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Abstract: The acidic functional groups of the cell wall of native algae Parachlorella kessleri were evaluated
by potentiometric titrations. The Gran’s method was applied to determination of the total, strong, weak and
very weak acidities. The total organic acidity obtained for biomass was 3.93 mmol g, the largest content
belonged to the strong acidic groups (2.13 mmol g™ together with the weak acidic carboxylic groups (1.28
mmol g'). Very weak acidities represented by the amine groups (0.52 mmol g") did not exceed 14% and
they formed the lowest numerous part of all acidic functional groups.
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1. Introduction

It is essential to understand the complex chemistry and mechanisms involved in
metal biosorption in order to exploit algal biomass on an industrial scale for water,
wastewater and effluent treatment (MALIK, 1999).

Metal biosorption by biomass mainly depends on the components of the cell,
especially through cell surface and the spatial structure of the cell wall. Various
polysaccharides, proteins and lipids existing in algal cell walls have been proved to
play a very important role in metal binding. Some functional groups have been found
to bind metal ions, especially carboxyl groups. There is some evidence confirming that
the O-, N-, S-, or P-containing groups participate directly in binding of certain metals
(WANG and CHEN, 2009).

Green algae consist of mainly cellulose and high percentage of the cell wall is
proteins (10-70%) bonded to polysaccharides forming glycoproteins (ROMERA et al.,
2007). Proteins can contribute significantly to metal binding, offering the functional
groups of amino acids (hydroxyl, carboxyl, sulthydryl, amine, amide, imidazole). The
cell walls of brown algae generally contain cellulose, alginic acids and sulphated
polysaccharides. The predominant active groups of mentioned compounds are
carboxyl and sulphate groups (ROMERA et al., 2007). Alginate and the sulphated
matrix polysaccharide fucoidan constitute about 10-40% of the brown algal dry
weight, 5-20% respectively. In brown algae the protein content is less than 30%.
Alginate and fucoidan are known for their metal binding properties whereby ion
exchange between metal ions occurs (SCHIEWER and WONG, 2000; DAVIS et al.,
2003). In brown algae, the carboxyl groups of alginate are more abundant than either
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carboxyl or amine groups of the proteins and are therefore likely to be the main
binding sites. Sulphate groups appear to be of secondary importance (SCHIEWER and
WONG, 2000; VOLESKY, 2003; DAVIS et al., 2003). Hydroxyl groups are present
in all polysaccharides but they only become negatively charged at pH > 10, at lower
pH hydroxyl groups play a secondary role, too (VOLESKY, 2003; DAVIS et al., 2003).

The applications of titration techniques become a powerful tool for the
characterization of heterogeneous materials involved in biosorption and
bioremediation processes. The acid-base titration can yield valuable specific data for
further quantitative sorption work (NAJA et al., 2005).

The aim of this study is to evaluate native biomass of Parachlorella kessleri and to
attempt to quantify the acidic functional groups in the cell wall of algae by
potentiometric titrations. The Gran’s method is applied to determine the total acidity of
the functional groups, the quantity of the three types of acidities-strong, weak or very
weak.

2. Materials and methods

2.1 Potentiometric titrations

For titration, 0.25 g of dried untreated algal biomass — Parachlorella kessleri was
dispersed in 50 cm”® distilled water. An initial pH value was adjusted to 1.2 by addition
with a known quantity of HCIL. The suspension was titrated with 0.1 M NaOH to pH
11.75. Similar titration was performed on a blank solution (control) without algae.

2.2 Gran’s method

Gran’s method (GRAN, 1952; ROSSOTTI and ROSSOTTI, 1965) consists on
transforming a titration curve into two linear functions G versus the volume of added
titrant before the end-point and G, versus the volume of added titrant after the end-
point titration. The intersections of the linear portions with the volume axis correspond
to the equivalence points V, and V.

The definition of the Gran's function is as follows:

G, = (Vy+V).10PH atpH <7 (1)
G, = (Vy+V).100%%  at pH > 7 )

where V,— the initial sample volume (cm’)
V - the volume of added titrant (cm®)

The total organic acidity (Aro) of a sample can be divided into three different chemical
acidic groups depending on their apparent ionization constants (NAJA et al., 2005):
- strong acidities at pH <4
(Ve = Vi)
As(meqg ™) = ——==N, (3)

- weak acidities at 4 <pH <7
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(Ve _Va ) B (VeN B VaN)

m

Ay (meqg™) = N, 4)

- very weak acidities at pH > 7
[(Vy = Ve) = (Vin = Va)II(V = Vi) = (Vn = Vi)l
m

Ayw (mqu_l )= No (%)

Ao =Ag+Ayw +Ayy (6)

where Nj— the normality of the base used,
V and Vy — the total volume of the base added after titration of the sample and
control, respectively,
V. the volume of base in the end-point titration,
m — sample weight (g).
The suffix N corresponds to the control.

3. Results and discussion

The potentiometric titration curves of the untreated algae Parachlorella kessleri
and the control, curves fitted by Boltzmann function are shown in Figure 1a) and
Gran'’s plot of the sample and the control and their linearization are shown in Figure
1b). Four equivalence points were extrapolated according to the Gran’s method. V,y
aV, are the equivalence volumes determined by the acidic slopes (before the
equivalence point) of the Gran's function of the control and the sample. Vyy a V,, are
the equivalence volumes determined by the basic slopes (after the equivalence point)
of the Gran’s function of the control and the sample. In addition to these equivalence
points, other points indicating the endpoint of the control V., the first and second
endpoints of the sample V. and V., were determined by Boltzmann function
minimizing the mean square deviations between model and experimental data.

V.n is the NaOH volume necessary to titrate the excess of HCI over the sample
total acidity, V, — V,\ is the titrant volume necessary to reaction with strong acidic
groups, such as phosphoric or sulfonate groups, as well as carboxylic groups linked to
aromatic functions at pH <4, V. — V, and V, — V. are attributed to the ionization of
carboxylic and some proteic groups at 4 < pH < 7, V, — V,, is attributed to phenolic
and amine groups of proteins at pH > 7 (BRUNELOT et al., 1989; NAJA et al., 2005).

The strong, weak, very weak and total acidities calculated according to Egs. (3)—
(6) as well as the quantity of acidic groups for other green and brown algal cells are
indicated in Table 1.

The total number of acidic groups was found 3.93 mmol g”. It may be observed
from the data in Table 1 that approximately 54.2% of all binding sites in the cell wall
of biomass consist of strong acidic groups (phosphoric, sulfonate and carboxylic
groups linked to aromatic compounds). Weak acidic sites attributed to the carboxylic
groups present the third of total acidity, whereas very weak acidities of amine groups
on the biomass surface represent 13.2% of all acidic groups. It could be noted that the
weak acidity attributed to carboxylic and the very weak acidity to amine functions of
proteins formed nearly the half of total organic acidity.
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Fig. 1. a) Titration curves of a sample (untreated algae Parachlorella kessleri) and a control (without algae)
and curves fitted by Boltzmann function, b) Gran’s function (G) of the sample () and of the control (A)
and their linearization.
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It appears that only content of the strong acidic sites is slightly higher in
comparison with other green and brown algae whereas values of weak and very weak
acidities correspond to these obtained in other studies (Table 1). The carboxylic groups
are generally the most abundant acidic functional groups in the brown algae and they
constitute the highest content of total acidic sites (A,, is greater than 50%).

Table 1. Types and quantity of acidic sites for untreated algac Parachlorella kessleri and comparison with
other green, brown algae.

As Awv  Aw At

Algal type References
(mmol g™")
Parachlorella kessleri 2.13 128 0.52 3.93 Present work
Chaetophora elegans 0.85 2.99 3.83 (ANDRADE etal.,2005)
§ Caulerpa scalpelliformis 2.89 (ARAVINDHAN et al., 2007)
& Ulva lactuca 0.19  1.62 1.81 (MURPHY etal., 2007)
Ulva spp. 044 1.50 1.94 (MURPHY etal., 2007)
Chlorella vulgaris 0.1 0.11 0.22 (HADJOUDJA etal..,2010)
Fucus serratus 1.28 193 036 3.56 (AHMADY-ASBCHIN et al., 2008)
= Sargassum vulgare 0.5 1.5 0.75 2.75 (DAVISetal.,2000)
é Sargassum fluitans 0.3 1.5 0.75 2.55 (DAVISetal.,2000)
© Sargassum filipendula 0.3 1.6 080 2.70 (DAVISetal.,2000)
Fucus vesiculosus 2.46 (GRIMM et al., 2008)

Differences in the metal biosorption capacity of mentioned green and brown algae
may be attributed to differences in cell wall compounds, providing different functional
groups responsible for metal biosorption (DAVIS et al., 2003). The maximum sorption
capacity for copper uptake by green and brown algae is showed as comparable
parameter in Table 2.

Table 2. A comparison of copper biosorption capacities for various biosorbents.

Algal type % References
(mgg)

Parachlorella kessleri 43 (KADUKOVA and HORVATHOVA, 2011)
= Codium vermilara 16.9 (ROMERA et al., 2007)
§ Spirogyra insignis 21.3 (ROMERA et al., 2007)
®0" " Ulva lactuca 43.8 (MURPHY et al., 2009)

Ulva spp. 20.7 (MURPHY et al., 2007)

Fucus serratus 101.6 (AHMADY-ASBCHIN et al., 2008)
= Sargassum vulgare 59.1 (DAVIS et al., 2000)
E Sargassum fluitans 50.8 (DAVIS et al., 2000)
< Sargassum filipendula 56.5 (DAVIS et al., 2000)

Fucus vesiculosus 234 (GRIMM et al., 2008)

Green algae showed lower sorption capacity than brown algae. The carboxyl or
amine groups of the proteins are likely to participate as main metal-binding sites in the
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green algae. On the other hand, the metal adsorption capacities of the brown algae are
directly related to the presence of carboxylic groups on the alginate polymer, which
counts as a significant component of the dried seaweed biomass (AHMADY-
ASBCHIN et al., 2008; GRIMM et al., 2008).

According to the data presented in literature (DAVIS et al., 2003, MURPHY et al.,
2007, GRIMM et al., 2008) it is obvious that metal uptake by both, green and brown
algae, is proportional to the amount of acidic sites.

4. Conclusions

Polysaccharides and proteins of biomass provide various possibilities for metal
binding. Titration method is subservient to indication of functional acidic groups on
the surface of green algae. The total organic acidity associated with strong, weak and
very weak acidic active sites was established.

In green algac Parachlorella kessleri, the quantity of strong acidic groups
represents 54.2% of all binding sites in the cell wall of biomass. Weak acidic sites
attributed to the carboxylic groups present 32.6% of total acidity. Very weak acidities
on the biomass surface represent 13.2% of all acidic groups.

In general, in scientific literature results of biosorption or potentiometric titrations
are published separately. But to understand the role of functional groups the
interconnection would be very helpful. Carboxylic and amine groups of proteins could
be the key functional groups of the algal cell wall responsible for metal binding within
biosorption. Further research is required to understand the role of binding sites on the
surface of biomass in biosorption.
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