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Increased presence of chromium in water resources represents a significant envi-
ronmental and public health concern due to its high mobility, toxicity, and carcino-
genic nature. Biosorption using microbial biomass has emerged as a sustainable 
alternative to conventional physicochemical treatment methods. In this study, the 
biosorptive potential of dead Pichia kluyveri K-1 biomass was investigated for the 
first time for chromium removal from aqueous solutions. Process optimization was 
performed using response surface methodology based on a Box–Behnken ex-
perimental design evaluating the effects of solution pH (2–7), initial chromium con-
centration (20–100 mg/L), and biosorbent dosage (2–10 g/L). Chromium removal 
efficiency ranged from 7.8% to 42.0%, while final chromium concentrations after 
biosorption varied between 11.6 and 88.5 mg/L depending on process conditions. 
Lower initial chromium concentrations and a strongly acidic environment resulted 
in substantially reduced residual chromium levels, indicating improved biosorption 
performance under conditions favoring protonation of biomass surface functional 
groups. Analysis of variance showed that the initial chromium concentration was 
the dominant factor governing final chromium concentration, whereas pH had the 
strongest influence on removal efficiency. Response surface analysis confirmed 
significant nonlinear effects and identified optimal operating conditions at pH 2, 
an initial chromium concentration of 20 mg/L, and a moderate biosorbent dosage. 
Under these conditions, predicted removal efficiency was 42.8%, which was also 
confirmed experimentally. These findings provide a foundation for further optimiza-
tion and biomass modification for water treatment applications using novel, envi-
ronmentally safe biosorbents.
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Introduction

Water is an increasingly threatened and limited re-
source. Rising global demand and climate change con-
tribute to water shortages and ecosystem degradation, 
while at the same time, contamination with heavy met-
als and other toxic pollutants escalates due to increased 
urbanization and industrialization [1]. Heavy metals 
represent a serious environmental concern because of 
their persistence and non-biodegradable nature. In con-
trast to organic pollutants, they cannot be decomposed 
through chemical or biological pathways and can only be 
converted into less toxic forms [2]. As a result, elements 
such as arsenic, cadmium, chromium, and lead accumu-
late in the environment and enter the food chain, posing 
substantial risks to living organisms [3]. Hexavalent chro-
mium is of particular concern because it easily crosses 
cellular membranes via nonspecific anion transport sys-
tems and can cause genotoxic damage, underlining its 
mutagenic and carcinogenic potential in humans [4].

Traditional methods for removing heavy metals, such 

as chemical precipitation, redox treatments, electro-
chemical processes, and adsorption, are effective but 
are also often costly, technically complex, and generate 
secondary waste, primarily chemical sludge [5]. These 
drawbacks underscore the need for more sustainable 
and economically viable alternatives. Among such ap-
proaches, biosorption has emerged as a promising, cost-
effective, and environmentally friendly option [6]. This 
process is based on the capacity of biological materials, 
including microorganisms, plants, and their derivatives, 
to immobilize metal ions through functional groups locat-
ed on their cell surfaces [5]. A major economic advantage 
of biosorption lies in the utilization of abundant, low-cost 
biomass, which in many cases demonstrates competi-
tive performance compared with conventional remedia-
tion techniques [3]. Although still largely in the research 
phase, biosorption already represents a meaningful al-
ternative to traditional metal removal methods, particularly 
for the treatment of dilute heavy metal solutions [7].
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Various biological species exhibit affinity toward 
metal ions. Nevertheless, bacteria and fungi are most 
frequently employed in biosorption studies [8]. Microbial 
biomass, which may be bacterial, yeast, or filamentous 
fungi, has attracted considerable attention due to its high 
surface area and the relatively easy production [9]. Stud-
ies addressing large-scale feasibility have indicated that 
non-living (dead) microbial biomass offers practical ad-
vantages, as it does not require nutrient input, is simpler 
to manage, and reduces operational expenses [5,6,10]. 
Fungal biomass, in particular, is regarded as one of the 
most efficient low-cost adsorbents for chromium removal 
from wastewater [6,8], partly due to the presence of chi-
tin and chitosan within its cell walls. The deacetylated 
amino groups of glucosamine in these polymers can 
function as active binding sites for metal ions [11]. Re-
cent investigations have evaluated biosorptive  perfor-
mance of different fungal species, such as Aspergillus 
niger [12,13], Pichia pastoris [14,15], Pichia stipilis [16], 
Saccharomyces cerevisiae [17], Candida tropicalis [18]. 
Another study explored the possibility of the application 
of different wild yeast species, demonstrating that both 
Saccharomyces and non-Saccharomyces strains are ca-
pable of removing heavy metals from industrial effluents 
[19]. This insight opens an extensive and largely unex-
plored pool of potential biosorbents, particularly among 
non-conventional yeasts that have traditionally been 
studied for their fermentative or biotechnological applica-
tions rather than for environmental remediation. Among 
them is a wild strain of Pichia kluyveri, which is well rec-
ognized for its enological and biotechnological relevance 
[20], although to the best of our knowledge, no studies 
have yet evaluated its capacity for heavy metal biosorp-
tion. Therefore, exploring the biosorptive performance of 
P. kluyveri not only addresses a clear knowledge gap 
but also contributes to expanding the diversity of novel 
yeast-based biosorbents for sustainable water treatment 
applications. Since in batch biosorption systems, pro-
cess efficiency depends on several operational param-
eters, such as solution pH, temperature, initial pollutant 
concentration, biosorbent dosage, contact time, or the 
presence of competing ions, optimization of the process 
is the first and essential step for each selected biological 
species [21]. 

Therefore, the aim of this study is to evaluate the 
efficiency of dead P. kluyveri K-1 biomass in removing 
chromium from aqueous solution and to identify the key 
parameters influencing the process and enabling its op-
timization.

Materials and methods

Preparation of dry Pichia kluyveri K-1 Biomass
The yeast P. kluyveri K-1 used in this study was 

previously isolated from the surface of blackberry fruit 
(Mančić et al., 2025) and is maintained in the microor-
ganism collection of the Microbiology Laboratory, Faculty 
of Technology in Leskovac, University of Niš. The inocu-

lum was prepared by aseptically transferring one colony 
of P. kluyveri K-1 into 300 mL of sterile Sabouraud Malt-
ose Broth (SMB) in a 500 mL Erlenmeyer flask. Incuba-
tion was carried out at 25 °C for 24 h on a rotary shaker 
(Multi-functional Orbital Shaker, PSU-20i, Biosan SIA, 
EU) at 2.5 Hz (150 rpm). For bioreactor cultivation, a 
24-hour-old inoculum was used at 1% (v/v) relative to 
the total volume of previously sterilized SMB medium. 
Cultivation was performed in a mechanically stirred bio-
reactor (KLFM, BioEngineering, Wald, Switzerland) with 
a total volume of 3.7 L (working volume 2.5 L), equipped 
with two Rushton impellers with six blades each (diam-
eter 48 mm) and four baffles. Aeration was supplied with 
sterile air from an external compressor at a specific flow 
rate of 0.3 vvm. The cultivation process lasted 48 hours, 
after which the fermentation broth was separated by 
centrifugation (7000 rpm, 10 min). The supernatant was 
discarded, and the obtained pellet was dried in an oven 
at 105 °C for 24 h until a constant dry biomass mass was 
reached.

Preparation of the Stock Chromium (Cr) Solution
All chemicals used were of analytical grade, and dis-

tilled water was used as the solvent. The aqueous chro-
mium solution was prepared by dissolving an appropri-
ate mass of K2Cr2O7 (Merck, Germany) in 1 L of water 
to obtain the desired concentrations of 20, 50, and 100 
mg/L.

Biosorption Process
The biosorption process using dead P. kluyveri K-1 

cell biomass was carried out at room temperature (26 ± 
1 °C) by mixing the appropriate amount of biosorbent in 
a 250 mL Erlenmeyer flask containing 100 mL of chro-
mium solution at concentrations of 20, 50, and 100 mg/L, 
according to the Box–Behnken experimental design. 
The solution was mixed on a rotary shaker at 150 rpm for 
24 h, after which the solid residues were filtered using 
filter paper. Chromium concentration in the supernatant 
was determined using an inductively coupled plasma 
optical emission spectrometer (ICP-OES, model ARCOS 
FHE12, SPECTRO Analytical Instruments, Germany), 
following the manufacturer’s instructions. A calibration 
standard was prepared to evaluate chromium content. 
For preparation of the standard solution, Multi-Standard 
IV (Merck) was used. Argon 5.0 (purity 99.999%) was 
used as the carrier gas.

The wavelength detection of Cr in the samples, cor-
relation coefficient (R), and limit of detection (LOD), are 
shown in Table 1. 

The chromium removal efficiency (%) was calculated 
using the equation:

                           ....................................................(1)

where C0  and Ceq  are the initial and the final Cr con-
centration, respectively.
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Table 1.  Calibration parameters:  λ (nm), R, LD (µg/dm3)

Table 2. Coded and uncoded values of the monitored process factors

Experimental Design
To optimize the biosorption conditions using dead P. 

kluyveri K-1 cell biomass, a Box–Behnken experimental 
design with three factors was applied. Each factor was 
varied at three levels, with five replicates at the central 
point, resulting in a total of 17 experiments (Table 2). The 
factors selected based on literature data and preliminary 
studies were: biosorbent concentration (2–10 g/L), so-
lution concentration (20–100 mg/L), and pH (2–7). The 
monitored system response was the final chromium con-
centration and chromium removal efficiency.

Statistical analysis
The software Expert Design 7.0 (Stat Ease Inc) was 

used for the statistical processing of experimental data. 
RSM and Derringer's desirability function were used 
for modeling and optimization. The adequacy of the re-
sponse surface model was assessed using the analysis 
of variance (ANOVA). The F-test, p-values, coefficient of 
determination R2, adjusted coefficient of determination 
Adj R2, lack of fit, and coefficient of variation (CV %) val-
ues obtained by the ANOVA were used to estimate the 
statistical significance of linear, quadratic, and interac-
tive effects of each parameter on the responses, as well 
as the quality of the proposed models. The p-values low-
er than 0.05 were considered statistically significant. The 
optimal biosorption conditions were proposed using a 
desirability function approach and validated by conduct-
ing experiments on the chosen optimal conditions [22].

Results and discussion 

Screening of the significant factors for the biosorption 
process 

Biosorption of pollutants is affected by various physi-
cal and chemical factors that determine the efficacy and 
the success of the process. Therefore, the first step 
when setting up a biosorption experiment is the determi-

nation of the individual and combined effects of various 
factors on biosorption performance [21]. In this study, the 
effects of chosen process conditions on biosorption effi-
ciency for chromium removal using dead P. kluyveri K-1 
biomass were evaluated using multifactor optimization 
based on response surface methodology (RSM). Three 
independent factors (initial Cr concentration, biosorbent 
concentration, and pH of the solution) were varied at 
three levels using a Box–Behnken experimental design, 
and their effects on the final chromium concentration and 
biosorption efficiency after 24 h are presented in Table 3.

The results show that chromium removal efficiency 
ranged from 7.8% to 42.0%, with the highest efficiency 
achieved at pH 2.0, low initial Cr concentration (20 mg/L), 
and 6 g/L biosorbent. On the other hand, the final chro-
mium concentration ranged between 11.6 and 88.5 mg/L. 
In general, lower initial chromium concentrations result-
ed in higher percentage removal, while higher concen-
trations (100 mg/L) reduced efficiency. The replicated 
central points indicated good experimental reproducibil-
ity. Changes in biosorbent concentration did not cause a 
corresponding increase in removal efficiency, suggest-
ing a non-linear relationship between biomass dosage 
and Cr removal. Multiple nonlinear regression analysis 
generated a quadratic polynomial equation that math-
ematically describes the effect of independent factors on 
the biosorption using dead biomass of P. kluyveri K-1 on 
the final chromium concentration (Y1, mg/L):

Y1 = 14.53934 - 0.70500 · A + 0.41952 · B - 3.28410 · C + 0.017 
· A · B + 0.14625 · A · C - 0.143 · B · C - 0.00357 · B2 + 0.2337 
· C2 .......................................................................................(2)
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To assess the statistical significance of the effects of 
the selected factors and their interactions on the final 
chromium concentration and removal efficiency after 
the biosorption process, an analysis of variance (ANO-
VA) was performed based on the quadratic model ob-
tained by RSM. The results of ANOVA analysis (Table 4) 
showed that the quadratic model for the final chromium 
concentration was statistically highly significant, with an 
overall F-value of 771.96 and p<0.0001, confirming that 
the model reliably describes the relationship between the 
investigated factors and the response. The lack-of-fit test 
was not significant, indicating good agreement between 
the model and the experimental data and the absence 
of systematic errors. The statistically significant factors 
identified were pH (A), initial chromium concentration (B), 
biosorbent concentration (C), as well as the interactions 
AB, BC, and AC, and the quadratic terms B2 and C2. The 
initial chromium concentration contributed most strongly 
to the model, which is explained by the increased driving 
force for mass transfer depending on the metal concen-
tration [23], while pH and biosorbent concentration ex-
hibited moderate but statistically significant effects. The 

quadratic terms B2 and C2 indicated nonlinear influences 
of these factors, suggesting the presence of optimal lev-
els in their effects. 

During the modeling of chromium removal efficiency, 
the initial quadratic model was further refined to improve 
its statistical validity and predictive capability. Model re-
finement was carried out using the backward elimination 
method, with the alpha level set at 0.10, a criterion com-
monly used in stepwise regression procedures to pre-
vent the exclusion of potentially influential terms and to 
improve model adequacy in RSM [24]. This enabled the 
gradual removal of statistically insignificant terms while 
preserving the hierarchical structure of the model, and 
additional higher-order interaction terms were added to 
the model when they significantly improved model ad-
equacy and eliminated lack of fit. The resulting modified 
quadratic model included significant linear, interaction, 
and quadratic effects of pH (A), initial chromium concen-
tration (B), and biosorbent concentration (C), namely A, 
B, C, AC, BC, A2, B2, C2, A2B, and A2C. Similar modifica-
tions have been performed across multiple biosorption 
studies employing Box–Behnken and Central Compos-

Table 3. Box-Behnken experimental design for Cr biosorption using 
dead P. kluyveri K-1biomass with actual system responses
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Table 4. Analysis of variance of the model for predicting final Cr con-
centration (mg/L) and chromium removal efficiency (%) after biosorp-
tion using dead Pichia kluyveri biomass

ite Designs [12,18,25,26]. 
After the modifications, the model explaining removal 

efficiency exhibited a highly significant overall F-value 
(109.23), indicating that the selected terms success-
fully describe the variability of chromium removal effi-
ciency. The lack-of-fit test was not significant, confirming 
that the model adequately represents the experimental 
data and that no systematic deviations are present. Ad-
ditionally, the high coefficients of determination R2 and 

adj R2 (0.9952 and 0.9867, respectively) indicate excel-
lent agreement between the experimental and predicted 
values, confirming the reliability of the model (Table 4). 
The following equation is proposed for the mathematical 
model for chromium efficiency removal: 

Y2 = 51.8319 - 28.5064 · A + 0.46785 · B - 11.296 · C + 0.4676 · 
A · B - 1.451 · A · C + 0.015312 · B · C + 3.0696 · A2 - 0.004916· 
B2 + 0.65719 · C2  - 0.0514 · A2 · B + 0.134 · A2 · C ............(3)

Among the investigated variables, pH was the most 
significant factor for chromium removal efficiency, as 
it directly affects both the speciation of Cr in solution 
and the surface charge binding sites on the biosorbent. 
Changes in pH can modify the protonation state of sur-
face groups, affecting their affinity for chromium species 
and significantly affecting the overall adsorption process 
[23]. This behavior is consistent with previous fungal Cr 
(VI) biosorption studies, where pH exhibited the high-
est F-values among all investigated factors in the Box–
Behnken optimization of Cr (VI) removal by Aspergillus 
niger live biomass [13]. Similar conclusions were drawn 
in another study for dead A. niger biomass, which report-
ed significant linear and quadratic terms for pH along-
side non-significant interactions [12]. In contrast, in the 
multi-metal biosorption study using Chlorella coloniales, 

pH was not included as a variable, and reaction time and 
algal biomass concentration emerged as the most influ-
ential factors for Cr, Cd, Co, Fe, and As removal [25]. 
This difference can be attributed to the nature of the sys-
tem investigated. In multi-metal systems, competitive 
interactions among different cations for the same active 
binding sites occur, making the availability and density of 
biosorption sites the dominant factor for removal efficien-
cy [23]. As a result, biosorbent dose is often among the 
strongest predictors of biosorption efficiency due to the 
increased availability of active binding sites. This is also 
evident in the present study, particularly in the model de-
scribing Cr removal efficiency, where the quadratic term 
of biosorbent concentration was a highly significant fac-
tor, indicating a nonlinear relationship between biosorb-
ent concentration and removal efficiency, with an optimal 
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dose at which maximum efficiency is achieved. 

Optimization of the biosorption process
The obtained model was used for graphical interpre-

tation of the results through 3D response surface plots 
and contour diagrams, in order to visually present the 
effects of individual factors and their interactions on the 
biosorption process, as well as to identify the optimal 
conditions to achieve minimum Cr concentration after bi-
osorption. At a lower initial Cr concentration (Fig. 1a), the 
influence of biosorbent dose and pH is less significant. 
In fact, at biosorbent doses below approximately 3.5 g/L, 
pH shows no effect on the final chromium concentra-
tion. Increasing the biosorbent dose contributes to a de-
crease in final Cr concentration, but only up to an optimal 
value. Beyond this point, further increases in biosorbent 
dosage do not result in additional improvement in chro-
mium removal efficiency. In contrast, at a higher initial Cr 
concentration (Fig. 1b), the combination of low to mod-
erately acidic pH values and biosorbent doses above 6 
g/L results in lower final Cr concentrations. The effect of 
these two factors is considerably more pronounced at 
higher initial Cr levels, as a relatively small change in 
pH and biosorbent dose leads to a greater reduction in 
residual chromium concentration.

Figure 2 represents the generated three-dimensional 
response surface plots and their corresponding contour 
projections that illustrate how simultaneous changes in 
the examined variables influence Cr removal efficiency. 
Across all pH conditions, the contour plots describing Cr 
removal efficiency display mostly elliptical closed curves, 
while the existence of a central region with maximum 
predicted removal suggests the presence of an optimum 
zone. At pH 2, the model predicts the highest Cr removal 
efficiency, with the response maximum located in the re-
gion of moderate to high biosorbent concentration (6–8 
g/L) and moderate initial Cr concentration (35–50 mg/L). 
The plot indicates a predicted peak of approximately 
44% removal, with response values decreasing substan-
tially toward the boundaries of the experimental domain. 
This behavior is consistent with the well-established ef-
fect of strongly acidic conditions on the biosorption of 
chromium. Chromium exists in several oxidation states, 
although the most common forms are the trivalent and 
hexavalent species. Hexavalent chromium, which is the 
most toxic one, is usually present in the aqueous solu-
tion as Cr2O7

2−, CrO4
2−, H2CrO4, and HCrO4−, with pH 

largely influencing the amount of each species. In the 
pH range from one to six, Cr(VI) is mainly present as 
HCrO4-, with some contribution of Cr2O7²+ [8]. This leads 
to strong electrostatic interactions between negatively 
charged chromium species and positively charged func-
tional groups located on the biomass [21].

To determine the optimal combination of factor val-
ues that enables the highest biosorption efficiency and 
the lowest final Cr concentration, it is necessary to apply 
statistical methods capable of simultaneously process-
ing multiple variables. Using Derringer’s desirability func-

tion, a multi-criteria optimization was performed to obtain 
the maximum value for removal efficiency and the mini-
mum value for remaining Cr concentration. As the over-
all optimal solution, the following combination of factors 
was proposed: pH (2), initial chromium concentration (20 
mg/L), and biomass concentration (7 g/L). This combina-
tion of factors is predicted to yield a chromium removal 
efficiency of 42.8% and a final Cr concentration of 11.94 
mg/L, with overall desirability of 0.9977. The experimen-
tally obtained value under those conditions was  41.5%, 
which is in good agreement with the predicted values. 

The comparative analysis of previously published 
studies indicates that Cr and other heavy metal removal 
efficiencies achieved using yeast biosorbents vary de-
pending on the species employed and experimental 
conditions. Several studies have reported comparable 
removal efficiencies under similar operational ranges. 
Particularly, Chen and coworkers observed a maximum 
Cu(II) removal efficiency of 41.1% using P. pastoris bi-
omass at pH 6.0 and 25 °C, with biosorption predomi-
nantly associated with cell wall functional groups [15]. In 
another study, Candida albicans removed 76% of Cr(VI) 
at pH 1, although lower efficiencies were observed for 
other metals (57% for Pb, 31% for Cu, and 22% for Zn) 
[27]. Comparable variability has also been reported for 
S. cerevisiae: Cu(II) removal efficiencies were 34% at 
an initial concentration of 25 mg/L [28], whereas an-
other group of authors achieved 48.69% Cd(II) and 
77.91% Pb(II) removal under pH conditions in the range 
of 4.0–5.5 [29]. About 40% chromium removal was also 
observed by growing mutant cells of Bacillus cereus at 
an initial Cr concentration of 50 ppm, although the same 
bacteria achieved up to 98% of removal at lower initial 
Cr concentration, and optimal values being pH 6.5 and 
30 °C [30]. Medina-Armijo and coworkers explained that 
the reason for lower biosorption rates may be attributed 
to the presence of an outer cell wall barrier that limits 
metal penetration. In microbial cells, the complex and 
multilayered structure of the cell wall, which is composed 
of polysaccharides, proteins, and in some cases, lipopol-
ysaccharides, can act as a diffusional barrier, limiting ac-
cess of metal ions to high-affinity functional groups [31].

Still, many of the published optimization studies re-
ported much higher removal efficiencies. Zinicovscaia 
and coworkers report 97.7% removal of Cr using S. cer-
evisiae at pH 2, explaining that the main mechanism of 
removal is the adsorption via cell wall functional groups 
[32]. Mondal and coworkers achieved approximately 
90% Cr(VI) removal using A. niger under RSM optimized 
conditions (pH 4.63, initial Cr concentration of 32.98 
mg/L, biosorbent dose of 1 g/L, and contact time of 47.88 
min) [13]. Another group of authors also used A. niger 
biomass for Cr removal, reporting an 80% efficiency un-
der optimized conditions with strong model performance 
(adj R² 0.996; pred R² 0.990) [12]. RSM study on Cr(VI) 
removal using Prosopis cineraria leaf powder reported a 
maximum chromium removal efficiency of about 89.65% 
under optimized conditions, which were biosorbent dose 
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Figure 1. Response surface plots for final Cr concentration as a  function of pH and biosorbent dose at 
initial Cr concentration of: a) 20 mg/L, b) 60 mg/L, c) 100 mg/L

of 3.98 g/L, pH 2.02, contact time 60 min, and initial Cr 
concentration of 25 mg/L [33]. This discrepancy among 
achieved results suggests that further optimization is 
needed in order to improve removal efficiency. The pre-
sent system with dead P. kluyveri K-1 biomass may re-
quire consideration of additional independent variables, 
such as temperature and contact time, both of which 

are known to significantly affect metal uptake kinetics 
and equilibrium capacity. Moreover, modification of the 
biomass may enhance biosorption performance. For ex-
ample, in fungal systems, exposure to sublethal heavy 
metal stress has been shown to induce adaptive re-
sponses that modify cell wall composition and enhance 
metal-binding affinity [31]. Thus, despite the moderate 
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Figure 2. Response surface and contour plots for removal  efficiency as a function of initial Cr concentra-
tion and biosorbent dose at: a) pH 2, b) pH 4, c) pH 7

removal efficiency obtained in the present study, the re-
sults demonstrate that P. kluyveri possesses biosorptive 
potential, representing a promising starting point for fu-
ture investigations aimed at optimizing its performance 
and expanding the range of yeast-based biosorbents for 
chromium removal.

Conclusion

The results presented in this study represent the first 
investigation of P. kluyveri K-1 as a biosorbent for Cr 

removal. The obtained results confirm that RSM is an 
efficient approach for modelling and optimization of bi-
osorption using dead biomass of wild yeast P. kluyveri 
K-1. This approach allows efficient identification of key 
process variables, reduces the resources needed for op-
timization, and provides a foundation for future research. 
Individual and combined effects of initial metal concen-
tration, biosorbent dose, and pH on final Cr concentra-
tion and Cr removal efficiency were assessed and ex-
plained. Analysis of variance (ANOVA) indicated that the 
developed model was statistically significant, while the 
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lack of fit was not significant, confirming that the model 
adequately describes the experimental data. Among the 
studied variables, pH and the initial chromium concen-
tration had the strongest influence on the monitored re-
sponses.

The optimal removal efficiency was achieved at pH 
2, initial chromium concentration 20 mg/L, and biomass 
concentration 7 g/L. The experimental validation of the 
model confirmed a good agreement with the predicted 
values. Although the removal efficiency achieved is mod-
erate compared to some optimized systems, the findings 
clearly demonstrate that P. kluyveri K-1 has biosorp-
tion potential and constitutes a promising candidate for 
further development. Also, unlike controlled laboratory 
conditions, industrial waters contain various pollutants, 
indicating the need for investigation of the biosorption 
effect in the presence of competing ions. Therefore, the 
obtained results represent an important first step in eval-
uating the biosorptive potential of P. kluyveri K-1. 
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Povećano prisustvo hroma u vodenim resursima predstavlja značajan ekološki i jav-
nozdravstveni problem zbog njegove visoke pokretljivosti, toksičnosti i kanceroge-
nog potencijala. Biosorpcija pomoću mikrobne biomase predstavlja održivu alternati-
vu konvencionalnim fizičkohemijskim metodama tretmana vode. U ovom radu je po 
prvi put ispitivan biosorpcioni potencijal nevijabilne biomase kvasca Pichia kluyveri 
K-1 za uklanjanje hroma iz vodenih rastvora. Optimizacija procesa sprovedena je 
primenom metodologije odzivne površine zasnovane na Boks–Benken eksperimen-
talnom dizajnu, pri čemu su ispitivani uticaji pH vrednosti rastvora (2–7), početne 
koncentracije hroma (20–100 mg/l) i doze biosorbenta (2–10 g/l). Efikasnost uklan-
janja hroma kretala se u opsegu od 7,8% do 42,0%, dok su konačne koncentracije 
hroma nakon biosorpcije varirale između 11,6 i 88,5 mg/l u zavisnosti od procesnih 
uslova. Niže početne koncentracije hroma i izrazito kisela sredina rezultovale su 
značajno nižim rezidualnim koncentracijama hroma, što ukazuje na poboljšanu 
biosorpcionu efikasnost u uslovima koji pogoduju protonaciji funkcionalnih grupa 
na površini biomase. Analiza varijanse pokazala je da je početna koncentracija 
hroma dominantan faktor koji utiče na konačnu koncentraciju hroma, dok pH ima 
najveći uticaj na efikasnost uklanjanja. Analiza odzivne površine potvrdila je prisus-
tvo značajnih nelinearnih efekata i identifikovala optimalne radne uslove pri pH 2, 
početnoj koncentraciji hroma od 20 mg/l i umerenoj dozi biosorbenta, pri čemu je 
predviđena efikasnost uklanjanja iznosila 42,8%, što je i eksperimentalno potvrđeno. 
Dobijeni rezultati predstavljaju osnovu za dalju optimizaciju procesa i modifikaciju 
biomase u cilju primene novih, ekološki bezbednih biosorbenata u tretmanu voda.

ISTRAŽIVANJE MOGUĆNOSTI PRIMENE BIOMASE PICHIA KLUYVERI K-1 
KAO NOVOG BIOSORBENTA ZA UKLANJANJE HROMA IZ VODENOG 
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