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Abstract

The increasing activity of the electroplating industry on environmental pollution comes from heavy metals such as
chromium Cr(VI) and copper Cu(Il) which are toxic. One method of waste treatment is the biosorption method using
microorganisms, namely bacteria. This study aims to evaluate the biosorption ability of Escherichia coli towards Cr(VI)
and Cu(Il) metals, as well as the optimum conditions and ratio of absorbed metals. This study was conducted
experimentally by culturing Escherichia coli in nutrient broth medium that had been given standard solutions of Cr(VI)
and Cu(II) metals with varying concentrations (4, 8, 12 and 16 ppm) and ratios (1:1, 1:3 and 3:1). Metal absorption was
analyzed using a UV-Vis spectrophotometer. The results showed that Escherichia coli was able to absorb both metals.
The optimum biosorption percentage for Cr(VI) was 83.40% at a total concentration of 4 ppm in a 1:3 ratio, while Cu(II)
was 75.08% at a 3:1 ratio, and the bacteria achieved maximum absorption capacity on day 6.
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1. Introduction

Rapid industrial development has a significant impact on economic growth, but on the other hand, it also increases the
risk of environmental pollution, especially due to waste containing hazardous materials [1]. Hazardous materials are
high-density elements that are durable, difficult to decompose naturally, and can accumulate in the food chain,
potentially endangering human health and the environment [2]. The presence of hazardous materials in aquatic
environments is a very serious issue because they are toxic even atlow levels and are capable of biological accumulation
and multiplication. [3].

One of the heavy metals frequently found in industrial waste is chromium (Cr). Chromium exists in various oxidation
states, including Cr(III) and Cr(VI), with Cr(VI) being known to have greater toxicity, being a mutagen and carcinogen,
and being readily soluble in water, making its movement in the environment very significant [4]. In addition to
chromium, copper (Cu) is also frequently found as a heavy metal contaminant. Although Cu is an essential metal in
limited quantities, excessively high levels can trigger health problems such as liver, kidney, and digestive system damage
[5]- Therefore, the presence of these two metals in liquid waste must be seriously monitored before being discharged
into the environment.

Sources of Cr and Cu metal pollution arise not only from the electroplating sector, but also from various other industrial
activities such as leather processing, the textile industry, mining, metal dyeing, pigment and paint manufacturing, wood
processing, battery production, and waste from households and agricultural activities [6]. One industrial sector known
to produce waste with quite high concentrations of heavy metals is electroplating. The electroplating process is a metal
coating technique based on electrochemical reactions to strengthen corrosion resistance, increase surface strength, and
improve the appearance of metal products [7]. Waste produced from this process generally exhibits characteristics such
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as very high or low pH, significant concentrations of heavy metal ions such as Cr, Cu, Ni, and Zn, and the presence of
additional chemicals such as cyanide, strong acids, and surfactants [4].

In response to these issues, researchers have conducted numerous studies to understand how to address environmental
challenges. Generally, industries have processes in place to treat the waste they produce. However, it is undeniable that
some waste can inadvertently enter the environment, causing accumulation in water bodies and soil. Various methods
for treating heavy metal waste have been introduced, one of which is biosorption [8]. Biosorption refers to the use of
biomass or microbes to bind and remove heavy metal ions from solutions through physicochemical processes that
include ion exchange, complex formation, and surface adsorption. This approach is considered environmentally
friendly, affordable, and offers high efficiency in reducing heavy metal levels in wastewater [7].

In this study, Escherichia coli bacteria were used as biosorbents. Escherichia coli is a type of small rod-shaped bacteria
(coccobacilli). This bacterium belongs to the group of gram-negative bacteria and has dimensions between 0.4 um to
0.7 um x 1.4 pm [9]. This research was conducted based on the research by Anugerah et al. (2022) on "Method
Verification and Absorption of Cré* lons by the Bacterium Pseudomonas sp." The study found that Pseudomonas sp.
adsorbed 85.72% of Cr(VI) on day 6 with a Cr(VI) concentration of 5 ppm. At this concentration, it also absorbed up to
96.92% of Cr(VI) over 14 days of exposure [10]. Research by Riki et al. (2021) showed that Pseudomonas sp. adsorbed
36.388% of Pb%* on day 14 with an optimum concentration of 4 ppm [11]. Research by Setiawan et al. (2022) showed
that Pseudomonas sp. adsorbed 84.447% of Cu at a concentration of 3 ppm [12]. And research conducted by Kartika et
al,, (2023) using Scenedesmus sp microalgae absorbed Cr(VI) well 99.93% after twelve days of incubation in a medium
containing 1.0 ppm chromium. Twelve days of incubation in a medium with 3.0 ppm chromium only resulted in 50%
absorption. Medium with 5.0 ppm and 7.0 ppm chromium is toxic to microalgae, with very little chromium absorbed.
This technique can be used as an environmental bioindicator for companies that produce Cr(VI) ion waste in their
processes to test their wastewater before discharging it into water bodies or the environment [13]. Based on these
empirical results, this study was conducted to test the metal absorption capacity of Escherichia coli bacteria when
exposed to two metals simultaneously under the same conditions and medium. The experimental design was designed
to simulate competitive biosorption conditions by simultaneously exposing Escherichia coli to Cr(VI) and Cu(Il) at
controlled total concentrations and determined molar ratios (1:1, 1:3, and 3:1). This design was chosen to evaluate not
only the absorption of single metals but also the competitive interactions between metals for active binding sites on the
bacterial cell wall. The total concentration variation (4, 8, 12 and 16 ppm) was intended to assess the adsorption
efficiency under increasing metal pressure and to identify potential saturation or toxicity thresholds.

2. Methodology

2.1. Materials and Tools

The equipment used in this study includes stirring rods, measuring cups, Erlenmeyer flasks, filter paper, autoclaves,
analytical balances, spatulas, micro pipettes, dropper pipettes, measuring pipettes, volume pipettes, spray bottles,
hotplates, magnetic stirrers, Bunsen burners, Buchner funnels, vacuum pumps, sterile cotton swabs, incubators, Schott
bottles, desiccators, laminar air flow and UV-Vis spectrophotometers (Thermoscientific evolution one).

The materials used in this study include Escherichia coli bacteria, solid K2Cr207:7H20, solid CuSOs4-5H20, 1,5-
diphenylcarbazide, Na-diethyl dithiocarbamate, concentrated HNOs3 solution, 0.2 N H2S04, 5% NH,OH solution, Nutrient
Broth, distilled water, and 0.45 pm Millipore membrane.

2.2. Research Procedures

Determination of the maximum wavelength of Cr(VI) solution: A 5 ppm Cr(VI) standard solution (10 mL) is added to a
100 mL volumetric flask. 0.25 mL of concentrated H3PO, solution is added to the 100 mL volumetric flask, followed by
distilled water up to the mark, and the mixture is homogenized. Then, 2 mL of 0.5% 1,5-diphenylcarbazide solution is
added and mixed thoroughly. The solution is left to stand for 5-10 minutes until a purple-red color forms. The
absorbance of the solution is then measured using a visible spectrophotometer in the wavelength range of 500-560 nm
[14].

Determination of the maximum wavelength of Cu(II) solution: A 10 mL sample of 10 ppm Cu(II) standard solution was
added to a 50 mL volumetric flask. The solution was then mixed with 5 mL of 5% NH,OH and 5 mL of 1% Na-
diethyldithiocarbamate. Distilled water was added up to the mark and the mixture was homogenized. The solution is
left to stand for 5 minutes until a yellowish-brown color forms. The absorbance of the solution is then measured using
a visible spectrophotometer in the wavelength range of 400-600 nm [15].
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Standard of Cr(VI) Curve Creation: Standard Cr solutions (0; 0.5; 0.75; 1; 1.25, and 1.5 ppm) were each added to 100 mL
volumetric flasks. 0.25 mL of concentrated H;PO, solution was added to a 100 mL volumetric flask, and distilled water
was added up to the mark and homogenized. Then, 2 mL of 0.5% 1,5-diphenylcarbazide solution was added and
homogenized. The solution was left to stand for 5-10 minutes until a purple-red color formed. The absorbance of the
solution was then measured using a visible spectrophotometer at the maximum wavelength obtained (540 nm) [14].

Standard of Cu(II) Curve Creation: Standard Cu solutions (0; 0.5; 0.75; 1; 1.25, and 1.5 ppm) were each added to 100 mL
volumetric flasks. Each solution was then mixed with 5 mL of 5% NH,OH and 5 mL of 1% Na-diethyldithiocarbamate.
Distilled water was added to the mark, and the mixture was homogenized. The solutions were allowed to stand for 5
minutes until a yellowish-brown color formed. The absorbance of the solutions was then measured using a visible
spectrophotometer at the maximum wavelength obtained (450 nm) [15].

Regeneration of Escherichia coli bacteria: Add 1 gram of nutrient broth to 12 Erlenmeyer flasks (250 mL) and dissolve
using 200 mL of distilled water. Boil using a hotplate at 60°C while homogenizing. Sterilize the medium using an
autoclave at 121°C for 15 minutes. Take 10 mL of the sterilized medium and place it into a 50 mL Erlenmeyer flask.
Inoculate 10 pL of Escherichia coli bacteria into the medium. Incubate the medium at 37°C for 24 hours before use.

Biosorption of Cr(VI) and Cu(Il) Metals (4, 8, 12, and 16 ppm) by Escherichia coli Bacteria: 12 Erlenmeyer flasks
containing Nutrient Broth medium were added with Cr(VI) standard solution and Cu(II) standard solution at 100 ppm,
with the ratio between Cr(VI) and Cu(Il) at each concentration being (1:1; 1:3, and 3:1 ppm) with the addition of each
total concentration (4, 8, 12, and 16 ppm) in the following volumes: (4:4, 2:6, 6:2 mL); (8:8,4:12,12:4 mL); (12:12, 6:18,
18:6 mL) and (16:16, 8:24, 24:8 mL) of Cr(VI) standard solution and Cu(II) standard solution. Then, 1 mL of Escherichia
coli bacterial starter was inoculated into each medium. The biosorption medium was incubated at 37°C, and metal
concentrations were measured every 24 hours.

Testing for Cr(VI) in metals: 10 mL of bacterial medium sample solution was taken at each concentration of Cr(VI) and
Cu(Il) metals (4, 8, 12, and 16 ppm). The solution was filtered using a 0.45 pum Millipore membrane into a 50 mL
Erlenmeyer flask. 0.25 mL of concentrated H;PO, solution were added to the 50 mL Erlenmeyer flask. The pH of the
solution was adjusted by adding 0.2 N H,SO, (pH * 0.5). Then, 2 mL of 0.5% 1,5-diphenylcarbazide solution was added
and homogenized. The solution was left to stand for 5-10 minutes until a purple-red color formed. The absorbance
value of the solution was measured using a visible spectrophotometer at a wavelength of 540 nm [14].

Testing for Cu(II) in metals: 10 mL of bacterial medium sample solution was taken at each concentration of Cr(VI) and
Cu(Il) metals (4, 8, 12, and 16 ppm). The solution was filtered using a 0.45 um Millipore membrane into a 50 mL
Erlenmeyer flask. Then, 5 mL of 5% NH,OH and 5 mL of 1% Na-diethyldithiocarbamate were added. The solution was
mixed thoroughly and let sit for 5 minutes until it turned yellowish-brown. The absorbance value of the solution was
measured using a visible spectrophotometer at a wavelength of 450 nm [15].

2.3. Analysis of Results

The data were analyzed based on a standard curve created by plotting the absorbance on the y-axis and the
concentration on the x-axis using a series of standard Cr and Cu solutions with concentrations of (0; 0.5; 0.75; 1; 1.25
and 1.5 ppm). This resulted in the following equation:

y=axth
Description:
a = Slope
b = Intercept
y = Sample Absorbance
X = Sample Concentration (ppm)

The biosorption percentage is obtained by calculating the difference between the metal concentration before
biosorption and after biosorption using the following equation:

Ca'cb

% Biosorption = x100%

a

Description:
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Ca = Metal concentration before biosorption (ppm)
Cb = Metal concentration after biosorption (ppm) [12]

3. Results and Discussion

3.1. Determination of the Standard Curve of Cr(VI) Solution

Based on SNI 6989.71:2009, which shows that the complex compound between Cr(VI) metal ions and
diphenylcarbazide solution forms a Cr-diphenylcarbazone complex that produces a red-purple solution color. This color
is directly proportional to its absorbance with each increase in concentration. Therefore, a standard curve is created
after determining the maximum wavelength of the standard solution. From the experiments conducted, the maximum
wavelength was found to be 540 nm. Thus, a standard curve can be created by measuring the absorbance of a series of
Cr(VI) standard solutions (0; 0.5; 0.75; 1; 1.25, and 1.5 ppm) at a wavelength of 540 nm using a visible
spectrophotometer. The resulting graph is shown in Figure 1.;

Standard Curve of Cr(VI)
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Figure 1 Standard Curve of Cr(VI) Solution

From the information shown in Figure 1, it can be seen that when the concentration of Cr(VI) increases by one unit, the
measured absorbance value also increases by the same amount. The relationship between absorbance and
concentration is shown by the regression equation y = 0.5477x + 0.0626 and a correlation coefficient of 0.9978. A
correlation coefficient close to one indicates a strong relationship between concentration and absorbance.

3.2. Determination of the Standard Curve of Cu(II) Solution
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Figure 2 Standard Curve of Cu(II) Solution

The maximum wavelength is determined beforehand before creating the Cu(ll) standard curve. Using a
spectrophotometer, the Cu(II) solution reacts with Na-diethyldithiocarbamate to form a yellowish-brown Cu-
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diethyldithiocarbamate complex. This color can be absorbed and is directly proportional to each increase in the
concentration of the Cu(II) solution [11]. From the experiment conducted, the maximum wavelength obtained was 450
nm. Subsequently, a standard curve was created by measuring the absorbance of a series of standard Cu(II) solutions
(0; 0.5; 0.75; 1; 1.25, and 1.5 ppm) at a wavelength of 450 nm using a visible spectrophotometer. The resulting graph is
shown in Figure 2.

From the information shown in Figure 1, it can be seen that when the concentration of Cu(II) increases by one unit, the
measured absorbance value also increases by the same amount. The relationship between absorbance and
concentration is shown by the regression equation y = 0.1327x - 0.0111 and a correlation coefficient of 0.9839. A
correlation coefficient close to one indicates a strong relationship between concentration and absorbance.

3.3. Biosorption of Cr(VI) and Cu(II) Metals by Escherichia coli

Two principles apply in the biosorption process. First, in the cell wall there is an exchange of singly charged ions such
as Na + and doubly charged ions such as Mg?+and Ca? *, which are then replaced by heavy metal ions. Second, the
formation of complexes between heavy metal ions and functional groups such as carboxyl, phosphate, hydroxyl, amine,
and thiol groups [16]. In Escherichia coli, many of these groups are found in peptidoglycan, lipopolysaccharide (LPS)
and surface proteins so that water and metal ions can interact in a complex through ion-ligand coordination [17].

Using Escherichia coli bacteria in this study, a variation in method was carried out by exposing two metals
simultaneously to one bacterial medium. Cr(VI) and Cu(Il) metals were exposed to the bacterial medium with varying
concentrations of the mixture (4, 8, 12, and 16 ppm) at metal ratios of Cr(VI) to Cu(II) of 1:1, 1:3, and 3:1.

© (b)

60

52.84

%pBiosorption
%pBiosorption

16.50

—8—Cr(1:1) —@—Cr(1:3) 8—Cr(3:1) —8—Cr(1:1) —@—Cr(1:3) —8—Cr(3:1)
—&— Cu (1:1) —&— Cu (1:3) —&—Cu (3:1) —&—Cu (1:1) —&—Cu (1:3) —&—Cu (3:1)

195



GSC Biological and Pharmaceutical Sciences, 2026, 34(03), 191-198

© (d)

14

11.43

12

%pBiosorption
%pBiosorption

8
8
-2
Day
——Cr(1:1) —@—Cr(1:3) —8—Cr(3:1) ——Cr(1:1) —@—Cr(1:3) —8—Cr(3:1)
—&—Cu (1:1) —&—Cu (1:3) —&—Cu (3:1) —&—Cu (1:1) —&—Cu (1:3) —&—Cu (3:1)

Figure 3 Graph of % biosorption of Cr(VI) and Cu(II) metals, (a) total concentration 4 ppm; (b) total concentration 8
ppm; (c) total concentration 12 ppm; and (d) total concentration 16 ppm (Source:
https://drive.google.com/file/d/1ah2tnrduyOVD2PXTc m5ItHLWBoY742y/view?usp=drive link)

From Figure 3, it can be seen that the comparison of the percentage of Cr(VI) and Cu(Il) metal biosorption at each
concentration ratio exposed to Escherichia coli bacteria. The results show that at a total concentration of 4 ppm Cr(VI)
metal, the highest percentage of biosorption was obtained at a ratio of 1:3, with a biosorption percentage of 83.40%,
followed by ratios of 1:1 and 3:1, with biosorption percentages of 37.43% and 31.64%, respectively. Meanwhile, for
Cu(II) metal, the highest adsorption was obtained at a ratio of 3:1 with a biosorption percentage of 75.08%, followed by
ratios of 1:3 and 1:1 with biosorption percentages of 30.73% and 25.67%, respectively. At a total concentration of 8
ppm Cr(VI) metal, the highest adsorption was achieved at a ratio of 1:3 with a biosorption percentage of 43.19%,
followed by ratios of 1:1 and 3:1 with biosorption percentages of 23.82% and 12.66%, respectively. Meanwhile, for
Cu(II) metal, the highest adsorption was obtained at a ratio of 3:1 with a biosorption percentage of 52.84%, followed by
ratios of 1:3 and 1:1 with biosorption percentages of 16.50% and 16.34%, respectively. The adsorption results
decreased with increasing concentration, with the highest adsorption results obtained at a total concentration of 12
ppm Cr(VI) metal at a ratio of 1:3 with a biosorption percentage of 25.27%, followed by ratios of 3:1 and 1:1 with
biosorption percentages of 12.83% and 9.74%, respectively. Meanwhile, for Cu(II) metal, the highest adsorption was
obtained at a ratio of 3:1 with a biosorption percentage of 27.53%, followed by ratios of 1:1 and 1:3 with biosorption
percentages of 15.17% and 8.40%, respectively. Similarly, at a total concentration of 16 ppm Cr(VI) metal, the highest
adsorption was obtained at a ratio of 1:3 with a biosorption percentage of 6.46%, followed by ratios of 1:1 and 3:1 with
biosorption percentages of 4.58% and 4.19%, respectively. Meanwhile, for Cu(II) metal, the highest adsorption was
obtained at a ratio of 3:1 with a biosorption percentage of 11.53%, followed by ratios of 1:1 and 1:3 with biosorption
percentages of 11.42% and 3.15%, respectively.

The results of the study showed that bacterial activity in absorbing metals occurred well at lower concentrations,
indicating higher absorption. Similarly, when viewed from the total concentration exposed, lower concentrations
provided higher absorption. As the concentration exposed to bacteria increased, there was a decrease in the percentage
of metal absorption [15]. High metal concentrations can also have a toxic effect on bacteria, affecting bacterial growth
activity, thereby preventing optimal metal absorption by bacteria [15]. Significant differences in the percentage of
Cr(VI) and Cu(II) metal biosorption can also be seen in the graphs presented at each total concentration. The results
showed that Cr(VI) metal absorption was more effective by Escherichia coli compared to Cu(Il) metal absorption.
Because Escherichia coli bacteria are gram-negative bacteria, which have a lipopolysaccharide (LPS) layer that functions
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as a highly adsorbent reactive surface for anions such as Cr(VI) metal. This structure can support better absorption than
Cu(II) metal which often requires complex bonds [18].

The higher absorption of Cr(VI) compared to Cr(II) is caused by Cr(VI) often not only being physically adsorbed to the
cell surface, but also being biologically reduced to the less toxic Cr(Ill). Escherichia coli bacteria have a chromate
reductase enzyme that can reduce Cr(VI), so that the Cr(VI) attracted to the cell surface remains retained [19].
Meanwhile, the different metal Cu(Il) must be influenced by pH and the condition of the active surface sites compared
to Cr(VI) [16]. Likewise, when viewed from the total concentration exposed, it shows that a smaller concentration
provides a higher absorption. The higher the concentration exposed to bacteria, the lower the percentage of metal
absorption [16]. High metal concentrations can also have a toxic effect on bacteria that affects bacterial growth activity
so that metal absorption by bacteria is not optimal [20].

4., Conclusion

It can be concluded that Escherichia coli bacteria are capable of absorbing Cr(VI) and Cu(Il) metals with optimal
absorption of Cr(VI) metal at 83.40% at a ratio of 1:3 and optimal absorption of Cu (II) is 75.08% at a ratio of 3:1 with
a total concentration of 4 ppm on day 6.
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