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Abstract. Marine algae are an important biomass resource because of the many
properties they have in solving various environmental problems such as the
ability to decontaminate wastewater, soil decontamination, soil fertilization, etc.
Heavy metal pollution is a problem for the environment. The development of
industrial activities has led to increased emissions of heavy metals into the
environment, with negative consequences for soils, plants, rivers and waters.
Therefore, it is necessary to find appropriate methods that should be
environmentally friendly in removing metal ions in a more efficient and
inexpensive way. In this paper we optimized the biosorption parameters (pH,
initial concentration and contact time) for the retention of Cu (I1) ions on algae
biomass, using two types of marine algae: a red one Callithamnion
corymbosum sp. and a green one - Ulva lactuca sp. from aqueous solution.

Key words: marine algae biomass, biosorption, Cu (Il) ions, experimental
parameters

Rezumat. Algele marine reprezintd o resursa importantd de biomasd datoritd
numeroaselor proprietagi pe care le au in rezolvarea diferitelor probleme de mediu
cum ar fi capacitatea de decontaminare a apelor reziduale, decontaminarea solului,
fertilizarea solului etc. Poluarea cu metale grele reprezintd o problemd pentru mediu.
Dezvoltarea activitagilor industriale a condus la cresterea emisiilor de metale grele in
mediu, cu consecinge negative asupra solurilor, plantelor, raurilor si apei. Prin
urmare, este necesar sd se gaseasca metode adecvate care ar trebui sd fie ecologice in
indepartarea ionilor metalici tr-un mod mai eficient si mai ieftin. In aceastd lucrare
am optimizat parametrii de biosorbsie (pH-ul, concentrazia inifiala si timpul de
contact) pentru retinerea ionilor Cu (Il) pe biomasa algelor, folosind doud tipuri de
alge marine: una rosie- Callithamnion corymbosum sp. si una verde - Ulva lactuca sp.
din solufii apoase.

Cuvinte cheie: biomasa de alge marine, biosorbtie, ioni de Cu(ll), parametrii
experimentali

INTRODUCTION

Pollution with heavy metals is a problem of great environmental
importance. Due to the toxicity, persistence and tendency of accumulation, large
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concentrations of heavy metals are found in the environment, becoming an
important factor in the degradation of ecosystem quality (Hackbarth et al., 2015).
The main source of environmental pollution with heavy metal ions is industrial
activity. The development of industrial activities has led to increased emissions of
heavy metals into the environment, with negative consequences for soils, plants,
rivers and underground waters (Volesky, 2001; Chen, 2004; Aji et al., 2012). Copper
and its compounds find a wide range of uses: in sheet metal manufacturing, as
catalysts, dyes are used in the paint industry for radiators in electrotechnics and
insecticides (Domnez and Aksu, 1999). Therefore, it is necessary to find appropriate
methods that should be environmentally friendly and should eliminate heavy
metal ions in a more efficient and cheaper way (Oliveira et al., 2013). In recent
years, studies of biosorption of metal ions on biological materials have increased
significantly (wang and Chen, 2009). The current trend of specialized research is to
find new ecological alternatives and cheap materials for the retention of heavy
metal ions through biosorption (Kratochvil and Volesky, 1998).

Marine algae are an abundant and diverse ecosystem. This biomass
resource represent a great interest for environmental engineering due to its many
properties in solving various environmental problems such as decontaminate
wastewater, soil decontamination, soil fertilization (Vilar et al., 2008; Wang and
Chen, 2009). Under these conditions, the use of marine algae biomass as
biosorbents for the removal of heavy metal ions from agueous media is in
agreement with the actual trends in this filed. It is well known that biosorption of
a certain metal ions on certain biosorbent (marine algae biomass, in this case)
occurs with maximum efficiency only well-established experimental conditions.
Therefore, the find of these experimental conditions, which will ensure the
maximum retention efficiency of the biosorption process represent the staring
point in such studies. The objective of this study was to find optimal values of the
most important biosorption parameters (pH, initial concentration and contact
time) for the retention of Cu (Il) ions on algal biomass using two types of
seaweed: red one - Callithamnion corymbosum sp. and a green one - Ulva lactuca
sp. from aqueous solutions.

MATERIAL AND METHOD

Preparation of biomass

For this study | used seaweed, red Callithamnion corymbosum sp. and green
algae, Ulva lactuca sp. The algae were collected from the Black Sea in 2016.
Preparation of the biomass consisted in: washing, drying and grinding into particles
with grain-size of 1.0 — 1.5 mm.

Biosorption experiments

To determine the optimal pH, 0.05 g of algae biomass were mixed with 25 ml of
Cu (Il) solution (25.4 mg/L) with different pH (2.0 — 6.2). After 24 hours, the samples
were filtered. To determine the influence of the sorbent dose, different amounts of
algae biomass (0.05 - 0.5g) were mixed with 25 ml of Cu (IlI) solution (25.4 mg/L), and
the samples were also filtered after 24 hours. The influence of the initial concentration
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was examined in the Cu (ll) concentration range of 12 — 178 mg/L, using 0.05 g algae
biosorbent for each sample. After 24 hours, the samples were filtered. The influence
of contact time was analyzed by adding 25 mL of Cu (Il) solution (25.4 mg/L) to 0.05 g
algae biomass. The phase’s separation was done at certain time intervals, between 5
and 240 min.

Evaluation of biosorption performances

Concentration of Cu (ll) ions from aqueous solution was determined
spectrophotometrically (with rubeanic acid, 390 nm, 1 cm glass cells, VIS
Spectrophotometer YA1407020), using a prepared calibration curve.

The biosorptive performances of algae biomass for Cu (ll) ions was evaluated
using biosorption capacity (g, mg/g) and removal percent (R, %) calculated from
experimental results, according to the following equations:

g="C.y 1)

m
C,—C
C0

Where c,, ¢ are initial an equilibrium concentration of Cu(ll) in the solution
(mg/L), V is volume of solution (L), and m is the mass of algae (g).

R= .100 @)

RESULTS AND DISCUSSIONS

The pH value for which the sorption process proceeds with maximum
efficiency was considered the optimal pH value for retention of metal ions studied
on algae biomass. As can be seen from (fig. 1), the amount of metal ions retained
on algae biomass (q, mg/g) increases as the initial pH of the aqueous solution
increases. In the case of Ulva lactuca sp., the optimum pH is 5.0, where Cu(ll)
ions are retained approximately 95%, while for Callithamnion corymbosum sp.,
the optimal pH is 4.4, and the removal percent obtained is not greater than 79%.

12 4

—8— Ulva lactuca

—0O— Callithamnion corym.

2 ' 3 ' 4 p;-l 5 ' 6
Fig. 1 Influence of initial solution pH
The optimum quantity of biosorbent (fig. 2) was determined on the basis of the

values of the quantitative parameters of the biosorption process, being considered the
value for which the Cu (Il) removal efficiency is maximum.

331



LUCRARI STIINTIFICE SERIA HORTICULTURA, 61 (2) / 2018, USAMYV IASI

10
g -
8 -
7 -
6 -
5 -
4 -
3 -
2 -
1 -
0 T T T T T T \

0.05 0.1 0.12 0.2 0.3 0.4 0.5
biosorbent dosage, g

Fig. 2 Influence of biosorbent dosage
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Such variation is determined by the increase in the number of active sites
(superficial functional groups) with the increase of the quantity of algae biomass used as
biosorbent (Ucun et al., 2003). Based on obtained experimental results (fig. 2), the optimal
dose of biosorbent was considered 0.05 g for both types of algae biomass.

The increase in the initial concentration of Cu (Il) ions over studied concentration
range causes an increase of the biosorption capacity (q, mg/g) from 5.19 to 52.26 mg/g for
red algae and 3.10 to 57.03 mg/g for green algae (fig. 3).
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Fig. 3 Influence of the initial concentration

These values correspond to a decrease in the removal percent from 82% to 62% for
red algae and 99% to 59% for green algae. Therefore, it can be said that Ulva lactuca sp.
(green algae biomass) is much more effective in the retention of Cu (Il) ions compared to
Callithamnion corymbosum sp. (red algae biomass).

The influence of contact time has shown that with increasing contact time (Fig. 4),
the amount of metal ions retained on the sorbent mass unit increases. The biosorption
process is rapid in the initial stage when in the first 5 min the Cu(ll) removal percent are
higher than 53 % in case of Ulva lactuca sp. biomass and 65 % in case of Callithamnion
corymbosum sp. biomass, respectively. After this initial step, the rate of the biosorption
process becomes much slower near the equilibrium, which is obtained after 60 min in the
case of Ulva lactuca sp. biomass and after 30 min in case of Callithamnion corymbosum
sp. biomass, respectively.

332



LUCRARI STIINTIFICE SERIA HORTICULTURA, 61 (2) / 2018, USAMV IASI

12 4

10 4

g, mg/g

—8— Ulva lactuca

—0O— Challithamnion corym.

0 5 10 30 60 120 180 240
t, min

Fig. 4 Influence of contact time

According to these results, Callithamnion corymbosum sp. biomass is much more
effective in the removal of Cu(ll) ions by biosorption, because required a lower minimum
contact time (30 min), compared with 60 min in case of Ulva lactuca sp. biomass.

In table 1 are summarized the optimal values of the biosorption parameters for the
Cu (Il) ions removal from aqueous media using Ulva lactuca sp. and Callithamnion
corymbosum sp. algae biomass.

Table 1
Optimal values of biosorption parameters for Cu (Il) ions removal on considered
algae biomass

Callithamnion

Parameters Ulva lactuca sp. corymbosum sp.
Initial pH 5.0 4.4
Biosorbent dosage 0.05 0.05
Initial concentration, mg/L 13.18 - 210.93 12.71 - 177.89
Minimum contact time, min 60 30

CONCLUSIONS

Removal of metal ions from wastewater by low-cost biosorption is an
effective method that can be successfully applied for wastewater treatment due to
the advantages it has. Algae biomass fulfils all the necessary conditions.
According to experimental results, the Ulva lactuca sp. biomass is much more
effective in removal of Cu (Il) ions from aqueous solutions compared to
Callithamnion corymbosum sp. biomass.
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