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Bi oaccumul ation, acute toxicityAasndimi sk a
cul tured nGhaknfoissy Hlamans t he ponds i n bl ackf
(BFD) area were studied. Bi ocomnsénwasati on
calculate from the ratio of the tABatoncent
in the water of the pond. The tiohedance o
by exposing the fish to varied cbo@entrat.
ug MIAs, under | aboratory conditions. The r
As accumul ation in t he 1mi l7Kf.i s T hvea sneldl 2a.n6 6
concentr adviaolnud )LCf or mil kfi sh showed a sign

negatively correlation wisl) t=hel BAxpddsure t
where (LCis the median | etygalflicamadsent hati on
exposure time (h). ExXposure condemersati on
to deaths are associated with i nftieshmal | et



Lethal internal residue of As inlifigh body

(G soval ue) i s a | i nAesr cfownrceetnit oreat o €oh sai Sn

= 63.972G0whEO2i s the | ethal internal resi
fish body that caus@sh 50M@imorAtsalciomyge(ntrr at i
i n wapge rnl( 't showed sdviedtuet hemcr €ased wit
wher eas the time to death of the fish w
concentrations in the target tissues of 1
comsuming the milkfish from Pu-Dawer €&'i - Chu
2 . £180°42 . 9180° 2 x140#2 . 5160° 6 x100# 4 .x48° and

1. 211041 .x30°" respectivel y; which were highe

i ndicating that the consumption oar elas - pol |l
mi ght pose a risk to human health.

Key words: Arsenic, aquacul ture,ashei,oaccumu
groundwater, milkfish, risk assessment

| NTRODUCTI ON

Mi | kfiCa@lanos )chanosne of the most commerci a
aquacultural species in Taiwan. iMost mil Kk
the southwest coasts of Tai wan, fwheerr e t he
from the blackfoot disease (BFDPO@QEChen et

BFD, a peripheral vascular disoridtelh, was r
the consumption of groundwater tbéat contai
arsenic (Chen et al . 1980, 1985, 1986) .

documented as one of the major rsiesknsf actor s
well as cancers of the lung, |liver BFDnd bl a
area (Chen et al . 1986) . A significar
relationship between As concent riatuison and
cancers has been reported (Wu et oal . 1989
i ncrease the risk of cancer (Chiou 1995)
demonstrated that both the standamdi zed mo
cumul ative mortality rate for camaogrs of bl
l iver and colon in the residentsyfrom BFD
greater than that in the gener al popul at i c



Nowadays, people Iliving in theseldrseas do

however, the groundwater is still.used for
2001) . Mil kfish culture needs aahigh amou
of freshwater; and therefore, twatfeirsh in t
may be contaminated with As. Ao sfeinslt was r
(Donohue and Abernathy 1999). ldn ianddi t i on
fish tissues, and humans who conesnuende t hese
by As (Lin et al. 2001). Since imialnkf i sh i
i ngestion of contaminated fish cauld resu
humans and | ead to adverse heal tth ted fects.
determine the As content in fish from t he
tolerance of milkfish to As toxiicony as we
from the ambient water in the fish need tc¢

The process of accumul ation of watbéefrborne

aquatic ani mal s t hrough nondi etary roust
bi oconcentration (Franke et al. b®94). The
(BCF) , relating the concentration of a ¢c¢ft
concentration in the aquatic ani mag at ste
generally used to estimate the mpmubpéeersity o
chemicals (Franke et al. 1994). mehitsh ar e t
because of their i mportance as abhuman food
of standardized testing protocolrsee a Measur

-

equi site component for both envemdnment al
I n this work, the bioaccumulatiobhoof As i1
assess the potential hazards of ®WMts. in the
The acute toxicity of As and t hremB&&dval ue

MATERI ALS AND METHODS

Samples of juvenile milkfish (rhnhed4d. 0-6. (

g in weight) and ambient water wserien obtain
BFD area. Three fish and three BB80 ml wat
coll ected. The mil kfish were pltacaegd on ic
4°C during transfer to the | aborated vy. The

by adding 5. ml 1N HNO



A total of 80 non-polluted mil kf-i $h (body
cm) were collected from the Tai nfamr Fi sher.
| aboratory exposure experiments. 6The fi sh
tanks of approximately 80 L volwakeercontair

The temperature, salinity, pH ardl ditssol ve:
242+00.°6, 0,x0720am@. Ag Ol respectively; which
similar to the conditions of thi# .®R@ulture po
0, #L.21 an@. @ Ml respectively). The mil kfi

for 2 weeks before they were exposed to Acs

Acute toxicity assays were condultaled to de
ti meso(vlaTl ue) and | edchal ue) meabLWell as the
|l et hal concemtalade)onf rL Cinh ke k faonscketr of As

toxicity was examined by exposinigndish to
from O wup MIOOThe concentrations were prepar

( NAs3)O. Ei ght heal thy mil kfish were expos:s
concentration. The mortality was L2corded
h and every 3 h thereafter up t@atd odn Deat
of opercular movement ; and dead fish were
i mmedi at el y an@ bkefpar ett h&yYy were anal yzed.
experiments, water samples wereitfalkaen dai |l
by adding Samld BMoHNd f orAsanalhycsaitsi oonf.

After sampling, the tank water wasthenewed

As concentration.

Samples were sent to the Super Miycro Mass
Center, Cheng Shiu Institute of TAsc.hnol ogy

The frozen muscle of mil kfish werme dehydr a
96 h and grounded into powder. i 4hi ggots of
0.5 g were placed into a 250 ml )bewakser . Ni

added and then covered with a glass for ar

After the initial digestion, the abtehaker wa
at 70-80 for 2-4 h to reduce t hoel umdg al vol
of solution was transferred to aiwncledmetri c
solution (5 ml ¢f f@rO0Oi1NeofwalH@ gl ass was ¢



to the fl ask. The fl ask was {hoenmiaklel ed w
a 50 ml of final solution. Af t ear wfaisl trat i
transferred to test tubes for Asaanakdsi s.

out by wusing an Agilent 7500a | CPwawsS. Anal
achieved by digesting and anal yztied i dent.
(90%0O)H standard reference materi al s (L
Liver-2-organic matrix, NRC-CNRCfr@Gamnada) .
95% to 97 %.

The bioconcentration factor deravedgusi ng
the concentration of As in watermh twasits cor
used to estimate the propensity iosfh:accumul
BCFD=C,/C,, whére fgdry wt) is the As concentrat
i .e., milekfigi ssH;is the As concentration in

Tabl eThe medi an | edvallud) mel € tliloavla ltuieme (LT
and the median | et hadvalome) nftaratmiolnk f(iLCh a ¢
exposed to waterborne As

Nomi nal MWMean ( SE)

concentradsayed As LToval uleG val ue

i 0 nug ( concentra%/ialohje ( h) (g Nl

_ ( h)
m1) (bg Ml
0 ND > 96 > 96 15.20
5 4.8 (1.1) > 96 > 96 40
10 10.2 (2. 3) 61. 33 > 96
15 14.6 (3.7) 20.50 > 96
20 19.5 (2.4) 23. 25 34.58
25 25.5 (3.0) 4.50 20. 12
50 51.9 (2. 2) 2. 33 14. 04
00 104 (10.1) 1.00 1.26 1
250 237 (17. 2) 0.52 0.90 2
500 487 (16.5) 0.20 0. 25 5
1000 1014 (22.2) 0.10 0.12

* ND: not detectabl e
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Figure@®lbt of the relation between the medi a
(L€Cvalue) for milkfish and the exposure

RESULTS AND DI SCUSSI ON

Field samples showed that the | 8véeR70f As i
+ 0. 09 1 mMl( MextaBD) and that in mtlI5kfigosh was 1
g'dry wt. The value of BCFIOS8orf. B Ildkrfyi svit .we

The actual arsenic concentratioas(sb¥§sayed,
value) and | eibovall utei)ymear(eLTi sted in Table 1.
|l et hal exposur e csomnmxlemd) atoonmi( LICfi sh sho
significant negative rel atflor t1@Aéd¥Posur e
(Fig. 1),sowheire tLiCe medi an | etpgalnlconcentr
and i s t he exposur e ti me (h). Mi | kfi sh
concentration in wapgermlhobgheorehahah096 h.
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Figureéelont of the |l ethal internal residue o

that causes 50®-somal ttal dty wt) and the medi
t i meso(vLall ue) .

Let hal I nternal residue of As in iftiysh body
(Csoval ue) is negatively relatedvdlouenedi an
asC ss 247s0X7(LFTi g.C.2))s the |l ethal internal r e
As in fish body that ocgugley W0 YPsommsdt alTi t y
the median | et hal ti me. The | et Bhl interr

body that causes Gbh0v% Inuoer)t ailsi tay I(i near func
As concentrati dnssi 6G3waiTeOFi@R. 3)G i wher e
As concentratiygnni.n water (

Due to dense human popul ation antdi ¢ ndustr.i
environments of Taiwan are sufferomg an ev
human activities (Lin and Liao 1%%%) . I n
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Figure&l3t of the |l ethal internal residue o

t hat causes 50% smoaltwae i dy v ( wt ) and t he
concentratiopg inpl. water (

underground water, poll utants of As wer €
underground water from polluted rivers,

sewage outfalls or | ocal industiriiessbecause
The resulting data indicated that the pon:
contaminated by As. The value o06BkB@QFD s ho\

from the ponds accumul ated a highhi ghevel of
tolerance of As for milkfish showedhthat ¢t}
concentrations of As before they are har me

Thus far no adverse effect on hemaéeth of tF
to exposure to As contaminated swedy ood i s



i nvolving As analyses of mil kfisht ieom non-

aquacul tural products should be ti nofestigat
As contamination in seafood. Threodai |l y in
fish and other aquacultural prodmumtes need

the relative risk of As toxicity in the pc

The TR values of comsuming the mi-ICkhfai sh fr c
and Pei - Memnl 0MH2r 818%," 128x140%2 . %160°,' 6 x100%

4 . 4180°° and x110¥P . 1x3 0 respectively; which wer
than 1xiiondi cating that the consumption of
from BDF area might pose a risk to human
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