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ABSTRACT

Water is an important part of the ecosystem for life. With
industrialization, pollution in water resources has reached a
worrying level. Water pollution due to heavy metals and their
increasing concentrations have caused researchers to increase their
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pollution caused by heavy metals in water. In recent years, the use of Keywords

biosorption method using bacteria to remove heavy metals in water Bacillus subtilis

has become widespread. The main reason why this method is Bl [Hebrersritimmmsts oo,
preferred is that gram-positive bacteria have a thick peptidoglycan e osemmitn

layer on the cell wall and increases the adsorption capacity. In this ICP-OES

study, in drinking, waste, river water and artificially prepared Wastewater

samples, batch method of heavy metal biosorption and biosorption
competition in multiple prepared heavy metal solutions were
investigated. For these processes, Bacillus licheniformis sp. Bacillus
subtilis sp. and Bacillus subtilis (ATCC 6051) strains were used as a
biosorbent. Biosorbtion of Cd (II), Cu (II), Pb (II), Fe (II), Ni (II) and
Zn (II) metals from waters with these biosorbents at different pHs at
25 ° C with 0.25 mg L It was investigated. Surface morphological
structures of biosorbents were evaluated using SEM images and
element compositions were evaluated using EDAX profile. Element
content was determined using ICP-OES. It was found that heavy
metal 1ons were removed up to 98% with maximum biosorption at
pH 6.0.

Farkl Biyosorbentler Kullanarak Su Ortaminda Agir Metallerin Biyosorbsiyon Metodu ile Giderilmesi
OZET

Su canhilar igin ekosistemin 6énemli parcasidir. Endustrilesme ile

Cevre Bilimi

birlikte su kaynaklarindaki kirlenme endigse edilir boyutlara Aragtirma Makalesi
ulagsmigtir. Agir metallere bagli su kirliligi ve bunlarin artan

konsantrasyonlar1  su ekosistemlerine zarar  verdiginden Makale Tarihcesi
arastirmacilarin konuya olan ilgisinin artmasina sebep olmustur. Gelig Tarthi  :22.05.2021
Agir metallerin sularda olusturdugu kirliligi gidermek ciddi maliyet Kabul Tarihi :09.07.2021

ve zaman gerektirmektedir. Son yillarda suda bulunan agir

metallerin uzaklagtirilmasi icin  bakteriler aracihigiyla Anahtar Kelimeler
biyosorbsiyon yonteminin kullamilmasi yayginlagmistir. Bu Bacillus subtilis
yontemin tercih edilmesinin temel sebebi gram pozitif bakterilerin Bacillus licheniformis sp.
hiicre duvarinda kalin bir peptidoglikan tabakasina sahip olmasi ile Biyosorpsiyon
adsorbsiyon kapasitesini artirmasidir. Bu calismada i¢gme, atik, ICP-OES

nehir sular1 ve suni olarak hazirlanan numunelerde ¢alkalamal Atik su

metod kullanarak agir metal biyosorbsiyonu ile birlikte g¢oklu
hazirlanmis agir metal c¢ozeltilerinde biyosorbsiyon rekabeti
incelenmigtir. Bu igslemler i¢in Dicle nehri bélgesine ait topraklardan
1zole edilen Bacillus licheniformis sp. Bacillus subtilis sp. ve Bacillus
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subtilis (ATCC 6051) suslar ile sulu ¢ozeltiden Cd (II), Cu (II), Pb
(I1), Fe (I, Ni (II) ve Zn (II) metallerinin biyosorbsiyonu

degerlendirildi. B. subtilis suglar1 ve

B.licheniformis

Sp.

organizmalarinin yiizey morfoljik yapilart SEM goriintiileri, element
kompozisyonlarnt EDAX verileri ile incelendi. ICP-OES kullanilarak
element icerigi tespit edildi. Sulu cézeltideki Cd (II), Cu (II), Pb (ID),
Fe (II), Ni (II) ve Zn (II) metal iyonlar: farkh pHlarda 25 °C de 0,25

mg L' biomass

ile biyosorbsiyon gerceklestirildi.

pH 6.0 da

maksimum biyosorbsiyon ile metal iyonlarinin % 98 varan oranda

giderildigi belirlendi.

To Cite : Baran MF, Diiz Z, Baran A, Keskin C, Aktepe N 2022. Removal of Heavy Metals in Water by Biosorption
Method Using Three Different Bacillus sp-derived Biosorbents. KSU J. Agric Nat 25 (3): 000-000.
httpsi//doi.org/10.18016/ksutarimdoga.vi.941201.

Atf I¢in: Baran MF, Diiz Z, Baran A, Keskin C, Aktepe N 2022. Farkli Biyosorbentler Kullanarak Su Ortaminda Agir
Metallerin Biyosorbsiyon Metodu ile Giderilmesi. KSU Tarmm ve Doga Derg 25 (3): 000-000.
httpsi//doi.org/10.18016/ksutarimdoga.vi.941201.

INTRODUCTION Moharreri, 2020).

Heavy metal pollution is a worrying global problem as
a result of rapid industrialization (Yahiaoui et al.,
2020). High concentrations of the heavy metals pose a
toxic threat to all life forms (Wu et al., 2020; Morcali
and Baysal, 2019). Heavy metal-containing
wastewater from metal coating facilities, mining
activities, fertilizer industry, battery and paper
industries are directly or indirectly discharged into
water sources. Heavy metals are not biodegradable in
water, soil or atmosphere. Biologically accumulating
heavy metals cause toxic and carcinogenic effects for
many organisms (Kucukcongar et al., 2020; Lieswito
et al., 2019).

Various methods are used to remove heavy metals
from water and wastewater (Qin et al., 2020). Ion
exchange (Zendehdel et al, 2019), chemical
precipitation (Eltarahony et al., 2020), coplexing
(Eggermont et al., 2020), membrane filtration (EI-
yazeed et al., 2020), adsorption (Subramani et al.,
2019), biosorption (Sabri et al., 2018) methods are
some of them. Biosorption is a favorite technique for
heavy metals removal. Being environmentally
friendly and not requiring high energy increases the
interest in this field by making the method
economical. In biosorption applications, heavy metal
adsorbing sources are considered as biosorbents
(Kouli et al., 2020; Halimahtussaddiyah, 2017; Nasab
et al., 2020). Biosorbent sources such as bacteria
(Abedinzadeh et al., 2020), fungi (Qin et al., 2020;
Verma et al., 2013) yeasts (Yasmin et al., 2020),
algae (Liu et al, 2018), shellfish (
(Keshvardoostchokami et al., 2017), plants
(Parthasarathy and Narayanan, 2014) are used in
biosorption  applications. Biosorbtion studies
performed with biologically sourced adsorbents are in
a very interesting position in terms of easy
application stages, low cost, high biosorption
efficiency, reuse of the adsorbent and not containing
toxic chemicals that will harm health (Qin et al.,
2020; Shokoohi et al., 2020; Khameneh and
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In studies using bacteria as adsorbents, it has been
observed that gram positive bacteria exhibit better
character than gram negative bacteria in terms of
biosorption efficiency. Gram-positive bacteria have a
thick cell wall, which increases biosorption (Baran
and Duz, 2019; Biswas et al., 2020).

In this study, the removal of Cd (II), Cu (II), Pb (ID),
Fe (II), Ni (I), Zn (I) heavy metals were investigated
at appropriate pH values with different biomasses
using the batch biosorption technique, and it was also
aimed to examine the biosorption competition in the
solution.

MATERIAL and METHOD
Isolation of Bacterial Strains

1 g soil sample was taken for each strain to be used in
the isolation of the strains from the soils of the Tigris
river coastal region. The samples were mixed with 4.5
mL of sterile distilled water. The homogenized
samples were kept at 80 °C for 10 minutes (Lennete
et al., 1985). Samples were diluted using sterile water
to obtain colonies. It was incubated at 37 °C by
inoculation on nutrient agar medium containing 10 %
NaCl. At the end of the period, the colonies grown in
the medium were evaluated according to their
morphology. Colonies with Bacillus morphology were
seeded on nutrient agar medium and incubated at
37°C for 1 night (Sneath et al., 1986). Taxonomic
descriptions of Bacillus Iicheniformis sp. (B.
licheniformis sp.) and Bacillus subtilis sp. (B. subtilis
sp.) were carried out by Dr. Hiisamettin Aygiin of
Dicle University.

Equipment and Chemicals

Metal salts of analytical purity Cd(NOs)2.4H20,
Pb(NO3)s, Cu (NOs3)2.3H:0, Zn(NO3)2.4H20,
Fe(S04).7H20 and Ni(NO3)2.7H:0 were used. Stock
solutions and pH adjustment (NaOH, HCl and HNOs)
were used as acid and base in experimental studies.
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Stock solutions of iron, lead, copper, nickel, zinc and
cadmium were prepared as 1000 mg/L from these
metal salts.

Perkin-Elmer OPTIMA 5300 Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES),
HANNA HI-2211 7000 seven multi brand pH meters,
ALC-4235 A brand model centrifuge devices, as well
as EVO 40 LEQ model SEM-EDAX devices for
biosorbent characterization were utilized.

Biosorbent Preparation Process

Isolated from the soils on the banks of the Tigris river
B.licheniformis sp. and B. subtilis wild strains as well
as the Bacillus subtilis ATCC 6051 (B. Subtilis )
strain were used for biosorption as a biosorbent.
Nutrient agar, nutrient broth solid media forms were
used to the cultivate bacteria.

The microorganisms used are gram positive bacilli
and have a thick peptidoglycan layer. The structure of
this layer is a large polymer formed by cross-linking
peptide chains with N-acetylglucosamine (NAG) and
N-acetylmuramic acid (NAM) pentapeptide chains
(Reith and Mayer, 2011; Tocheva et al., 2013).

Inoculation was performed on nutrient agar medium.
It was left to incubate at 37 °C for 24 hours. Then the
microorganisms grown were transferred from solid
media to 1.0 liter nutrient broth media. The bacteria
were left in a shaker at 37 °C for 24 hours to grow.
The media content obtained after growth was
subjected to centrifugation at 7,000 rpm for 15
minutes. The bottom pellet was washed several times
with sterile distilled water. Then it was left to dry.
The dried pellet was passed through a 180 pm sieve.
B. licheniformis sp. (F1), B. subtilis sp. (Fs) and B.
subtilis (B1) biosorbent naming was done.
Biosorbents have been made ready for the biosorption
process.

Heavy Metal Biosorption with Batch Method

Biosorbtion processes with biosorbents were
performed using the physical adsorption batch
method (Ali et al., 2020). This method is based on the
removal of heavy metals from the aqueous solution by
stirring (Mwandira et al., 2020; Nazmara et al.,
2020). Different pH biosorption trials were carried out
and the pH values in which the metals showed the
best activity among these studies were selected for
the biosorption application. In the studies conducted
with the batch method, the removal of heavy metals
at different pH's and low concentrations in water was
investigated. (Shokoohi et al., 2020; Tengxia et al.,
2020).

Biosorption at Low Concentration

From the stock solutions of 1000 ppm containing
metal salts, dilutions were made for each metal (Cd,
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Cu, Fe, Ni, Pb and Zn) and the solutions were
prepared with an initial concentration of 1.5 ppm.
The pH of the solutions of Cd, Cu, Fe, Ni, Pb and Zn
was adjusted as 5, 4.5, 6, 6, 5.5 and 6.5, respectively.
Then, B1, Fl1 and Fs biosorbents were weighed 0.25
mg and left to the 1000 mL flasks. Metal solutions
were added and agitation was carried out at 25 °C.
After the samples were taken and centrifuged,
readings were made with ICP-OES. After the
equilibrium concentrations were determined, the
percentage metal removal capacities of B1, Fs and F1
biosorbents for each metal were evaluated. Percent
metal removal was calculated using the equation
stated below (Baran and Duz, 2019).

%A=((Co-Cd))/Co x100
Co = Initial metal concentration,

Cd Refers to the concentration of metal at
equilibrium.

6Y)

Low Concentration Biosorption Competition

A mixture of metal ions Ni (II), Cd ID, Pb (II), Cu
(ID), Fe (II) and Zn (II) with an initial concentration of
1.5 ppm was prepared from the stock solutions. The
proper pH was adjusted. The biosorbents (F1, Fs and
B1) were weighed 0.25 mg and each was placed in a
separate 1000 mL flask. The prepared metal mixture
solution was added on them. It was left to stir during
equilibrium at 25 ° C. Samples were centrifuged and
readings for metal contents were made with the ICP-
OES device. Then percent recovery was calculated
with the equation shown in formula (1).

Biosorption Competition in Drinking, River and
Wastewater

B1 biosorbent with the best biosorbent ability was
selected in the applications. This stage, which is the
last stage of biosorption applications, was evaluated
for its applicability to drinking, waste and river
waters. Samples were taken from different stations
(Table 5-6). The initial concentrations of the water
samples taken were determined via the ICP-OES
device. 0.25 mg L-1 of B1 biosorbent was weighed and
put into the flasks and water samples taken from
different points were added on them. Samples were
left in a shaking water bath for one hour. The
samples taken at different times were centrifuged and
the Equilibrium concentration was determined.
Percent metal removal was calculated by the equation
defined in formula (1).

RESULTS and DISCUSSION
Biosorbent Characterization
SEM-EDAX micrographs

Morphological appearances and element
compositions of Fs, F1 and B1 biosorbents before and
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after biosorption were evaluated by the SEM analysis.
The bacterial cell is morphologically rod-shaped and
has a smooth surface. However, its morphology
changed after metal biosorption (Figure 1-3)
(Pugazhendhi et al., 2018; Dahaghin et al., 2017).

In the EDAX profile, a decrease was observed in Bl
biosorbent after biosorbtion in Potassium (K) ions. In
the study conducted with the Bacillus gibsonii s-2
strain, it is reported that the biosorbent absorbs lead
ions as a result of the biosorption of the lead metal. In
the EDAX analysis, it was stated that the effective

Mag s 000K K ENT=I000W Sgeeiac Sl WO B

T
BsTam Pr—

decrease in Na* ions, one of the ions in the bacterial
profile after biosorption, was based on the ion
exchange between Pb-Na (Zhang et al., 2013). The
decrease in K* in the EDAX profile indicates that
biosorption occurs by ion exchange in similarly
between K-Pb, K-Fe and K-Cd. In addition, heavy
metals adsorbed after biosorption are also reflected in
the EDAX profile (Figure 4). Similar findings of SEM-
EDX micrographs were presented in recent
biosorption studies (Ayucitra et al., 2017; Zendehdel
et al., 2019; Kucukcongar et al., 2020; Su et al., 2020).

Mags SOCOKX MY+ 2000w SgraA=SEY WO= Bew  IBTAM

Figure 1. SEM images of the B1 biosorbent (A) before and (B) after metal interactions.
Sekil 1. Bl Biyosorbentinin metal etkilesiminden énceki (A) ve metal ile etkilestikten sonraki SEM gériintiileri. (B)

Meg = 00 00 K X 4T = 20000 SowA«IE1 WO= Sew  IBTAM

Figure 2. SEM images of the F1 biosorbent (A) before and (B) after metal interactions.
Sekil 2. F1 Biyosorbentinin (A) metal etkilesiminden énceki ve (B) metal ile etkilestikten sonraki SEM goriintiileri.

Mags JO0OKX ENT 20008 SgwA=SEl WO= Swn
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Figure 3. SEM images of the Fs biosorbent (A) before and (B) after metal interactions.
Sekil 3. Fs Biyosorbentinin (A) metal etkilesiminden énceki ve (B) metal ile etkilestikten sonraki SEM gériintiileri.

Biosorption Studies

Cd, Cu, Fe, Ni, Pb and Zn 1.5 ppm solutions were
evaluated by biosorption at pH 5, 4.5, 6, 6, 5.5 and
6.5, respectively. Equilibrium concentrations and
metal removal percentages were calculated using the
equation in formula (1).
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When Table 1 and figure 5 data were examined and
compared for biosorbtion at low concentrations, it is
seen that the metals that F1, Fs and B1 biosorbents
adsorb best were Cd and Pb. It is seen that the
biosorbent that provides the best Cd and Pb removal
in biosorbents i1s Bl with % 98.13 and % 97.53
removal rates, respectively. It has been reported in
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the biosorption studies that Cd and Pb ions are bacteria are more resistant to Pb and Cd stress (Su et
largely adsorbed (Abedinzadeh et al., 2020; Mwandira al., 2020; Borralho et al., 2020).
et al., 2020). It has been stated in studies that
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Figure 4. EDAX data of B1 biosorbent (A), after interaction with B1-Pb (B), after interaction with B1-Fe (C), after interaction
with B1-Cd (D).

Sekil 4. B biyosorbentine ait EDAX verileri (A), B1-Pb ile etkilesme sonrasi (B), Bl-Fe ile etkilesme sonras: (C), B1-Cd ile
etkilesme sonrasi (D)
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Table 1. Low concentration metal ion equilibrium concentrations and % recovery data of biosorbents (F1, B1
and Fs)

Cizelge 1. Biyosorbentlerin (F1, Bl ve Fs) diisiik konsantrasyonda metal iyonu denge konsantrasyonlar1 ve %
kazanim verileri

B1 FI Fs
H
i\f)[zz,al P Cotppm) Cetppm) Recovery% Ce wpm Recovery% Ce (opm Recovery%
cd 5 1.5 0.028+0.0008  98.13 0.054+0.0007  96.13 0.083+0.0008 94.46
Cu 4.5 1.5 0.178+0.0043 88.13 0.312+0.0032 79.20 0.4724+0.0066 68.53
Fe 6 1.5 0.116+0.0038 92.26 0.161+0.0020 89.25 0.375+0.0015 75.00
Ni 6 1.5 0.311+0.0034 79.26 0.339+0.0127 77.40 0.635+0.0052 57.66
Pb 5.5 1.5 0.037+0.0016 97.563 0.059+0.0021 96.06 0.114+0.0017 92.40
Zn 6.5 1.5 0.099+0.0023 93.40 0.135+0.0038 91.00 0.236+0.0055 84.26
A B
100
100 o 90 * A
0§ F % S 80 4
S 80 R . g 70 e e PH=50
5 70 B —s—CupH=as | £ 60 X
3 60 _ £ 50 i pH=6
é 50 =i Fe pH=6 g 40
B gg Ni pH=6 > 30 — pH=6,5
5] _ 20
S 20 Pb pH=5,5 7
18 —e—ZnpH=65 0
B1 F1 Fs Cd Cu Fe Ni Pb  Zn
C w D 100
80 o0
o 70 S 80
= 60 —e—pH=50| § 70 —
‘_g 50 ——— g 60 — —_—4—pH=5.0
g " —#—pH=6 50 e [ g
E 2 i S [T —mpH=6
g 20 pH=ss| = 3 pH=6,5
S 10 0
0 0
Cd Cu Fe Ni Pb Zn Cd Cu Fe Ni Pb 2zn

Figure 5. A. Low concentration metal ion biosorption Table, B. The graph of the biosorbent competition with the pH effect of
the B1 biosorbent in the medium containing all metals, C. The biosorbent competition graph with the pH effect of
the F1 biosorbent in the medium containing all metals, D. Graph of biosorbtion competition with pH effect of Fs

biosorbent in media containing all metals.

Sekil 6. A. Diigtik konsantrasyonda metal iyonu biyosorbsiyon grafigi, B. biyosorbentinin metallerin tiimiinii igeren ortamda
pH etkisi 1le biyosorbsiyon rekabeti grafigi, C. F1 biyosorbentinin metallerin tiimiinii iceren ortamda pH etkisi ile
biyosorbsiyon rekabeti grafigi, D. Fs biyosorbentinin metallerin tiimiinti igeren ortamda pH etkisi ile biyosorbsiyon

rekabeti grafigi.

Biosorbtion competitions of B1, F1 and Fs biosorbents
at different pH values in a mixture solution of Cd (II),
Cu (D, Fe (ID, Ni (ID, Pb (II) and Zn (II) metal ions
were investigated. When Figure 5 and Table 2-4 are
examined, it is observed that the biosorption capacity
of some metals increases and some decreases with the
increase of pH. This reveals the importance of pH in
biosorbent metal adsorption. Studies have indicated
that pH changes affect the biosorption capacity
(Pratush, 2018; Zhao et al., 2019).

When we evaluated the results of biosorption
application in drinking, river and wastewater, values
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were found below the biosorption capacity efficiency
obtained in experimental studies. The presence of
different metal contents in this type of water and
their participation in biosorption may have affected
this situation. The highest biosorption efficiency was
obtained with % 81.09 removal of Pb and % 75 of Cd
in the sample taken before the Dicle river facility
(Table 5-6).

Biosorbtion studies performed with different
biosorbents are shown in Table 7.
CONCLUSION
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Depletion of water resources and exposure to toxic
pollution with heavy metals is a major problem.
Finding ways to deal with them is a serious issue that

every segment should focus on. Various methods are
used to remove toxic contaminated water resources
from heavy metals or to protect them from such

Table 2. Results of biosorbent competition of Bl biosorbent in different pH solutions containing a mixture of

Cizelge 2. Bl biyosorbentinin metallerin tiimiinii igeren farkli pH da ortamlarinda biyosorbsiyon rekabetinin

pH=6
Ce (ppm)

0.093+0.0009
0.500+0.0028
0.510+0.0038
0.350+0.0040
0.235+0.0027
0.313+0.0039

Recovery %

93.80
66.66
52.66
76.67
84.33
79.13

pH=6.5
Ce (ppm)

0.160+0.0003
0.639+0.0060
1.194+0.0030
0.381+0.0096
0.532+0.0014
0.268+0.0063

Recovery %

89.33
57.40
20.40
74.60
64.53
82.13

Table 3. Results of biosorbent competition of F1 biosorbent in different pH solutions containing a mixture of

Cizelge 3. F1 biyosorbentinin metallerin tiimiini igeren farkli pH da ortamlarinda biyosorbsiyon rekabetinin

pH=6

metals
incelenmesi
pH=5
Metal
Tons Ce (ppm) Recovery %
Cd 0.176+0.0012 88.26
Cu 0.253+0.0039 83.13
Fe 0.854+0.0066 43.00
Ni 0.320+0.0111 78.66
Pb 0.151+0.0011 89.93
Zn 0.348+0.0061 76.80
metals
incelenmesi
pH=5

%git;al Ce (ppm) Recovery %

Cd 0.446+0.0856 70.26

Cu 0.355+0.0054 76.33

Fe 0.798+0.0028 46.80

Ni 0.976+0.0297 34.93

Pb 0.246+0.0021 83.66

Zn 0.857+0.0059 42.86

Ce (ppm)

0.229+0.0036
0.375+0.0052
0.550+0.0088
0.895+0.0185
0.297+0.0015
0.802+0.0057

Recovery %

84.93
75.00
63.33
40.33
80.20
46.53

pH=6.5

Ce (ppm) Recovery %
0.487+0.0028 67.53
0.453+0.0040 69.8
0.960+0.047 36.00
0.646+0.0090 56.93
0.497+0.0057 66.86
0.404+0.0008 73.06

Table 4. Results of biosorbent competition of Fs biosorbent in different pH solutions containing a mixture of

metals

Cizelge 4. Fs biyosorbentinin metallerin tiimiinti i¢eren farkli pH da ortamlarinda biyosorbsiyon rekabetinin
Incelenmesi

Metal
Ions
Cd
Cu

Fe

Ni

Pb

Zn

pH=5
Ce (ppm)

0.735+0.0458
0.568+0.0066
0.983+0.0104
1.043+0.0729
0.418+0.0043
0.775+0.0062

Recovery %

51.00
62.13
60.46
30.46
72.13
48.33

pH=6
Ce (pm)

0.328+0.0033
0.612+0.0050
0.769+0.0021
0.947+0.0229
0.476+0.0015
0.727+0.0096

Recovery %

78.13
59.2

48.73
36.86
68.26
51.53

pH=6.5
Ce pm)

0.586+0.0145
0.685+0.0012
0.979+0.0021
1.234+0.0069
0.586+0.0074
0.574+0.0055

Recovery %

60.93
54.33
34.72
17.73
61.06
61.70

Table 5. Biosorption efficiency values of Cu, Cd and Pb metals in drinking water and wastewater samples were taken from
different stations.
Cizelge 5. Farkli bolgelerden alinan igme ve atik su érneklerinde Cu, Cd ve Pb metlallerine ait biyosorbsiyon verimi

degerleri
Sampling Cu Cd Pb
Point Co ppb Ceppb % recovery | Co ppb Ce ppb % recovery | Co ppb Ce ppb % recovery
DI 15.62+1.8 8.128+0.6 48.07 0.97+0,001 0.44+0.02 54.63 0.66+0.008 | 0.13+0.005 71.73
DNO 106.6+0.35 37.6+0.02 66.03 9.48+0.09 2.37+0.03 75.05 2.75+0.3 0.52+0.8 81.09
DAG 24.04+0.81 | 11.04+1.34 54.16 <LOD <LOD - 1.13+0.30 | 0.29+0.004 74.36
DAC 14.25+0.5 7.03+0.11 51.84 <LOD <LOD - 0.96+0.005 <LOD -
DNS 113.7+0.25 | 113.7+0.25 60.17 13.37+0.06 4.71+0.04 63.16 5.16+0.98 1.29+0.007 75.00
MI 99.744+2.95 | 99.74+2.75 57.98 2.26+0.08 1.03+0.06 54.42 2.34+0.36 | 0.67+0.009 68.34

Table 6. Biosorption efficiency values of Ni, Zn and Fe metals in drinking water and wastewater samples taken from
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different stations

Cizelge 6. Farkli bolgelerden alinan i¢gme ve atik su orneklerinde Ni, Zn ve Fe metlallerine ait biyosorbsiyon verimi

degerlert.
Ni Zn
Islgmph Co Ce Recovey Co
0,
Point ppb ppb % ppb
DI 15.80+08 0.08+0.6 61.56 101.0+9.1
DNO 11.5440.75 3.57+0.21 68.12 52.28+1.08
DAG 30.16+2.2 9.6+1.22 69.00 110.34+9.6
DAC 14.9+0.86 4.46+0.07 71.04 51.48+1.28
DNS 22.3+1.45 8.17+0.42 63.33 79.13+£2.9
MI 9.76+0.95 3.51+0.61 64.98 257.7+4.8

Fe

Ce Recovey Co Ce Recovey
ppb % ppb ppb %
42.57+3.02 57.90 8.1+0.21 2.26+0.06 72.09
17.3+1.48 67.01 162.1+3.4 58.32+1.55 67.09
48.6+1.43 56.48 10.8+1.12 3.91+£0.07 68.76
19.5+0.04 61.64 7.17+0.05 2.63+0.04 63.00
34.3+1.48 56.96 213+1.95 79.38+0.38 62.91
90.73+1.6 62.96 71.5+1.36 27.16+1.09 62.31

DI: Diyarbakir Drinking Water, DNO: Tigris River Before Installation, DAG: Introduction to Dicle Treatment Plant, DAC: Leaving Dicle
Treatment Plant, DNS: Tigris River After Facility and MI: MI: named as Mardin Drinking Water samples. DI:Diyarbakir Igme suyu, DNO-
Dicle Nehr i Tesis Oncesi, DAG: Dicle Aritma Tesisine Giris, DAC: Dicle Aritma Tesisinden Cikis, DNS- Dicle Nehri Tesis Sonrasi, MI:

Mardin Igme Su numuneleri olarak adlandirilmigtir.

Table 7. Results of biosorption studies for heavy metal removal
Cizelge 7. Agir metal adsorbsiyonu igin yapilan ¢alismalar

Biosorbent Metals pH Temperature °C | Removal % References
Chitosan / oxide Ni(ID), Cd(ID), 3 22 98 (Keshvardoostchokami,
nanocomposite Pb (I et al., 2017)
Algae Cu(I) 4 25-45 96.4 (N A Lieswito, 2019)
Pseudomonas sp CdI1) 7 - 92 (Xu et al., 2020)
Bacillus subtilis Zn(I1) 7.6-8.4 30 89.5 (Sun et al., 2020)
Bacillus gibsonii S-2 Pb (I 4 40 - (Zhang et al., 2013)
Talaromyces islandicus Pb (I 5 30 90 (Sharma et al., 2020)
Eucalyptus Pb (ID) 7 25 85 (Sabri et al., 2018)
camaldulensis
Algae (Mixed culture) Pb (IT) 6 30 95.43 (Mousavi et al., 2019)
Ralstonia Pb aD 6 35 90 (Pugazhendhi et al.,
solanacearum 2018)
Sargassum muticum Pb (ID) 5 20 96 (Hannachi an)d Hafidh,

2020
B. licheniformis Pb (ID 6 30 98 (Wen et al., 2018)

situations. Using biosorbent, heavy metal removal
with biosorption has advantages over physical and
chemical applications. Some of these advantages are
the ease of the application process, the absence of
toxic chemicals in the process stages, and the
economical nature of the biosorbent after the process.
When choosing a biosorbent for biosorbent, qualities
such as its applicability to drinking and wastewater
at low concentrations, high biosorption capacity,
cheap cost and no risk of being a pathogen for human
health should be considered. Considering these
criteria, soil bacilli resistant to extreme conditions,
which do not carry pathogenicity risk, were used as
biosorbents. As a result of the experiments carried
out at different pH values at 25 °C, the maximum
adsorption capacity at pH 6.0 was determined. The
morphological change of biosorption in biomass and
its element composition were also revealed by via the
SEM and EDAX micrographs. It was determined that
the highest adsorption capacities were about % 98 of
Pb (II) and Cd (II) metals. As a result, heavy metal
removal up to 98 % was achieved with the high metal
binding capacity of bacteria. Considering the

widespread presence of many biosorbents in nature,
the Dbiosorption method will provide significant
benefits for heavy metal removal in water.

ACKNOWLEDGMENTS

I would like to thank Dicle University Scientific
Research Coordinator (DUBAP) for financially
supporting my doctoral project (FEN.15.018).

Author’s Contributions
The contribution of the authors is equal.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

REFERENCES

Abedinzadeh M, Etesami H, Ali H, Sha S, 2020.
Heliyon Combined use of municipal solid waste
biochar and bacterial biosorbent synergistically
decreases Cd ( II ) and Pb ( II ) concentration in
edible tissue of forage maize irrigated with heavy
metal — spiked water. Heliyon 6 (6): 1-14.

Ali S, Sirry SM, Hassanin HA, 2020. Removal and

456



KSU Tarim ve Doga Derg 25 (3): 000-000, 2022
KSU J. Agric Nat 25 (3): 000-000, 2022

Aragtirma Makalesi
Research Article

characterisation of Pb (II ) ions by xylenol orange-
loaded chitosan: equilibrium studies. Int. J.
Environ. Anal Chem. 00 (00): 1-13.

Ayucitra A, Gunarto C, Kurniawan V, Hartono SB,
2017. Preparation and characterisation of
biosorbent from local robusta spent coffee grounds
for heavy metal adsorption. Chem. Eng. Trans. 56
(2010): 1441-1446.

Baran MF, Duz MZ, 2019. Removal of cadmium (II) in
the aqueous solutions by biosorption of Bacillus
licheniformis isolated from soil in the area of
Tigris River. Int. J. Environ. Anal. Chem. 00 (00):
1-16

Biswas JK, Banerjee A, Sarkar B, Sarkar D, 2020.
Exploration of an Extracellular Polymeric
Substance from Earthworm Gut Bacterium (
Bacillus licheniformis ) for Bioflocculation and
Heavy Metal Removal Potential. Appl Sci. 10
((349)): 1-15.

Borralho T, Gago D, Almeida A, 2020. Study on the
Application of Floating Beds of Macrophites (
Vetiveria zizanioide s and Phragmites australis ),
in Pilot Scale , for the Removal of Heavy Metals
from Agua Forte Stream ( Alentejo-Portugal ). /.
Ecol. Eng. 21 (3): 153-163.

Dahaghin Z, Mousavi HZ, Sajjadi SM, 2017. A novel
magnetic ion imprinted polymer as a selective
magnetic solid phase for separation of trace
leadID) ions from agricultural products, and
optimization using a Box—Behnken design. Food
Chem. 237: 275-281.

Eggermont SGF, Prato R, Dominguez-benetton X,
Fransaer J, 2020. dJournal of Environmental
Chemical Engineering Metal removal from
aqueous solutions: insights from modeling
precipitation titration curves. J. Environ. Chem.
Eng. 8 (1): 103596.

El-yazeed WSA, El-reash YGA, Elatwy LA, Ahmed
Al, 2020. Facile fabrication of bimetallic Fe — Mg
MOF for the synthesis of xanthenes and removal
of heavy metal. R. Chem. 10: 9693-9703.

Eltarahony M, Zaki S, Abd-el-haleem D, 2020.
Aerobic and anaerobic removal of lead and
mercury via calcium carbonate precipitation
mediated by statistically optimized nitrate
reductases. Sci. Rep. 10: 1-20.

Halimahtussaddiyah R, 2017. Application of Local
Adsorbant From Southeast Sulawesi Clay
Immobilized Saccharomyces Cerevisiae Bread ’ s
Yeast Biomass for Adsorption Of Mn ( Ii ) Metal
Ton Application of Local Adsorbant From
Southeast Sulawesi Clay Immobilized
Saccharomyces Cerevisiae. /. Phys. 846:1-8.

Hannachi Y, Hafidh A, 2020. Biosorption potential of
Sargassum muticum algal biomass for methylene
blue and lead removal from aqueous medium. Int.
J. Environ. Sci. Technol. Springer Berlin
Heidelberg,.17: 3875—3890.

457

He T, Xie D, Ni J, Li Z, 2020. Effect of Cobalt,
Cadmium and Manganese on Nitrogen Removal
Capacity of Arthrobacter arilaitensis Y-10. 12 (6):
1701-1712.

Keshvardoostchokami L, Babaei AA, Zamani AH,
Parizanganeh FP, 2017. Archive of SID
Synthesized chitosan / iron oxide nanocomposite
and shrimp shell in removal of nickel , cadmium
and lead from aqueous solution. Glob. J. Env. 3 (3):
267-278.

Khameneh SKE, Moharreri M, 2020. A modified ionic
liquid clay to remove heavy metals from water:
investigating its catalytic activity. Int. J. Environ.
Sci. Technol. 17 (4): 2043-2058.

Kouli M, Banis G, Savvidou MG, Ferraro A,
Hristoforou E, 2020. A Study on Magnetic
Removal of Hexavalent Chromium from Aqueous
Solutions Using Magnetite / Zeolite-X Composite
Particles as Adsorbing Material. Int. J. Mol Sci.
21: 1-19.

Kucukcongar S, Akbari AJ, Turkyilmaz M, 2020.
Removal of Nickel from Aqueous solutions Using
Magnetic  Nanocomposite  synthesised  with
Agricultural Waste Removal of Nickel from
Aqueous solutions Using Magnetic. Int. J. Environ.
Anal. Chem. 00 (00): 1-19.

Lennete EH, Ballows A, Hausler JWdJ, Shadomy JH,
1985. Manuel of Clinical Microbiology. Vol 4, USA,
1149sy.

Liu T, Hou J, Wang J, Wang W, Wang X, Wu J, 2018.
Biosorption of Heavy Metals from Aqueous
Solution by the Novel Biosorbent Pectobacterium
Sp . ND2. 37 (3): 968-974.

Lieswito AR, Rinanti A, Fachrul MF, 2019. Removal
of heavy metal ( Cu2 + ) by immobilized
microalgae biosorbent with effect of temperature
and contact time Removal of heavy metal ( Cu2 +)
by immobilized microalgae biosorbent with effect
of temperature and contact time.

Morcali MH, Baysal A, 2019. The miniaturised
process for lead removal from water samples using
novel bioconjugated sorbents. Int. J. Environ.
Anal. Chem. 99 (14): 1397-1414.

Mousavi SA, Almasi A, Navazeshkh F, Falahi F,
2019. Biosorption of lead from aqueous solutions
by algae biomass: Optimization and modeling.
Desalin. Water Treat. 148: 229-237.

Mwandira W, Nakashima K, Togo Y, Sato T,
Kawasaki S, 2020. Cellulose-metallothionein
biosorbent for removal of Pb(II) and Zn(II) from
polluted water. Chemosphere 246: 125733.

Nasab SG, Teimouri A, Hemmasi M, Jafari Z, 2020.
Removal of Cd (II) ions from aqueous solutions by
nanodiopside as a novel and green adsorbent:
Optimisation by response surface methodology.
Int. J. Environ. Anal. Chem. 00 (00): 1-22.

Nazmara S, Oskoei V, Zahedi A, Rezanasab M,
Fallahizadeh S, Vahidi-kolur R, 2020. Removal of



KSU Tarim ve Doga Derg 25 (3): 000-000, 2022
KSU J. Agric Nat 25 (3): 000-000, 2022

Aragtirma Makalesi
Research Article

humic acid from aqueous solutions using
ultraviolet irradiation coupled with hydrogen
peroxide and zinc oxide nanoparticles. Int. oJ.
Environ. Anal Chem. 00 (00): 1-15.

Parthasarathy P, Narayanan SK, 2014. Effect of
Hydrothermal Carbonization Reaction Parameters
on. Environ. Prog. Sustain. Energy 33 (3): 676—
680.

Pratush A, 2018. Adverse effect of heavy metals ( As ,
Pb , Hg , and Cr ) on health and their
bioremediation strategies : a review. Int. Microbiol.
21: 97-106.

Pugazhendhi A, Boovaragamoorthy GM,
Ranganathan K, Naushad M, Kaliannan T, 2018.
New insight into effective biosorption of lead from
aqueous solution using Ralstonia solanacearum:
Characterization and mechanism studies. J. Clean.
Prod. Elsevier B.V. 174: 1234—-1239.

Qin H, Hu T, Zhai Y, Lu N, Aliyeva J, 2020. The
improved methods of heavy metals removal by
biosorbents : A. Environ. Pollut. 258: 1137717.

Reith J, Mayer C, 2011. Peptidoglycan turnover and
recycling in Gram-positive bacteria. Appl
Microbiol. Biotechnol. 92:1-11.

Sabri MA, Ibrahim TH, Khamis MI, Al-Asheh S,
Hassan MF, 2018. Use of KEucalyptus
camaldulensis as Biosorbent for Lead Removal
from Aqueous Solution. Int. J. Environ. Res. 12 (4):
513-529.

Sharma R, Talukdar D, Bhardwaj S, Jaglan S, Kumar
R, Kumar R, Akhtar MS, Beniwal V, Umar A,
2020. Bioremediation potential of novel fungal
species isolated from wastewater for the removal
of lead from liquid medium. Environ. Technol.
Innov. Elsevier B.V., 18:100757.

Shokoohi R, Salari M, Molla M, Ghiasian SA,
Faradmal J, Faraji H, 2020. The sorption of
cationic and anionic heavy metal species on the
biosorbent of Aspergillus terreus: Isotherm
kinetics studies. Environ. Prog. Sustain. Energy 39
(2): 1-9.

Sneath PHA, Mair NS, Sharpe ME, Holt JG, 1986.
Bergey’s manual ofsystematic bacteriology 2.
Williams and Wilkins, Baltimore, 1104sy.

SuY, Zhao Y, Zhang W, Chen G, Qin H, Qiao D, Chen
Y, Cao Y, 2020. Chemosphere Removal of mercury
(II), lead (II ) and cadmium ( IT ) from aqueous
solutions using Rhodobacter sphaeroides SCO1.
Chemosphere 243: 125166.

Subramani BS, Shrihari S, Manu B, Babunarayan
KS, 2019. Evaluation of pyrolyzed areca husk as a
potential adsorbent for the removal of Fe 2 + ions
from aqueous solutions. /. Environ. Manage. 246
(June): 345-354.

Sun L, Zheng Y, Yu X, 2020. Ecotoxicology and
Environmental Safety Flocculation-bio-treatment
of heavy metals-vacuum preloading of the river
sediments. Ecotoxicol. Environ. Saf. 201 (5):

458

110810.

Tocheva EI, Lépez-garrido J, Hughes HV, Fredlund J,
Kuru E, Vannieuwenhze MS, Brun YV, Pogliano
K, Jensen Gd, 2013. Peptidoglycan
transformations during Bacillus subtilis
sporulation. Mol Microbiol 88 (4): 673—686.

Verma A, Singh A, Bishnoi NR, Gupta A, 2013.
Biosorption of Cu ( II ) using free and immobilized
biomass of Penicillium citrinum. FEcol Eng. 61:
486-490.

Wen X, Du C, Zeng G, Huang D, Zhang J, Yin L, Tan
S, Huang L, Chen H, Yu G, Hu X, Lai C, Xu P,
Wan J, 2018. A novel biosorbent prepared by
immobilized Bacillus licheniformis for lead
removal from wastewater. Chemosphere. 200:
173-179.

Wu Z, Chen X, Yuan B, Fu M, 2020. Chemosphere A
facile foaming-polymerization strategy to prepare
3D MnO 2 modi fi ed biochar-based porous
hydrogels for ef fi cient removal of Cd (II ) and Pb
(I1). 239: 124745.

Xu S, Xing Y, Liu S, Hao X, Chen W, Huang Q, 2020.
Chemosphere Characterization of Cd 2 D
biosorption by Pseudomonas sp . strain 375 , a
novel biosorbent isolated from soil polluted with
heavy metals in Southern China. Chemosphere
240: 124893.

Yahiaoui K, Boudrahem F, Ziani S, Yahiaoui I, 2020.
Removal studies of Pb (II ) ions by carbon powder
prepared from p o lyethylene terephthalate ( PET )
b o ttles. Int. J. Environ. Anal. Chem. 00 (00): 1—
14.

Yasmin C, Lobna E, Mouna M, Kais D, Mariam K,
Rached S, Abdelwaheb C, Ismail T, 2020.
International Biodeterioration & Biodegradation
New trend of Jebel Chakir land fi 1l leachate pre-

treatment by photocatalytic TiO 2 / Ag
nanocomposite prior to fermentation using
Candida tropicalis strain. [Int. Biodeterior.

Biodegrad. 146 (May 2019): 104829.

Zendehdel M, Ramezani M, Shoshtari-yeganeh B,
Salmani A, 2019. Simultaneous removal of Pb ( II
), Cd ( II ) and bacteria from aqueous solution
using amino-functionalized Fe 3 O 4 / NaP zeolite
nanocomposite Simultaneous removal of Pb ( II ),
Cd (II) and bacteria from aqueous solution using.
Environmental Technology, 40(28): 3689-3704.

Zhang B, Fan R, Bai Z, Wang S, 2013. Biosorption
characteristics of Bacillus gibsonii S-2 waste
biomass for removal of lead ( II ) from aqueous
solution. 20: 1367-1373.

Zhao X, Wang M, Wang H, Tang D, Huang J, Sun Y.
2019. Study on the Remediation of Cd Pollution by
the Biomineralization of Urease-Producing
Bacteria. Int. J. Environ. Res. Public Health 16
(268): 1-14.



