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ABSTRACT

Stenotrophomonas maltophilia is an important bacterium in heavy metal bioremediation. Their application

is however limited by the increasing reports of their pathogenic potential and resistance to common antibiotics.

Therefore, non-viable cells present an interesting alternative as biosorbents. This study was conducted to

investigate the potential of S. maltophilia in non-viable cell forms to remove copper (Cu(II)) from aqueous

solutions. The total amount of Cu(II) removed by viable cells and adsorped by non-viable cells were compared

and analyzed using equilibrium and kinetic models. Results showed that non-viable cells of S. maltophilia have

higher efficacy in removing Cu(II) via surface sorption with 23.900 mg g Cu(II) adsorped compared to only-1   

10.515 mg g  dry biomass of Cu(II) removed by the viable cells. The adsorption mechanisms complied with-1

the Langmuir equilibrium model (R  value of 0.9957) and the pseudo second order kinetic model (R  value2 2

of 1.000). Thus the adsorption was attributed to the functional groups on the cell wall via the monolayer

adsorption capacity. Our study showed that non-viable cells of S. maltophilia can be applied and used more

effectively than viable cell forms to remove Cu(II) from aqueous solutions.
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Introduction

Copper (Cu(II)) is one of the six main metal

ions with most immediate concern to the environment

[1]. Copper pollution is ubiquitous in the

environment, caused by the industrial effluents

discharged from metal processing industries [2], from

the electronic industries, and also from wastes

derived from pharmaceutical and agricultural

applications. High Cu(II) concentrations in waste

water can easily seep into our water supply and food

chain [3], causing acute Cu(II) poisoning in living

organisms [4]. 

Early investigations have suggested that Cu(II)

can be removed from the environment with the use

of microorganisms tolerant to high levels of Cu(II)

[5,6]. However, not all of these isolates can be

readily introduced into the environment for intensive

application as they may have pathogenic potential [7,

8] or are known to show resistance to common

antibiotics [9].  As an alternative, non-viable cells

(dead cells) of the tolerant strains can be studied for

their potential in heavy metal removal, thus enabling

the use of even strains with pathogenic potential. 

The removal of heavy metal like Cu(II) in dead

cells is through the biosorption mechanism. The

biosorption process is a passive and a metabolic

independent process [10]. It takes place in the cell

wall and the process is rapid and can remove a high

percentage of cations (heavy metals). The efficacy of
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biosorption of a particular sorbent (dead cells) is

determined from the empirical equations using the

equilibrium models such as the Langmuir and

Freundlich models [11,12]. These equilibrium models

reflect the adsorption of heavy metals to binding sites

on the solid surface. In addition, the Langmuir model

also predicts the maximum adsorption capacity of a

particular sorbent. The kinetic analysis using the

pseudo first and pseudo second order kinetic model

are also frequently used to explain the adsorption

mechanisms of the selected biosorbents. Sorption

kinetics is important in waste water treatments as it

predicts the rate of pollutant removal from aqueous

solutions [13].

In our study, we isolated Stenotrophomonas

maltophilia from a sediment sample from an aquatic

environment polluted with Cu(II). Reviews on

previous researches indicated that this isolate has

shown tolerance to many other heavy metals such as

Ag, As, Cd, Co, Hg, Pb, Zn, and selenite [14,15].

Thus, S. maltophilia is useful to recycle elements in

the nature and for bioremediation purposes [16,17].

The application of S. maltophilia however is affected

by its increasing importance as a nosocomial multi-

drug resistant pathogen, associated with high fatality

ratios in certain patient populations especially in

immuno-deficient patients [7,8,18]. As such, we

attempt to highlight the potential of this isolate in

non-viable forms to remove Cu(II) in aqueous

solutions. A comparison between the efficacy of

viable and non-viable cells in removing Cu(II) via

bioaccumulation and biosorption, respectively, were

determined.

Materials and methods

Isolation of S. maltophilia:

Stenotrophomonas maltophilia was isolated from

sediment samples collected from the Penchala River

(Kuala Lumpur, Malaysia) (3 06’16N 101 38’02E).N N

Water samples from this river has recorded Cu(II)

concentration of 0.2 mg L , much higher than the -1

permissible proposed standard of 0.01 mg L  [19].-1

Samples were first enriched in minimal medium

4supplemented with 1.0 mM copper sulfate (CuSO ,

Bendosen) for 7 days at room temperature, and

plated on Nutrient Agar (NA, R&M Chemical)

4supplemented  with 1.00 mM CuSO . Pure cultures

were established thereafter on NA. The isolate was

identified using the BIOLOG Microstation System. 

Cu(ii) Bioaccumulation Studies:

Bioaccumulation of Cu(II) in viable cells of S.

maltophilia was determined using methods by [20].

One hundred mL of Nutrient Broth (NB) (R&M

4Chemical) supplemented with 1 mM CuSO

(Bendosen) was inoculated with 1 mL of S.

10 maltophilia (8 log c.f.u./mL). The cultures were

incubated at 27±3°C with agitation (200 rpm). After

24, 48, 72, 144 and 168 h of incubation, 20 mL of

the culture was pipetted and centrifuged (Sigma

3K30) at 9000 rpm for 20 min. The cell-free

supernatant was analyzed with atomic adsorption

spectrometer (AAS) (PerkinElmer Analyst 200) at

324.75 nm whereas the biomass was dried at 50°C

until constant weight. Dry biomass was recorded for

every time interval to determine the growth of viable

cells upon Cu(II) utilization. Bioaccumulation of

Cu(II) in the biomass was calculated by comparing

the amount of Cu(II) in the supernatant at each

interval time and expressed as amount removed based

on the following equation:

0 tCu(II) reduction = [C  – C ] V / M

0 twhere C : initial Cu(II) concentration (mg L ); C :-1

Cu(II) concentration at time t (mg L ); V: total-1

volume of the culture; M: dry mass of biomass (g)

Cu(ii) Biosorption Studies:

Cultures of S. maltophilia were first established

for 48 h in 100 mL NB. The cultures were then

centrifuged at 9000 rpm for 20 min. The supernatant

was discarded and the pellet (biomass) was

autoclaved at 121°C, 15 psi for 20 min. The pellet

was then resuspended in 50 mL sterile deionized

water (18.2 MÙ .cm) with agitation (200 rpm) for 24

h.  The suspension was again centrifuged at 9000

rpm, for 20 min and the pellet was collected and

incubated at 50°C until a constant weight is

achieved. The dried biomass was prepared as a 10

mL suspension with a concentration of 3 mg dry

weight  and inoculated into the test mixture-1

4containing 3.0 mL of 10.0 mM CuSO , 30.0 mL of

20 mM phosphate buffer, and 17.0 mL sterile

deionized water. The mixture was then incubated at

27±3°C with agitation (200 rpm). After incubation,

10 ml of the mixture was centrifuged (Sigma 3K30)

at 9000 rpm for 20 min to obtain cell-free

supernatant. The centrifugation process was repeated

after 15 min, 30 min, 60 min, 120 min and 240 min

of incubation. The supernatant was then analyzed

with atomic adsorption spectrometer (AAS)

(PerkinElmer Analyst 200) at 324.75 nm [6,21].

eAdsorption of Cu(II) by the biosorbent (q ) was

calculated using Eq.(1):

e 0 t tCu(II) adsorption, q  = [C  – C ] V  / M          (1)

ewhere q  is adsorption of Cu(II) per g of biosorbent

0(mg g ), C  is the initial Cu(II) concentration (mg L-1 -

t ), C is the Cu(II) concentration at time t (mg L ),1 -1

t V is the total volume of suspension (L) and M is the

mass of biosorbent (g).
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Pseudo first order and pseudo second order

kinetics, were calculated using Eq. (2) and Eq. (3),

respectively: 

exp t eqpseudo first order kinetics, Log(q -q ) = log q  –

1k /2.303 .t        (2)

t 2 e epseudo second order kinetics, t/q  = 1/k . q +t/q  (3)2

exp where q is the adsorption of Cu(II) by particular

biosorbent at equilibrium determined experimentally

t(mg g ), q  is the adsorption of Cu(II) by particular-1

1biosorbent at particular time (mg g ), k  is the-1

constant obtained from slope of graph, t is the time

t the data was recorded, t/q is the contact time divided

2with adsorption at the particular time, k  is the

econstant determined from y-intercept, and q  is the

adsorption of Cu(II) by particular biosorbent obtained

from the slope of graph.

Langmuir (Eq.(4)) and Freundlich (Eq.(5)) model

was calculated as follows to predict the maximum

adsorption capacity for S. maltophilia:

e e m ax m ax eLangmuir model, C /q  = [1/b.q ]+[1/q ]C     (4)

e F eFreundlich model, Ln q  = ln K  + (1/n)lnC       (5)

e  ewhere C is the initial concentration of Cu(II), q  is

m axthe adsorption of biosorbent (mg g ), q  is the-1

maximum adsorption determined from the slope of

the graph, b is the constant determined from y-

e intercept, q is the adsorption of biosorbent (mg g ),-1

FK  is the constant determined from y-intercept, n is

the constant determined from the slope of graph, and

e C is the initial concentration of Cu(II).

Statistical Analysis:

The experiments in this study was conducted

with three independent replicates, and repeated once.

Data collected was analyzed using the Statistical

Analysis System (SAS) version 6.12 and the means

compared using Tukey’s Studentized Range Test

(0 .05)(HSD ).

Results and discussion

Cu(ii) Bioaccumulation Studies:

The bioaccumulation of Cu(II) in viable cells of

S. maltophilia was assessed based on the amount of

Cu(II) removed in the aqueous solution. Results

showed that the amount of Cu(II) accumulated in the

viable cells increased with time, resulting in

significant increase in the amount of Cu(II) removed.

Viable cells of S. maltophilia accumulated Cu(II) in

their cells throughout the 168 h, with significant

increase detected from 24 to 144 h, with 1.568 mg

g  dry biomass of Cu(II) removed at 24 h compared-1

to 18.815 mg g dry biomass of Cu(II) removed at-1  

144 h (Fig. 1). We assumed the maximum Cu(II)

retention is by 144 h as by 168 h, amount of Cu(II)

removed from the sample was not significantly

different (20.216 mg g ) (Fig. 1). The mean-1

reduction by S. maltophilia amounts to 10.515 mg g-1

dry biomass of Cu(II) removed.

We theorized that the removal of Cu(II) in

aqueous solutions by viable cells of S. maltophilia

was the result of incorporation of Cu(II) into their

metabolic process. Although we did not investigate

the metabolic process involved, we discovered that

the biomass of S. maltophilia increased in the

presence of Cu(II). This is reflected in their growth

pattern whereby an approximate six-fold increase in

biomass was observed from 24 to 168 h, increasing

from 0.015 mg 100 mL  to 0.090 mg 100 mL ,-1 -1

respectively (Fig. 2). The increase in biomass

corresponded to the increase in the amount of Cu(II)

removed as the maximum increase in biomass was

also detected by 144 h. The biomass recorded

thereafter at 168 h was a mere 0.005 mg 100 mL ,-1

an insignificant change in total biomass (Fig. 2).

Cu(ii) Biosorption Studies:

Non-viable cells of S. maltophilia were able to

adsorped Cu(II) after 15 min (22.580 mg g  Cu(II)-1

adsorped) and a gradual increasing rate was observed

within the first 60 min. However, the non-viable cells

seemed to have reached its maximum adsorption

capacity by 120 min as insignificant increases were

observed from 120 min to 240 min (Fig. 3). This

prompted us to end the experiment after 240 min as

well, as adsorption capacity was at a constant after

120 min (Fig. 3). The mean Cu(II) adsorped was

23.900 mg g  while the estimated biosorption-1

efficacy at equilibrium as predicted by Langmuir

equation is 27.100 mg g  (Fig. 3, Table 1). As such,-1

the non-viable cells have a 88% efficacy in Cu(II)

biosorption. 

The adsorption efficacy of non-viable cells of S.

maltophilia adhered to the Langmuir equilibrium

model due to the higher correlation (R  value) of2

0.9957 compared to 0.8793 to the Freundlich

equilibrium model (Table 1). This suggested that the

Cu(II) adsorption to non-viable cells of S. maltophilia

was probably attributed to their monolayer adsorption

capacity, thus the available surface coverage for

adsorption influenced their adsorption efficacy. The

initial positive curve that subsequently comes to a

constant value represents the initial surface adsorption

followed by a condensation effect resulting from

extremely strong solute-solute interaction [22]. As

such, the initial Cu(II) concentration used,

temperature, and pH, can be further investigated to

further enhance the sorption rate of Cu(II) to the

non-viable cells.
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Fig. 1: Amount of Cu(II) removed from the aqueous solutions upon incubation with viable cells of S.

(0 .05)maltophilia. Means with the same letters are not significantly different (HSD ). Bars indicate

standard error.

Fig. 2: Increase in dry biomass of viable cells of S. maltophilia after incubation at each interval. Means with

(0 .05)the same letters are not significantly different (HSD ).  Bars indicate standard error.

Fig. 3: Amount of Cu(II) adsorped by the non-viable cells of S. maltophilia after incubation at each interval.

(0 .05)Means with the same letters are not significantly different (HSD ). Bars indicate standard error.
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Table 1: Adsorption rate of Cu(II) by non-viable cells of S. maltophilia according to Langmuir and Freundlich models 

Adsorbent Langmuir model                          Freundlich model

-------------------------------------------------------------------- --------------------------------------------------------------

max Fq  (mg g ) B (mg l ) R K  (l g-1) n R-1 -1 2 2

S. maltophilia 27.10 0.0181 0.9957 16.11 11.59 0.8793

Table 2: Pseudo first and pseudo second kinetic parameters for Cu(II) sorption by non-viable cells of S. maltophilia 

Adsorbent Experim ental                      Pseudo first order kinetic                P s e u d o  s e c o n d

order kinetic

---------------------------------------------------------- -----------------------------------------------------------

eq eq 1 eq 2q  (m g g ) q  (m g g ) k  (g mg  min ) R q  (m g g ) k  (g mg  min ) R-1 -1 -1 -1 2 -1 -1 -1 2

S. maltophilia 25.07 8.20 6.03x10 0.9297 25.13 6.72x10 1.000-2 3

The sorption mechanism for non-viable cells of

S. maltophilia followed the pseudo second order
kinetic, with a correlation coefficient (R ) calculated2

at 1.000. The pseudo second order kinetic model also

eqproduced an adsorption equilibrium rate (q ) value

expsimilar to the experimental adsorption value (q ), of
25.070 mg g  and 25.130 mg g , respectively (Table-1 -1

2). Therefore, with pseudo second order kinetic
adopted as the adsorption mechanism for non-viable

cells of S. maltophilia, it is likely that the sorption
efficacy is linked to the existing functional groups on

the cell wall of S. maltophilia.  Although the specific
sorption mechanism was not investigated, our review

on literatures suggested that metal sorption on
surfaces with chemical functional groups such as

alcohols, aldehydes, ketones, carboxylic acids,
phenolic hydroxides and ethers, occurs via chelation,

exchange sorption, polar organic bonding and polar
inorganic bonding [23, 24]. This also presented the

potential of enhancing the adsorption rate of Cu(II)
on non-viable cells of S. maltophilia by pre-treating

the non-viable cells with phenolics or by
incorporating dissolved organic carbon which could

influence the equilibrium concentrations of Cu(II)
ions [22]. 

Conclusions:

Our study showed that non-viable cells of S.

maltophilia adsorped more Cu(II) with 23.900 mg g-1

Cu(II) adsorped compared to only 10.515 mg g  dry-1

biomass of Cu(II) removed by the viable cells, an
approximate two-fold more that the amount of Cu(II)

removed by viable cells via metabolism. This proved
that non-viable cells have higher efficacy in

removing Cu(II) from aqueous solutions and has the
potential for waste water treatment as adsorption is

an effective separation process for treating industrial
and domestic effluents. Preliminary results here

suggested that non-viable cells can be applied for
240 min although saturation point may be reached

earlier at 120 min. It is also expected that with the
application of non-viable cells of S. maltophilia, it

provides an alternative to waste water management
of heavy metals to reduce Cu(II) levels to acceptable

levels prior to discharging into the environment. The
use of non-viable cells for bioremediation purpose

may also be extended to other isolates, including
those which may have pathogenic potential so that

this limitation can be removed to provide a more

cost-effective treatment of heavy metal pollutants. 
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