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Abstract: Problem statement: Ba Ria Vung Tau (BRVT), a Viethamese province wotie of the
fastest growing economies in the country, facesificgnt environmental challenges, including
increased contamination of rivers and estuariesh witban and industrial waste#pproach:
Concentrations of 23 trace elements and stablepsotatios §°C and 5'°N) were analyzed in
suspended particulate matter, one species of peaouh, one species of octopus, six species of
crustaceans and 13 species of fish collected frormizgrated shrimp mangrove farm in the BRVT.
Results: Concentrations of Cu, Zn, Se, Mo, Ag, Cd, Sb andirBoctopus, Mn, Sr and Ba in
crustaceans and Hg in fish were the highest amoganisms analyzed. Usirid®N values to identify
trophic positions, we found that Zn, Se and Hg lkagnified through the food web. The slope for Hg
(0.048) was remarkably lower than those reportedditier aquatic food webs. In contrast, the
concentrations of most trace elements followed nssvdrends (i.e., decreasing concentrations with
increasing trophic level). Trace element conceiutinat we measured in organisms were within safe
levels for human consumption according to criteestablished by the Ministry of Agriculture,
Fisheries and Food (MAFF) in the UK. However, carications of Cu in black tiger shrimps and
octopus and Zn in Commerson's glassy fish wereehnigfan the MAFF guideline€onclusion: The
results of this study highlight the usefulness3tC and&'*N as a tool not only for elucidating the
trophic position of biota, but also for tracing ¢@mminants within food webs.

K ey words: Mercury, stable isotope ratio%-:°C, 5'°N, Integrated Shrimp Mangrove Farming Systems
(ISMES), trace elements, food web structure, Ba\Riag Tau (BRVT)

INTRODUCTION with respect to biomagnification. Biomagnification
occurs when concentrations of trace elements iserea
The occurrence of trace elements in aquatihetween two or more trophic levels in a food chain.
ecosystems of South Vietnam is of concern due t@\mong trace elements, As and Hg show a propersity t
numerous potentially  polluting natural  and piomagnify (Suededt al., 1994).
anthropogenic activities. Trace elements have been Traditional methods of assessing trophic position
detected in various biota and environmental sampleRave depended largely on inferred feeding behawior
across this region and there has been concern abostomach content analysis. These methods can be
sources and concentrations in food items that ar#mited, since they usually provide only a “snapttof
frequently consumed by humans and wildlife (Phuondeeding habits for a particular season, life higtstiage,
et al., 1998; Anhet al., 2003; Ikemotcet al., 2008; Tu  or location. These snapshots may not necessafigcte
et al., 2008a; 2008b; Agusat al., 2009). However, an organism’'s long-term feeding habits, which can
little is known about the behaviors of trace eleteen ultimately influence its contaminant load (Atwetlal.,
within Vietnamese estuarine ecosystems, partigularl 1998). In the last two decades, there has beernrgseg
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in modeling biomagnification profiles of environmieh  BRVT is facing significant environmental challenges
chemicals and trace elements using stable isoatfssr  such as the contamination of rivers and estuaridéis w
of bio-elements such as carbon and nitrogen. lem@#n urban and industrial waste and land pollution from
the nitrogen stable isotope rati® ) is about 3-5 %o  similar sources. In particular, the activities oanne
higher on average in a predator than in its prewhipping, petroleum exploration and exploitation,
(Minagawa and Wada, 1984). Tha§N can be used to among others, have progressively expanded andate r
estimate the trophic positions of organisms in adfo threats to the estuarine environment and to swsikEn
web. In contrast, the carbon stable isotope rafitC}  development. Of the contaminants, the major patlista
increases only slightly with increasing trophic éev in the BRVT estuaries are oil and heavy metals
(about 1%o per trophic level). For this reaséi’C is (MONRE, 2004).

used mostly to identify dietary carbon sources foaal Integrated Shrimp Mangrove Farming Systems
web_(DeNiro and Epstein, 1978; Peterson and FryéISMFS) are one kind of extensive aquaculture that
1987). _Accordlng to Peterson and Fry (1987), thes ?Iies on trapping of wild seed during high tidesl a0
stable isotope analyses complement other methods of ™ . .
studying diets in that the isotopic compositions ofProvisions are made for supplementqry feeding of
tissues are a measure of the assimilated (not jusMimp. Water exchange and harvesting take place
ingested) diet, reflect both long-term and shortate during spring tides as follows: over the duratidnao
diets in slow and fast turnover tissues and prodde high water tide in daylight hours, a sluice gate is
unique way to study food webs of the past, detritalopened to take in water and small shrimp untilgbed
food webs and diets of animals that are hard tds full. During night at low water, the water gasere-
observel.5 Therefgre,i measurements of trace elemengpened to let pond water flow out. The larger shrim
and of6™N ands “C in the same biota samples enable| o\ ing the water flow are harvested with a bag n

estimation of b.|omagn|f|cat|or_1 profiles of trace installed at the water gate. Harvesting normalitde3-
elements in marine and aquatic food webs. Sever O L
days over each spring tide period in each lunamtm

studies have used stable isotope analyses to daterm _ ) "
trophic position and trophic-level increase in the@nd continues throughout the culture period. Initaufd

concentrations of trace elements in marine andtabas t0 the prawnPenaeus spp., which is the main product,

food webs (Cabana and Rasmussen, 1994; ki@, other minor species of shrimp, fish and crab ase al

1995; Atwell et al., 1998; lkemotoet al., 2008). In  harvested in the process (Biatal., 1997).

Vietnam, lkemotoet al. (2008) reported isotopic To determine whether trace element

trends in the biomagnification of the trace elersent biomagnifications were occurring, we analyzed stabl

Se, Rb and Hg in the Mekong River food web.isotopic ratios §*C and5'N) and concentrations of 23

However, baseline values which represent the psimartrace elements in organisms and sediments from an

production level and range 6f°N of a coastal food ISMFS in the Tan Thanh District, BRVT.

web may vary from ecosystem to ecosystem, owing to

differences in anthropogenic nutrient inputs. BhN MATERIALSAND METHODS

is reported to increase in areas that are exposed t

industrial wastewater, e.g., from food processingsite description and sampling: All samples were

factories, the animal husbandry industry and indlaist .gjected from a 12 ha ISMES in the Tan Thanh

plants (Joneset al., 2001, Costanzeet al., 2004;  pigyict, BRVT (10°31.310'N; 107°03.438E) (Fig. 1)

2005). Therefore, usage BTN for estimating trophic from 9-11 March, 2007. The study site was located

levels requires that all biota samples be colleétedh approximately 70 km southeast of Hochiminh City and

the same ecosystem. bout 30 K thwest of \/ Tau Citv. The site i
Ba Ria Vung Tau (BRVT) Province is located in abou M northwest of vung 1au Lity. the Site s

adjacent to the Thi Vai River, one of the hotspoits

the southeastern region of Vietnam and is parthef t o
South Key Economic Zone. It encompasses drace element contamination in the country (MONRE,

geographical area of about 2,000%and has a human 2004). The pond area includes mangroves, ditchds an
population of about 800,000 people. The estuarin@are land. The average depth of the water coluromeab
region of BRVT is an essential nursery and hatigat the flat was 0.7-1.0m.
several commercially important fish and crustacean Barramundi seabadsates calcarifer were caught
species. Over the last decade, BRVT has becomefone by angling on 9 and 10 March 2007. On the night®f
the provinces contributing the largest revenue andvarch 2007, we collected the majority of biota séesp
economic growth to the state budget. In parallehwi with a bag net mounted on the water gate, whilemre
the development of industrial enterprise, howevercrabScylla serrata was caught using baited trap.
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Fig. 1: Map of the study area showing the locatidrsampling site in an integrated shrimp mangromenfng
system, Ba Ria Vung Tau, South Vietnam

On 11 March 2007, a suspended particulate mattdiCl to remove carbonates, rinsed in distilled wated
(SPM) sample was collected with North Pacific then dried. Homogenized samples of approximately 1
plankton net (NORPAC) (0.1 mm mesh size) deployedng were loaded into tin cups adtfC ands™N were
horizontally at the sluice gate. SPM was washedhfro measured using a gas chromatograph-combustion-
the sides of the net into acid-washed plastic ésttlith  isotope ratio mass spectrometer (ANCA-SL, PDZzZ
a small volume of pond water. In the laboratory, Europa Ltd., Cheshire, UK). Stable isotope abundanc
samples collected with the plankton net were kepd i  were expressed in thienotation as the deviation from
refrigerator for two to four hours to allow settinAfter  standards in parts per thousand (%.) according ¢o th
settling, a brown layer that sank close to thedmotof  following equation:
the bottle was designated SPM. In total, 13 speaies
fish, six species of crustaceans, one species omwo 83X (%0) = (RsampidRstandara- 1)x1000
one species of octopus and SPM were collected. Two
sediment samples were collected using a hand gralthere,X is *3C or **N andR is the corresponding ratio
taking the top 5 cm of the sediments. These sampl€SC/°C or **N/**N. The RundaraValues were based on
were placed in polyethylene bags, kept in ice,spanted  PeeDee Belemnite fai"°C and atmospheric Nitrogen
to Japan and stored in deep freezer at <-20°C unt{N,) for 8*°N. Replicate measurements of the internal
dissection and chemical analysis. The samplesatetle laboratory standard (histidine) indicated measurgme
for the present study were also used in the asabfshe  errors of +0.1%o for botb**C ands'°N determinations.
biomagnification of arsenic species (dtwal., 2011).

Analysis for trace elements: Nine individuals of the
Analysis for stable isotopes: In order to avoid peanut worm were pooled after removing their
contamination and bias from biota within their ditjee =~ digestive tracts. For other organisms, whole
tracts, we used muscle tissues of fish, crustageanbomogenized samples were weighed, deep-frozen and
worm and octopus as the standard for stable isotopgophilized for 24 h. They were weighed again to
samples. All samples prepared f6°C and 5°N  determine their water content and then ground finea
analysis were rinsed in distilled water, dried maven  powder using a mortar and pestle. The average ameist
for 24 h at 60°C, pulverized to a fine powder andcontents were 84.1% in SPM, 76.2% in worms,
treated with a 2:1 chloroform-methanol solution 28 69.1+5.1% in crustaceans, 76.8+3.5% in octopus and
h to remove lipids. Samples were then dried under &0.3+4.4% in fish. In order to make comparisonshwit
fume hood. Sediment and SPM were soaked in 0.1 Mther studies or guidelines on a wet weight basisdata
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were converted to wet weight using conversion faotd  one sample test was conducted to examine goodiess o
3.3 for crustaceans, 4.4 for octopus and 3.4 b fi fit to a normal distribution. Most of the variablegre

To analyze trace elements, samples ofnot normally distributed and non-parametric tesésen
approximately 0.2 g of freeze-dried specimens wereised to compare groups. Nonparametric methods were
digested with nitric acid. Digestions were carr@ad in  used not only because of non-normal distribution of
Teflon vessels in a microwave oven (Ethos D,data, but also because they are most appropriate fo
Milestone S.r.l., Sorisole, BG, ltaly) under cotied  small sample sizes. Differences between species wer
pressure conditions; there were seven digestigss®  analyzed by the Mann-Whitney U test. As there was n
3, 5, 5, 5 and 10 min under 250, 0, 250, 400, 540 a sample replication for the worm and SPM, they were
400 W, respectively and ventilation for 5 min. The not included in this analysis. To investigate iatdion
resulting clear solutions were made up to exadlly. ~ between Se and Hg, concentrations of Se and Hg were
with Milli-Q water. Levels of 22 trace elements (8, converted to molar values (atomic weights 78.96 and
Mn, Fe, Co, Cu, Zn, As, Se, Rb, Sr, Mo, Ag, Cd,3n, 200.59 g/mol, respectively) to calculate molar asti
Sh, Cs, Ba, Tl, Pb and Bi) were determined with anTrace element concentrations were log-transforneed t
inductively coupled plasma-mass spectrometer (ICPrormalize the distribution and simple linear regress
MS; Agilent 7500cx, Agilent Technologies, Inc., &n were conducted to verify the existing relationship
Clara, CA, USA) with yttrium as the internal starila  betweend™N values and trace element concentrations
Mercury was determined using an automated colé&nd also, to verify the inter-element relationship
vapor analyzer (HG 450, Hiranuma Sangyo Co., Ltd.pbetween Se and Hg (on molar basis)pAalue<0.05
Mito, Japan). Accuracies of the methods were aedess was considered indicative of statistical significan
using certified reference material DOLT3 (National
Research Council of Canada) in triplicate and RESULTS
recoveries of all the elements ranged from 90-116%

the certified values. All data were expressed aira all samples are presented in Table 1. The signatiire

weight basisyg/g dry wt.). 15 0 :
Air-dried sediment was sieved through a 0.5 mm8 N for samples ranged from 6.3 %0 (sediment) to 13.8

mesh and subsequently pulverized. Sediment analyse(y‘g’I in §W|m’r:|||ng cra_b(:hargbdmdspélggd selabamtmd
were conducted in triplicate. Sediment samples wer E;t(\:;lgeir' 26 1spo/em?: ';SheOWSePM o \S lée tyranigethe
digested in a mixture of HNOQand HF using a oo R 70 T . i
microwave system (Ethos D). The microwave digestior'getm'vorous fish speciedugil cephalus (Fig. 2).

; ; Concentrations of trace elements in sediments are
programs were set at 2 min at 250 W, 3 min at OW, 5 .
min at 250 W, 5 min at 400 W, 5 min at 500 W, 5 mir]shown in Table 2. Of the 20 elements analyzed, the

. ' concentration of Fe was the highest (mean, 22,400
at 400 W and 5 min for ventilation. To remove HF, .
digested sediment solution was evaporated by rgaatin?%% al;-(;ryzxv 88 gﬁlolw)edv %7'“ /(7)’ 1?:?(96/8) /M)n
The residue was re-dissolved in HNand then diluted 5, (2”33 W), Co (1%99'/9) Cu”(glg 5.919) e
with Milli-Q water. Levels of 19 trace elements (M, / HI"8), oK f . I d
Cr, Mn, Fe, Co, Cu, Zn, As, Se, Mo, Ag, Cd, In, Sb, o+ #9/9); concentrations of Mo (4.82g/g) and Sn
» Mn, e, Lo, LU, 2N, AS, 5€, Vo, Ag, Ld, In, SN, (2.82ug/g) were at moderate levels. The concentrations

Tl, Pb and Bi) were determined with an ICP-MS 4t 56 and toxic elements such as Ag, Cd, In, Sh;THg
(Agilent 7500cx). Rhodium was used as internalynq Bi were relatively low (<g/g).

standard for correction of matrix effects and unstental The concentrations of trace elements in SPM and
drift in ICP-MS measurements. Mercury was detershine \hoje hodies of crustaceans, fish and octopus are

using an automated cold vapor analyzer (HG 450)shown in Table 3. The concentrations of several
Analytical accuracy was confirmed by analyzing thegiements such as V, Cr, Fe, Rb, Sn, Ba, Tl, PbRind
certified reference material PACS 2 Marine sedimentyqre relatively high in SPM. The concentrationsviof,
provided by the National Research Council of Canadacy se Mo, In, Sb and Cs in the worm, Cu, Zn, A,
The recoveries of trace elements were in the rah@®- 504 cd in octopus, Sr in crustaceans and Hg in fish
123% of certified values. Concentrations of traceyere the highest among organisms analyzed. There
elements in sediment samples are presented om dryai \yere significant differences among crustacean, disth
weight basisy{g/g air-dry wt.). cephalopod in concentrations of most of trace efgse

except for Fe, Rb, In, Cs, Tl and Pb (Mann-Whithky
Statistical analyses. Data were statistically analyzed test,p>0.05). Concentrations of Cu, Zn, Se, Mo Ag, Cd,
using the statistical package SPSS 15 for Windows$b and Bi in octopus were significantly higher than
(SPSS, Chicago, IL, USA). A Kolmogorov-Smirnov those in the other two phyla<0.05).

120

The biometry and averagé®C andd™N values for



Am. J. Environ. ci., 8 (2): 117-129, 2012

Table 1: Sample details and stable isotope ratidise integrated shrimp mangrove farming systemRBaVung Tau, South Vietnam

Body siz&(mm) Body weight (g)
3N (%) 313C (%)

Species Scientific name ID n? n°  Mean+SD Range MeantSD  Range Mean+SD Mean+SD
Sediment 4 2 - - - - 6.3+0.3 -25.4+0.0
SPM ST 6 1 - - - - 6.4+1.5 -26.1+0.2
Sipuncula
Peanut worm Phascolosoma arcuatum  PW 6 1 6.1+1.9 (3.3-10.2) 10.2+0.5 -20.1+1.1
Crustacean
Box crab Calappa sp. Cl 6 3 40.6x10.9 (28.3-49.1) 65.9+41.4  (20.8-102.1) 11.8+0.5 -21.1+0.3
Gazami crab Portunustrituberculatus C2 6 3 39.7+8.2 (33.0-48.8) 44.2+33.4 (21.0-82.5) 9.2+0.3 -14.5+0.2
Green crab Scylla serrata C3 6 1 436 - 45.9 - 9.8+0.1 -20.240.3
Swimming crab  Charybdis sp. c4 5 5  34.4%3.2 (31.4-39.4)  25.7#10.7 (17.0-43.2) 13.8+1.0 -20.3+0.7
Black tiger shrimp Penaeus monodon S1 6 3 19.4+2.7 (16.3-21.0) 42.3+13.1  (31.2-56.8) 11.8+1.0 -19.9+3.0
Banana shrimp  Penaeus merguiensis s2 7 4 10.5+1.1 (8.1-12.0) 8.8+2.3 (4.0-11.7) 10.04+0.8 -15.8+2.4
Cephalopod
Octopus Octopus sp. O 6 3 - 27.4+15.0  (14.8-44.0) 12.0+1.3 -18.8+1.7
Fish
Spotted goby Acanthogobius flavimanus F1 6 5 - - 10.3+4.7 (4.1-18.4) 13.6+0.2 -18.3+0.3
Duckbill sleeper  Butis butis F2 6 1 17.2 - 25.6 - 13.5+1.0 -17.2+#1.5
Tufted sole Dexillichthys muelleri F3 6 1 22.5 - 270.6 - 11.0+0.2 -19.940.1
Golden rabbit fish Siganus sp. F4 6 2 205 (18.0-23.0)  90.1 (72.4-107.7) 13.0+0.2 -20.1+1.7
Mullet Mugil cephalus F5 6 1 213 - 126.3 - 9.6+0.2 -13.6+0.1
Grey eel catfish  Plotosus canius F6 6 2 35.1 (30.4-39.7) 197.6 (113.7-281.4) 13.6+0.2 -18.2+0.1
Therapon Therapon sp. F7 6 2 188 (18.1-19.4) 103.5 (98.3-108.7) 13.0+0.1 -16.4+0.2
Sillago Sillago sihama F8 6 4 - - 10.4+4.3 (2.6-18.3)  13.2+0.4 -16.2+0.5
Tilapia Oreochromis niloticus F9 6 4  16.0+1.3 (14.4-17.5) 77.9+16.8  (53.5-98.4) 13.1+0.6 -18.6+1.6
Spotted scat Scatophagus argus F10 6 4 11.8+2.2 (9.7-14.5) 59.1#33.5  (27.5-103.3) 11.0+1.0 -15.7+0.7
Commerson's glas#ymbassis commer soni F11 6 2 9.7 (7.1-12.2) 12.3 (5.1-20.2) 13.2+0.6 -16.5+0.8
Shortnose ponyfish_eiognathus brevirostris  F12 6 1 9.3+0.4 (8.7-9.8) 13.6+1.1 (12.4-15.6) 13.4+0.7 -17.5+1.7
Barramundi seabadsates calcarifer F13 6 3 45.1+16.3 (28.0-60.4) 1693+1410 (309-3128) 13.8+0.3 -18.1+2.1

@ and® number of samples for stable isotope and tragmant analysis, respectivefybody size: use of carapace wide, body length atal t
length for crab, shrimp and fish, respectivéigD: standard deviation

Table 2: Trace element concentrations (meanzstdndiviation,
ng/g air-dry wt.) in sediments from the integratdédimp
mangrove farming system, Ba Ria Vung Tau, South

neither from
octopus.

Relationships betweed™N signatures and log-

phylum was significantly different

E|ememVIemam Sediment 1 Sediment 2 transformed concentrations of trace elements were
Al 6120225 8080+638 examined to investigate trophic level-dependent
Y 87+1 87+2 accumulation of trace elements in the food web [@ab
Cr 602 59£1 4). In the ISMFS food web, log concentrations of Zn
Mn 210+3 20146 Se and Hg in whole body samples significantly
Ei fingHM 12637000":366 increased (Simple linear regressiopg0.05) with

cu 14.340.2 14.340.2 increasingd™™N (Table 4 and Fig. 3). The slopes for
Zn 96.5:0.1 10142 these elements on dry weight basis were 0.0400fpr |
As 1440 1440 transformed Zn, 0.029 for log-transformed Se add®.
I\SA'Z f;‘:fgé’; fg‘;fgg; for log-transformed Hg (Table 4 and Fig. 3).

Ag 0.0810 001 0.08040.002 Significant negative slopes on dry weight basis
cd 0.148+0.006 0.146+0.002 (p<0.05) were observed for log-transformed V (-0.085)
In 0.060+0.000 0.059+0.001 Fe (-0.115), Co (-0.146), Cu (-0.152), Rb (-0.033p

Sn 2.81+0.07 2.82+0.07 (-0.114), Ag (-0.164), Cd (-0.128), Sn (-0.075), Es
Sb 0.766x0.008 0.762:0.007 041), Ba (-0.090), TI (-0.117), Pb (-0.095) anid(8

?IQ 8_'226‘?;8:8852 8.'20338:882 0.085) (Tgble 4, Fig. 3). Troph_ic level-dependent
Pb 19.6+0.4 20.3+0.3 accumulations of Cr, Mn, As, Sr, in and Sb were not
Bi 0.320+0.007 0.328+0.007 found in these organismp>0.05).

Molar ratios of Se:Hg varied markedly between

Crustaceans had the highest concentrations of Mn, $ndividual and species in organisms from this ISMFS
and Ba, whereas the cephalopod had the lowegffable 5). Peanut worm presented the highest Se:Hg
(p<0.05). Concentrations of Co, as and Sb inmolar concentration ratio (288), whereas molamorati
crustaceans and octopus were higher than thodehin f SPM was the lowest (24) (Table 5). The Se: Hg molar
(p<0.05). Chromium, Cs and Hg levels in fish wereratio ranged from 52-141 and from 36-227 in crusans
greater than those in crustaceaps:0(05), although and fishes, respectively and 105 in octopus.
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Table 3: Trace element concentrations (mean + atdndeviation,ug/g dry wt.) in whole organisms from the integrattiimp mangrove
farming system, Ba Ria Vung Tau, South Viethamu¥sglin parentheses indicate range. See Tabldullfgeneric names abbreviated here

Species Moisture (%) V Cr Mn Fe Co Cu Zn As Se Rb r s Mo
SPM 84.1 11 18 150 10100 4.3 4.63 30.1 5.6 0.63 7.05 671 3.83
Sipuncula
Phascol osoma arcuatum 76.2 7.1 4.4 605 4780 11 4.87 53.2 7.4 5.2 3.50 829. 4.87
Crustacean
Calappa sp. 61.4 0.70+0.26 1.8+1.0 371+201 304+123 1.1+0.1 2R3 56.648.2 4.8+0.6 0.730.14 1.95%0.61  3157+1080.307+0.140
(0.42-0.95)  (0.87-2.9)  (240-603) (168-407) (L)1 (18.7-24.7)  (47.6-63.8)  (4.1-5.3)  (0.62-0.89) .3(2.52) (3055-3271) (0.202-0.466)
Portunus tritubercul atus 68.8 0.32+0.05 0.98+1.3 71.4421.2 162428 1.1+0.5 4882 41.7+10.2 1.8+0.4 0.65+0.15 2.34+0.25  260@t3 0.295+0.177
(0.28-0.38)  (0.20-25)  (55.9-95.6) (130-183)  (0158) (34.8-40.9)  (33.7-53.1)  (1.3-2.2)  (0.48-0.75)(2.06-2.52) (2243-2983) (0.148-0.491)
Seyllaserrata 722 0.42 0.32 108 225 0.63 31.8 50.8 3.6 1.0 225 2973 0.244
Charyhdis sp. 68.4 0.39+0.12 0.46x0.17 435246 166+44 0.84+0.23 9.7£10.9 57.6+13.4 7.8£1.7 1.2+#0.3 2.46+0.16  27@@1 0.245+0.097
(0.25-0.58)  (0.25-0.66)  (109-662) (109-224)  (014%) (14.8-432)  (45.4-78.7)  (6.5-11)  (0.81-1.5) .3(B2.66) (2626-2892) (0.128-0.341)
Penaeus monodon 715 0.30+0.04 3.9+1.8 16.848.7 155+25 0.62+0.26 .58D4.0 82.749.5 1148 1.5+0.2 3.91+0.20  748+105  68+0.103
(0.28-0.35)  (2.4-5.9) (9.23-26.3) (133-182)  (0B%6)  (77.0-105) (71.8-89) (55-20)  (1.3-1.7) (34743) (652-860)  (0.363-0.569)
Penaeus merguiensis 73.6 0.46+0.08 2.6+1.5 9.06+2.00 212423 0.50£0.10 3.540.9 62.446.3 3.0£15 1.3+0.6 4.23+0.64  678+121 0.228+0.068
(0.37-055)  (1.1-4.1) (6.06-10.1) (191-242)  (0.38%)  (42.6-44.4)  (55.8-69.7)  (1.9-5.1)  (0.88-2.1) 3.28-4.59) (506-770)  (0.142-0.308)
Cephalopod
Octopus sp. 76.8 0.43+0.37 2.0£1.3 4.42+0.58 2814234 1.2+0.3 7123 179+37 8.5¢3.5 2.0+0.4 3.60£0.29  14.6%5.1 060199
(0.19-0.86)  (0.86-3.4)  (4.03-5.09) (120-550)  .0¢1.6) (81.9-126)  (136-205) (6.3-13)  (1.6-2.4)  2@3.81) (10.2-20.2) (0.371-0.739)
Fish
Acanthogobiusflavimanus ~ 73.7 0.69+0.10 2.2+0.7 20.7£12.2 119+44 0.40£0.05 .2140.32 81.4+23.3 1.4+0.2 1.1+0.3 2.73+0.26  32@:11 0.098+0.025
(0.57-0.85)  (1.4-3.2) (14.8-42.5) (65.8-166)  @(B48)  (0.784-1.58)  (50.1-107)  (1.0-1.6)  (0.77}1.5 (2.46-3.06) (191-486)  (0.073-0.125)
Butis butis 71.7 0.074 1.8 7.04 43.4 0.053 1.02 729 2.0 1.2 38 2. 213 0.047
Dexillichthys muelleri 74.9 15 1.6 9.37 316 15 1.93 65 4.3 2.8 3.36 179 0.129
Sganussp. 67.7 0.69 4.4 30.3 126 0.69 0.947 45.4 3.4 15 242 159 0.120
(0.21-1.2) (1.9-6.9) (4.32-56.2) (68.5-184)  (@@53)  (0.697-1.20) (43.6-47.1)  (1.9-5.0) (1.4-1.5) (2.21-2.63) (112-205)  (0.103-0.136)
Mugil cephalus 62.8 4.5 29 4.05 363 11 0.894 40.1 1.7 0.58 245 140 0.130
Plotosus canius 725 0.57 8.3 5.38 286 0.18 1.67 48.1 4.8 1.6 4.24 288 0.246
(0.38-0.76)  (4.5-12) (4.25-6.52) (132-439)  (040B28)  (1.62-1.73)  (44.5-51.7) (3.95.7) (1.5-1.6) (3.77-4.70) (251-325)  (0.153-0.339)
Therapon sp. 65.0 0.14 5.0 3.49 80.2 0.073 1.25 100 0.87 1.0 816 168 0.090
(0.11-0.16)  (4.4-5.7) (3.03-3.95) (77.5-82.9) OF8-0.074) (1.19-1.30)  (91.5-109)  (0.80-0.94) (€197)  (1.52-1.83) (137-200)  (0.086-0.094)
Sllago sihama 75.8 0.76+0.14 13420 7.26£1.07 211451 0.22+0.12 421217 86.1+3.7 2.4+0.6 1.2+0.1 2.26+0.07  294%55 130+0.059
(0.65-1.0) (1.7-43) (6.63-8.86) (172-286)  (0.18@)  (1.20-3.62)  (81-89.1) (1.6-3.0)  (1.1-1.4) ®231) (241-370)  (0.076-0.214)
Oreochromis niloticus 68.3 1.2+0.7 1348 51.1+#12.0 4391225 0.52+0.06 10602 100+3 3.6£1.0 1.9+0.3 2.31#0.42  313%50 0.26820
(0.6-2.1) (3.9-21) (35.7-60.8) (186-721)  (0.459).  (1.45-1.74)  (96.8-103)  (2.6:5.0)  (1.5-2.2) @®81) (253-368)  (0.116-0.382)
Scatophagus argus 64.7 1.1+0.3 8.244.1 15.8+10.8 423243 0.60+0.13  6740.13 5216.5 1.4+0.4 0.79£0.14 3.1740.60  116x16 .190+0.060
(0.82-1.6) (5.1-14) (9.12-31.9) (166-751)  (0.43%)  (1.53-1.84)  (42.5-57.2)  (1.0-1.9)  (0.59-0.92)(2.68-3.97) (97-136) (0.132-0.273)
Ambassi s commersoni 74.6 0.61 14 18.2 213 0.20 1.43 187 1.4 1.7 2.26 7 34 0.212
(0.58-0.64)  (8.2-20) (16.3-20.1) (210-217)  (00192)  (1.40-1.46)  (153-221) (11-1.7)  (1.6-1.7)  2(22.30) (329-365)  (0.132-0.293)
Leiognathus brevirostris 67.4 0.64 3.0 8.94 387 0.21 1.93 106 1.7 1.0 1.88 68 1 0.083
Lates calcarifer 70.2 0.15#0.1 2.3+1.2 1.73+0.55 51.8+10.6 0.03180.0 1.89%1.16 47£2.2 1.6+0.3 1.0£0.2 2.06+0.49  2B4t6  0.026+0.007
(0.049-0.24)  (1.2-3.7) (1.31-2.36) (42.9-63.5) .0gB-0.036) (1.10-3.22)  (45.1-49.5)  (1.3-1.8) (G188  (1.54-2.50) (223-351)  (0.018-0.031)
Table 3: Continue
Species Ag Cd In Sn Sh Cs Ba Hg Tl Pb Bi
SPM 0.020 0.037 0.011 0.381 0.03 0.69 12 0.067 0.043 25 6. 0.109
Sipuncula
Phascol osoma arcuatum 0.020 0.096 0.003 0.107 0.05 0.20 4.4 0.045 0.011 .58 4 0.032
Crustacean
Calappa sp. 0.090:0.050 0.017+0.005  0.001%0.001 0.096:0.012  280®1  0.05:0.02 100.0 0.025:0.01 0.003:0.000 0:6693 0.002:0.001
(0.049-0.15) (0.014-0.023)  (0.001-0.002)  (0.08636)1  (0.02-0.04)  (0.03-0.07)  (9.5-10) (0.020-0.033) (0.003-0.004) (0.156-1.30) (0.001-0.004)
Portunus trituberculatus ~ 0.10£0.02 0.031:0.008 < 0.001 0.070:0.012 <0.00k0. 0.02:0.00  9.3:1.2 0.020:0.000 0.002:0.000 0.03782 0.006£0.003
(0.080-0.12) (0.023-0.036) (< 0.001-0.001)  (0.05870) (<0.01-0.01) (0.02-0.02)  (8.1-11) (0.01820)0  (0.002-0.002) (0.089-0.207) (0.003-0.009)
Seyllaserrata 0.080 0.061 0.001 0.071 0.01 0.03 11 0.050 0.003 3380. 0.005
Charybdis sp. 0.079+0.039 0.030+0.016 <0.001 0.055+0.015 0.0x0. 0.03%0.01 9.240.6 0.031+0.010 0.002+0.001 0.2334 0.002+0.001
(0.040-0.14) (0.016-0.057) (< 0.001-0.001)  (0.04W@) (0.01-0.03)  (0.02-0.05)  (8.2-10) (0.018-0)040 (0.001-0.003) (0.132-0.341) (0.001-0.003)
Penaeus monodon 0.16:0.05 0.044:0.018 < 0.001 0.072+0.020 0.01£0.00 0.03:0.00 = 3.4x0.7 0.032+0.010 0.001+0.000 0.12520. 0.001£0.001
(0.12-0.22) (0.025:0.059) < 0.001 (0.057-0.095)  010.02)  (0.03-0.04)  (2.7-4.1) (0.028-0.039)  (0-00002) (0.122-0.129) (0.000-0.002)
Penaeus merguiensis 0.031:0.025 0.011$0.002  <0.001 0.069:0.024 0.0Xk0.  0.05:0.00  3.1:0.3 0.023:0.000 0.002£0.000 0.08280 0.00340.003
(0.031-0.025) (0.011-0.002) < 0.001 (0.033-0.085) (< 0.01-0.03) (0.04-0.05)  (3.1-0.3) (0.023-0.027) 0.002-0.002) (0.144-0.271) (0.001-0.007)
Cephalopod
Octopus sp. 0.22+0.02 0.12+0.12 <0.001 0.057+0.004 0.03+0.01 .04£0.03 0.65+0.58 0.049+0.000 0.003+0.002 0.337E6). 0.012+0.010
(0.20-0.25) (0.046-0.259) (< 0.001-0.001)  (0.05@60) (0.02-0.03)  (0.02-0.08)  (0.29-1.3)  (0.04050)  (0.001-0.006) (0.210-0.511) (0.004-0.023)
Fish
Acanthogobius flavimanus ~ 0.004+0.003 0.006+0.002 0.001+0.001 0.054+0.020 2:8M0 0.04£0.01 1.6x0.4 0.037+0.010 0.002+0.000 370+0.232 0.005+0.001
(0.001-0.007) (0.004-0.007) (< 0.001-0.003) (0-02H3) (0.01-0.02)  (0.04-0.05)  (1.2-2.3) (0.02080)  (0.001-0.002) (0.180-0.752) (0.003-0.006)
Butis butis 0.003 0.002 <0.001 0.036 <0.01 0.05 0.52 0.080 00D. 0.043 0.009
Dexillichthys muelleri 0.009 0.131 <0.001 0.044 0.01 0.07 21 0.049 0.005 0.256 0.003
Sganussp. 0.003 0.004 <0.001 0.038 0.01 0.03 . 0.018 .| 0.084 0.001
(0.001-0.004) (0.002-0.005) < 0.001 (0.031-0.044) (0.01-0.01)  (0.02-0.03)  (0.49-0.70) (0.013-0.022) < 0(001-0.003)  (0.080-0.089) (0.001-0.001)
Mugil cephalus 0.007 0.003 <0.001 0.052 0.01 0.05 17 0.024 0.004 .268 0.006
Plotosus canius 0.003 0.003 <0.001 0.037 0.02 0.07 15 0.070 0.002 0.218 0.007
(0.003-0.001) (0.003-0.003) (< 0.001-0.001) (0-0231) (0.01-0.02)  (0.05-0.08)  (1.1-1.9) (0.06070)  (0.002-0.002) (0.218-0.119) (0.007-0.001)
Therapon sp. 0.001 0.002 <0.001 0.012 <0.01 0.03 0.59 0.070 0.081 0.038 0.003
(0.001-0.002) (0.001-0.002) < 0.001 (0.011-0.013) <0.01 (0.02-0.03)  (0.59-0.59) (0.070-0.070)  (<0040.001)  (0.027-0.049) (0.002-0.003)
Sllago sihama 0.002+0.001 0.003+0.001 <0.001 0.048+0.003 0.0160.  0.04%0.00 1.2+0.1 0.028+0.000 0.001+0.000 0.D5886 0.002+0.000
(0.002-0.003) (0.002-0.005) (< 0.001-0.001)  (0-04M9) (<0.01-0.01) (0.04-0.05)  (1.2-1.3) (0.02@30)  (0.001-0.002) (0.178-0.298) (0.002-0.003)
Oreochromisniloticus 0.002+0.000 0.007+0.001 <0.001 0.036+0.005 0.0160. 0.07+0.03 2.7+0.8 0.130+0.020 0.004+0.003 0.20383 0.004+0.002
(0.002-0.002) (0.006-0.008) (< 0.001-0.001)  (0-03M40) (0.01-0.01)  (0.04-0.11)  (1.9-3.6) (0.12070)  (0.002-0.007) (0.117-0.325) (0.002-0.006)
Scatophagus argus 0.003+0.002 0.003+0.002 <0.001 0.030+0.009 <0.01 0.06+0.04 2.3+1.1 0.033+0.010 0.007+0.002 0.27628).1 0.003+0.002
(0.001-0.006) (0.002-0.006) (< 0.001-0.001) (0-02M2) (<0.01-0.01) (0.02-011)  (1.1-3.7) (0.G4R842)  (0.005-0.010) (0.142-0.439) (0.002-0.006)
Ambassi s commersoni 0.003 0.003 <0.001 0.036 0. 0.04 1.6 0.054 0.001 0.160 0.003
(0.002-0.004) (0.002-0.004) < 0.001 (0.026-0.046) (0.01-0.01)  (0.04-0.04)  (1.5-1.7) (0.053-0.055)  0(1L-0.001) (0.137-0.183) (0.003-0.003)
Leiognathus brevirostris 0.007 0.003 <0.001 0.022 <0.01 0.05 1.0 0.033 .00 0.170
Lates calcarifer 0.002+0.002 0.001+0.000 <0.001 0.013+0.005 <0.01 .04:40.01 1.6+1.2 0.080+0.030 < 0.001 0.022+0.005 004+0.003
(0.001-0.003) (0.001-0.001) < 0.001 (0.007-0.015) <0.01 (0.03-0.04)  (0.67-2.9)  (0.047-0.100)  (<0-00001)  (0.016-0.027) (0.001-0.007)
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Fig. 2: Relationship betwees!®N (mean + standard deviation) ad’C (mean + standard deviation) values in
organisms from an integrated shrimp mangrove fagnspstem, Ba Ria Vung Tau, South Vietnam. See
Table 1 for sample sizes. Open diamond, Suspendeticitate Matter (SPM); open square, fish; black
square, crab; black triangle, shrimp; open cirpkgnut wormPhascolosoma arcuatum (PW); black circle,
cephalopodOctopus sp. (O); C1,Calappa sp.; C2,Portunus trituberculatus, C3, Scylla serrata; C4,
Charybdis sp.; S1,Penaeus monodon; S2, Penaeus merguiensis; F1, Acanthogobius flavimanus, F2, Butis
butis; F3, Dexillichthys muelleri; F4,Sganus sp.; F5Mugil cephalus; F6, Plotosus canius; F7, Therapon sp.;

F8, Sllago shama; F9, Oreochromis niloticus; F10, Scatophagus argus; F11, Ambassis commersoni; F12,

Leiognathus brevirostris; F13,Lates calcarifer

Table 4: Regression statistics for the relatiorshigtween trace element concentrations (log-tramsft) ands**N values of biota from the

integrated shrimp mangrove farming system, Ba Riag/Tau, South Vietnam

Wet weight basis Dry weight basis

Elements Slope Intercept r p-value Slope Intercept r p-value
Vv -0.080 0.169 -0.357 0.007 -0.085 0.770 -0.371 0.005
Cr 0.007 -0.191 0.025 0.857 0.002 0.410 ®.00 0.963
Mn -0.045 1.345 -0.111 0.414 -0.050 1.946 120 0.350
Fe -0.110 3.120 -0.502 0.000 -0.115 3.721 -0.509 0.000
Co -0.141 0.824 -0.505 0.000 -0.146 1.425 -0.520 0.000
Cu -0.147 2.013 -0.362 0.006 -0.152 2.614 -0.373 0.005
Zn 0.045 0.750 0.438 0.001 0.040 1.351 0.379 0.004
As 0.007 -0.161 0.040 0.772 0.002 0.440 ®.01 0.939
Se 0.034 -0.877 0.342 0.010 0.029 -0.276 0.276 0.039
Rb -0.028 0.236 -0.443 0.001 -0.033 0.837 -0.440 0.001
Sr 0.007 1.935 0.021 0.877 0.002 2.537 0.007 0.960
Mo -0.109 0.071 -0.488 0.000 -0.114 0.672 -0.489 0.000
Ag -0.159 -0.562 -0.367 0.005 -0.164 0.039 -0.378 0.004
Cd -0.123 -1.103 -0.381 0.004 -0.128 -0.502 -0.388 0.003
In -0.052 -3.350 -0.159 0.241 -0.058 -2.749 -0.173 0.202
Sn -0.070 -1.032 -0.471 0.000 -0.075 -0.431 -0.481 0.000
Sb -0.015 -2.333 -0.090 0.509 -0.020 -1.732  -0.116 0.396
Cs -0.036 -1.457 -0.272 0.043 -0.041 -0.856 -0.289 0.031
Ba -0.085 0.868 -0.343 0.010 -0.090 1.469 -0.381 0.004
Hg 0.053 -2.599 0.387 0.003 0.048 -1.998 0.356 0.007
TI -0.112 -1.890 -0.489 0.000 -0.117 -1.289 -0.512 0.000
Pb -0.090 -0.150 -0.380 0.004 -0.095 0.451 -0.381 0.004
Bi -0.080 -2.062 -0.301 0.024 -0.085 -1.461 -0.306 0.022

Bold number for slope indicate significancegat0.05
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Fig. 3: Relationships betwe&f’N and selected log-transformed trace element caratéons (1g/g dry wt.) in biota
from the integrated shrimp mangrove farming syst@aRia Vung Tau, South Vietham

Table 5: Molar Se:Hg ratios (mean + standard dmsnatof biota seabhasstates calcarifer at the top of the ISMFS trophic

from the integrated shrimp mangrove farming syst&a, :
Ria Vung Tau, South Vietnam web. According to Hobson and Welch (1992), an

Species Se:Hg  Species seng €stimate of the trophic enric.h.ment. factolr for_ rgea
SPM 24 Fish can be obtained by examining isotopic differences
Sipuncula Acanthogobius flavimanus - 76£23  hetween consumers and their diets in cases whefe su
Phascolosoma arcuatum 288 Butis butis 39 ) X i A X
Crustacean Dexillichthys muelleri 144 a trophic relationship is well established. Young
Calappa sp. 7616 Sganus sp. 227+90  harramundi seabadsates calcarifer (30-50 cm total
Portunus trituberculatus ~ 84+6 Mugil cephalus 62 . . . :
Scylla serrata 52 Plotosus canius 6048 length) feed mostly on juvenilenaeus merguiensis
Charybdis sp. 114455 Therapon sp. 38+4 (Robertson and Duke, 1987; Robertson, 1988; Salini
Penaeus monodon 120+10 Sillago sihama 112411 . . .
Penaeusmerguiensis  141+40  Oreochromisniloticus 3647 al., 1990); hence, a mean trophic enrichment factor o
S?halor)od L0541 mwhagusargus _ %tz approximately 4.0% occurred between these two
0Opus sp. + aSSIS commer son + . . . . .
pussp ,_eiognathusb,evirost',is 73 species in this study. The trophic difference 5afN
Lates calcarifer 37423 between the peanut worRhascolosoma arcuatum and

its primary food (SPM) were also about 4.0 %.. Thus,
Significant positive linear relationships were fdun this trophic enrichment factor fo"°N was likely
between log molar concentrations of Se and Hg fogpplicable throughout the ISMFS food web. These
fishes (log molar Se = -0.927 + 0.245 [log molaj,Hg results showed that the food web of this ISMFS
= 0.422,p<0.05) and all organisms (log molar Se = - analyzed had three trophic levels.

0.777 + 0.282 [log molar Hgt,= 0.368,p<0.01). In our study isotopic carbon composition of
sediment (-25.4 %o0) was comparable to that of SPM (-
DISCUSSION 26.1 %o). Theses™C values are close to those of

mangrove leaves and benthic detritus reported for
Food web structure of ISMFS: In the present study, mangrove ecosystems in Malaysia, Thailand and
the 5'°N measurements showed a stable enrichmerindonesia (Rodelliet al., 1984; Thimdeeet al., 2004;
with increasing relative trophic position (Fig. 2m  2008; Herbon, 2011), indicating mangrove leaves as
SPM to swimming cralCharybdis sp. and barramundi one of carbon sources in this ISMFS. In contragh wi
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3™N, Phascolosoma arcuatum was 6 % enriched if*C Observed concentrations of trace elements in the
versus SPM, whil&ates calcarifer was 2.3 %o depleted ISMFS organisms in the present study were compatabl
in 8'°C versusPenaeus merguiensis. Mean 5'°C for  or lower than those reported elsewhere (Prudeng.,
benthic microalgae in mangrove ecosystems wa4997; Bustamantet al., 1998a; 1998b; Ichihaskt al.,
reported between -19.3%. (Hsied al., 2002) and - 2001; Agusaet al., 2005; Ikemotoet al., 2008). Food
17.3%o (Bouillonet al., 2002).Phascolosoma arcuatum  guideline values for Cu (20g g* wet weight (wet wt.)),
occupies the second trophic level with intermediatezn (50ug g* wet wt.), Cd (0.21g g™ wet wt.), Hg (0.3:9
1%C (-20.1%0), suggesting that this species probablyy? et wt) and Pb (g g* wet wt. for fish and 1Qg g*
feed on mangrove and benthic microalgae -derivegvet wt. for shellfish), in fish and shellfish haween
carbon sources as found in Malaysian and Indonesiagummarized by the Ministry of Agriculture, Fisheriand
mangrove ecosystems (Rodedli al., 1984; Herbon, Food (MAFF) in the UK (MAFF, 2000). In the present
2011). Lates calcarifer occurs on the third trophic study, the concentrations of toxic metals (Cd, Hd Bb)
level with 5'°C of -18.1 %, indicating this species is in all fish and shellfish samples from the ISMFS,
a carnivore eating a wide range of prey. As stéed BRVT were below the MAFF standards, however,
Peterson and Fry (1987), intermediate isotopic &alupjack tiger shrimps (3/3 samples) and octopus (2/3
is a common problem of isotopic tracer studies whersamples) had concentrations of Cu that exceeded the
more than two sources are present. MAFF standards. Our previous report also
demonstrated a high concentration of Cu in blagkrti
Trace element concentrations in the sediment and  shrimp in South Vietnam (Tet al., 2008b). Further,
biota: The concentrations of trace elements in theSQhe concentration of Zn in one samp|e of Commesson'

two sediments from the ISMFS were lower than thosgyassy fishAmbassis commersoni (65 pg g wet wt.)
collected from the Mekong River Delta and Sai Gon-yas higher than the MAFF guideline.

Dong Nai River (Phuongt al., 1998; Anhet al., 2003;

pollution in this mangrove ecosystem. _ relationships between Hg concentration &ftN have

High accumulations of Cu, Zn, Ag and Cd in peen found in other aquatic food webs (Atwetllal.,
cephalopods have been shown in previous studigs (e. 1998; Bowleset al., 2001; Campbelkt al., 2005; Al-
Bustamantet al., 1998a; 1998b; Ichihashi al., 2001).  Reasiet al., 2007; Ikemotcet al., 2008). The log Hg
Copper is known to be essential to marine mollusksgoncentratior5'N regression slope of 0.048 found in
Across mollusk taxa, Cd and Cu generally bind ® th this study was comparable to the slope of 0.07rtedo
same type of metal binding proteins, e.g.for Hg in a tropical coastal food web in the Guff o
metallothioneins, in the digestive gland (Bustamahél., Oman (Al-Reaskt al., 2007). However, this slope was
1998b); but there is as yet no clear explanatioth@high  remarkably smaller than that observed for the Mgkon
accumulation of Ag in cephalopods (Ichihasdial.,  River food web (0.114) (Ikemotet al., 2008), Arctic
2001). Manganese, Sr and Ba generally appearegitteb marine food webs (0.197-0.32) (Jarmenal., 1996;
most highly concentrated elements in the crustacean Atwell et al., 1998; Campbelit al., 2005) and for biota
analyzed. Due to their chemical similarity to aatoj Mn,  in Lake Murray, Papua New Guinea (0.28) (Bowdes
Sr and Ba are readily accumulated in the exoskededd  al., 2001). According to Al-Reast al. (2007), lower
crustaceans (Paez-Osuma al., 1995, Pourangst al.,  biomagnification in tropical marine food webs coblel
2004). Ikemotaet al. (2008) reported high Mn, As and Ba due to a diversity of diet items with different Hg
in crustaceans from the Mekong River Delta, Souttconcentrations that result in similé'N for each
Vietnam. Ourprevious studies on black tiger shrimp andspecies but highly variable Hg burden. Furthermtive,
giant river prawn from South Vietnam also foundighh differences between the slopes of the log Hg
accumulation of Mn and Ba in the exoskeletonsdal.,  concentratior5’®N  regression may reflect the
2008a; 2008b). differences in the food web structure (e.g., numiger

High accumulation of Hg in fish has been widely trophic levels) and/or differences in growth rate
demonstrated in earlier studies (Prudesttal., 1997; (Ikemoto et al., 2008). Atwell et al. (1998) and
Agusaet al., 2005; lkemotcet al., 2008). In this study, Campbellet al. (2005) measured Hg concentrations in
Hg concentration was comparatively high in tilapiamarine mammals and seabirds, which are known to
Oreochromis niloticus samples analyzed, ranging from specifically accumulate large amounts of Hg in tthei
0.120-0.17Qug g * dry wt. As reported by Bensa@nal.  tissues. In general, organisms in tropical areag ha
(2007), tilapia collected from tropical aquatic faster growth rates, which may lead to lower
ecosystems in the Niger Delta, Nigeria accumulatediomagnification of Hg even at high trophic levels
relatively high of Hg. (Ikemotoet al., 2008).
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Zinc and Se were also found to biomagnify in thisthat food-chain organisms containingu@ Se/g dry wit.
ISMFS food web. The slopes of the log concentration or more should be viewed as potentially lethaligh f
8N regressions were 0.040 for Zn and 0.029 for Se imnd aquatic birds that consume them. Fortunatedy, S
the present study, suggesting that these elemeng®ncentrations in most of organisms collected ftom
biomagnify less than Hg. Stewaet al. (2004) found ISMFS food web were less than this thresholqi etxcep
significant  positive  correlations  between  Sethe peanut wornPhascolosoma arcuatum (5.2ug g-).
concentrations ands'®N in San Francisco Bay.

Moreover, trophic transfer of Se was observed betwe CONCLUSION

trophic levels from prey (microplankton and
mesoplankton) to top predator (fish) in the Guanaba
Bay food web in the western South Atlantic (Keheig
al., 2009a). Zinc also biomagnified in pelagic Arctic
marine and Montana stream invertebrate food web
(Quinnet al., 2003; Campbetft al., 2005).

According to Campbell e al. (2005),
biodiminution is a decrease in the concentratioramf
element with increasing trophic level, i.e., a #igant

negative slope between log element concentratiah arfl® Global COE Program from the Ministry of
515N, Biodiminution of a number of elements was Education, Culture, Sports, Science and Technology,

observed in the ISMFS food web. Concentrations ofN€ Reésearch Grant-in-Aid for Scientific Researci
metals decreases at a higher trophic level in tagma (e Japanese Society for the Promotion of Science
planktonic food chain is mainly the result of an (JSPS) (Nos. 19310024, 20221003) and Grant-in-Aid
effective efflux of metals from copepods and a very ~ [of JSPS Fellow (No. 2109237 to NPCT).
assimilation of metals by marine fish (Wang, 2002).

In several studies,ythe ratio begweer? Hg ar)ld Se REFERENCES
molar concentrations was close to equimolarity inAgusa, T., T. Kunito, G. Yasunaga, H. Iwata and A.

The results of this study highlight the usefulnefs
8'3C and8™N as a tool not only for elucidating the
trophic position of biota, but also for tracing
gontaminants within food webs.
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