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ABSTRACT

The present study aimed to assess the potential of ‘easily, freely, leachable or exchangeable’ (EFLE)
geochemical fraction in the surface sediments as a potential Cu bioavailability in the aquatic environment
in relation to its total Cu concentration. Although the basis of this suggestion is merely based on the
relationship between Cu EFLE and total concentrations of Cu in the surface sediments, it is still a potential
indicator because the relationships are based on different aquatic ecosystems including offshore, intertidal,
polluted urban lake, a polluted river and rivers and drainages. In addition, the use of a biomonitor (Snail
Pomacea insularum) as an indicator of Cu bioavailability of the polluted site, agreeing with the higher EFLE
geochemical fraction of Cu of the polluted sediment. Hence, Cu EFLE geochemical fraction in the surface
can be suggested as a potential indicator of Cu bioavailability and contamination in the aquatic ecosystem,
even though further studies are required.
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Introduction

For a better environmental management, simple
and cheap methodology is preferred. In this study,
the potential of Easily, Freely, Leachable or Ex-
changeable (EFLE) Cu as a direct indicator of Cu

contamination and bioavailability that could pose
immediate effect on living organisms was investi-
gated. The EFLE fraction of metals in the sediments
accounts for the metals adsorbed to the negatively
charged surfaces or clay minerals or organic matter
and those easily soluble (Badri and Aston, 1981).
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This geochemical fraction is therefore of
ecotoxicological significance and any metal concen-
trations found in this fraction should be of the most
readily posing the immediate effects on the biota
living above them.

The use of biomonitor (single species) to indicate
the bioavailability of heavy metals have been wide
established since 1990s. Several papers on the simi-
lar topic have been published from Southeast Gulf
of California (Ruelas-Inzunza and Páez-Osuna,
2000); Malaysia (Yap et al., 2006, 2009; Yap, 2018),
Isle of Man (Gibb et al., 1996), UK (Rainbow et al.,
2002), Gulf of Suez (Hamed and Emara, 2006), and
Black Sea (Romania) (Romeo et al., 2005).

Even though total metal concentration in sedi-
ments had been widely reported in the literature
(Yap et al., 2002), total metal concentrations in sedi-
ment receive argument that they cannot provide the
phase which is bioavailable to living organisms.
One of the ways to assess the speciation of metals
bound to sediments, especially EFLE geochemical
fraction of the metals, has been proposed by Badri
and Aston (1983).

It is only a biomonitor (any living organism) can
represent an integrated measure of the metal
bioavailability (Rainbow, 1995; Rainbow et al., 2002).
The heavy metals are present in different chemical
forms in sediments such as easily exchangeable
ions. This would regulate the capacity of their mo-
bilization and metal bioavailability (Lopez-Sanchez
et al., 1996; Weisz et al., 2000; Yu et al., 2001; Morillo
et al., 2002). In this study, samples were geochemi-
cally fractionated for EFLE fraction, which is known
to be bioavailable to living organisms (Badri and
Aston, 1983).

Theobjective of the present study is to assess the
potential of EFLE to be used as a Cu bioavailability
in the aquatic environment in relation to total Cu
concentration.

Materials and Methods

The Cu data in the different tissues of Pomacea
insularum between a polluted site at Kuala Juru and
unpolluted sites at Universiti Putra Malaysia (UPM)
were cited from Yap et al. (2009), in which the
samples were collected between July-October 2007.
Table 1 shows the sources of Cu data cited from dif-
ferent citations that are used in the present study.

Sepang River collected from 2003 were cited
from Yap et al. (2007a), Kelana Jaya urban lakes col-
lected in 2003 from Ismail et al. (2004) while rivers
and drainages from Peninsular Malaysia from Yap
et al. (2007b). Offshore of the west coast of Peninsu-
lar Malaysia (The Straits of Malacca) collected from
1998-1999, and intertidal area of the west coast of
Peninsular Malaysia collected from 1999-2001 were
cited from Yap et al. (2002). Briefly, the Cu analysis
followed that by Yap et al. (2002) while Cu EFLE
geochemical fractionfollowed that by Badri and
Aston (1983). These total Cu concentrations in the
surface sediments were plotted against Cu EFLE
geochemical fractions, by using KaleidahGraph
(Version 3.08 by Synergy Software).

Results and Discussion

Relationships between Cu total concentrations and
EFLE geochemical fractions of Cu, based on Urban
lakes, Sepang River, intertidal area, offshore area,

Table 1. Cu data cited from different citations that are used in the present study.

No. Site Specific area covered Year of Anthropogenic Reference
sampling sources

1. Offshore Shipping lines of the Straits of 1998-1999 Shipping and Yap et al.
Malacca from Langkawi to offshore dumping (2002)
Kukup Island

2 Intertidal West coast of Peninsular Malaysia 1999-2001 Industries, mining Yap et al.
1999-2001 and domestic wastes. (2002)

3. Sepang River Sepang River and its tributaries 2003 Farming and Yap et al.
Rambai River and Pelanduk River agriculture (2007a)

4. Urban Lakes Kelana Jaya urban lakes 2003 Domestics and Ismail et al.
highway runoff (2004)

5. Rivers and Major cities in Peninsular 2005 Highway runoff, Yap et al.
drainages Malaysia including Alor Setar and urban and (2007b)

Shah Alam industries.
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Fig. 1. Relationships between Cu total concentrations and ‘easily, freely, leachable or exchangeable’ (EFLE) geochemical
fractions of Cu, based on Urban lakes, Sepang River, intertidal area, offshore area, and rivers and drainages.

and rivers and drainages are presented in Figure 1.
In Figure 1, the highest relationships of Cu between
EFLE and total Cu concentrations were found in
1999-2001 intertidal sediments (R= 0.97), Sepang
River sediments (R= 0.85), urban lakes (R= 0.80)
river and drainage sediments (R= 0.75) and offshore
sediments (R= 0.68). These high R values strongly
support the use of EFLE geochemical fraction as a

potential indicator of Cu bioavailability of the sam-
pling site.

Mean Cu concentrations of Cu in the different tis-
sues of Pomacea insularum between a polluted site at
Kuala Juru and an unpolluted site at UPM are given
in Figure 2. It is clearly shown that the Cu levels in
shell, remainder, cephalic tentacle, foot, mantle,
operculum, lung sac, pineal sac and digestive tract
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of snail P. insularum are higher in the polluted site at
Kuala Juru than those in UPM. This indicated the
higher bioavailability of Cu in Kuala Juru to P.
insularum than that in UPM. BiomonitorP. insularum
is useful due to facts that they can be used to mea-
sure bioavailable metals that are taken up from their
habitat (Yap et al., 2009). They provide integrated
measure of the bioavailable metals which are of
ecotoxicological significance in a habitat (Rainbow
et al., 2002). There is a simple correlation between
metal concentration in body tissues and average
ambient bioavailable metal concentration over a re-
cent period in the biomonitor (Rainbow, 1995; Rain-
bow et al., 2002).

of Peninsular Malaysia.

Conclusion

In conclusion, the Cu EFLE geochemical fraction in
the surface sediment is a potential indicator of Cu
bioavailability in the aquatic ecosystem. Although
the basis of this suggestion is merely based on the
relationship between Cu EFLE and total concentra-
tions of Cu in the surface sediments, it is a potential
indicator because the relationships are based on dif-
ferent aquatic ecosystems including offshore, inter-
tidal, polluted urban lake, a polluted river and riv-
ers and drainages. In addition, the use of a
biomonitor (P. insularum) as an indicator of Cu
bioavailability of the polluted site, agreeing with the
higher EFLE geochemical fraction of Cu of the pol-
luted sediment. Hence, Cu EFLE geochemical frac-
tion in the surface can be suggested as a potential
indicator of Cu bioavailability and contamination in
the aquatic ecosystem.
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