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ABSTRACT

The determination of iron, copper and zinc metal ions removal has been conducted
using seaweeds (Kappaphycus sp. and Padina sp.) as biosorbents. The seaweed
was dried using two different drying techniques: oven drying (60 °C, 80 °C and 100 °C)
and sun drying. The main functional groups responsible for the metal bindings in
seaweed were identified using Fourier transform infrared spectroscopy. It showed
that carboxyl, ether, alcoholic, and amino groups participated in the ionic exchange
by functional groups on the surface area of metal-treated and untreated seaweed.
Phytochemical analysis was conducted to determine the total phenolic content of
the samples, as polyphenols are well known for metal binding. In comparison to the
other drying techniques, oven-dried (60 °C) for Padina sp. (0.2133+0.0125 mg GA/g
DS) and Kappaphycus sp. (0.0882+0.0071 mg GA/g DS) had the highest phenolic
content. Inductively coupled plasma — optical emission spectrometry was also used
to measure the reduction of heavy metal concentration in the biosorption process.
Sun drying for both biosorbents, Kappaphycus sp. (86.08%) and Padina sp.
(72.75%), achieved high metal adsorption levels for copper ions. According to the
results, the rank of metal adsorption abilities of the samples by drying method is
oven-dried (60 °C) < oven-dried (80 °C) < oven-dried (100 °C) < sun-dried.
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poisonous and can harm nerves and organs, such as the liver,
kidneys, and bones, while also blocking functional groups of

Removing heavy metals from industrial wastewater is
necessary as it is carcinogenic. Various methods of heavy
metal reduction and removal have been previously studied
including alkaline chlorination, sulphide precipitation,
electrochemical reduction, reverse osmosis, nanofiltration
and ultrafiltration (Kapepula, et al,, 2022). This conventional
remediation methods are usually expensive or adversely
affect the environment. Biosorption processes in organisms
involve a synergy of various mechanisms including
chemisorption, complexation, surface adsorption, ion
exchange and adsorption-complexation on surfaces and
pores (Brown et al, 2000). Heavy metals are highly
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essential enzymes (Carson et al, 1986). The demand for
novel technologies to extract metal from wastewater is
increasing because of strict environmental legislation and
the government authority to enforce these restrictions
(Janson et al, 1982). Researchers have been looking for
cheaper, more efficient ways to treat heavy metal-
contaminated waters and lessen the growing threat to public
health hazards for over a decade. Removing metal ions from
contaminated solutions using adsorption has been proven
to be a cost-effective and ecologically beneficial technology
(Volesky, 1990). Adsorption is an attachment of atoms, ions,
or molecules to the surface of a biosorbent. It also efficiently
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removes metals from dilute solutions, produces less chemical
and biological waste, regenerates adsorbents, and allows
metal recovery (Kratochvil and Volesky, 1998). The
biosorption capability of algae has been attributed mainly to
the cell wall, which is composed of a fibre-like structure and
an amorphous embedding matrix of various polysaccharides.
Red algae also have various binding sites, including carboxyl
and amino groups, as stated by Rahman and Sathasivam
(2016). Previous studies that have been conducted using
seaweed as a biosorbent are shown in Table 1. Seaweed
cultivation in Sabah, Malaysia was introduced in 1978.
Since then, seaweed played an important role creating
employment in Sabah (Ahemad et al,, 2006). Cultivation of
these photoautotrophic organisms has been widely
developed for many usages such as in food industries and
cosmetics.

Over the years, applying biotechnology in metal pollution
removal has become more prevalent in the metal pollution
research field. This is due to its low cost, minimization of toxic

Table 1. Seaweeds as biosorbents

by-products and higher efficiency than conventional
techniques (Abbas et al, 2014). Seaweed contains dietary
fibers, vitamins, minerals, carotenoids, and fatty acids. High
contents of phenolics and flavonoids have also been reported
in seaweed (Ling et al,, 2013). Phenolic compounds are a
diverse group of molecules that cover a wide range of
aromatic secondary metabolite families. These phenolic
compounds in seaweed are able to combat oxidative stress
(Ling et al,, 2013). Flavonoids are essential antioxidants as
they have a high redox potential. This composition makes
seaweed a good antioxidant. Multiple studies have
demonstrated the significant antioxidant properties of
different types of seaweed (Yap et al, 2019; Belattmania et
al, 2016; Ling et al, 2013). The functional groups of these
phenolic compounds were demonstrated to attach metals to
hydroxyl and carboxylic acid. (Mousavi et al,, 2021).

The aims of this study were to characterise Sabah
seaweeds Kappaphycus sp. and Padina sp. as adsorbents for
iron (Fe2+), copper (Cu?+), and zinc (Zn2+) removal.

Seaweed Heavy metal Reference
Hydrilla verticillate Cr(IV) (Baral et al., 2009)
Cd, Pb (Al-Zufri and Al-Tabatai, 2020)

Kappaphycus striatum variety sacol

Pb(11), Cu(lI), Zn(II), Cd(II)

(Khan et al,, 2013)

Caulerpa serrulate Cu, Cd, Pb

(Mwangi and Ngila, 2012)

Caulerpa taxifolia Zn2*

(Mithra et al,, 2012)

Kappaphycus alvarezii

Cu(1D), Ni(ID), Cd(lI), Pb(II)

(Praveen and Vijayaraghavan, 2015)

Sargassum sp. Co?+, Pb2+, Cd?*
Padina sp.

Ulva lactuca

(Asencios et al., 2022)

Sargassum sinicola Cd, Cu

(Patrén-Prado et al,, 2010)

Eucheuma denticulatum

Pb2+l Cu2+' Fez+l 7n2+

(Rahman and Sathasivam, 2016)

Sargassum lacerifolium Pb, Cu, Zn, Ni (Ahmed et al,, 2021)
Gracilaria changii Fe, Cr, Ni (Arumugam et al,, 2020)
Posidonia oceanica Cu, Pb, Ni, Zn, Cd (Boulaiche et al., 2019)

Hizikia fusiformis
Laminaria japonica
Undaria pinnatifida

Pb?+, Cd?*, Mn#, Cu?, Cr207%

(Lee and Park, 2012)

L. japonica
U. pinnatifida
Porphyra haitanensis

Cr(IV)

Gracilaria lemanerformis

(Jiaetal, 2014)

Fucus serratus

Cu2+l Zn2+l Pb2+' Ni2+' Cd2+l Ce2+

(Ahmady-Asbchin, 2009)

2. MATERIALS AND METHODS

2.1 Materials

The seaweeds (Kappaphycus sp. and Padina sp.) were
bought from local sellers in Semporna, Sabah. An electronic
blender (Butterfly B-592) was used to crush the dried
seaweed into powder. The remaining chemicals were all
analytical reagent (AR) which is the purity more than 95
percent, in general.

2.2 Collection and sample preparation

The seaweed was sun-dried before being delivered to the
researchers. The seaweeds were classified as Kappaphycus
sp.and Padina sp. Upon delivery, the seaweeds were cleaned
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and washed twice with tap water, followed by a further
washing in distilled water. The washing process eliminates
impurities such as rope, sand, foreign biota, and salt from the
samples.

2.3 Drying process

Two different drying methods were used with four different
drying conditions, as shown in Table 2. For the sun-drying
procedure, 100 g of seaweed was weighed and spread in a
single layer on a tray before being exposed to the sun.
Samples were weighed every 4 h until a constant weight was
obtained. The same procedure was applied to the oven-
drying process using a Memmert heating and drying oven at
three different temperatures (60 °C, 80 °C and 100 °C). The
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seaweed was only chopped into smaller sizes after drying to
prevent a significant loss of bioactive compounds. Finally,

the dried seaweeds were ground into powder using a
laboratory blender and stored in zip-lock bags.

Table 2. Parameters of drying conditions including temperatures and periods.

Drying method Drying condition Time
Sun dry Direct sunlight 5 days
Oven dry 100 °C 6h
Oven dry 80 °C 6h
Oven dry 60 °C 6h

2.4 Characterization of seaweed

2.4.1 Determination of heavy metals

Determination of metal in seaweeds was done according to
Sudharsan et al, (2012). One gram of powdered dried
seaweed was weighed and digested in a 100 mL beaker filled
with 20 mL of concentrated nitric acid overnight. The
solution was mixed with 10 mL of concentrated nitric acid
and perchloric acid at a ratio of 4:1. Then, the acid mixture
was evaporated on a hotplate at 120 °C until complete
dryness was achieved for rapid digestion. The residue was
made up to a 20 mL solution of Milli-Q water with 20%
concentrated nitric acid and filtered through No. 1 Whatman
filter paper. All metal concentrations were determined using
inductively coupled plasma/optical emission spectrometry.

2.4.2 Fourier transform infrared (FTIR) analysis

An FTIR spectral analysis was conducted to discover the
probable functional groups in dried Kappaphycus sp. and
Padina sp. samples. An FTIR spectrometer (Perkin Elmer)
was used to obtain infrared spectra of the raw and metal-
loaded biomass. The metal-loaded biomass sample was
dried for 4 h at 75 °C in a drying oven to eliminate water
molecules before the spectrum was measured.

2.4.3 Determination of phenolic compound

One gram of each dried seaweed was extracted for 2 h with
80% v/v methanol with a ratio dried seaweed to solvent of
1:20, w/v at room temperature. The mixture was sonicated
at 24 °Cin a sonicator bath (Elmasonic S 180 H) for 30 min at
50 kHz, then shaken in an incubator shaker for 2 h at room
temperature. The extract was filtered through Whatmann No.
1 filter paper before being stored at -20 °C for further
analysis. Total phenolic content (TPC) from dried seaweed
was determined using the Folin-Ciocalteu method by Neoh
et al, (2021) with modification. Then, 100 pL of seaweed
extract was applied to 200 pL of Folin-Ciocalteu reagent.
After 5 min, 800 pL of sodium carbonate was applied to the
mixture and allowed to stand in a dark room for 2 h. Gallic
acid was used as standard. The results were expressed in
the equivalent of 1.0 mg gallic acid equivalent per 1.0 g
dried seaweed extract (mg GAE/g DS). A microplate
spectrophotometer reader (Thermoscientific) was used to
read absorbance at 765 nm against a blank solution. All of the
measurements were carried out using five replicates.

2.5 Preparation of metal stock solution

Stock solutions of Zn, Cu, and Fe at 100 ppm were prepared
by dissolving zinc nitrate, copper nitrate, and iron chloride
in deionized water, respectively. All metal solutions were
preserved in nitrate salt. Then, the stock solutions of heavy
metals were diluted using deionized water for the solution
of 0.5 ppm concentration.
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2.6 Biosorption study

All the tests were done in a batch system with 150 mL
Erlenmeyer flasks in an orbital shaker at 150 rpm. Each
flask was filled with 100 mL of heavy metal solution and
1.0 g of sample. After shaking, the mixture was filtered to
separate the solution and the seaweed. The solution was
then filtered using a 0.45 um syringe filter nylon
membrane. Following separation, an atomic absorption
spectrometer (AAS) was used to determine the amount of
metal ions remaining in the solutions. The quantity of
metal adsorbed per gram of adsorbent at equilibrium, ge
(mg/g), was determined by calculating the metal
concentration in the aqueous phase before and after
adsorption using the formula given in Equation 1.

qe = ‘(Ci;:f) XV Mm

where Ci and Cr are the initial and final concentrations of
metal ions in the solution (mg/L), respectively, V is the
volume of metal solution (mL), and m is the mass of the dry
adsorbent (mg). The percentage of metal removal (%
adsorption) from the solution was calculated using
Equation 2.

3 ci—c¢C
% adsorption = ‘C—f x 100 )

i
Each experiment was repeated in triplicate, with the
data expressed as the average of the results. The statistical
data analysis was then performed. The Langmuir isotherm
model was used to fit the isotherm curve using Equation 3.

LA, 1Ce+ !

qe dmax

3
dmaxK ( )
Where gmax is the maximum adsorption capacity (mmol/g),
K is an equilibrium constant (1m/mol), and Ce is the
concentration of the solution at equilibrium (m/mol).

3. RESULTS AND DISCUSSION

3.1 Heavy metal content

The presence of heavy metals (Cu, Fe and Zn) in both
Kappaphycus sp. and Padina sp., before the biosorption
process, are shown in Table 3. Only small quantities of the
heavy metals were present in in each of the seaweeds,
ranging from 0.0022-0.0086 mg per gram of dried seaweed
(mg g1) for Cu, 0.0007-0.2259 mg g1 for Fe and 0.0061-
0.1751 mg g! for Zn, which are below the toxic limits
permitted for human consumption (Gunatilake, 2015).
These slight amounts of trace metals can be considered as
necessary micronutrients for the growth of these algae
(Sudharsan etal., 2012).
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Table 3. Cu, Fe and Zn content in both Kappaphycus sp. and Padina sp. before biosorption

Sample Drying conditions Concentration (mg/g)
Cu Fe In

Kappaphycus Sun dried 0.0044+0.0003 0.0781+0.0004 0.0018+0.0003
Oven dried at 60 °C 0.0056+0.0002 0.1218+0.0006 0.0006+0.0003
Oven dried at 80 °C 0.0046+0.0001 0.1507+0.0001 0.0061+0.0001
Oven dried at 100 °C 0.0022+0.0001 0.0505+0.0001 0.0040+0.0003

Padina Sun dried 0.0065+0.0003 0.2119+0.0003 0.0045+0.0002
Oven dried at 60 °C 0.0086+0.0001 0.1262+0.0001 0.0032+0.0006
Oven dried at 80 °C 0.0076+0.0005 0.2259+0.0012 0.0332+0.0001
Oven dried at 100 °C 0.0033+0.0001 0.0007+0.0002 0.1751+0.0005

3.2 Total phenolic compound

Table 4 shows the TPC from 50 mg/ml of Kappaphycus sp.
ranged from 0.0231-0.0882 mg gallic acid equivalent
(GAE) gt dried seaweed (DS), whereas the TPC from 50
mg/ml Padina sp. ranged from 0.1301-0.2133 mg GAE/g
DS. When comparing drying procedures, oven drying at
60 °C had a higher TPC than sun drying. This data implies
that Padina sp. has a higher TPC than Kappaphycus sp for
both species.

The cell wall of Kappaphycus sp. contains carrageenan
and sulphated polysaccharides (Yuan et al,, 2005), which
may contribute to its antioxidant capacity (Kumar et al,
2008; Matanjun et al., 2008; Ragan and Glombitza, 1986).
Padina sp. cell walls are composed of cellulose, alginic acid,
and polysaccharides, with alginates and sulphates being
the most active groups (Romera et al., 2006). Any type of
processing or techniques applied such as high drying

Table 4. Total phenolic content of seaweeds

temperatures and extended drying may alter and lower
certain phenol compounds in the material (Li et al.,, 2006).
Moreover, in low moisture conditions, all plant cell
components adhere to one another and potentially make
the extraction more difficult, resulting in alower TPC. Long
drying times also decrease TPC leading to alterations in the
color by-product.

The combination of moderate temperature (oven
dried at 60 °C) and a short drying period (6 h) used in this
process had the least affected TPC. The elevated
temperature employed in both seaweeds resulted in a
reduction of TPC. Sun-dried samples had the lowest levels
of phenolic content. The prolonged drying time (4 to 5 days
in direct sunlight) and dehydration during drying also
affected the phenolic content. The slower drying rate
increased the leaching impact and extended the period that
the seaweed was exposed to the air.

Sample Drying Total phenolic content (mg GAE/g DS)
Padina Sun dried 0.1301+0.0054

Oven dried 100 °C 0.1378+0.0054

Oven dried 80 °C 0.1611+0.0188

Oven dried 60 °C 0.2133+0.0125
Kappaphycus Sun dried 0.0231+0.0027

Oven dried 100 °C 0.0324+0.0027

Oven dried 80 °C 0.0526+0.0081

Oven dried 60 °C

0.0882+0.0071

3.3 Fourier transform infrared (FTIR) analysis

Drying is an essential step in seaweed production as it
greatly impacts the phytochemical and functional group
presence in seaweed (Ling et al,, 2015). Among all untreated
and metal-treated samples, oven dried (60 °C) for both
Kappaphycus sp. and Padina sp. showed significant
functional group shifts. The FTIR spectrum analysis before
and after metal sorption for Kappaphycus sp. by different
drying techniques is shown in Table 5. It lists the
predominant adsorption peaks of functional groups on the
surface of Kappaphycus sp. Great acidic properties were
acquired after all oven drying treatments (60 to 100 °C)
towards S-O stretching of both sulfonyl and sulfonate
groups. It has been reported that this promotes metal
sorption in Kappaphycus sp. (Mingu et al, 2022). FTIR
analysis of Kappaphycus sp. suggested that its carboxy],
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ether, alcoholic, and amino groups are responsible for the
binding of the metal ions.

The FTIR spectroscopic analysis on oven-dried Padina sp.
at 60 °C is shown in Table 6. Most changes that occurred on
biosorbent after biosorption of the three selected metals are
reflected in the presence of a broad band between 3000 and
3300 cm?, which represents -OH and -NH stretching groups
of carboxylic and amide, respectively. Oven dried Padina sp.
at 60 °C shows an insignificant peak in those bands. The
occurring band between 1000 and 1050 cm! represented -
C-0 stretching of ether groups and the -C-O stretching of
alcoholic groups. This was observed after sorption of Cu, Fe
and Zn, showing both groups play a role in the biosorption
process. FTIR spectrum analysis of Padina sp. also suggests
that its carboxyl, ether, phenolic and amino groups are
responsible for metal ions binding.
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Table 5. Functional groups and wavenumbers observed on Kappaphycus sp.

Drying Wavenumber (cm1) Functional groups
Before Adsorption Adsorption Adsorption
adsorption of Cu of Fe of Zn
3268.41 3326.00 3368.45 3339.14 -OH and -NH stretching
- - - 2918.86 -CHj3 stretching
- - 2161.24 - S-C=N stretching
- 1638.39 1641.77 1634.16 -COO stretching
1219.45 1225.93 1225.85 -S-0 stretching
Oven dried 60 °C 1151.43 1158.30 1158.03 1157.33 -C-0 stretching of ether groups and -C-0
stretching of alcoholic groups
1022.87 1034.70 1035.37 1033.95 -C-0 stretching of ether groups and -C-0
stretching of alcoholic groups
934.41 92591 925.30 922.46 -C=C bending
- 845.03 844.95 845.20 -C=C bending
3349.77 3320.46 3366.38 3377.86 -OH and -NH stretching
- 2160.93 - 2178.88 S-C=N stretching
1638.56 1641.44 1641.58 1633.72 -COO stretching
1424.02 - - 1373.13 -SOs stretching
Oven dried 80 °C 1223.29 1231.57 1220.02 1219.09 -S-0 stretching
- - 1156.31 1157.14 -C-0 stretching
1031.77 1030.55 1035.47 1036.21 -C-0 stretching of ether groups and -C-0
stretching of alcoholic groups
923.69 927.01 924.05 924.77 -C=C bending
854.56 846.00 845.29 845.57 -C=C bending
3352.42 3320.92 3297.79 3293.51 -OH and -NH stretching
- 2917.80 2917.76 -CH stretching (aliphatic)
1637.29 1633.49 1631.81 1631.87 C=0 stretching bond and C-0 stretching
bond vibrations to carboxylate group
Oven dried 100 °C 1224.97 122691 1227.82 1222.50 C=0 stretching bond and C-0 stretching
bond vibrations to carboxylate group
1033.67 1030.92 1031.82 1032.49 -C-0 stretching alcoholic groups
926.88 926.94 925.71 925.88 -S-0 stretching
847.07 - 845.02 845.88 -S-0 stretching
3340.46 3339.63 3320.43 3330.80 -OH and -NH stretching
1637.18 1641.82 1643.43 1640.79 -COO stretching
1224.30 1223.30 1224.86 1222.41 -S-0 stretching
1035.89 1155.01 1156.19 -C-O0 stretching of ether groups and -C-0
Sun dried stretching of alcoholic groups
1032.994 - 1034.58 1032.60 -C-0 stretching of ether groups and -C-0
stretching of alcoholic groups
925.95 924.97 927.05 924.38 -C=C bending
845.81 845.05 844.07 845.81 -C=Cbending

Table 6. Wavenumber and functional groups observed on Padina sp.

Drying Wavenumber (cm1) Functional groups
Before Adsorption Adsorption Adsorption
adsorption of Cu of Fe of Zn
- 3283.55 3284.60 3294.05 -OH and -NH stretching
Oven dried 60 °C 2174.20 - -
1446.82 1413.29 1416.47 1412.43 weak symmetrical carboxylate ions
stretching
- 1034.53 1029.91 1032.40 -C-0 stretching of ether groups and
-C-0 stretching of alcoholic groups
Oven dried 60 °C 873.27 874.31 873.20 -C=Cbending
854.70 853.98 853.92 854.09
- 712.70 - 712.72
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Table 6. Wavenumber and functional groups observed on Padina sp. (Continued)

Drying Wavenumber (cm) Functional groups
Before Adsorption Adsorption Adsorption
adsorption of Cu of Fe of Zn
- 3320.86 3333.27 3312.84 -OH and -NH stretching
1460.08 1416.90 1411.49 1419.94 weak symmetrical carboxylate ions
stretching
- 1029.86 1030.50 1082.52 -C-0 stretching of ether groups and
Oven dried 80 °C -C-0 stretching of alcoholic groups
- 874.63 873.67 873.74 -C=Cbending
854.74 853.93 854.09 853.94
- - 712.34 712.70
- 3344.14 3309.83 332591 -OH and -NH stretching
- - - 2146.26
1447.17 1416.97 1417.99 1414.85 weak symmetrical carboxylate ions
stretching
- 1030.68 1034.96 1030.11 -C-0 stretching of ether groups and
Oven dried 100 °C -C-0 stretching of alcoholic groups
- 873.92 874.55 -C=C bending
854.60 853.96 854.02 853.71
- - - 712.39
507.39 583.94 583.85 -
484.36 - - -
- 3282.61 3331.12 3345.17 -OH and -NH stretching
- - 217491 -
1456.73 1420.19 1445.88 1416.70 weak symmetrical carboxylate ions
stretching
Sun dried - 1029.94 1027.22 1031.51 -C-0 stretching of ether groups and
-C-0 stretching of alcoholic groups
854.85 853.60 853.56 874.34 -C=Cbending
- 570.47 557.89 -
- - 461.10 -

3.4 Biosorption study

The percentage of metal uptake by both biosorbents
(Kappaphycus sp. and Padina sp.) is shown in Figure 1. Both
seaweeds naturally exhibited the ability to adsorb heavy
metals. Following the biosorption process, the amount of
metals in the biosorbent increased. The quantity of metals
in the biosorbent can be measured by the difference
between the initial and final concentration of the heavy
metal solution used. The results show that the sun-dried
biosorbents had a higher heavy metal uptake, especially
with Kappaphycus sp. It is due to the sulphate ester group,
which is assumed to have binding sites higher than hydroxyl
of the polysaccharides in the cell wall as phenolic in
Kappaphycus sp. According to Rahman and Sathasivam
(2016), red algae possess several binding sites, including
carboxyl and amino groups.

The parameters in the Langmuir equation were
obtained using a least square linear regression analysis on
each set of isotherm data and are presented in Table 7. The
adsorption capacities of copper (Cu), iron (Fe), and zinc
(Zn) by the sample were 33.56 mg/g, 32.47 mg/g, and
38.76 mg/g, respectively. The adsorption capacity of Zn
was relatively high compared to Cu and Fe. The high
coefficient of determination (R?) obtained by Cu (RZ =
0.9839) indicates that biosorption data fit well with the
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i=H

Langmuir isotherm. Therefore, the biosorption of Cuions
can be considered as monolayer biosorption.

4. CONCLUSION

This study conveys that Kappaphycus sp. and Padina sp.
could be considered as promising materials to adsorb Cu,
Zn and Fe ions from aqueous solutions. The main
mechanism implied in heavy metal adsorption may be
ionic exchange by functional groups on the surface.
However, phenolic content in both seaweeds is not parallel
to the of heavy metal uptake, as stated by Mousavi et al.
(2021). For further study, a study on the surface
morphology of metal-treated and untreated seaweed
should be included to determine porosity on the surface of
seaweed that may contribute to metal adsorption.
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Figure 1. Percentage of metal uptake by biosorbents

Table 7. Summary of Langmuir constants

Langmuir Adsorption capacity, qmax (mg/g) Equilibrium constant, K (L/mg) R?

Copper (Cu) 33.56 0.943 0.9839

Iron (Fe) 32.47 0.815 0.9298

Zinc (Zn) 38.76 0.535 0.9056
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