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Abstract: Anthropogenic activities are mcreasingly growing in Bintulu area where residues and runoffs from
the activities would consequently affect its adjacent aquatic systems and organisms. An investigation on the
trace metal accumulation (copper, Cu and zine, 7Zn) was conducted in coastal fishes off Bintulu, Sarawak of three
habitat affinities: pelagic, benthopelagic and benthic. Samples of fish gills, livers and muscles from the fishes
were analyzed to examine the accumulation of Cu and Zn. The study found that habitat affinity affected the
accumulation level of Zn and Cu in the fishes examined. Benthic fishes, living in the bottom area of water
column accumulated the highest trace metals as compared pelagic fish (surface dwellers) which accumulated
the least trace metals. In almost all tissues analyzed, muscles accumulated the least concentration of Zn and
Cu while livers accumulated the highest. The study exhibited a significant interplay in trace metal accumulation
among fishes, their organs and habitat within water columns.
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INTRODUCTION

Accumulation of undesirable anthropogenic
substances in coastal areas is closely related to discharge
from nearby towns as its point source (Vystavna et al,
2013). Accumulated wastes from the urbanization can
have impacts on natural resources especially with the
growing population and industries. Over time,
anthropogenic mputs, especially trace metal residues from
human activities discharged into the coastal areas can
deplete natural resources in the surrounding areas
(Fabure et al., 2015; Villanueva et al., 2015).

Trace metals cannot be degraded once they enter the
aquatic ecosystems. Bventually they are deposited, and
mcorporated m water, sediment and aquatic amimals,
thus, causing pollution in water bodies (Wu et al., 2016;
Kibria et al., 2016). The levels of metals can be traced in
organisms 1 the aquatic food chain through the effects of
called bivaccumulation. Depending on species and types
of organ/tissues implicated, substantial high accumulation
can become toxic to the orgamsms in the food chain
(Carranza et al., 2016, Monferran et al., 2016).

Commercial fishes are a group of aquatic orgamsm
that 15 often examined for metal concentration levels. The
foraging affinity of marine organisms in the bottom
(benthic) and open (pelagic) water column have been
shown to affect metal accumulation in aquatic organisms

(Canli and Atli, 2003; Jonathan et al., 2015; Liu et ol
2015). Previous studies also  exhibited that
bioaccumulation m fish tissue is organ-dependent, where
the more exterior organs such as gills contain higher
metals than the more mterior organs such as livers
(Liu ef al., 2015; Bustamante et af., 2003; Monikh et af.,
2013). For instance, benthic fishes such as mudskippers
(Periophthalmodon schlosseri) that are abundant in
tide-affected mudflats contain the highest metal
accumulation as they mainly feed on mostly organisms in
the area if they are to be compared to pelagic fishes
(Marcus et al., 2013; Diop et al., 2016). Indeed, owing to
their greater home range and feeding area, pelagic fishes
accumulate the least metal concentration as compared to
fishes living i other parts of the marne water
columns (Canli and Atli, 2003; Monikh et al, 2013;
Dural et al., 2007). However, with the current climate
trends across the globe, the predicted effects of
bicaccumulation on aquatic organisms especially in the
marine coastal waters are prone to drastic changes.
Therefore, the impact of remobilization and dispersal of
antropogenic disposals such as trace metals cannot be
overlooked.

The need for monitoring level trace metal 1n
Malaysian coastal areas is important considering their
potential adverse effects on the local and regional biota.
Bmtulu was selected as the study site. A fishing village
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until 1969, Bintulu has now become the center of
energy-intensive 1industries ever since oil and gas
reserves were discovered offshore the town. Since then,
Bintulu becomes the center of energy-mtensive
industries. In light of that, the objectives of the study
were to determine the amount of Zn and Cu mn different
tissues of marine coastal fishes sampled collected from
the coastal areas of Bintulu, and to determine whether the
Zn and Cu accumulation reflect habitat affinity in the
water column for bethie, betho-pelagic and pelagic fishes.

MATERIALS AND METHODS

A total of 120 fish samples were purchased from fish
markets in Bintulu, Sarawak (Pasar Tamu Bintulu, Tanjung
Kidureng and Kampung Baru) in December 2014 and
February 2015 (Fig. 1). Fishes were purchased based on
therr presumed habitat affimties and feeding trophic:
benthic, bentho-pelagic and pelagic. Two species from
each habitat affinity group were selected for this study. In
order to remove the effect of size on metal accumulation,
samples purchased in both sampling months were of the
same class size. Upon purchase, the samples were placed
immediately in msulated polystyrene boxes and then
brought to the laboratory at the University Putra Malaysia
Campus Bmtulu, Sarawak for permanent storage. from each
habitat affinity group were selected for this study. In
order to remove the effect of size on metal accumulation,
samples purchased in both sampling months were of the
same class size. Upon purchase, the samples were placed
immediately in insulated polystyrene boxes and then
brought to the laboratory at the Umversity Putra Malaysia
Campus Bintulu, Sarawak for permanent storage.

Livers, gills and muscular tissues were dissected out
of the fish samples and homogenized. Due to msufficient
mimmum weights required for the metal concentration
analysis, the organ samples were pooled and then divided
mnto three replicates. Then, samples were kept in crucible
jars, and oven-dried at 80°C until constant weight was
achieved. Dried samples were crushed with mortar and
pestle. Approximately, 2.0 g of crushed sample was
weighed and burned to ash in the fumace at 550°C for
90 min. The ash was dissolved in 5 mL of concentrated
nitric acid (HNO,) and perchloric acid (HCIO,) in a ratio of
3:1 (HNO,;: HCIO,)made up to 25 ml. volume. Following a
standard procedure, Atomic Absorption Spectrometer
was then used to determine the presence of zinc, Zn and
copper, Cu.

Statistical procedures were performed using the
statistical software SAS Version 9.2 for Windows.
Correlation analysis was conducted to determine if the
accumulation 15 related to size. One-way analysis of
covariance  ANCOVA was used to indicate significant
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Fig. 1: Sampling sites in Bintulu, redrawn to scale;
PTB = Pasar Tamu Bintulu, KB = Kampung Baru,
TK = Tamung Kidurong

differences in metal levels among species and different
water columns (¢ = 0.05). One-way analysis of covariance
ANCOVA was also used to compare metal accumulation
among tissue types (o = 0.05). Prior to analysis, all data
were checked for the homogeneity of variances and
normality data that are not normally distributed or not
homogeneous were log-transformed.

RESULTS AND DISCUSSION

Total Lengths (TL) variation among samples did not
show significant differences, indicating effect of size has
been eliminated from the determmation of trace metal
accumulation in the analyzed samples. Elimination of size
factor 15 of paramount because there s a significant
association between organisms tend to accumulate
organic matters and metals at different levels given their
ages and lengths (Al-Yousuf ef al, 2000; Farkas ef al.,
2003). Gills and muscles accumulations for Cu and
muscle accumulation for Zn marked significant differences
(p<0.05). On contrary, the rest of the trace metal
concentration in body tissues did not show significant
difference with size correction among analyzed species.
Due to insufficient amount of ashed samples, some of the
analyses for the fish tissues were not performed. Despite
that, among the three body tissues analyzed, muscles
accurnulated the lowest Zn and Cu concentrations within
each species. Conversely, livers accumulated the highest
trace metals as compared to gills (Table 1). Relative
observation from the results indicated that fishes living in
the upper section of water column especially pelagic
fishes accumulated lesser trace metals than fishes living
1n the lower section of water column. Such patterns were
relatively observed in all body tissues for both Cu
and Zn accumulations. Fish of different water column
significantly accumulate metals differently in their tissues.
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Table 1: 8pecimens collected for the study, n = number of samples. Scientifc names are given below vernacular names. Size distribution are mentioned in
standard deviation, 8D from the mean. The last two columns indicate descending order of trace metal accumulation in different types of tissues
examined. Measurement units are given in parentheses. *Comparison not available

Trace metal
Total length (cmm) Body weight (g) accurnulations

Species MeantSD MeantSD Cu (ug g™ Zn (ug g~H)
Pelagic fish
Yellow-banded scad 20.63+0.24 99.75+4.030 Gills=Liver=Muscle Muscle*Gills=T.iver=MMuscle
Selaroides leptolepis
Malabar red snapper 34.66+0.38 289.92+33.06 Muscle* Muscle*
Lutianus maabaricus
Bentho-pelagic fish
Malabar grouper 23.60+0.73 224.55427.18 Gills=Liver=Muscle Liver® Gills=Liver>Muscle Liver®
Epinephelus tawina
Giant catfish 26.49+0.78 289.92+33.06 Liver® Liver®
Ariuts thalassins
Benthic fish
Indian halibut 21.3540.43 83.99+11.62 Liver=Gills Liver=Gills
Psettodes erumei
Large-scaled tongue sole 24.71+0.31 95.46+2.350 Muscle* Muscle*
Cynoglossus macrolepidotus

The accumulation depends on aquatic environments e e
of pelagic, benthopelagic, and benthic. The differences in a &
concentration amount of metals between fishes are -
attributed to feeding habits, the bio-concentration = T
capacity of each species and to the biochemical - . .
characteristics of the metal (Romeo et al, 1999). S =1 BP1 P1
Additionally, the ability of fish to accumulate metals L=, ® )
depends on ecological needs, metabolism, and degree of e
pollution in sediment, water and food, as well as salinity = x I -
and temperature of water. = . B .

There were significant differences in Zn and Cu . I Brl Brz et

C

accurnulations i different fish body tissues. However, the
accumulation in terms of tissues varied among species.
Such an accumulation trend that was found highest in the
liver is linked to its role in metabolism. Zn and Cu in
hepatic tissues are usually related to a natural binding
protems such Metallothionemns (MT). They act as
essential metal stores to complement enzymatic and other
metabolic activities (Agusa et al., 2007; Moselhy et al.,
2014).

Pelagic fishes in the present study accumulated the
highest Cu concentration in the gills among the three
habitat affinities (Fig. 2a). The range of Cu contents
(0.8-8.0 pg g overlapped with the lower range of Zn in
sea sediments in the wvicinity of present study area
(5.7- 30.6 pg g, unpublished Bintulu Port environmental
monitoring program ). The highest Cu accumulation was
almost double the amount of the the second highest Cu
accumulation in the benthic fish in the study. On contrary,
Cu accumulations m livers and muscles of benthic and
bentho-pelagic fishes were higher than the pelagic fishes
(Fig. 2). Cu 1s an essential element that plays an important
role in biclogical systems. The low levels found in the
present study (0.1-3.2 ug g~' w.w.) are in agreement with
its homestatic contrel below 30 pg g=' dw (Weber ef al.,
2013).
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Fig. 2: Concentration of copper, Cu in benthic (B),
Bentho-Pelagic (BP) and pelagic fishes based on
different organs: a) gills, b) liver, ¢) muscles.
Bl = C. macrolepidotus, BP1 = E. tauvina,
BP2 = A. thalassinus, P1 = P. erumern,
P2 = C. macrolepidotus

Similar patterns of higher trace accumulation were
observed for Zn Gills of a pelagic fish analyzed in the
study extubited the highest accumulation and almost
double than the rest of the analyzed benthic and
bentho-pelagic samples (Fig. 3a). Zn accumulation in
benthic and bentho-pelagic species were higher than
pelagic fishes for livers and muscles which live more on
the upper part of water column (Fig. 3b and c). The
range of Zn contents (5-90 pg g™') overlapped with
Zn in sea sediments in the vicinity of present
study area (47.4-231.8 ug g~', unpublished Bintulu Port
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Fig. 3: Concentration of zinc, Zn in benthic (B),
Bentho-Pelagic (BP) and pelagic fishes based on
different organs: a) gills, b) liver, ¢) muscles.
Bl = C. macrolepidotus, BP1 = E. tauvina,
BP2 = A thalassinus, Pl = P. erumeri,
P2 = C. macrolepidotus

environmental monitoring program). High exposure of
7Zn (=250 mg L.7') can expose fishes to physiclogical
disturbance such as reduced oxygen consumption and
enzyme that controls their stress (McRae et af., 2016).

In terms of metal accumulation in fish organs, the
present study found the concentrations of metals in more
internal tissues were lower than those more external ones,
consistent with previous findings in benthic organisms
(Bustamante et al., 2003, Weber et al., 2013). This is
because each organ undergoes umque mechanisms
for sequestering metals. Additionally, induction of
metallothioneins in liver is the main form of storage and
detoxification of metals in fish (Weber et al., 2013).

Although it was not accounted in the present study,
fish development can be retarded with the presence of
high concentration of metals in water, especially the early
life stages such as larval and juvenile (Canli and Atli,
2003). Accumulation of metals will consequently implicate
the ecology as well as food resources.

CONCLUSION

Metal contents in the fishes analyzed m this study
were below the safe guideline (65 ug g~ for Cu and
200 pg g~ for Zn, Interim Sediment Quality Guideline). A
metal accumulation monitoring program is vital as the
accurnulation run at different rates before their effects can
become detectable (Vystavna ef al, 2013). Besides the

coastal development activities, global climate change is
also responsible for where alteration of the sea currents
increases the chances of anthropogemic materials and
consequently add additional threats to the overall
ecosystem. Therefore, the need for monitoring trace
metal in Malaysia especially the coastal areas, is
important considering their potential adverse effects on
the local and regional biota. If fishes are involved in the
envirommental monitoring or assessment programs, they
must not be species-specific. But rather focusing on
fishes from a broad range of habitat affinities. Habitat
affinities in this study indicated different ability of
fishes to ingest metals from the environment as shown
by the metal concentration mn different types of
organs/tissues.

ACKNOWLEDGEMENTS

Funding for the laboratory analysis was provided by
Faculty of Agriculture and Food Sciences, Universiti
Putra Malaysia Bintulu Campus to MMAM for his final
year thesis project. We would like to thank the campus for
providing support and assistance during the study
periad.

REFERENCES

Agusa, T., T. Kunito, A. Sudaryanto, I. Monirith and
S. Kan-Atireklap et al., 2007. Exposure assessment
for trace elements from consumption of marine fish in
Southeast Asia. Environ. Pollut., 145: 766-777.

Al-Yousuf, MH., M.S. El-Shahawi and S.M. Al-Ghais,
2000. Trace metals 1n liver, skin and muscle of
Lethrinus lentjan fish species m relation to body
length and sex. Sci. Total Environ., 256: 87-94.

Bustamante, P., P. Bocher, Y. Cherel, P. Miramand and
F. Caurant, 2003. Distribution of trace elements in the
tissues of benthic and pelagic fish from the
Kerguelen Islands. Sci. Total Environ., 313: 25-39.

Canli, M. and G. Atli, 2003. The relationships between
heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the
size of six Mediterranean fish species. Environ.
Pollut., 121: 129-136.

Carranza, M M., A.S. Lozada, C.D. Ferreiraand V. Geissen,
2016. Distribution and bioconcentration of heavy
metals in a tropical aquatic food web: A case study of
a tropical estuarine lagoon mn SE Mexico. Environ.
Poll., 210: 155-165.

Diop, M., M. Howsam, C. Diop, F. Cazier and
IF. Goossens et al., 2016, Spatial and seasonal
variations of trace elements concentrations in liver
and muscle of round Sardinelle (Sardinella aurita)
and Senegalese sole (Solea senegalensis) along the
Senegalese coast. Chemosphere, 144: 758-766.

1970



J. Eng. Applied Sci., 11 (9): 1967-1971, 2016

Dural, M., M.ZL. Goksu and A.A. Ozak 2007.
Investigation of heavy metal levels in economically
important fish species captured from the Tuzla
Lagoon. Food Chem., 102: 415-421.

Fabure, J., M. Dufour, A. Autrett E. Uher and
L.C. Fechner, 201 5. Tmpact of an urban multi-metal
contamination gradient: Metal bioaccumulation and
toleranice of river biofilms collected in different
seasons. Aquat. Toxicol., 159 276-289.

Farkas, A, T. Salanki and A. Specziar, 2003. Age-and
size-specific patterns of heavy metals in the organs
of freshwater fish Abramis brama L. populating a
low-contaminated site. Water Res., 37: 959-964.

Jonathan, M.P., D.A. Gamboa, L. E.C. Villegas, I.B. Herrera
and C.JH  Camache et al, 2015 Metal
concentrations mn demersal fish species from Santa
Maria Bay, Baja California Sur, Mexico (Pacific coast).
Mar. Poll. Bull., 99: 356-361.

Kibria, G., M.M. Hossain, D. Mallick, T.C. Lau and R. W,
2016. Trace/heavy metal pollution monitoring in
estuary and coastal area of Bay of Bengal,
Bangladesh and implicated impacts. Mar. Pollut. Bull,,
105: 353-402.

L, JL,XR Xu,ZH Ding, I X. Peng and M.H. I et al.,
2015. Heavy metals in wild marine fish from South
China Sea: Levels, tissue-and species-specific
accurmulation and potential sk to humans.
Ecotoxicol., 24: 1583-1592.

Marcus, A.C., C.OB. Okoye and CN. Theto, 2013.
Bioaccumulation of trace metals in shellfish and fish
of bonny river and creeks around olrika in rivers
state, Nigeria. Bull Environ Contam. Toxicol.,
90: 708-713.

McRae, NK., S. Gaw and CN. Glover, 2016. Mechamsms
of zinctoxicity in the galaxiid fish, Galaxias maculatus.
Comp. Biochem. Physiol. Part C Toxicol. Pharmacol.,
179: 184-190.

1971

Monferran, M.V., P. Garnero, MDUL.A. Bistoni,
AA. Anbar and GW. Gordon et al, 2016. From
water to edible fish transfer of metals and metalloids
i the san roque reservoir (Cordoba, Argentina).
Implications A. Fish Consumption Ecol Indic.,
63: 48-60.

Monikh, F.A., A. Safahieh, A. Savari and A. Doraghi,
2013. Heavy metal concentration in sediment,
benthic, benthopelagic, and pelagic fish species from
Musa Estuary (Persian Gulf). Environ. Momt.
Assess., 185 215-222.

Moselhy, KME., Al Othman, HAE Azem and
M.E.A.E. Metwally, 2014. Bioaccumulation of heavy
metals m some tissues of fish in the Red Sea, Egypt.
Egypt. J. Basic Appl. Sci., 1: 97-105.

Romeo, M., Y. Siau, Z. Sidoumou and M. Gnassia-Barellia,
1999. Heavy metal distribution in different fish
species from the Mauritama coast. Sci. Total
Environ., 232: 169-175.

Villanueva, I.D., P.I.. Coustumer, A. Denis, R. Abuyan and
F. Huneau et al., 2015. Trends of labile trace metals in
tropical urban water under hughly contrasted weather
conditions. Environ. Sci. Pollut. Res., 22: 13842-13857.

Vystavna, Y., P.L. Coustumer and F. Huneau, 2013.
Monitoring of trace metals and pharmaceuticals as
anthropogenic and socio-economic indicators of
urban and industrial impact on surface waters.
Environ. Monit. Assess., 185: 3581-3601.

Weber, P, ER. Behr, CD.LL Knorr, D.8. Vendruscolo,
EM.M. Flores, V.L. Dressler and B. Baldisserotto,
2013. Metals 1n the water, sediment, and tissues of
two fish species from different trophic levels in a
subtropical Brazilian river. Microchem. J., 106: 61-66.

Wu, Q.. H. Zhou, N.F. Tam, Y. Tian and Y. Tan et o,
2016. Contamination, toxicity and speciation of heavy
metals 1n an industralized urban river: ITmplications
for the dispersal of heavy metals. Mar. Pollut. Bull.,
104: 153-161.



	1967-1971 - Copy_Page_1
	1967-1971 - Copy_Page_2
	1967-1971 - Copy_Page_3
	1967-1971 - Copy_Page_4
	1967-1971 - Copy_Page_5

