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Abstract:
The biological adsorption technique was used with the powder of (Chara virgata, Cladophora
fuebllornei) algae with a dry weight of 0.5 g to treat water contaminated with heavy elements of lead,
cadmium, copper, chromium and iron at the two following different locations in Baghdad: AlWaziriyah Batteries factory, and Tanning & Leather Factory. The experiments were performed at a
pH 6 and at a speed of 100 rpm in an electric vibrator. The chara virgata showed high removal ratios
100% of lead, cadmium, and iron respectively in the first half hour of the experiment, while the
chromium and copper removal rates ranged from 74.6-100%, 73.2-100% with 0.5-3 hour treatment
time respectively. The results of Cladophora fuebllornii were different for the chromium element with
removal rates ranging from 77.7-100% and with a treatment time of 0.5-2 hours respectively .Copper
removal rates ranged between 83.6-100% and 0.5-1.5 hours. Lead, cadmium, and iron also had 100%
removal rates, respectively within the first half hour of the experiment. The analysis of the infrared
device (FTIR) for the sample of the two-algae used in the experiments proved the presence of the
active groups in the cellular walls of each alga, namely carboxyl, hydroxyl, alkyl, amine, and amide
groups, which are responsible for bonding heavy element that present in the polluted water.
Keywords: The vital adsorption , heavy elements , algae dry and active groups.
Part of M.Sc. thesis of the 1st auther.
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خفض بعض العناصر الثقيلة من المياه الملوثة بأستعمال تقنية االمتزاز الحيوي بالطحالب الجافة
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المستخلص

0.5 ) وبوزن جاف بلغCladophora fuebllornei  وChara virgata ( أستخدمت تقنية االمتزاز الحيوي بمسحوق الطحلبين

غم لكل منها لمعالجة المياه الملوثة بالعناصر الثقيلة والمتمثلة بعنصر الرصاص والكادميوم والنحاس والكروم والحديد ولموقعين مختلفين

100  وبسرعة6  أجريت التجارب بوسط درجة حموضته. معمل الوزيرية ل نتاج البطاريات ومعمل الدباغة والجلود: في مدينة بغداد هما
نسب إزالة مرتفعة لكل من عناصر الرصاص والكادميوم والحديد اذ بلغتChara virgata  أظهر طحلب.دورة بالدقيقة في هزاز كهربائي

-74.6  في حين تراوحت نسب اإل زالة لعنصري الكروم والنحاس، على التتابع ضمن النصف ساعة االولى من التجربة%100

Cladophora  أما النتائج التي اظهرها طحلب.ساعات على التتابع3-0.5  وبزمن معالجة تراوح بين%100-73.2و%100

 في، ساعة2-0.5  وبزمن معالجة%100-77.7  فقد كانت مختلفة بالنسبة لعنصر الكروم اذ تراوحت نسب اإل زالة بينfuebllornei

 أما عناصر الرصاص والكادميوم والحديد. ساعة1.5-0.5  وبزمن معالجة%100-83.6 حين تراوحت نسب اإل زالة لعنصر النحاس بين

 أثبت فحص جهاز االشعة تحت الحمراء. على التتابع ضمن النصف ساعة االولى من التجربة% 100 ًفقد بلغت نسب ازالتهم ايضا

) لعينة الطحلبين المستخدمة في التجارب وجود بعض المجاميع الفعالة في الجدر الخلوية لكال الطحلبين والمتمثلة بمجاميعFTIR(
.الكربوكسيل والهيدروكسيل واالكيل واالمين واالمايد وهي المسؤولة عن االرتباط بالعناصر الثقيلة الموجودة في المياه الملوثة بها

. االمتزاز الحيوي والعناصر الثقيلة والطحالب الجافة والمجاميع الفعالة:الكلمات المفتاحية
البحث مستل من رسالة الباحث االول
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organizations to push scientists to develop new
ways of eliminating contaminants. Which has
led to increased interest in the use of microorganisms to remove heavy elements with
promising economic techniques that are least
harmful to the environment. Bioremediation is
an alternative and promising method of
removing toxic heavy elements from polluting
ecosystems (20). The use of biological
adsorption technology in this area is one of the
most important methods, an abiotic chemicalphysical process that occurs naturally in a
particular biomass and is mainly intended to
combine of pollutants to the structure External
cell wall (3). It has been scientifically proven
and based on the studies conducted by
researchers that one of the most material that
has the characteristic of adsorption is the use
of dried algal biomass because of the unique
features of the ability to resist the toxins of
heavy elements with high concentration On the
other hand, it can be used more than once in
the treatment and it is not necessary to provide
cultivation media to sustain them, either in
terms of storage can be stored for long periods
at room temperature and do not need to be
purified and available in large quantities in the
bodies of water . It possesses a large surface
area and high efficiency in the process of
treatment in addition to it is environmentally
friendly (1). Therefore, the study aims to
reduce pollutants of industrial waste water
with heavy metals using environmentally
friendly materials through vital adsorption alga
technique.
MATERIALS AND METHODES
1-Study sites
Two different sites were selected in the current
study within Baghdad governorate due to the
presence of pollutants (heavy elements) and
these sites were as follows: The first site is the
General Company for Batteries Industry
located in the Waziriya area and the second
site is the tanning and leather factory located
in the Zafaraniya area. The map below shows
the selected study sites.

INTRODUCTION
Water is the origin of life on our planet, It is a
fundamental factor in all biochemistry
interactions in living organisms, The survival
of ecosystems depends on the presence of
water (8). Its existence is a necessary for plant
growth and is a permanent or temporary
habitat for various living organisms, Pollution
of the aquatic environment is one of the major
global obstacles of concern to governments
and peoples all over the world Pollution
threatens human health, the life of aquatic
animals and impedes industrial, agricultural
and urban development (21). That the
increasing problem of pollution of the
environment and the global attention it
receives and the pressures on the industry by
environmental protection organizations have
required the contribution of industry to find
solutions to these problems, began modern
industrial projects not only plans to build the
units' treatment water industrial but to
establish special units for wastewater
treatment, Making it suitable for re-use. Water
pollution causes a change in the physical and
chemical properties of water, This causes the
amount of usable water to be endangered (14).
The amount of fresh water is limited ( 2%only
) of the total water quantity, which constitutes
71% of the earth's surface (21). The use of
water in industrial processes results in billions
of cubic meters of industrial wastewater,
which contains large types of heavy elements
and organic compounds, which vary
depending on the nature of production and the
type of material used in each industry and are
more toxic than sewage. The industries are
used heavy metals where are very dangerous
to humans because of the inability of water to
dispose of these elements (23). Heavy
elements have effects on the physiology of the
human body. Cadmium and arsenic can cause
cancer, while lead, chromium, and copper
cause damage to the brain and damage to
bones (28). In the past few years, attempts
increased on environmental protection
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Map 1. the selected study sites within the city of Baghdad
Directorate in a pure and highly intensive
2-Collect samples of Chara virgata algae
Samples were collected for algae from the
manner, which was identified by (2). It was
Tigris river at the site behind the University of
brought to the laboratory and some laboratory
Baghdad / Al-Jadriya. which was classified by
tests were carried out for isolation to ensure
(18) .The samples were then washed in tap
purity. The cultivation experiments were then
water and then washed three times with
carried out using the appropriate nutrient
distilled water to remove the residue of sand
media (Chu-No.10) for growing so that we
and salts. Samples of algae were diagnosed
could obtain the appropriate biomass for the
through the diagnostic source adopted in the
biological adsorption process to treat and
diagnostic process by taking measurements of
reduce concentrations of heavy elements.
the dimensions of the algae and its shape
4- The cultivation media
Based on (6). The samples were dried at room
Chu-No.10 was used in the preparation of this
temperature for two days, grinded by an
media, according by (10). the cultivation
electric mill and sifted by a 1 mm diameter
media prepared as a stock solution and stored
sieve to obtain 500-600 microns of Chara
in the refrigerator at 4 ° C until use. it was
virgata algae, algal powder was put in
prepared by taking 2.5 ml of each stock
polyethylene bottles and samples stored in the
solution per liter of deionized distilled water
refrigerator at 4 ° C Use them by method (16).
with pH
6.8 - 7 and it sterilized by
Autoclaving at 121 ° C, 1.5 atmosphere for 20
3-Collect samples of Cladophora fuebllornei
minutes. Table (1) Shows the compounds of
algae
The pure isolate of algae was obtained from
the cultivation media which was stored in the
the Ministry of Science and Technology
refrigerator at 4 ° C until use.
laboratories by the Environment and Water
Table 1. Shows the components of the cultivation media modification
Number of stock
solution
1
2
3

Chemical formula of each
salt
MgSO4.7H2O
K2HPO4
NaNO3
CaCl2

Concentration
gL-1
10
4
8
16

4
5
6
7
8

FeCl3
EDTA-Na
NaCl
Na2CO3
MnCl2.4H2O
(NH4) 6Mo7O24.4H2O
ZnSO4.7H2O
CuSO4.5H2O
COCl2.6H2O
H3BO3
Na2Sio3

0.32
4
30
8
0.02
0.028
0.224
0.08
0.004
0.288
5.7

9
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5- Testability of Chara virgata
and
Cladophora
fuebllornei
powder
for
adsorption of heavy element ions
The experiments were carried out at room
temperature in 500 ml glass bottles, 250 mL of
a water sample for each site was added, 0.5 g
of each algal powder was added with (pH 6).
The bottles were placed in an electric vibrator
at 100 rpm and at 25 ° C for 24 h, then 25 ml
of the solution used with the algae was filtered
after passing through the filter papers
(Whatman type), the samples were filtered for
seven different times in two stages, the first
was six times per half hour, After 24 hours of
trial time, the samples were filtered in vials
sealed
and the concentration of heavy
elements was measured using an atomic
absorption spectrometer at a wavelength
(283.3, 228.8, 357.9, 248.3, 324.8 nm)for each
element of lead, cadmium, chromium, iron and
copper, respectively to test the efficiency of
the algae in removing or reducing
concentrations of the heavy elements in water,
and by observing the concentration ratios and
comparing them to the original concentrations
to find out the amount of removal, the
percentage removal ratios were calculated
based on (27) of the following equation:
The percentage removal ratios=( X-Y/X)×100
X: the primary concentration Milligram/ Liter
Y: the secondary concentration Milligram/
Liter
The results were analyzed using the Analysis
of ANOVA, and the differences between the
mean parameters tested
depending
on
Duncan Mable Range and the SPSS
7- Analysis of infrared FTIR (Fouriertransform infrared(
This technique was used to illustrate the
process of binding the heavy element ions to
the active groups on the surface of the
adsorbents of the Chara and Cladophora
algae, which gives the map of the active
groups on these cellular surfaces responsible
for the adsorption and explains the adsorption
mechanism (17)
RESULTS AND DISCUSSION
1-Use Chara virgata to treat the pollutant
water.

Al-Qaisi &et al.

A- Treatment of the pollutant water of the
first site : Figure (1) shows the removal
efficiency of dried Chara virgata with
weighing 0.5 g of the water sample of the
batteries
production
plant
containing
concentrations of 35.35 and 0.64 mgL-1 for
both lead and cadmium respectively. The
experiments were conducted at the alkaline
medium of pH 11.9, It was modified to an
acidic medium of pH 6 at 100 rpm in an
electric vibrator and a processing period from
0.5 to 24 hours. The results of the present
study showed a rise in the percentage of lead
removal percentage between 75.9-100% in the
alkaline medium at 0.5-1.5 hours, while
cadmium recorded a 100% removal rate during
the first half hours of the experiment. The
increase in the removal ratio in the alkaline
medium of these elements is due to the
deposition of these ions when they interact
with the OH- radicals, which is available in the
alkaline solutions where the hydroxides of
these elements are formed in pH 6 and above.
Therefore, the appropriate pH of the
adsorption should be determined. Lead is
remaining dissolve in pH less than 7, while the
cadmium remains dissolved at less than 6.3
(19). The results recorded when changing the
pH value to 6 were different, the removal
ratios reached 100% of lead and cadmium
respectively after half an hour from the
starting treatment process. The current results
agreed with the study (26) when using dried
Chara sp of 0.5 g in acidic medium to
adsorbate lead and cadmium with a
concentration of 20 and 1 mgL-1 for a sample
of the water of the battery factory, the results
yielded removal percentage 97 %, 98.7%,
respectively. The results of the statistical
analysis when using the natural pH of the
battery factory sample showed significant
positive differences for the decrease in the
concentration of the lead element only.
According to the increase in the time periods,
the maximum significant decrease of the
element after 1.5 hours of experiment time and
after changing the pH value to 6. The
statistical results showed that there were no
significant differences between the two
components during the treatment period.
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Figure 1. the removal Percentage of heavy elements in wastewater for the batteries factory
Using dried Chara vigata algae
the decrease in pH values leads to protons
B- Treatment of the pollutant water for the
competing with the ions of these elements at
second site
Figure(2) shows the removal efficiency of
one time and impedes the association with the
Chara virgata dried powder with weighing
active aggregates, resulting in a decrease in the
0.5 g of tanning and leather tanning water
rate of vital adsorption (18). The results that
sample containing concentrations of 2.60,
appeared when changing the pH value to 6 was
0.75, 1.03, 23.54, 1.16 mgL-1 for lead,
different for chromium and copper as the
cadmium, iron, chromium, and copper
removal ratio of the chromium element ranged
respectively in pH 5.1 which is represented of
74.6-100%. Whilst, the copper ranged from
natural pH of the factory sample
with
73.2-100% at the time of treatment 0.5-3
modified to pH 6 with an electric vibrator at
hours for both elements, while the lead,
100 rpm ,the period of treatment ranged from
cadmium, and iron did not different their
0.5-24 hours. The results of the study showed
results,
as
the
removal
percentage
that in the natural pH of the factory water, the
reached100% respectively in the first half hour
percentage of removal of the lead, cadmium,
from the treatment process, when changing in
and iron was increased by 100%, respectively,
the pH value. The process of biological
within the first half hours of treatment, while
adsorption depends strongly on the value of
the chromium removal ratio ranged from 70.8
the pH . It determines the strength of the
to 94.1 %, treatment time is 0.5-24 hours. The
bonding or adhesion between the active sites
depressed chromium removal ratio is due to its
on the surfaces of the adsorbent and heavy
elevation
concentration.
The
higher
element charge (22). Therefore, the acidic
concentration of chromium ions greater than
medium diluted is suitable for the adsorption
20 mgL-1 in aqueous solutions reduces its
of chromium and copper, which is congruous
diffusion on the surface of the adsorbent, it is
to the study (13). The results of the statistical
Compatible with a study (11). The copper
analysis showed that there was a positive
component ranged from 46.5% to 84.4% at a
relationship with the treatment time and the
time of treatment of 0.5-24 hours .These
remaining concentration of the heavy elements
results are consistent with the study [9] which
present in the factory water. There were
showed the effect of metal ions on the
significant positive differences for both
adsorption of the copper element as it was
chromium and copper during the treatment
found that the element copper may be
time, whether using the natural pH or the
significantly affected by the presence of other
modification to the factory sample. The results
elements because the binding sites available to
showed the remaining of the heavy elements
the element ions become limited. In addition,
no significant differences.
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Figure 2. Percentage of heavy elements in wastewater for tanning and leather factory using
dried Chara vigata algae
Table (2, 3) shows the results of the statistical
elements of the selected study sites and during
analysis using SPSS version 20 according to
different time periods by testing the least
the complete random design (CRD) method to
significant difference of LSD at the level
find the significant differences between the
Probability 0.05.
mean of the concentrations of the heavy
Table 2. The concentrations of heavy elements before and after treatment using Chara virgata
algae without modification of Ph
Site
Element
Control
Time
0.5
1
1.5
2
2.5
3
24
L.S.D
(0.05)

Cu
)mgL-1(

The site of tanning and leather
Cr
Fe
Cd
)mgL-1(
)mgL-1(
)mgL-1(

Pb
)mgL-1(

The site of batteries
Cd
Pb
)mgL-1(
)mgL-1(

1.16

23.54

1.03

0.75

2.60

0.64

35.35

b0.62
b0.56
b0.50
b0.45
b0.40
b0.36
a0.18
0.111

g6.86
f6.35
e5.80
d5.21
c4.52
b4.00
a1.37
0.211

0.00
-

0.00
-

0.00
-

0.00
-

c8.51
b2.65
a0.00
0.272

• Values with the same letter are not significantly different from each other
Table 3. The concentrations of heavy elements before and after treatment using Chara virgata
algae with modification of pH to 6
Site
Element

Cu
) mgL-1 (

Control

The site of tanning and leather
Cr
Fe
Cd
) mgL-1 (
) mgL-1 (
) mgL-1 (

Pb
) mgL-1 (

The site of batteries
Cd
Pb
) mgL-1 (
) mgL-1 (

1.16

23.54

1.03

0.75

2.60

0.64

35.35

b 0.31
b 0.24
b 0.20
b 0.16
b 0.09
a 0.00
0.094

f 5.96
e 4.45
d 2.90
c 2.03
b 1.03
a 0.00
0.183

0.00
-

0.00
-

0.00
-

0.00
-

0.00
-

Time
0.5
1
1.5
2
2.5
3
L.S.D
(0.05)

• Values with the same letter are not significantly different from each other.
1167

Iraqi Journal of Agricultural Sciences –2019:50(4):1162- 1173

2-Use Cladophora fuebllornei to treat the
pollutant water
A-Treatment of the pollutant water of the
first site: Figure (3) shows the removal
efficiency of the dried Cladophora fuebllornei
algae with weighing 0.5 g of the water sample
of
the
battery
factory
containing
concentrations 35.35 and 0.64 mgL-1
respectively for lead and cadmium. The
experiments were carried out at the pH of the
factory sample at 11.9, It was modified to an
acidic medium of 6 in an electric vibrator at
100 rpm and at a time of treatment from 0.5 24 hours. The results of the present study
showed a rapid decrease in the concentration
of lead and cadmium during the first half hour
of the experiment with 100% elimination rate
respectively in the case of natural pH and the
modification of the sample of the water of the
factory. The ability of algae varies in the
adsorption of heavy elements due to
differences in the structure of the cell wall and
the positive and negative ion exchange sites on

Al-Qaisi &et al.

the surface of the external wall shows a high
affinity of a particular element, while this
property does not appear with other elements
(15,4). In the results of the study, the ability of
the Cladophora sp algae to absorb the lead
element at the natural pH of the factory water
compared to Chara sp in the same location.
According to the classification of elements in
terms of complexity, the element of lead and
cadmium is a light element as it tends to form
complex compounds that are fixed in liquids,
this is done through covalent and ionic bonds
[24]. Which explains the rapid absorption of
adsorbent elements within a short period of
time . A study (25) also showed that high
concentrations of heavy elements lead to high
removal rates, due to the presence of a major
number of binding sites of elements on the
surfaces of algal cells. The results of the
statistical analysis showed no significant
differences in the normal pH or the modified
of the heavy elements present in the sample of
the factory water.

Figure 3. the removal Percentage of heavy elements in wastewater for the battery factory
Using dried Cladophora fuebllornei algae
concentration of lead, cadmium and iron, with
B-Treatment of the pollutant water for the
100% elimination rate in the first half hour of
second site
Figure (4 )shows the removal efficiency of the
the experiment. The chromium element was
dried Cladophora fuebllornei algae with
removed between 70.9-100% at 0.5-2.5 hours,
weighing 0.5 g of tanning and leather water
while the copper recorded removal ratios
sample containing concentrations of 2.60,
ranging from 62-100% at the processing time
0.75, 1.03, 23.54, 1.16 mgL-1 for lead,
of 0.5-3 hours from the starting of the
cadmium, iron, chromium, and copper
experiment . The results of the change in the
respectively. in pH 5.1 which is represented by
value of pH to 6 the factory water sample were
natural pH of the factory sample with modified
different for chromium and copper as the
to 6 in an electric vibrator at 100 rpm, the
removal rate of chromium element ranged
period of treatment ranged from 0.5-24 hours.
between 77.7-100% at the processing time of
The results of the study at the natural pH of the
0.5-2 hours, while the copper has ranged
factory sample showed a rapid decrease in the
between 83.6 - 100% within a processing time
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of 0.5 - 1.5 hours from the starting of the
experiment. While the lead, cadmium and iron
results did not show any differences when the
pH value was changed, with 100% elimination
in the first half hour of the experiment. The
adsorption of heavy elements to most biomass
types decreases markedly when the pH
decreases and the optimal pH value is very
important to obtain the elevated adsorption.
This capacity will decrease with another
increase in pH value (5). As this results shown
the rapid susceptibility of the algal mass on

Al-Qaisi &et al.

adsorption of heavy elements in the acidic pH
6 only There is a simple gradient in chromium
and copper element in the treated due to the
presence of effective groups of different in the
wavelengths and charge (29). The results of
the statistical analysis showed that there were
no significant differences in the lead,
cadmium, and iron. There were significant
positive differences for chromium and copper
according to the increase in the time periods of
starting the process, whether at the natural pH
or the modified for factory water sample

Figure 4 Percentage of heavy elements in wastewater for tanning and leather factory using
dried Cladophora fuebllornei algae
Table (4, 5) shows the results of the statistical
to find the differences between the mean of the
analysis of the study sites during different time
concentrations of heavy elements at the level
periods and at the natural pH and the modified
of probability 0.05.
Table 4. The concentrations of heavy elements before and after treatment using Cladophora
fuebllornei algae without modification of Ph
Site
Element
Control
Time
0.5
1
1.5
2
2.5
3
24
L.S.D
(0.05)

The site of tanning and leather

The site of batteries

Cu
) mgL-1 (
1.16

Cr
) mgL-1 (
23.54

Fe
) mgL-1 (
1.03

Cd
) mgL-1 (
0.75

Pb
) mgL-1 (
2.60

Cd
) mgL-1 (
0.64

Pb
) mgL-1 (
35.35

c 0.44
c 0.38
b 0.28
b 0.19
a 0.08
a 0.00
0.098

e 6.85
d 5.16
c 3.66
b1.22
a 0.00
0.193

0.00
-

0.00
-

0.00
-

0.00
-

0.00
-
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Table 5. The concentrations of heavy elements before and after treatment using Cladophora
fuebllornei algae with modification of pH to 6
Site
Element
Control
Time
0.5
1
1.5
2
2.5
3
L.S.D
(0.05)

The site of tanning and leather

The site of batteries

Cu
)mgL-1(
1.16

Cr
)mgL-1(
23.54

Fe
)mgL-1(
1.03

Cd
)mgL-1(
0.75

Pb
)mgL-1(
2.60

Cd
)mgL-1(
0.64

Pb
)mgL-1(
35.35

c 0.19
b 0.11
a 0.00
0.059

d 5.24
c 2.11
b 0.43
a 0.00
0.089

0.00
-

0.00
-

0.00
-

0.00
-

0.00
-

groups responsible for the biological
adsorption of lead, cadmium, nickel,
chromium, copper and iron elements of
carboxyl, hydroxyl, alkyl, amine, amide, and
sulfate were identified as active groups (26,12)
These groups are responsible for the vital
adsorption of the heavy elements . The figure
(5,6) shown the active groups of Chara
virgata . the Figure(7,8) shown the effective
groups of Cladophora fuebllornei with their
wavelengths after the treatment process for the
selected study sites. active groups have
different wavelengths and the charge by the
relationship between transmission factor (T%)
and wavelengths.

3 - Testing of active groups for Chara
virgata and Cladophora fuebllornei
The cellular wall of green algae contains a
variety of polysaccharides that are different in
providing effective groups for the storage and
separation of the heavy elements that present
in the aquatic solutions. Heavy elements
release positive electrical charges while the
active groups release negative electrical
charges, which lead to adsorption heavy
elements and cleaning the water from them
(7). FTIR technology was used to investigate
and detect the active groups present on the
external surfaces of the Chara vigata and
Cladophora fuebllornei wall . The active

Figure 5. shows FTIR for Chara virgata algae in the Reducing the concentration of heavy
elements of the batteries factory

1170

Iraqi Journal of Agricultural Sciences –2019:50(4):1162- 1173

Al-Qaisi &et al.

Figure 6. shows FTIR for Chara virgata algae in the Reducing the concentration of heavy
elements of the of tanning and leathers factory

Figure 7. shows FTIR for Cladophora fuebllornei algae in the Reducing the concentration of
heavy elements of the batteries factory

Figure 8. shows FTIR for Cladophora fuebllornei algae in the Reducing the concentration of
heavy elements of the of tanning and leathers factory
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