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Abstract

To understand the mobility of trace elements fréva énvironment and transfer across trophic levels i
mangrove ecosystem, several associated studiesokaveconducted including study of food preferesfce
the giant mudskipper Périophthalmodon schlosseri), assessment of trace elements in sediments,
mudskippers and its food items, and designing afogical model of trace elements mobility in mangro
ecosystem. Several methods have been adoptedimglsidmach content and stable isotopes analysds, a
assessment of trace elements in sediments and tisstees. Results showed trace elements level in
sediments of Peninsular Malaysia were range fronp&lluted” to “very severely polluted”, depending o
activities occurring around the sampling area. Sidmcontent and stable isotopes analyses showditidee
preference of the mudskipper is depended on sextéifa stages. Bioaccumulations of trace eleménts
organs of the mudskipper were closely related wighfunctions and existing physiological activiti#sace
elements were found low in lower trophic level amcrease with increasing trophic level. Combinatién
stable isotopes analysis and trace elements coatens in tissue samples showed biomagnificatibn o
certain trace elements occurred in the mangroveystem.

Introduction

In present days, the field of ecotoxicology hasobee an important subject since various kinds of
pollutants that are reported or potentially threthts environment and biota, including trace element
dioxin, PCB, PAHSs etc. Locally in Peninsular Mal@ysa deliberate but increasing understanding and
paradigm shift on environmental issues among psidasals and public communities has offered a new
hope on resolving existing problems. Current pcactin assessing and monitoring chemical contaroimati
still apply conventional approaches in which stadyeffects of chemicals on separate organisms and
hypothesize their effects on consumers at the ulgpet along the food chain. Present study usedvaln
approach to study the mobility of trace elementthizn mangrove ecosystem. In order to justify thénma
objective, a few objectives were set: (1) assesshidickground level of trace elements in the surface
sediments; (2) study the food preference of thdirsginspecies in mangrove area, the giant mudskippe



(Periophthalmodon  schlosseri); 3) determine
bioaccumulation of trace elements h schlosseri and

its’ food items: (4) design a conceptual model fio

mobility of trace elements in the mangrove ecosyste

Materials and Method

Surface sediments were collected from intertida&aar
around Peninsular Malaysia (Fig. P)schlosseri and its’
food items were collected from the mangrove area
Puloh River (Site # 7 on the map). All samples wg
stored at cooled temperature (@) prior further
analytical procedures. Assessments of trace elam

were conducted according established methods i'mgud\]

the aqua-regia method (ISO11466) for sediments,
microwave-assisted digestion method (Yang et &04p0
for biota. Concentrations of trace elements wé
determined using an ICP-MS. The food preferencB. o
schlosseri was determined using the stomach conte
(Hyslop 1980; Cortés 1997) and stable isotop
(Nakamura et al. 2008) analyses. Pollution status
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4.  Kuala Perai (PKP) 19. Pantai Lido (JPL)
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methods were determined using certified reference. PasiPanjang (NPP) 25. Kuala Pahang (CKP)

materials (trace elements: SRM 1646a, DORM-2 andb

SRM 1577b; stable isotopes: atmospheric nitroges) (N i

and Vienna-
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Melaka River (MMR)

. Serkam River (MSeR)

Sebatu River (MSR)
Parit Jawa (JPJ)
Minyak Beku (JMB)

. Kuantan River (CKR)
. Bukit Kuang (TBK)

. Kuala Terengganu (TKT)

Kuala Dungun (TKD)

Kuala Besar (DKB)

acceptable recovery values.

Table 1: Comparison of trace elements of presemtystu

with othei studie: around the worl

Pee Dee Belemnite (V-PDB)) wi

Fig. 1: Sampling location of sediments around Parar
Malavsie

Results and Discussion

Element  Peninsular San North Mangrove  Szczecin Florida  Strait of
Malaysia, Francisco Sulawes, area, Lagoon, Bay, Johor,
Malaysia Bay, Indonesia  Singapore  Poland ~USA  Malaysia

(present USA (Edinger (Cuongetal. (Glasby (Caccia (Wood et
study) (Hwang etal. 2005) etal. eta. al. 1997)
etal. 2008) 2004)  2003)
2008)
\Y 12-276 90-122 26-182 - 34-59 34-41123-119
Cr 11-207 135-241 852 9-40 60-347 13-66
Co 1-15 17-254 3-21 - 7.1-17 06-10 2-8
Ni 2-36 110-145 4-40 4-16 18-56 554 21-34
Cu 2-151 101-541 10-63 1-46 20-103 7-32 11-93
n 24-609 280-1430 34-932 11-134 256-1310 10-48 54-334
As 0.1-312 21-164 5-275 - - 7-39
Ag n.d-27 0.7-1.73 - - - -
Cd nd-1.1 0.7-7.75 - nd-04 16 0.1-0.3
Pb 8-93 218-750 3-12 7-37 42-167 316 19-164
U 0.7-20 - 24 37

1) Trace elements in sediment of Peninsular
Malaysia

In general, concentration of trace elements in
surface sediments can be arranged as follows: Fe >
Mn>Zn>V>As>Cr>Pb>Cu>Ni>Co>U>
Mo > Ag > Cd. Concentrations of trace elements
obtained in present study were within the range of
other studies conducted around the world, except
for V, As and U (Table 1). Data screening using a
few simple calculation showed only certain
locations around Peninsular Malaysia had mean

concentration above 1ISQG-high and/or ISQG-low, tlaise a possibility that some biota species haen b
affected by these elements in the involved areéter Aalculation using thEF andlg, trace elements in
sediments were ranged between “no enrichment” arttémely sever enrichment”, and “unpolluted” and
“very strongly polluted”, respectively. Developedeas with high density of manufacturing industries,
agricultural based industries (oil palm, rubbec,)ethusbandry and poultry farms, transportatitensgfills,
domestic wastes industrial, population and seael&sgere areas strongly related with high contatitina
of trace elements (e.g. Pasir Gudang, Lumut, Pilang etc.). There for, we concluded that contaatiom

of trace elements were localized in vicinity of rigasources.

2) Food preference & schlosseri
As for the food preference &t schlosseri, combination of stomach content analysis and stedtope
analysis was found to be perfect tools to investighis matter (Fig. 2). Although the stomach conte
analysis revealed that there were four groups @d ftems forP. schlosseri (Uca sp.,Oryzas sp., juveniles

of other fish species, and unknown remainingskrldihe stable isotope analysis managed to exclude
uncommon food items. The main food items were MgtiisUca sp. andOryzias sp. only. The unknown
remainings were found to be either digested ofypditjested of these main food items. Selectiofoofl
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Fig. 2: Percentage of prey items according lifegesaof 29 27 25 23 21 19 17 15

female and mal®. schlosseri (a), ands™*C ands™N ratios ¢ ()

of biota (b) from mangrove area of Puloh River Remark
1 - Rhizophora sp. leaf 8 - Sub-adult femdfeschlosseri
2 - Juvenile of other fish species 9 - Adult #eP. chloseri
3-Oryziassp. 10 - Juvenile maReschlosseri
4 - Unknown remainings (femaReschlosseri) 11 - Sub-adult malk. schlosseri
5 - Unknown remainings (mafe schlosseri) 12 - Adult maleR schlosseri
6 - SmallUca sp. (<25mm) 13- Big Uca sp. (>25mm)
7

- Juvenile femal®. schl osseri

items was also influence by sexes and maturityestagossibly due to different behavior and living
strategy.

3) Trace elements iR schlosseri and its’ food items

The next stage was to assess trace elements caimentin P. schlosseri and its’ food items.
Bioaccumulation trend of selected trace elemenk sehlosseri can be arranged as follows: Fe > Zn > Mn
> Cu > Cr > As > Ni > Pb > Cd. There was no sigaifit difference in bioaccumulation of most trace
elements among different sexes, except for Ni, I@uAs. However, bioaccumulation of trace elemerds w
found significantly different among different matyrstages. Distribution of these elements wasedhri
depending on functions and metabolic activitiesuogeg in each organ. In general, the most of highl
bioaccumulated elements were found in detoxifyingaas (spleen, liver and kidney) and those having
calcified structures (bone and gills). In some s@mas, other organs (i.e. brain, eye and gonadg feemd
bioaccumulated significantly high concentrationtaier elements due to adaptation and specific pagos
For the food items oP. schlosseri, Uca sp. was found bioaccumulated with higher concéntrarace
elements tha®ryzas sp., except for Ni, Cu and As. In general, Cu Zndvas found occurring at higher
concentration in invertebrates than their predatothe upper trophic level(s) since they are kndwn
bound at metal-rich granules and sequestered efzified forms, prior excretion out of their body.

4) Mobility of trace elements in mangrove area

Adult P schlosseri
Subadult P schlosseri
Juvenile P, schlosseri
o I I Lii

Finally is about the mobility of trace elementsilie
mangrove ecosystem in relation with stable isotopes
(5%C and §'°N) ratios. Concentration of trac
elements in each biota was correlated with thelestab

-
-

elements (Cr, Mn, Fe and Zn) were fou
biomagnified along the food chain. Cu was
biomagnified. A conceptual ecological model for t — : — —
mobility of trace _element_s in the_ mangrove ., o 2 o s o -
ecosystem was design to give clear illustration|of, 1z s 23 s 17 4 3x
transporting process of trace elements acrossitrophm  1ssx s 3 18 4x L3 3 2
levels (Fig. 3). Biomagnification factors werp ' 1% & X A 2Ac T 100 5B
calculated for respective trace elements and the % ' o s s S Bo A

i 1.9 11x 4% 2X 1.5x% ax 6x 35x

results showed the factors increased with the &sere Fig. 3: A conceptual ecological model of the mapikf
trace elements imangrove ecosyste

Biomagnification Factor

AS™N




of trophic level.
Conclusion

In conclusion, present study identified trace eletmiecontaminations in sediments around Peninsular
Malaysia were localized in vicinity of their souscdBioaccumulation of trace elementdirschlosseri was
found highly bioaccumulated in detoxifying organsdacalcified structures. Combination of stomach
content and stable isotope analyses was foundea$ admbination to identify the food preferencePof
schlosseri from Puloh River, which comprised onlyca sp. andOryzias sp. Biomagnifications of toxic
elements (Ni, As, Cd, Pb) and some essential etaments (Cr, Mn, Fe) along food chain were proven
occurred in the mangrove ecosystem.

Recommendation

Further extensive and comprehensive studies invghassessment of stable isotope ratios and trace
elements concentration of organisms at the lowephic levels will be conducted to improve the
conceptual models of trace elements mobility in gnane ecosystem.



