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Abstract. Heavy metal pollution, particularly Pb, may damage estuary and coastal aquatic ecosystems.
It could reduce the water quality. Seaweed, Gracilaria verrucosa, is known of having an ability to absorb
Pb in the water. This study aims to determine the ability of G. verrucosa in reducing the concentration of
dissolved Pb in the water. Filtered seawater were added with different concentration of Pb, i.e. P1 as a
control (without the addition of Pb), P2 (3 ppm of Pb), P3 (6 ppm of Pb) and P4 (11 ppm of Pb). All
treatments were done in triplicate. The concentrations of Pb in the seawater and the seaweed were
measured by using AAS (Atomic Absorption Spectrophotometry) at O time (before Pb addition), 5, 10,
and 15 days after Pb addition. The average value of the decrease of Pb concentrations were 0.016,
0.125, 0.21, and 0.32 mg L?* day® for P1, P2, P3 and P4, respectively. The concentrations in the
seawater are inversely proportional to the average increase of the heavy metal concentrations in G.
verrucosa per day. The values were 0.28, 1.79, 2.98, and 4.67 mg L* for P1, P2, P3 and P4,
respectively. The results suggest that the higher of Pb concentration and the longer of exposure, the
more heavy metal that can be absorbed in G. verrucosa thus improving the water quality.
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Introduction. Estuary and coastal aquatic ecosystems are among the areas vulnerable
to pollution due to the adjacent location to human activities on the mainland (Arifin &
Fadhlina 2010; Wang et al 2013; Jazza et al 2016). According to Amrizal (1991), ocean is
the final spot of various wastes of human activities which lead to decreasing seawater
quality. Consequently, the ecosystem is likely to be a waste build up of the activities
along the coast as well as the upstream. Inorganic waste and heavy metals entering the
water are hard to degrade and having a high level of toxicity compared to pesticides
(Palar 2008). Heavy metals contained in the water are derived from erosion process,
industrial waste, domestic waste and agricultural activities (Etim et al 1991; Suryono et
al 2007; Purwiyanto 2015). Heavy metal pollution that damages the aquatic ecosystem
of ecological aspect is determined by the level and continuity of pollutants entering the
water, bioaccumulation and toxicity properties (Ambariyanto 2011). Heavy metal Pb is a
non-essential metal, in which its presence is toxic to organisms in the water (Achmad
2004).

This kind of pollution will not only affect marine organisms (Ambariyanto 2017),
but also human health. WHO HECA (2002) stated that the virulence of heavy metal Pb
may give adverse impacts to human, such as causing kidney malfunction, inhibited
growth, decreased 1Q and death. The Pb concentration of 188 ppm can kill fish, and the
concentration of 2.75 to 49 ppm after 245 hours will cause death for Crustaceans (Palar
2008). Acute toxicity of Pb in the water may damage kidneys, reproductive system, liver,
brain, central nervous system, and death in humans (Achmad 2004).

Heavy metal content in the water can be reduced by biofilter which is known as a
method that utilizes living organisms to reduce the amount of toxic pollutants in the
water (Yulianto et al 2006). Marine macro algae were suggested to be an inexpensive
and reliable method to reduce heavy mental (Sweetly et al 2014) as well as bioindicator
of the heavy metal pollution in seawater (Al-Homaidan et al 2011). They have an ability
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to absorb heavy metal ions due to their functional groups contained in the outer and
inner surfaces of algae cells that bind to metal ions (Elfrida 2009). Several species of red
seaweed widely used as biofilter include Eucheuma sp., Gelidium sp., Gracilaria sp., and
Hypnea sp. It is also known that various species of algae, especially green algae
(Chlorophyta), brown algae (Phaeophyta), and red algae (Rhodophyta) can adsorb metal
ions (Davis et al 2003; Raya & Ramlah 2012). A seaweed Gracilaria verrucosa has the
ability as an alternative in the separation of trace elements such as dangerous heavy
metals with high biosorption capacity (Ariyanti & Nurcahyani 2012). This species is widely
distributed in most of Indonesian coastal areas (Sulistijo 1985). This study aims to
determine the ability of seaweed G. verrucosa in reducing the concentration of heavy
metal Pb dissolved in seawater and the concentration of heavy metal Pb which can be
optimally absorbed by this seaweed.

Material and Method. This research was done on October-December 2016. A stock
solution of lead metal (Pb) was derived from Pb(CH3;00),. This stock solution was made
by weighing 1.4493 g of Pb(CH3;00), which was then dissolved in 1 liter of distilled water
to provide 1000 mg L™ of Pb solution. Afterwards, it was diluted in accordance with the
required concentrations treatment. In this study, one control and three treatments with
three replications were conducted, i.e. P1 (control; no Pb addition), P2 (3 ppm), P3 (6
ppm) and P4 (11 ppm).

The test containers (36 plastic jars with a volume of 12 L) were divided into four
groups representing control and treatments. Each container was filled with 10 liter of
filtered seawater. Seaweed, G. verrucosa (100 g) which was obtained from Jepara,
Central Java coastal area was put in each jar. The oxygen levels in the growing media
were maintained by using aerators in each aquarium. Irradiation of G. verrucosa was
obtained from TL lamp with light intensity 400 lux (Aslan 2006).

The concentrations of heavy metal Pb were measured by using Atomic Absorption
Spectrophotometer (AAS) within the seawater and the seaweed. Measurements were
done at 0 days (T0), 5 days (T5), 10 days (T10) and 15 days (T15) after Pb addition. The
measurements of seawater parameters i.e. salinity, pH, dissolved oxygen (DO) and
temperature were done every day at 11 am.

Data on Pb content within the water and seaweed were analysed by using
univariate test to determine whether there were effects among different treatments.
Normality test was performed prior to univariate test to determine whether the data were
normal. Regression test was carried out to obtain the relationship among the reduction of
Pb in the seawater, Pb absorbed into the seaweed, and the growth of seaweed G.
verrucosa for 15 days.

Results and Discussion

Reduction of Pb. Figure 1 shows that for 15 days, P4 has an average difference value
which is quite high compared to P1, P2 and P3. The average of the decrease value of Pb
concentrations per day in the medium of seawater on P1 is 0.016 mg L™, on P2 is 0.125
mg L™, on P3is 0.21 mg L™ and on P4 is 0.32 mg L™.

Univariate test in the seawater with the different concentrations of Pb and
different periods planted by seaweed G. verrucosa shows obvious different effects. It is
indicated by the value in the addition of Pb concentration (p < 0.05), period (p < 0.05)
as well as the interaction between the periods and the addition of Pb (p < 0.05), which
indicates there are different effects among the ability of seaweed G. verrucosa in
reducing heavy metal Pb in the seawater and the different concentrations of heavy metal
Pb, different timescales and the interaction between the periods and the addition of Pb.

The higher the concentrations of Pb applied, the higher the rate of the reduction of
Pb contained in the seawater. Different concentrations between the seawater and the
seaweed tissue cause diffusion displacement. Therefore, the concentration of Pb in the
seawater allegedly breaks into the seaweed tissue that has lower concentration. The
heavy metal concentration in the maintenance media will affect the amount of heavy
metal accumulated by the seaweed (Raya & Ramlah 2012).
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Figure 1. Concentrations of Pb in the seawater (P1 as a control without the addition of Pb; P2= 3
mg L?; P3= 6 mg LY; P4= 11 mg L™?).

Pb content in G. verrucosa. The results of reducing the concentration of Pb in the
seawater are inversely proportional to the concentration of the seaweed G. verrucosa.
The concentrations of the seaweed are likely to increase in each treatment for 15 days of
growing period. The measurement results of the absorption of Pb by G. verrucosa is
presented in Figure 2.
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Figure 2. Concentrations of Pb (mg L™) in seaweed G. verrucosa planted in the medium of seawater
with different concentrations of Pb (P1 as a control without the addition of Pb concentration, P2
with the addition of 3 mg L concentration, P3 with the addition of 6 mg L™ concentration, and P4
with the addition of 11 mg L™ concentration).

The results show that for 15 days, P4 has an average difference value of the increase of
heavy metal concentration that is considerably higher than P1, P2 and P3. The average of
the increase of heavy metal concentration in G. verrucosa per day on P1 is +0.01 mg L™,
on P2 is £0.07 mg L™, on P3is +0.12 mg L and on P4 is +0.19 mg L™.

Univariate test analysis on seaweed planted in seawater by adding different
concentrations of Pb also has significant different effects shown by the value of the
addition of Pb (p < 0.05), period (p < 0.05) and interaction between the periods and the
addition of Pb (p < 0.05). It shows that the addition of different concentrations of Pb,
different periods, and the interaction between the periods and the addition of Pb in each
seawater with the concentration of Pb planted by G. verrucosa affects the ability of G.
verrucosa to absorb Pb, in which the higher the concentrations of Pb, the more Pb
absorbed by G. verrucosa.

Different concentrations of Pb absorbed in the medium of seawater and those absorbed
by G. verrucosa might happen because of the microorganisms, phytoplankton or other

AACL Bioflux, 2017, Volume 10, Issue 4. 705
http://www.bioflux.com.ro/aacl



cyanobacteria in the medium of seawater that absorbs Pb or uses Pb for its metabolic
process. Pb can form a bond with organic ligand containing N, O and S which acts as the
donor (Darmono 1995). Pb concentration in the water can be adsorbed by using
phytoplankton such as Chlorella sp. (Soeprobowati & Hariyati 2012); Spirulina sp. (Chen
& Pan 2005) and Chlorella vulgaris (Purnamawati et al 2015).

Parameters of seawater quality. Differences in seawater parameters such as pH,
salinity and DO will influence toxicity level of heavy mental. Lower pH value will cause
higher toxicity of Pb which may cause the higher accumulation level of Pb in the organism
(Hutagalung 1991). Salinity in the seawater which rises will lead Pb ions to bind to other
molecules, and the ions of Pb will decrease in the seawater. Changes in DO value in the
medium of seawater also affect the toxicity level of Pb, where the lower of DO value will
cause higher the toxicity level (Palar 2008). Our results showed that the values of
seawater parameters measured during the experiments were very similar between
treatments (Table 1). Therefore, it is believed that the influence of water quality during
the experiment on the absorption of PB by seaweed were similar at all treatments.

Table 1
Parameters of seawater quality during the experiment
No Seawater parameters Treatments
P1 P2 P3 P4

1 pH 6.87+0.07 6.85+0.04 6.86+0.04 6.83%+0.01
2 Temperature (°C) 29.32+0.13 29.18+0.04 29.14*+0.05 29.12+0.09
3 Salinity (°/00) 31.08%+0.81 29.46*0.05 30.30*0.66 30.50+0.66
4 DO (mg L™) 5.07+0.26 5.00+0.10 5.54+0.32 4.46+0.08

Growth rate of G. verrucosa. The growth of seaweed G. verrucosa living in seawater at
different concentrations of Pb for 15 days is represented in Figure 3. Each addition of
different concentrations of Pb in each media causes different growth effects at the end of
cultivation. The growth of G. verrucosa can be calculated from the wet weight gains at
each treatment. The wet weight gains of G. verrucosa for 15 days are 25 g on P1, 26.67
g on P2, 30 g on P3, and 40.33 g on P4.

145

140

135

130 —1

125 - P1

115

110
105
100

G. verrucosa Wet Weight (g)

T0 T5 T10 T15

Time {days)

Figure 3. Growth of G. verrucosa in the seawater with different concentrations of Pb (P1 as a
control without the addition of Pb concentration, P2 with the addition of 3 mg L? concentration, P3
with the addition of 6 mg L™ concentration, and P4 with the addition of 11 mg L™ concentration)
for 15 days.
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The relation between the addition of different concentrations of Pb in the seawater and
the growth rate of seaweed G. verrucosa is summarized in Figure 4 with an equation y =
-0.345x2 + 6.511x + 100.6 and the value of R2 = 0.879.
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Figure 4. Relationship between the growth of G. verrucosa in the seawater and different
concentrations of Pb (P1 as a control without the addition of Pb concentration, P2 with the addition
of 3 mg L concentration, P3 with the addition of 6 mg L™ concentration, and P4 with the addition

of 11 mg L™* concentration).

Accumulation of Pb occurs because the Pb, together with organic substances contained in
the talus of the seaweed form complex compounds so that the Pb is fixed within the talus
and can not be excreted (Lobban & Harrison 1994). Plants that live in polluted
environments have coping mechanisms that cause the pollutants to be active then be
stored in the tissue. Heavy metals that are stored in the vacuole would lead to the
vacuole expand thereby increasing the weight of the plants (Lobban & Harrison 1994).

The results show that the seaweed G. verrucosa has the potential to reduce
pollutants, especially Pb in seawater. Seaweed G. verrucosa has fairly good ability to
absorb heavy metal pollutants. In addition, this seaweed also has a high survival rate in
Pb polluted seawater. This potential can be used to increase water quality with its ability
and resilience in reducing heavy metal in polluted water.

Conclusions. The ability of seaweed G. verrucosa to reduce heavy metal Pb with
different concentrations in the seawater is influenced by concentration and expose
period. The higher the concentration and longer expose of Pb, the higher the heavy
metals that can be reduced in seawater and thus improving the water quality. The
highest average value of the decrease of Pb concentrations was 0.32 mg L™ day™. While
the average increase of the heavy metal concentrations in G. verrucosa per day were
0.28, 1.79, 2.98, and 4.67 mg L™ for P1, P2, P3 and P4, respectively.

Acknowledgements. The authors would like to thank to Brackishwater Aquaculture
Research Center (BBPBAP) Jepara Central Java for providing a place of cultivation and
the test material.

AACL Bioflux, 2017, Volume 10, Issue 4. 707
http://www.bioflux.com.ro/aacl



References

Achmad R., 2004 [Chemical environment]. Yogyakarta, Penerbit ANDI, Universitas
Negeri, Jakarta, 184 pp. [in Indonesian]

Al-Homaidan A. A., Al-Ghanayem A. A., Alkhalifa A. H., 2011 Green algae as
bioindicators of heavy metal pollution in Wadi Hanifah Stream, Riyadh, Saudi
Arabia. International Journal of Water Resources and Arid Environments 1(1):10-
15.

Amrizal, 1991 [Analysis of heavy metals Pb, Cd, Cu, Zn and oil content nearby the
disposal of industrial waste oil refineries Sei Pakning, Bengkalis]. MSc Thesis, FMIPA
Universitas Riau, Pekanbaru, 89 pp. [in Indonesian]

Ambariyanto, 2011 [Biomonitoring on water pollution]. Undip Press, Semarang, 120 pp.
[in Indonesian]

Ambariyanto, 2017 Conserving endangered marine organisms: causes, trends and
challenges. In: I0OP Conference Series: Earth and Environmental Science 55(1):
012002.

Arifin Z., Fadhlina D., 2010 [Fractionation of heavy metals Pb, Cd, Cu and Zn in
sediments and its bioavailability for Biota in Jakarta bay]. llmu Kelautan 14(1):27-
32. [in Indonesian]

Ariyanti D., Nurcahyani 1., 2012 [Study characteristics of biopolymers Gracilaria
verrucosa as an absorbent material]. Jurnal llmu Lingkungan 10(2):85-88. [in
Indonesian]

Aslan L. M., 2006 [Cultivation of seaweed]. 7™ edition, Kanisius Publisher, Yogyakarta,
89 pp. [in Indonesian]

Chen H., Pan S., 2005 Bioremediation potential of Spirulina: toxicity and biosorption
studies of lead. Journal of Zhejiang University Science B 6(3):171-174.

Darmono, 1995 [Heavy metals in biological systems of living things]. University of
Indonesia Press, Jakarta, 140 pp. [in Indonesian].

Davis T. A., Volesky B., Mucci A., 2003 A review of the biochemistry of heavy metal
biosorption by brown algae. Water Research 37(18):4311-4330.

Elfrida, 2009 [Increased absorption of brown algae, Turbinaria decurrens on copper and
zinc ions by modifying the carboxy group]. Jurnal Mangrove dan Pesisir 9(1):9-11.
[in Indonesian]

Etim L., Akpan E. R., Muller P., 1991 Temporal trends in heavy metal concentrations in
the clam Egeria radiata (Bivalvia: Tellinacea: Donacidae) from the Cross River,
Nigeria. Revue d'Hydrobiologie Tropicale 24(4):327-333.

Hutagalung H. P., 1991 [Sea pollution by heavy metal. Sea pollution status in Indonesia
and monitoring techniques]. Pusat Penelitian dan Pengembangan Oseanografi, LIPI,
Jakarta, 14 pp. [in Indonesian]

Jazza S. H., Al-Adhub A. H. Y., Al-Saad H. T., 2016 Polycyclic aromatic hydrocarbons
(PAHSs) in water of Al-Kahlaa River in Missan Province, Iraq. llmu Kelautan 21(1):1-
8.

Lobban C. S., Harrison P. J., 1994 Seaweed ecology and physiology. Cambridge
University Press, New York, 366 pp.

Palar H., 2008 [Heavy metal contamination and toxicology]. Rineka Cipta, Jakarta, 151
pp. [in Indonesian]

Purnamawati F. S., Soeprobowati T. R., Izzati M., 2015 [Potential of Chlorella vulgaris
Beijerinck in the remediation of heavy metals Cd and Pb at laboratory scale]. Bioma
16(2):102-113. [in Indonesian]

Purwiyanto A. I. S., 2015 [Distribution and metal adsorption of lead (Pb) in estuary
Banyuasin, South Sumatra]. llmu Kelautan 20(3):153-162. [in Indonesian]

Raya I., Ramlah, 2012 [Bioaccumulation of Cd (Il) ions in seaweed, Eucheuma cottonii].
Jurnal Marina Chemica Acta 13(2):13-19. [in Indonesian].

Soeprobowati T. R., Hariyati R., 2012 The potential used of microalgae for heavy metals
remediation. Proceeding Isnpinsa, Diponegoro University, Indonesia, pp. 274-278.

Sulistijo, 1985 [Cultivation of seaweed]. Jakarta, Lembaga Oseanologi Nasional LIPI, 24
pp- [in Indonesian]

AACL Bioflux, 2017, Volume 10, Issue 4. 708
http://www.bioflux.com.ro/aacl



Suryono C. A., Rochaddi B., Sabdono A., Susanti B. T., 2007 Physico-chemical
characteristics and heavy metal contents in shallow groundwater of Semarang
coastal region. llmu Kelautan 12(4):227-232.

Sweetly D. J., Sangeetha K., Suganthi B., 2014 Biosorption of heavy metal lead from
aqueous solution by non-living biomass of Sargassum myriocystum. International
Journal of Application and Innovation in Engineering and Management 3(4):39-45.

Wang S. L., Xu X. R., Sun Y. X., Liu J. L., Li H. B., 2013 Heavy metal pollution in coastal
areas of South China: a review. Marine Pollution Bulletin 76(1):7-15.

WHO HECA, 2002 Issues brief series: Lead. WHO. Available at:
www.who.int/heca/infomaterials/ lead.pdf. Accessed: May, 2017.

Yulianto B., Ario R., Triono A., 2006 [Seaweed absorption capacity (Gracilaria sp.) on Cu
heavy metals as biofilter]. llmu Kelautan 11(2):72-78. [in Indonesian]

Received: 05 May 2017. Accepted: 16 June 2017. Published online: 17 July 2017.

Authors:

Arum Rizka Handhani, Faculty of Fishery and Marine Science, Diponegoro University, Semarang 50275,
Indonesia, e-mail: arumhandhani93@gmail.com

Ambariyanto Ambariyanto, Faculty of Fishery and Marine Science, Diponegoro University, Semarang 50275,
Indonesia; Coastal Disaster Rehabilitation and Mitigation Center, Integrated Laboratory, Diponegoro University,
Semarang 50275, Indonesia, e-mail: ambariyanto.undip@gmail.com

Endang Supriyantini, Faculty of Fishery and Marine Science, Diponegoro University, Semarang 50275,
Indonesia, e-mail: supri_yantini@yahoo.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Handhani A. R., Ambariyanto A., Supriyantini E., 2017 Reduction of Pb concentration in seawater by seaweed
Gracilaria verrucosa. AACL Bioflux 10(4):703-709.

AACL Bioflux, 2017, Volume 10, Issue 4. 709
http://www.bioflux.com.ro/aacl



