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1. Introduction1)

The necessity for clean water is of paramount importance for potable 
consumption and diverse applications worldwide. Its exigency and 
requisition have progressively escalated over the years, owing to the 
exhaustion and exploitation of natural water reservoirs caused by an-
thropogenic actions[1]. The World Health Organization (WHO) has re-
ported that a significant number of individuals worldwide are deprived 
of access to safe drinking water, thereby increasing the risk of water-
borne illnesses[2]. Water is known to contain a variety of pollutants, 
such as heavy metal ions (HMIs), oils, petroleum byproducts, plastic 
wastes, organic dyes, and pharmaceutical compounds[3,4]. HMIs con-
tamination of the environment is a major issue on a global scale. The 
presence of metal ions in water resources can pose a significant threat 
to the environment, as well as to living organisms, including humans 
and animals. Therefore, having effective technology to deal with these 
metal ions in the environment is essential[5]. 
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The removal of hazardous materials from industrial or domestic ef-
fluents has been accomplished through various unit operations, includ-
ing precipitation, ion exchange, biological, electrochemical, and mem-
brane separation techniques[6,7]. Nonetheless, it is worth noting that 
these techniques exhibit certain constraints, including the requirement 
for a substantial quantity of reagents, the inconsistent elimination of 
metallic ions, and the generation of perilous sludge[8]. Adsorption is 
the most simple, cost-effective, efficacious, and adaptable method for 
removing hazardous contaminants from wastewater. The adsorption 
process appears to be a significant approach based on its various appli-
cations, such as user-friendliness, cost-effectiveness, wide accessibility, 
and uncomplicated design[9,10]. 

In recent years, there has been growing recognition of the potential 
of biosorption techniques utilizing sorbents derived from renewable re-
sources like agricultural waste as viable alternatives to traditional meth-
ods[11,12]. The processing of agricultural resources yields substantial 
quantities of waste materials. Typically, the waste exhibits a substantial 
quantity of cellulose. Cellulose stands out as the preeminent bio-
polymer that is abundantly present in nature due to its non-toxicity, bi-
ocompatibility, cost-effectiveness, biodegradability, and other desirable 
properties[13,14]. Nevertheless, numerous hydroxyl groups in the rigid 
molecular chains of cellulose facilitate a robust interplay of intra-
molecular and intermolecular hydrogen bonding, which constrains its 
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Environmental pollution from heavy metal ions (HMIs) is a global concern. Recently, biosorption methods using cellulose 
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A had removal efficiencies of 7.5, 11.5, and 13.7% for Cu(II), Pb(II), and Hg(II) ions, respectively. Sample B effectively 
eliminated 99.6% of Cu(II) ions compared to Pb(II) (14.2%) and Hg(II) (31.9%) ions. Cu(II) (99.37%) and Pb(II) (96.3%) 
ions are more efficiently removed by Sample C than Hg(II) (68.2%) ions. The X-ray photoelectron spectroscopy (XPS) wild 
survey spectrum revealed the presence of Cu(II), Pb(II), and Hg(II) ions in HMI-adsorbed filter media. The high-resolution 
C1s spectra of Samples A and B reveal the presence of -C-OH and -COOH groups on their surface, which are essential 
for HMIs adsorption via complexation reactions. Additionally, the ATS in Sample C facilitates the adsorption of Pb(II) and 
Hg(II) ions through ion exchange.
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solubility. Cellulose, owing to its structural arrangement comprising re-
petitive β-D-glucose units, demonstrates a constrained adsorption effi-
ciency due to its inability to readily establish enduring coordination 
complexes with HMIs. The preparation of recyclable new green func-
tional composites is of utmost importance, with a common method be-
ing the utilization of natural polymer cellulose as the matrix. This in-
volves combining cellulose with either organic or inorganic substances, 
which has been widely employed to augment the adsorption capa-
bilities of cellulose towards HMIs[15,16]. When submerged in a sol-
ution, bulk cellulose paper can serve as both an adsorbent and a mem-
brane to purify liquid streams, thus offering double the benefits[17].

The utilization of carbonaceous materials in water treatment is wide-
ly acknowledged due to their exceptional characteristics, such as high 
specific surface area, oxygen-containing functional groups, and thermal 
stability[18]. However, their use is somewhat constrained by inherent 
drawbacks, including surface inertness, propensity for agglomeration 
and deactivation, and challenges associated with their separation from 
the water medium. Combining cellulose and carbon materials offers 
several advantages, including avoiding complex retrieval processes and 
preventing secondary pollution. As a result, cellulose/carbon compo-
sites have garnered significant interest in the field of water treatment, 
showcasing promising prospects for practical applications[16]. 

The current investigation assessed the removal efficiency of three 
cellulose fiber-based filter media comprised of activated carbon, glass 
fiber, and ATS in eliminating Cu(II), Pb(II), and Hg(II) ions at low 
concentration levels. Since this research is for the surface water, we 
conducted the research of HMIs at low concentrations. Cu(II), Pb(II), 
and Hg(II) ions were selected as targeted HMIs due to the significance 
of drinking water. It also examined the impact of the initial concen-
tration on the percentage of removal efficiency. 

2. Materials & methods

Cellulose (Sample A), activated carbon-cellulose (Sample B), and 
activated carbon-titanium silicate-cellulose-glass fiber (Sample C) filter 
media were kindly provided by ENVIONEER Co., LTD., Jecheon-Si, 
South Korea. CuCl2 (Extra pure, 99.0%), HgCl2 (Special grade, 
99.5%), PbCl2 (Extra pure, 98.0%) and activated carbon were pur-
chased from Samchun Chemical., Ltd., South Korea.

2.1. Batch adsorption experiments
For the adsorption experiments, the stock solutions (1000 ppm) were 

prepared by dissolving CuCl2, HgCl2, and PbCl2 in distilled water and 
diluted to volume with de-ionized water in a volumetric flask of 1 L. 
The desired 1 L solutions of three metal ions with different initial con-
centrations (100~700 ppb) were obtained by successive dilutions of the 
stock solutions. The filter media were sliced to a size of 3 × 3 centi-
meters, and their weight was measured. The experiments were carried 
out in 200 mL conical flasks equipped with rubber septum. After filter 
media pieces were added to the metal ion solution (100 mL), the con-
ical flask was closed with a rubber septum, and the resultant suspen-
sions were shaken constantly (200 rpm) in an open-air shaker 

(OS-4000, Jeio Tech, Korea) to ensure sufficient adsorption at ambient 
temperature (25 ± 2 °C). The filter media samples were then removed, 
and the supernatant was filtered through a 0.45 µm membrane syringe 
filter unit. The filtrate was analyzed to determine the concentration of 
residual metal ions. 

The metal ion removal efficiency was calculated by the following 
equation

   

  
×  (1)

The metal ion removal capacity at equilibrium was calculated by the 
following equation

       × 
 (2)

Where Co and Ce are the initial and equilibrium concentrations in mg/L 
of metal ions, V is the volume of solution in Litters and m is the mass 
of adsorbent in grams.

2.2. Instrumentation
Fourier transform infrared (FTIR) spectra was recorded over a wave-

length of 400~4000 cm-1 on an IRSpirit spectrometer (Shimadzu, 
Japan) at room temperature with a 1.0 cm−1 resolution. The morphol-
ogy of the adsorbent samples was examined with a field emission 
scanning electron microscope (FE-SEM, JSM-7001F, JEOL, USA). 
The N2 sorption isotherms were measured at 77 K up to 1 bar pressure 
using a static volumetric gas adsorption system (BELSORP-max, 
MicrotracBEL Corp., Japan). The elemental composition on the surface 
of adsorbent samples was analyzed using a K-Alpha X-ray photo-
electron spectrometer (XPS, Thermo Fisher Scientific, UK) equipped 
with a hemispherical electron analyzer and monochromatic Al Kα 

(1486.6 eV) radiation. Wide Survey (full-range) and high-resolution 
spectra for carbon region were acquired on adsorbent samples before 
and after heavy metal adsorption. The experimental data of high-reso-
lution C1s spectra was deconvoluted into separate peaks using Origin 
Pro 9.0 software. Prior to XPS analysis, the HMIs adsorbed filter me-
dia samples were dried at 80 °C in an air oven for 18 hours. HMI 
analysis was performed using inductively coupled plasma mass spec-
trometry (ICP-MS, Agilent 7800, Agilent Technologies, USA). 

3. Results & discussion

Figure 1 displays the visual representations of the cellulose-fiber 
-based filter media, while Table 1 presents a comprehensive tabulation 
of their respective ingredients. The filter media were fabricated utiliz-
ing the wet-laid technique. In this process, fiber aggregates were 
formed as a thin sheet by dispersing various fiber materials and other 
additives in water at low concentrations according to the raw material 
mixing ratio. Sample A was obtained from a source consisting solely 
of cellulose. Sample B was produced through the combination of 10% 
activated carbon and cellulose. On the other hand, Sample C was pro-
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duced by incorporating 30% activated carbon, 20% commercial amor-
phous titanium silicate (ATS), cellulose, and glass fiber. The main pur-
pose of employing activated carbon is to efficiently remove organic 
contaminants, as well as HMIs. Filters containing glass fiber (GF) are 
commonly used as either a primary filter or a prefilter when sampling 
natural water bodies and conducting laboratory experiments that in-
volve substantial amounts of suspended solids[19]. On the contrary, the 
incorporation of GF serves to augment the stability of the composite 
material. In a prior investigation conducted by Kahl et al., it was ob-
served that the incorporation of glass fibers into composite materials 
resulted in a significant improvement in tensile strength compared to 
composites containing cellulose fibers[20]. Furthermore, the incorporation 
of glass fiber into the composite not only enhances its tensile strength 
but also enables the adsorption of HMIs. In their study, Fuhrmann et 
al. reported that the surfactant-free cellulose acetate (SFCA), in con-
junction with glass fiber filters manufactured by Cole-Parmer and 
Whatman, exhibited the capability to adsorb nearly all the Pb and Ag 
ions present in solutions with concentrations of 0.054 and 0.093 mM, 
respectively[19]. ATS is a cationic exchanger that is commercially 
manufactured by BASF. Its primary function is removing lead, mer-
cury, and other HMIs[21]. The Scanning Electron Microscope (SEM) 

images in Figure 1 indicate that the adsorbent samples possess a high 
degree of porosity and exhibit a random stack formation characterized 
by irregular voids. The ATS particles are observable within the inter-
stitial spaces of Sample C. The obtained results demonstrate a high 
level of concordance with previously reported cellulose and glass fiber 
adsorbent media[22,23].

The FTIR spectra of the three filter media samples are illustrated in 
Figure 2a. Sample A exhibits a wide spectral band within the 
3231~3443 cm-1 range, indicating the presence of hydroxyl (-OH) 
groups. The observed peak at 2800 cm-1 is attributed to the stretching 
vibrations of -CH2 groups. The observed peaks at 1050 cm-1 and 1308 
cm-1 can be attributed to the stretching vibrations of C-O-C bonds in 
ether groups and the bending vibrations of -COO groups[24]. Sample 
B exhibits a comparable peak pattern to Sample A, albeit with slightly 
diminished intensities. Sample C exhibits a prominent and wide pri-
mary peak at 1010 cm-1. The presence of the oxygen-silicon bond 
within the Si-O-Si group of the glass fiber can be observed at a wave-
number of 1000 cm-1[25]. It was observed that the vibrations caused 
by stretching of C-O-C and Si-O-Si in cellulose and glass fiber ex-
hibited significant overlap. 

The porosity parameters were determined by the N2 sorption iso-

Figure 1. (Top) Images of cellulose-fiber based filter media sheets A) Sample -A; B) Sample -B C) Sample -C; (Bottom) SEM images of 
cellulose-fiber based filter media. A) Sample -A; B) Sample -B C) Sample -C (The SEM images were enlarged 10,000 times).

Table 1. Ingredients of Cellulose Based Adsorbent Media Samples

Serial number Adsorbent Ingredients

1 Sample -A Cellulose

2 Sample -B Cellulose, Activated Carbon (10%)

3 Sample -C Cellulose, Glass Fiber, Activated Carbon (30%), ATS (20%)



355Adsorptive Removal of Cu(II), Pb(II), and Hg(II) Ions from Common Surfacewater Using Cellulose Fiber-Based Filter Media

Appl. Chem. Eng., Vol. 35, No. 4, 2024

therms measured at 77 K, which are depicted in Figure 2b. According 
to IUPAC classification, Sample A and Sample B show type II sorp-
tion isotherms, characteristic of nonporous or macroporous adsorbents, 
whereas Sample C exhibits a type I sorption isotherm, characteristic of 
microporous adsorbents[26]. The BET surface areas calculated for 
Samples A, B, and C are 1.601, 37.127, and 320.34 m2/g, respectively. 
The total pore volumes obtained for Samples A, B, and C are 0.012, 
0.033, and 0.162 cm3/g, respectively. The mean pore diameter values 
obtained for Samples A, B, and C are 28.92, 3.52, and 2.02 nm, 
respectively. Irregular voids have been clearly visible in the SEM im-
age of Sample A, and the high mean pore diameter and negligible sur-
face area and pore volume values suggest that macropores were formed 
in this cellulose fiber. Lu et al. reported a similar type II isotherm for 
cellulose fiber[27]. According to Bismarck et al., the specific surface 
area of dehydrated cellulose varied between 0.6 and 1 m2/g. The sur-
face area determined for Sample A was closely consistent with this ob-
servation[28]. The interaction between the pore walls of Sample A and 
N2 adsorbate molecules is negligible in this case. The addition of acti-
vated carbon reduces the mean pore diameter of the voids, and weak 
interactions between the pore walls of Sample B and N2 molecules 
may be possible in this case. As a result, the surface area was slightly 
increased in Sample B, which is also macroporous. A Similar enhance-
ment in surface area was observed in the case of MWCNT/Cellulose 
fiber composite[27]. The addition of ATS and activated carbon greatly 
reduces the mean pore diameter of Sample C, and the formation of 
secondary micropores between the fiber void walls, as well as ATS / 
activated carbon particles, is possible. The increase in the amount of 
N2 adsorption might be due to the strong interactions between the pore 
walls of Sample C and N2 molecules; hence, the surface area was 
greatly increased in Sample C.

XPS is a surface-sensitive analytical method wherein the sample is 
subjected to soft x-ray irradiation (energies below 6 keV), and the ki-
netic energy of the emitted electrons is measured. This method is con-
sidered a powerful analytical technique due to its high surface sensi-
tivity and its capability to provide chemical state information of the el-
ements present in the sample[29]. It was employed to analyze the 
chemical surface composition of three adsorbent samples. 50 ppm ter-
nary mixture of Cu(II) + Pb(II) + Hg(II) ions was used to obtain data 

for after adsorption. The low-resolution complete survey (wide survey) 
and high-resolution C1s spectra for each sample before and after heavy 
metal adsorption are depicted in Figure 3a. Upon examination of the 
XPS wide survey spectra of the samples prior to the adsorption of 
HMIs, two prominent peaks are observed at around 286~285 eV and 
532~531 eV. These peaks can be attributed to carbon (C1s) and oxy-
gen (O1s), respectively. The measured binding energy values are con-
sistent with those previously reported in the literature[30]. The wide 
survey of the Sample C spectrum, before adsorption, exhibited sim-
ilarities to that of Sample A in both the C1s and O1s regions. 
Furthermore, it displayed supplementary peaks at energy levels of 458, 
102, and 1072 eV, which can be attributed to the existence of titanium 
(Ti2p), silicon (Si2p), and sodium (Na1s). The survey spectra obtained 
after the adsorption of HMIs demonstrate the presence of copper 
(Cu2p) at a binding energy range of 930~934 eV, lead (Pb4f) at 
137~138 eV, and mercury (Hg4f) at 98~101 eV. This observation 
serves as additional evidence supporting the ability of the three sam-
ples to adsorb heavy metals. Furthermore, the measured binding energy 
values align well with those previously reported in the literature[31,32]. 
Following the adsorption process of heavy metals, the wide survey of 
Sample C revealed a notable augmentation in the intensity of the Si2p 
peak. This observation could be attributed to an agglomeration of ATS 
particles after adsorption.

The high-resolution C1s spectrum of Sample A (Figure 3b) was fur-
ther subdivided into three parts, with peaks observed at 287.8, 286.4, 
and 284.9 eV. The peaks represent the O–C–O, C–OH, and C–C bonds 
found in cellulose[33]. The C-OH peak is the most prominent, and af-
ter HMIs adsorption, this peak widened. In general, -OH groups are 
crucial for heavy metal adsorption in cellulose, and these results in-
dicate that -C-OH groups bind metal ions through surface complex-
ation[34]. The high-resolution C1s spectrum of Sample B (Figure 3c) 
was further subdivided into four peaks; in addition to the O–C–O, C–
OH, and C–C peaks found in cellulose, an additional peak at 288.96 
eV was attributed to -COOH groups and was obtained from activated 
carbon present in Sample B[35]. Due to the complexation reaction of 
-COOH groups with metal ions, this peak was shifted to the lower en-
ergy side and appeared at 288.36 with increased intensity in the af-
ter-adsorption sample, indicating the formation of -COOM groups[36]. 
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Figure 2. (a) FTIR images of cellulose-fiber based filter media; (b) N2 sorption isotherms measured at 77 K (filled symbols represents adsorption, 
empty symbols represent desorption).
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The high-resolution C1s spectrum of Sample C (Figure 3d) was further 
subdivided into four peaks, and its C1s spectrum was comparable to 
that of Sample B. Table 2 lists the atomic% values for various ele-
ments derived from XPS analysis. The oxygen atomic percentage (%) 
for both Sample A and Sample B increased in the sample following 
HMIs adsorption. This may be due to the -C-OH groups of the cellu-
lose, which have a strong propensity to adsorb water[37]. The atomic 
percentage of sodium decreased following the adsorption of heavy met-
als in Sample C. This decrease can potentially be attributed to the ex-
change of Na+ ions from ATS with metal ions. 

3.1. Single ion adsorption experiments
The focus of our research lies in the enhancement of the quality of 

common surfacewater or natural water bodies, with the aim of rendering 
them suitable for human consumption. It is widely observed that the 
concentration of HMIs in natural water is typically found to be at low 

levels[38]. Consequently, the adsorption process of HMIs was conducted 
at low (100~700 ppb) concentration levels. Figure 4(a-c) illustrates the 
influence of initial concentration on the removal efficiency (%) of 
Cu(II), Pb(II), and Hg(II) ions on Samples A, B, and C, respectively. 

The initial ion concentration is a crucial factor that promotes the 
transport of adsorbate ions from the bulk solution to the active binding 
sites of the adsorbent[39]. Sample A exhibited 55.8% removal effi-
ciency for Hg(II) ions at 100 ppb, and removal efficiency at 700 ppb 
was determined to be 13.7%. At 100 ppb, the Pb(II) and Cu(II) ions 
removal efficiency were determined to be 22.9 and 14.7%, respectively. 
The removal efficiency decreased as the concentration increased. The 
pristine cellulose fiber filter media did not show better adsorption per-
formance for HMIs. The -OH groups act as binding sites for HMIs, 
as evident from XPS analysis (Figure 3b). Sample B shows the highest 
removal efficiency for Cu(II) ions at all concentrations compared to 
Pb(II) and Hg(II) ions. It was observed that the removal efficiency val-
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Figure 3. Comparison of XPS wide survey and high resolution C1s scan of cellulose-fiber based filter media (symbols: experimental data; solid 
lines: cumulative peaks; dashed lines deconvoluted peaks).

Table 2. Atomic % Values Obtained from XPS Analysis

Sample C O Na Si Ti Cu Pb Hg

Sample -Ab 62.5 37.55 -- -- -- -- -- --

Sample -Aa 61 37.32 -- -- -- 0.1 0.01 0.15

Sample -Bb 63.78 36.21 -- -- -- -- -- --

Sample -Ba 60.76 38.86 -- -- -- 0.1 0.27 0.01

Sample -Cb 62.13 25.61 0.25 11.77 0.24 -- -- --

Sample -Ca 37.12 23.48 0.16 37.52 0.14 0.08 1.42 0.03
a After adsorption,  b Before adsorption
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ues of Cu(II) ions at 100 and 700 ppb were 91.14 and 99.6%, 
respectively. The high-resolution C1s spectra of Sample B reveal the 
presence of -COOH groups on Sample B, and a prominent change was 
observed in the -COOH peak after the adsorption of HMIs (Figure 3b). 
Hence, it is expected that these -COOH groups act as anchoring sites 
for Cu(II) ions adsorption via surface complexation[34]. The removal 
efficiency values for Pb(II) and Hg(II) ions at 100 ppb were 14.3 and 
31.9%, whereas at 700 ppb were found to be 14.2 and 31.9%, 
respectively. Sample C shows high removal efficiency for Cu(II) and 
Pb(II) ions. At 100 ppb, the removal efficiency values for Cu(II), 
Pb(II), and Hg(II) ions were determined to be 92.02%, 96.3%, and 
69.9%, respectively. The removal efficiency of Pb(II) and Hg(II) re-
mained constant at all concentrations, whereas the removal efficiency 
of Cu(II) ions increased slightly with increasing the initial 
concentration. The removal efficiency values for Cu(II), Pb(II), and 
Hg(II) ions at 700 ppb were 99.38, 96.3%, and 68.5%, respectively. 
The higher removal efficiency for Pb(II) ions on Sample C compared 
to other adsorbent samples was due to the presence of ion exchanger 
ATS, which acts as the heavy metal ion removal component[40-42]. In 
comparison to other samples, Sample C exhibited enhanced removal 
efficiency in removing Hg(II) ions, which increased by approximately 
36% at 700 ppb. The observed enhancement could potentially be attrib-
uted to the presence of ATS, as indicated by prior research findings 
that have demonstrated the capability of ATS to adsorb Hg(II) ions 
[21]. The plots depicting the relationship between removal efficiency 
and initial concentration exhibit two distinct trends. In the case of 
Sample A, it can be observed that there is a decrease in removal effi-
ciency as the concentration of Hg(II) ions increases. This phenomenon 
can be elucidated as follows: when the adsorbent dosage remains con-
stant, the overall quantity of adsorption sites within the adsorbent re-

mains constant. Consequently, the adsorbent can adsorb a nearly equiv-
alent quantity of metal ions. As a result, the removal efficiency of the 
metal ions decreases proportionally with an increase in the initial con-
centration of the ions[43]. On the other hand, a positive correlation 
was observed between the removal efficiency and the concentration of 
Cu(II) ions in Sample B, as well as between the removal efficiency 
and the concentration of Pb(II) ions in Sample C. This phenomenon 
may be a result of a greater number of adsorption sites on the adsorb-
ent material than metal ion concentration. 

Figure 4(d-f) shows the effect of initial concentration on the removal 
capacity of Cu(II), Pb(II), and Hg(II) ions using Samples A, B, and 
C, respectively. For Sample A, the removal capacity of Pb(II) ions in-
creased as the concentration increased from 100 to 700 ppb, and satu-
ration was not observed in this region, whereas the removal capacity 
of Cu(II) and Hg(II) remained constant after 500 ppb. Cu(II), Pb(II), 
and Hg(II) ions removal capacities determined for Sample A at 700 
ppb were 0.021, 0.031, and 0.03 mg/g, respectively. Sample B shows 
a higher removal capacity for Cu(II) ions, and its removal capacity was 
increased from 100~700 ppb, and it was not saturated in this region. 
Cu(II), Pb(II), and Hg(II) ions removal capacities determined for 
Sample A at 700 ppb were 0.37, 0.056, and 0.087 mg/g, respectively. 
For Sample C, the removal capacity of all three ions is increased with 
increasing the initial concentration from 100~700 ppb, and the removal 
capacity of Pb(II) ions was higher than Cu(II) and Hg(II) ions. Cu(II), 
Pb(II), and Hg(II) ions removal capacities determined for Sample A at 
700 ppb were 0.22, 0.29, and 0.15 mg/g, respectively.

3.2. Diverse ion adsorption experiments
The filter media sheets were sliced into circles with a 4.7 cm diame-

ter and placed in the magnetic filter funnel (47 mm diameter, PALL 
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Figure 4. Effect of initial concentration on removal efficiency of Cu(II), Pb(II), and Hg(II) ions on cellulose-fiber based filter media. a) Sample 
A; b) Sample B; c) Sample C; Effect of initial concentration on removal capacity of Cu(II), Pb(II) and Hg(II) ions on cellulose-fiber based filter 
media. d) Sample A; e) Sample B; f) Sample C [volume: 100 mL; contact time: 120 minutes]. 
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Corp). The funnel filtration experiments were carried out in the static 
mode by passing a 100 mL / 500 ppb solution of a ternary mixture 
of Cu(II) + Pb(II) + Hg(II) ions through Samples A, B, and C. No 
vacuum was applied during the filtration. The residual metal ion con-
centrations in the filtrate were determined, and the resultant removal 
efficiency values were shown in Figure 5. The obtained removal effi-
ciency order was as follows: Sample A: Hg(II) (61.86%) > Pb(II) 
(57.19%) > Cu(II) (26.32%) and Sample B: Cu(II) (99.52%) > Hg(II) 
(79.30%) > Pb(II) (65.42%) whereas 100% removal efficiency for 
these three ions was achieved in the case of Sample C. Compared to 
single ion batch adsorption experiments, Samples A and B showed a 
similar trend with enhanced removal efficiency. However, Sample C 
demonstrated complete adsorption of Hg(II) ions in addition to Cu(II) 
and Pb(II) ions. In these experiments, the filter media samples were 3 
× 3 cm in dimensions. Conversely, in the funnel filtration experiments, 
the filter media pieces had a size of 4.7 cm. The increased size, as 
well as the mass of the filter media samples, may account for the im-
proved removal efficiency of these ions.

4. Conclusions 

Three filter media samples fabricated with cellulose fiber (Sample A), 
cellulose fiber with 10% activated carbon (Sample B), and cellulose fi-
ber with 30% activated carbon and 20% amorphous titanium silicate 
(ATS) (Sample C) were examined for the adsorptive removal of Cu(II), 
Pb(II), and Hg(II) ions at low concentration levels (100~700 ppb). The 
porosity measurements using N2 sorption isotherms revealed that 
Samples A and B are nonporous or macroporous materials, whereas the 
addition of 50% filler materials into the cellulose resulted in a micro-
porous material. The BET surface area and pore volume of Sample C 
were found to be 320.34 m2/g and 0.162 cm3/g, respectively. The sin-
gle ion batch adsorption experiments reveal that, at 700 ppb initial 
metal ion concentration, Sample A had removal efficiencies of 7.5, 
11.5, and 13.7% for Cu(II), Pb(II), and Hg(II) ions, respectively. 
Sample A did not show better adsorption performance for HMIs. 
Sample B effectively eliminated 99.6% of Cu(II) ions compared to 
Pb(II) (14.2%) and Hg(II) (31.9%) ions. Cu(II) (99.37%) and Pb(II) 
(96.3%) ions are more efficiently removed by Sample C than Hg(II) 

(68.2%) ions. XPS wild survey revealed the presence of Cu(II), Pb(II), 
and Hg(II) ions in HMIs-adsorbed filer media. The -C-OH and -COOH 
groups present on the surface of filter media are crucial for HMI ad-
sorption via complexation reactions, as evidenced by the high-reso-
lution C1S spectra. The higher removal efficiency for Pb(II) ions, as 
well as improved Hg(II) ions removal efficiency of Sample C compared 
to others, was due to the presence of ion exchanger ATS, which acts as 
the heavy metal removal component via ion exchange. In the diverse 
ion adsorption conducted using funnel filtration experiments, Sample C 
demonstrated complete adsorption of Cu(II), Pb(II), and Hg(II) ions. 
The increased size, as well as the mass of Sample C, may account for 
the enhanced removal efficiency of these ions. The utilization of ATS 
and activated carbon, in conjunction with environmentally sustainable 
biomass materials such as cellulose, in the production of composite fil-
ter media has the potential to enhance the feasibility of the HMIs re-
moval process in the remediation of natural water bodies.
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