as a case study and 
study the possibility using of this plant as a natural bio-
filter for heavy contaminated waterbodies in Iraq.   
Absorption spectroscopy: This study is based on 
determining the concentrations of heavy metals present in 
polluted water as well as in parts of the water hyacinth 
plant using atomic absorption spectroscopy (AAS) device. 
Therefore, it is necessary to get acquainted with the 
principle of spectroscopy and its main sections, and to 
clarify the scientific basic of this device adequately in 
order to know how to measure the metals and prediction 
of their concentrations in water or in parts of plants. It is 
well known that the basic principle of ultraviolet-visible 
spectroscopy and infrared spectroscopy is absorption at 
the molecular level [24]. As a result of this energetic 
absorption, electron transitions occur in atoms within the 
molecules, causing vibrations within the molecules [25]. 
The transition of the molecule from the zero vibration 
level to the high-energy vibrational levels occurs, which 
leads to expansion or contraction of the chemical bonds 
between the atoms, or a change in the angles between the 
bonds forming the molecules [26]. In the case of the atomic 
absorption spectrometer of the elements, the absorption 
takes place only at the atomic level and not at the level of 
the molecule, so the element to be measured in the 
molecule must be converted to the atomic state [27]. The 
atomic absorption spectrometer checks the wavelengths 
of the absorbed photons during the excitation of the 
element's atoms, while the atomic emission spectrometer 
checks the wavelengths of the photons emitted by the 
atoms as they move from the excited state to the ground 
state or of lower energy [28]. It is known that each element 
emits a distinct set of separate wavelengths according to 
its electronic structure, and by studying these wavelengths 
it is possible to know the elements that make up the 
sample, and then absorption and atomic emission 
spectroscopies estimate the elements in their solutions as 
a method of spectroscopy [29,30]. The idea of estimation 
depends on converting the solution of sample into a spray 
by atomization process, then mixing the spray with a 
mixture of gases such as acetylene or acetylene and air, 

thus the element is burned by the flame resulting from 
mixing these gases and the element turns into an atomic 
state, which is exposed to a hollow cathode lamp specific 
to the element wanted to be measured [31,32]. The hollow 
cathode lamp of each light element gives a specific 
frequency similar to the atomic spectrum of the element to 
be measured [33,34]. Therefore, the element’s atoms will 
absorb a measure of this light proportional to their 
concentration in the flame, meaning that whenever the 
number of atoms of the element or the concentration of the 
element’s atoms in the flame is high, a large amount of 
energy will be absorbed [34]. By comparing the amount of 
energy absorbed or emitted with known concentrations of 
the same element with the amount of energy absorbed by 
the unknown concentrations of the same element, the 
amount of the element is estimated [30,34]. 
Experimental Work: Saplings of the water hyacinth 
plants were collected from Thera Dejla channel, northwest 
of Baghdad (33.471344 N and 44.293715 E) as shown in 
Figure 1-3. Saplings were similar in age and size and 
average weights were 47.6631 g. Initially, the seedlings 
were washed with an increase of tap water until the 
impurities, mud and dusts attached to them from their 
harvest place were removed, and then with ionic water to 
complete the washing process perfectly. The plant parts 
were carefully cut separately (raft, leaf, stem, and root) as 
shown in Figure 4 and then dried at 80 °C until the weight 
was fixed and only the water was removed. Five grams of 
the various dried plant parts were weighed and burned in 
a muffle furnace (Nabertherm, Germany) at a temperature 
of 500 °C. After ending the time of incineration, and let the 
furnace cooled to room temperature, the charred samples 
were extracted and the weight of the rafts, leaves, stems 
and roots were (1.7407, 3.9255, 0.4823 and 1.8534) g, 
respectively. The charred samples then treated with 50 ml 
of concentrated nitric acid for 3 hours under laboratory 
conditions, the treatment process was repeated twice to 
complete the digestion of the samples. After that the 
samples were placed in an Erlenmeyer flask, distilled 
water was added to it and heated to a boil to ensure any 
excess nitric acid was removed. Finally, the concentrations 
of the heavy metals of this study (Co, Cr, Fe, Mn, Pb and Zn) 
were measured in water hyacinth samples and in the 
water samples of the Thera Dejla channel at a surface of 
1.5 meters distance from the plants collected using the 
atomic absorption spectrometer. 
 
RESULTS AND DISCUSSION 
The concentrations of heavy metals in the waters of Thera 
Dejla channel and the concentrations adsorbed by the 
different parts of the water hyacinth plant (rafts, leaves, 
stems, and roots) were tested using an atomic absorption 
spectrometer (AAS) device. The results obtained 
illustrated that this plant has a high ability to adsorb 
various heavy metals, which are cobalt, chromium, iron, 
manganese, lead and zinc, at levels that vary in different 
parts of the plant. This indicates a high possibility of using 
this plant as a bio-filter for water contaminated with 
various heavy metals at the same time. It was found 
through the results shown in Figures 5 and 6 that the zinc, 
lead and manganese elements were higher adsorbed by 
the roots, with concentrations reaching to 1.1057, 3.668 
and 3.1297 ppm, respectively. The part of herb known as 
the raft, was adsorbed the iron element at a higher 
concentration than the rest of other parts and the rest of 
the elements, which is 10.1545 ppm, this is what is shown 
in Figure 5. While Figure 7 indicates that the stems of the 
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water hyacinth had adsorbed 0.0852 and 0.2652 ppm of 
chromium and cobalt elements respectively, thus this part 
was the best in the adsorption of these elements alone.  
 
 

 
 

Figure 1. water hyacinth collected location in Thera Dejla channel 
 

  

Figure 2 Invasive Water Hyacinth Figure 3 Flower of Water Hyacinth 
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Figure 4. Anatomy of Water Hyacinth Plant [35] 
 

 
Figure 5. Adsorbed Concentrations of Iron and Lead metals by Different Parts of Water Hyacinth Plant 

 
The irregularity in the results is due to several reasons, 
one of them is because of the plants’ size, as the larger the 
plant size, the greater its surface area (and this includes all 
parts), thus its ability to adsorb a greater amount of 
different metals or one metal in the same time These 

results are agreement with [36]. On the other hand, the 
roots and the rafts had a capacity for adsorbing heavy 
metals amounting to 12.4369 and 14.3214 ppm, 
respectively. These concentrations are twice as high as 
stems and leaves (5.9155 and 7.0838 ppm respectively).  
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Figure 6 Adsorbed Concentrations of Zinc and Manganese Metals by Different Parts of Water Hyacinth Plant 
 

 
 

Figure 7 Adsorbed Concentrations of Cobalt and Chromium Metals by Different Parts of Water Hyacinth Plant 
 
These results may be attributed to the location of these 
parts which are always in direct contact with high 
concentrations of heavy metals that are either spread on 
the surface of the water or spread near the bottom of the 
river depending on their density [18]. Figure 8 indicates 
that the highest removal percentage of heavy metal ions 
was by the rafts 36.0218%, followed by roots 31.2818%, 
then leaves 17.81747%, and finally stems 14.8789%. This 
supports the previous hypothesis about the distribution of 

heavy metal ions in water of the channel [19]. Figure 9 
shows the percentage of pollutants removal and water 
purification with very high efficiency by the water 
hyacinth plant, as the concentrations of heavy metals in 
the water are very close to the plants were almost 
neglected, while the concentrations of the same elements 
in the waters 1.5 meters away from the water hyacinth 
plant were close to the concentration of metals adsorbed 
by the different parts of the plant after testing [37]. 

0.7431

1.1057

0.8306

0.6194

0.9946

3.1297

0.4724 0.5208

0

0.5

1

1.5

2

2.5

3

3.5

Floater Root Stem Leaf

A
d

so
rb

ed
 C

o
n

ce
n

tr
a

ti
o

n
 (

p
p

m
)

Part of Water Hyacinth

Zn

Mn

0.0161

0.0369

0.2652

0.04150.0375
0.0239

0.0852

0.0511

0

0.05

0.1

0.15

0.2

0.25

0.3

Floater Root Stem Leaf

A
d

so
rb

e
d

 C
o

n
ce

n
tr

a
ti

o
n

 (
p

p
m

)

Part of Water Hyacinth

Co

Cr



Ali et al. /Atomic Spectroscopy Technique Employed to Detect the Heavy Metals from Iraqi Waterbodies Using 

Natural Bio-Filter (Eichhornia crassipes): Thera Dejla as a Case Study 

 

269                                                                           Systematic Reviews in Pharmacy                                  Vol 11, Issue 9, Sep-Oct 2020 

 
 

Figure 8. Percent Removal of All Heavy Metals by Different Parts of Water Hyacinth Plant 
 

 
 

Figure 9. Percent removal of different heavy metals by water hyacinth plant 
 

CONCLUSION 
It is evident from the results obtained by this study that it 
is possible to use the water hyacinth plant (Eichhornia 
crassipes) in its various parts as an effective adsorbent 
available inexpensively and at low cost to remove a 
number of different heavy elements at the same time with 
high efficiency reaching the ideal value. Thus, it can be 
used in treating industrial waste streams that put their 
pollutants into streams, ponds, lakes and other water 
bodies. 
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