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ABSTRACT Copper pollution in Cisadane is a serious environmental issue that needs to be resolved immediately due
to its negative impacts on river ecosystems. Bioremediation utilising indigenous bacteria offers excellent potential to
restore copper‐contaminated river water. This study aimed to obtain indigenous copper‐resistant bacteria isolated from
the Cisadane River as copper bioremediation agents. Bacteria from Cisadane River water samples were isolated by
the spread plate method on Luria Bertani medium containing 3 mM CuSO4. Resistance was determined based on the
minimum inhibitory concentration value, while copper concentration was measured using an atomic absorption spec‐
trophotometer. The results presented a total of 13 bacterial isolates with a minimum inhibitory concentration of up to 8
mM CuSO4. Sequence alignment analysis was performed on three selected copper‐resistant bacteria, i.e. isolate IrCis1,
IrCis4 and IrCis13, which were identified as Pantoea agglomerans, Klebsiella pneumoniae and Shigella flexneri based on
16S rRNA, respectively. Each isolate accumulated copper at 1.19 mg, 1.34 mg and 0.92 mg/g DW of cells, with copper
biosorption potentials of 73.74%, 70.17% and 67.73%, respectively. In conclusion, P. agglomerans strain IrCis1, K. pneu‐
moniae strain IrCis4 and S. flexneri strain IrCis5 isolated from the Cisadane River can be used as copper bioremediation agents.
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1. Introduction

Cisadane River is a river that flows across Bogor and
Tangerang Regencies with an overall length of approx
imately 126 km. Cisadane River largely influences the
livelihoods of people living around the watershed as it
is widely used as a main water source for household ac
tivities, agriculture, fishing, or other industrial activities
(Dawud et al. 2016). However, the discharge of do
mestic waste into the river has significantly decreased
the Cisadane River’s water quality (Siahaan et al. 2011;
Dawud et al. 2016). Rochyatun et al. (2010) reported that
the discharge of domestic waste into the Cisadane River
becomes a serious problem because it contaminates toxic
chemicals such as cadmium, arsenic, chromium, lead,
zinc, nickel and copper (Rochyatun et al. 2010). Sam
ple collected from Cisadane river water analysed for cop
per content showed relatively high content at 0.13 mg/L,
which is higher than the maximum limit allowed: 0.02
mg/L (Irawan et al. 2016). This is exacerbated by im
proper governance and a lack of concern and awareness
of the local community to maintain the sustainability of

the river (Dawud et al. 2016).
Copper is a heavy metal widely found in waste due

to industrial activities. Excessive amounts of copper in
the body of organisms will be hazardous because it can
cause toxic effects such as carcinogenicity (Ahmad et al.
2019). Copper can interfere with metabolic function in
humans and cause damage or loss of function of vital or
gans such as heart, brain, kidneys, and liver as well as even
cause cancer and death (Aktas 2019). Copper is also a
material that cannot be degraded yet easily sedimented in
soils, hence easy to accumulate in the food chain (Sarma
et al. 2011). Copper contamination in rivers that exceed
the threshold can disrupt the natural balance in an ecosys
tem, reduce the biodiversity of river organisms, and even
cause harm towards human health (El Baz et al. 2015).

Copper pollution in river water needs to be taken se
riously in anticipation of severely negative impacts on
river ecosystems as well as the lives of people living
around watersheds. Copper waste treatment methods have
been widely developed with physical and/or chemical ap
proaches such as deposition, membrane filtration, ion ex
change, reductionoxidation, neutralisation, or coagula
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tion (Donde 2017; Ahmad et al. 2019; Sarma et al. 2011).
However, copper waste treatment methods with physical
or chemical approaches are ineffective and have disad
vantages such as highcost budgets and some methods of
producing byproducts that are toxic to the environment.
Waste treatment methods with biological approaches can
be an alternative solution because it is more economi
cal, practical, and environmentally friendly (Fidiastuti and
Suarsini 2017; Irawati et al. 2019). The most popular con
ventional technology for removing heavy metal ions is
chemical deposition which unfortunately comes with the
disadvantage of producing waste sludge and activated car
bon and requires ion exchange resins made from unsus
tainable nonrenewable sources. Using bacterial biomass
as a bioremediation agent that acts as a renewable resource
is an alternative method for removing heavy metals from
the environment through bioaccumulation and biosorption
processes. Bioaccumulation is a natural biological phe
nomenon in which microorganisms use proteins to pick
up and store metal ions in the intracellular space for use in
cellular processes (Diep et al. 2018).

Bioremediation, a natural and costeffective pro
cess utilising indigenous bacteria, can potentially restore
coppercontaminated river water. Indigenous bacteria are
ecofriendly alternatives with great potential to be utilised
as bioremediation agents. Advantages of utilising indige
nous bacteria include its natural obtaining process that
can be done by isolating a certain type of waste which
is then purely cultured through an in vitro process in the
laboratory, followed by being repeatedly used as starters
to process waste in polluted environments (Fidiastuti and
Suarsini 2017). According to Kang et al. (2016), bacteria
can grow in environments contaminatedwith heavymetals
as they have a resistance that comes from producing com
pounds to absorb various types of heavy metals, includ
ing copper, so that they can be used as biosorbents and
bioaccumulators of heavy metals. The results of bacte
rial metabolism are known to convert harmful substances
into environmentally friendly byproducts (Yetunde Mu
tiat et al. 2018; Tahya et al. 2019).

Previous studies reported several indigenous copper
resistant bacteria that have been isolated from copper
contaminated areas, such as Streptomyces and Amyco
latopsis genera (El Baz et al. 2015), Escherichia coli,
Klebsiella pneumoniae and Acinetobacter sp. (Irawati
et al. 2019), Alcaligenes faecalis, Rhizobium halophyto
cola, Proteus vulgaris, Serratia sp., and Pseudomonas
(Irawati et al. 2020b). Exploration of copper resistant bac
teria from contaminated locations is still being carried out
to find indigenous bacteria that have the potential to be
used as copper bioremediation agents. This study aimed to
isolate, characterise, and examine the potential of indige
nous bacteria from the Cisadane River as copper biore
mediation agents. This research includes (1) isolation and
characterisation of copperresistant bacteria, (2) determi
nation of bacterial resistance, (3) molecular identification,
and (4) determination of accumulation and biosorption po
tential. The results of the study are expected to be valuable

information in the exploration of the potential biological
wealth of Indonesian indigenous bacteria as bioremedia
tion agents, as well as contribute to the advancement of
science and technology in the field of environment and
biotechnology.

2. Materials and Methods

2.1. Isolation and characterisation of copper‐resistant
bacteria

Copperresistant bacteria were isolated by spreading on
Luria Bertani (LB) media containing copper sulphate
(CuSO4). The stock solution used was 1000 mM CuSO4
dissolved in sterile water and sterilised with an autoclave
at 121 °C, with a pressure of 15 psi for 15 min. Cisadane
River water samples were dissolved in sterile water with
a dilution factor of 101, 102, 103, and 104. Each sus
pension of 100 μL was taken by micropipette and spread
into LB solid media containing 3 mM CuSO4 by Glass
Rod Spreader Pyrex and then incubated at 37 °C for 24 h.
Colonies that grew were selected and purified until a sin
gle colony was obtained. Bacterial isolate purification was
done by taking visible separate colonies using an ose nee
dle that was then scratched onto a petri dish containing LB
solid media with an added concentration of 3 mM CuSO4,
then incubating at 37 °C for 24 h. For further research, a
single colony was inoculated on a tilt solid medium con
taining 3 mM CuSO4 (Irawati et al. 2019).

2.2. Determination of Bacterial Resistance to Copper
Bacterial resistance testing to copper was conducted by
determining the minimum inhibitory concentration (MIC)
value gradually in the LB solid medium containing vari
ous concentrations of CuSO4 by streaking plate methods
until no colony grew on the medium. The specified MIC
value was determined after 48 h of incubation at 37 °C.
Copper resistance tests need to be performed on isolate
bacteria that are successfully isolated to find out the maxi
mum resistance of bacteria to heavy metals such as copper
(Mazalan et al. 2020). Resistance tests on bacteria isolated
from the Cisadane River were carried out in several stages.
Bacteria that survive at a concentration of 3 mM will be
moved to a medium with a higher concentration of 4 mM,
then bacteria capable of growing at a concentration of 4
mM will be moved to a medium with a concentration of
5 mM. The resistance test was continued to a higher cop
per concentration until the bacteria no longer showed any
growth. Each test medium was replicated three times.

2.3. Molecular identification of bacterial isolates
The three selected bacterial isolates were grown in liquid
LB medium temperature of 37 °C and stirring speed of
200 rpm for 20 h. Furthermore, bacterial cells were har
vested and identified based on the gene 16S rRNA which
refers to the naming of bacterial species in GenBank. Gen
16S rDNA was amplified using the Polymerase Chain Re
action method. Forward and reverse Primers used were
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the conserved areas of the gene 16S rRNA in Escherichia
coli. The DNA Polymerase tag used is Plantinum® The
DNA Polymerase Tag with a concentration of 5 units/μL
and the final concentration of enzymes per reaction of 1.25
units/25 μL.

2.4. Determination of accumulation and biosorption
potential

The starter culture was created by inoculating one ose of
colony culture into 5 mL of liquid medium, then incubated
in the incubator at 37 °C until it reached the logarithm
phase. The starter culture (250 μL) was inoculated into
25 mL of liquid LB medium containing various concen
trations of CuSO4. The culture was incubated at 37 °C
with shaking at 200 rpm. Bacterial growth was observed
by measuring cell turbidity (optical density/OD) using a
LaboMed spectrophotometer at 600 nm. Bacterial culture
was harvested by centrifugation at 4500 rpm for 10 min to
separate the cell and medium parts. Harvested cells that
had been determined their dry weight and their medium
were objects for acid destruction by using HNO3 and heat
ing at 110 °C to determine the potential accumulation and
biosorption of copper. Each sample was replicated three
times. Copper analysis was done using Atomic Absorp
tion Spectrophotometer.

3. Results and Discussion

3.1. Copper‐resistant bacteria isolation results
The isolation of bacteria from Cisadane was carried out
on LB solid media with the lowest CuSO4 concentration
of 3 mM. Cisadane bacterial isolation results obtained 13
isolates coded as IrCis1, IrCis2, IrCis3, IrCis4, IrCis5, Ir
Cis6, IrCis7, IrCis8, IrCis9, IrCis10, IrCis11, IrCis12 and
IrCis13. The characterisation of bacteria was carried out
by observing the colour of the colony, its optical appear
ance, and the edge of the colony. Gram staining was done
to identify cell shape as well as bacterial cell wall type (Ta

ble 1).
The colony morphologies of Cisadane bacterial iso

lates differed, with white as a dominant colony colour. All
bacterial isolates were coccuswithGramnegative staining
results. This finding was similar to several previous re
search results, which reported themost indigenous copper
resistant bacteria to be Gramnegative bacteria with high
tolerance to copper and heavy metals biosorption capabil
ity (Cismasiu 2011; Neethu et al. 2015; Alam and Imran
2017; Giovanella et al. 2017). A large number of Gram
negative bacteria isolates indicated the transfer of plasmids
from copperresistant bacteria in nature, such as Pseu
domonas syringae and Escherichia coli which had plas
mids containing copperresistant genes (Bondarczuk and
PiotrowskaSeget 2013). The plasmids found in these two
bacteria were easily transmitted between Gramnegative
bacteria in natural environments, resulting in many Gram
negative bacteria that are resistant to copper.

Another report has shown that several Gramnegative
bacteria have higher heavymetal biosorption capacity than
Grampositive (Kurnia et al. 2015; Alam and Imran 2017).
As stated by Kapahi and Sachdeva (2019), biosorption ef
ficiency depends on bacterial species and cell wall struc
ture containing peptidoglycans such as Nacetylmuramic
acid and polyNacetylglucosamine. The cell wall of bac
teria contains a negative charge which attracts and con
nects with metal ions. The negative charge in Gram
negative bacteria is found in peptidoglycan, lipopolysac
charides, and phospholipids which determine the metal
binding capacity of bacteria.

3.2. Copper resistance test results
Thirteen bacterial isolates isolated from the Cisadane river
were able to grow up in amedium containing 6mMCuSO4
while at a concentration of 7 mM and 8 mM, only nine iso
lates were able to grow, i.e., IrCis1, IrCis2, IrCis4, IrCis5,
IrCis6, IrCis7, IrCis9, IrCis10 and IrCis13 (Table 2).

Copper is a trace element required by many microor
ganisms, yet it can exert an inhibitory effect on several

TABLE 1Morphological characterisation of Cisadane bacterial isolate colonies

No Isolate code Color of colony Optical appearance Edge of colony Cells shape Gram staining

1 IrCis1 White Transparent Jagged Coccus Negative
2 IrCis2 Pale Yellow Opaque Smooth Coccus Negative
3 IrCis3 Yellow Opaque Smooth Coccus Negative
4 IrCis4 White Opaque Smooth Coccus Negative
5 IrCis5 White Transparent Jagged Coccus Negative
6 IrCis6 White Transparent Smooth Coccus Negative
7 IrCis7 White Transparent Irregular Coccus Negative
8 IrCis8 Pale Yellow Transparent Irregular Coccus Negative
9 IrCis9 White Transparent Jagged Coccus Negative
10 IrCis10 Yellow Opaque Smooth Coccus Negative
11 IrCis11 Pale Yellow Opaque Smooth Coccus Negative
12 IrCis12 Pale Yellow Opaque Jagged Coccus Negative
13 IrCis13 White Opaque Jagged Coccus Negative
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TABLE 2 Resistance tests results of bacteria isolated from the Cisadane river

No Isolate code
Resistance test with variation of CuSO4 (mM) concentration

3 mM 4 mM 5 mM 6 mM 7 mM 8 mM 9 mM

1 IrCis1 + + + + + + ‐
2 IrCis2 + + + + + + ‐
3 IrCis3 + + + + ‐ ‐ ‐
4 IrCis4 + + + + + + ‐
5 IrCis5 + + + + + + ‐
6 IrCis6 + + + + + + ‐
7 IrCis7 + + + + + + ‐
8 IrCis8 + + + + ‐ ‐ ‐
9 IrCis9 + + + + + + ‐
10 IrCis10 + + + + + + ‐
11 IrCis11 + + + + ‐ ‐ ‐
12 IrCis12 + + + + ‐ ‐ ‐
13 IrCis13 + + + + + + ‐
Note: + : Grow, ‐ : Does not grow

bacterial growths at relatively low concentrations. How
ever, several bacterial species can tolerate high levels
of copper, and the highest concentration varies among
species. Moreover, different bacteria have adopted diverse
strategies for copper resistance. In this study, we observed
that at a concentration of 9 mM CuSO4, there was no visi
ble growth among thirteen isolates. This observation indi
cated that copper has become very toxic to isolated bacte
ria at a concentration of 9 mM (Fowler et al. 2019). Sev
eral isolated could resist copper at a maximum concentra
tion of 8 mM. Biswas (2015) stated that bacteria could
utilise heavy metals as a cofactor for enzymes involved
in energy production (Biswas 2015). Some metals such
as chromium, calcium, magnesium, manganese, copper,
sodium, nickel and zinc become sources of micronutri
ents which supports metabolic function. Metabolism can
be performed by bacteria degrading wastes by producing
certain enzymes such as oxygenises and electron transport
proteins (Fidiastuti and Suarsini 2017).

3.3. Growth of bacteria onmedium supplemented with
various concentrations of copper

Bacterial isolates from the Cisadane River could grow on
a medium supplemented with various concentrations of
copper with a range of 5 mM  7 mM. Streaked bacte
rial growth in a medium containing 5 mM copper was less
than that of at 7 mM (Figure 1). The reduction of bacte
rial growth at higher copper concentrations indicates that
copper in the growth medium may be one of the factors
inhibiting bacterial growth (Mazalan et al. 2020; Irawati
et al. 2019). The growth of bacteria in a medium with cop
per content at different concentrations provides evidence
that isolated bacteria have a cell mechanism for copper re
sistance.

According to Neethu et al. (2015), microorganisms
living in highconcentration heavymetal environments
develop different mechanisms to adapt to these heavy

metal stresses, such as adaptation mechanisms, enzymatic
oxidation or reduction to a less toxic form, metal sorp
tion, mineralisation, uptake and accumulation, extracel
lular precipitation, and efflux of heavy metals from the
cells. Previous studies show that copperresistant bacte
ria conducted a mechanism encoded plasmid to prevent
the absorption of free copper ions into cells. On the other
hand, a number of studies revealed that some copper re
sistance mechanisms were encoded by chromosomes for
the absorption and management of lowconcentration cop
per (Bondarczuk and PiotrowskaSeget 2013). While car
rying out resistance mechanisms, bacteria can bind, mo
bilise, and decrease the toxicity of heavy metals in or
der to achieve bioremediation goals. Heavy metal pol
lutants cannot be degraded, thus, the principle of micro
bial remediation of the environment contaminated with
heavy metals mainly includes biosorption, bioaccumula
tion, and bioconversion to a nontoxic form. Bacteria
utilise the negative side of the cell surface to bind heavy
metal ions through adsorption or electrostatic complexa
tion, store toxic metals absorbed in various parts of cells,
or bind it to the extracellular matrix (Park and Chon 2016).

3.4. The ability of copper biosorption and accumula‐
tion

The potential of bacterial isolates as copper bioremedia
tion through biosorption and accumulation processes was
observed in IrCis1, IrCis4, and IrCis5. These bacterial
isolates were randomly selected as representatives of the
three highest resistant bacteria with an MIC of 8 mM
CuSO4. Sequence alignment analysis showed that IrCis1,
IrCis4, and IrCis5 were designated as Pantoea agglom
erans, Klebsiella pneumoniae, and Shigella flexneri with
similarity of 97.75%, 97.26%, and 96.95%, respectively
(Table 3).

The ability of P. agglomerans strain IrCis1, K. pneu
moniae strain IrCis4, and S. flexneri strain IrCis5 to accu

182



Irawati et al. Indonesian Journal of Biotechnology 27(4), 2022, 179‐186

(a) (b) (c) (d) (e) (f)

(g) (h) (i) (j) (k) (l)

(m) (n) (o) (p) (q) (r)

FIGURE 1 Growth of Cisadane bacterial isolates in a medium containing various concentrations of CuSO4. a: IrCis1 in 5 mM, b: IrCis1 in 6
mM, c: IrCis 1 in 7 mM. d: IrCis3 in 5 mM, e: IrCis3 in 6 mM, f: IrCis3 in 7 mM. g: IrCis4 in 5 mM, h: IrCis4 in 6 mM, i: IrCis4 in 7 mM. j:
IrCis5 in 5 mM, k: IrCis5 in 6 mM, l: IrCis5 in 7 mM. m: IrCis6 in 5 mM, n: IrCis6 in 6 mM, o: IrCis6 in 7 mM. p: IrCis9 in 5 mM, q: IrCis9 in
6 mM, r: IrCis9 in 7 mM.

mulate copper were 0.70 mg/g, 0.73 mg/g, and 0.77 mg/g
in medium containing 2 mM CuSO4 which increased to
1.19 mg/g, 1.34 mg/g, and 0.92 mg/g in medium supple
mented with 4 mM CuSO4, respectively (Figure 2). The
accumulation ability of this Cidasane bacterial isolates was
greater than that of Enterobacter cloacae IrSuk1 strain,
Enterobacter cloacae strain IrSuk4a, and Serratia nema
todiphila strain IrSuk13 with copper accumulation abili
ties of 0.45 mg, 0.74 mg, and 1.86 mg copper per gram
dry weight of cells (Irawati and Tahya 2021) and Acineto
bacter sp. IrC2 with copper accumulation ability of 0.23
mg per gram dry weight of cells (Irawati et al. 2020a).

The ability of copper accumulation in P. agglomerans
strain IrCis1 increased according to the increase in copper
concentration from 2 mM to 4 mM, namely 0.70 mg and
1.19 mg, respectively. The accumulation ability of this
bacterial strain was higher than that of P. agglomerans
isolated from contaminated land in Abare, Nigeria, with
an accumulation ability of 0.2340.177 mg (Audu et al.
2020). The results of this study indicate that bacteria iso
lated from the environmentcontaminated copper can ac
cumulate copper as a form of resistance mechanism so that
they have the potential to remove copper from the envi
ronment. This is in line with the results of the research of
Paulina et al. (2014), who reported that the P. agglomer
ans strain LMAE2 isolated from sediments of the Tenglo
channel, Puerto Montt, Chile was proven to have copper
resistance. This phenomenon is supported by Acioly et al.
(2018), who reported that P. agglomerans are equipped
with high resistance to copper and copperremoval abili
ties.

TABLE 3 Resistance tests results of bacteria isolated from the
Cisadane river.

Code of
sample Identified species Accession

Number Similarity
(%)

IrCis1 Pantoea agglomerans
strain IrCis1 MW521823 97.75

IrCis4 Klebsiella pneumoniae
strain IrCis4 MW532150 97.26

IrCis5 Shigella flexneri strain
IrCis5 MW532149 96.95

FIGURE 2 Ability of three Cisadane bacterial isolates in accumulat‐
ing copper onmediumwith 2mMand 4mMCuSO4. Error bars rep‐
resent standard error from the mean of triplicates measurement.
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The ability of Klebsiella pneumoniae strain IrCis4
to accumulate copper in a medium containing 2 mM of
CuSO4 was 0.73 mg which increased to 1.34 mg in a
medium containing 4 mM. The copper accumulation ca
pability of this bacterial strain was lower than that of K.
pneumoniae CN1 and CN6 isolated from Cikapundung,
with accumulation abilities of 4.62mg/g and 3.12mg/g dry
weight of cells, respectively (Irawati et al. 2019). Results
showed that the same bacterial species could have differ
ent copper accumulation abilities depending on the level
of contamination where the bacteria are isolated. Reports
from Abbas et al. (2014) who has previously succeeded in
isolating K. pneumonia from industrial waste, further elu
cidate the resistance of this bacteria strain to copper.

In this study, the ability of Shigella flexneri strain Ir
Cis5 to accumulate copper was 0.77 mg/g in a medium
containing 2 mM CuSO4 and increased to 0.92 mg/g in
a medium supplemented with 4 mM CuSO4. Not many
studies have reported the ability of this bacterial species to
accumulate copper, but Noman et al. (2020) successfully
isolated S. flexneri strain SNT22 from soil contaminated
with wastewater which is thought to have the ability to ac
cumulate copper.

Figure 3 shows that the copper biosorption ability of P.
agglomerans strain IrCis1 and S. flexneri strain IrCis5 in
creased along with the increase of copper concentration.
Copper biosorption ability of P. agglomerans strain Ir
Cis1 in medium containing 2 mM and 4 was 71.49% and
73.74% was higher than that of P. agglomerans isolated
from contaminated land in Abare, Nigeria (Audu et al.
2020) and P. agglomerans LMAE2 isolated from marine
sediments (Paulina et al. 2014) with the value of 60% and
11.6%, respectively. Further studies indicated that P. ag
glomerans LMAE2 had cop genes encoded copper home
ostasis and resistance (Corsini et al. 2016).

The ability of S. flexneri strain IrCis5 to biosorp cop
per in medium 2 mM and 4 mM was 66.76% and 67.73%,
respectively. Noman et al. (2020) reported that S. flexneri

FIGURE 3 Ability of Cisadane bacterial isolates in performing cop‐
per biosorption on medium containing 2 mM and 4 mM CuSO4.
Error bars represent standard error from the mean of triplicates
measurement.

SNT22 had copperresistance properties. According to El
Sherbiny and Shehata (2014), Shigella sp. had a detoxifi
cation mechanism developed by other resistant microor
ganisms, such as complexation by exopolysaccharides,
binding with bacterial cell envelopes, metal reduction, and
metal efflux. A previous study reported that S. flexneri
had copper homeostasis CUPCs involved in absorption,
storage, shipping, and eflux copper. This mechanism may
sometimes encode plasmids that facilitate transfer genes of
resistance from one bacterial cell to other cells (Zhu et al.
2005).

The copper biosorption ability ofK. pneumoniae strain
IrCis4 decreased from 70.17% to 65.73% when the con
centration of copper in the medium increased from 2 mM
to 4 mM, respectively. The decreasing ability is hypothe
sised to be caused by the toxicity of copper in high concen
trations. The copper biosorption ability of this strain was
higher than that of Klebsiella pneumoniae strain CN1 and
CN6 isolated from Cikapundung, Indonesia, with a value
of 36.78% (Irawati et al. 2019). Thus, it can be said thatK.
pneumoniae strain IrCis4 has more significant potential to
be utilised as a copper bioremediation agent in future ap
plications.

4. Conclusions

Pantoea agglomerans strain IrCis1, Klebsiella pneumo
niae strain IrCis4, and Shigella flexneri strain IrCis13
were indigenous copperresistant bacteria isolated from
Cisadane River which can accumulate copper at 1.19 mg,
1.34 mg, and 0.92 mg per gram dry weight of cells,
and copper biosorption potential of 73.74%, 70.17%, and
67.73%, respectively.
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