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WK B BTV AR A XS Cu, BZRXS Zn, B JEEXT
Cd BIHAFFFR I R, EYIEHIE T KILILIKK Pb # As,
HEK B /RN Al. As. Se Fil Mo 3 A28 8 K 1
RIKF,

PSR T RILILK M B TR B R BN, DR TRNE
RN R WHO/FAO #2452 5 N &2 K
Jull, A BEIGE Cd. As Fl Pb A TTHEN BN
w T RV Z B & .
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Abstract

In the present study several representative aquatic animals were investigated on accumulation

of trace elements and their significance of biological requirement. Additionally/Also we studied
the bioavailability of essential elements and the bioaccumulation of toxic elements and monitored
the toxic elements and we tracked the life history and the recovering of the environment along the
migration route of some Changjiang migratory fishes. The main results in this thesis can be

summarized as follows:

Tissue or organ specific accumulation of trace element was found for Copper (Cu) in the liver,
for Zinc (Zn) in the skin and for Cadmium (Cd) in the kidneys in the Chinese river dolphin
(Lipotes vexillifer) and in the finless porpoise (Neophocaena phocaenoides). Also, we
ascertained the distribution pattern and level of Lead (Pb) and Arsenic (As) for the Changjing
finless porpoise, and Aluminium (Al), As, Selenium (Se) and Molybdenum (Mo) for the “Qi
Qi”, a captive Chinese river dolphin.

Based on the study on 3 captive finless porpoises, the estimated weekly intakes of the
essential elements Cu and Zn were similar to the Provisional Tolerance Weekly Intake (PTWI)
for human (suggested by WHO/FAQ). However, the intake of highly toxic Pb, Cd and As
was much higher than the PTWI of human, suggesting that it is necessary to find a safety
criterion for the food of captive cetaceans.

Although the concentration of all studied elements in water samples of the Wulihu (area of
the Taihu lake) did not overrun the National Water Puality Standard for Fisheries (GB 11607
—89), a contamination of Pb, Zn and As was emerged in samples of Anodonta
woodiana. It is feasible to monitor and assess the contamination status of these elements by
studying Anodonta woodiana as a bioindicator (“Mussel Watch™). The residual contents of
Pb, Cd and especially Zn, As in this edible mussel may be deleterious to health of
consumers.

The maternal to fetal transfer of organotins including butyltins (BTs) of TBT, DBT, MBT
and phenyltins (PTs) of TPT, DPT, and MPT was investigated in a mother-fetus pair of
Dall’s porpoises (Phocoenoides dalli) collected off the Sanriku coast, Japan. The maternal
individual was obviously contaminated by all the investigated organotin compounds. A
two-generation contamination of organotins was demonstrated. The maternal to fetal
transplacental transfer of organotins in the Dall’s porpoise included not only for butyltins,
but also for phenyltins.

Strontium (Sr) and Calcium (Ca) concentration in the otolith of the Changjiang migratory
fishes in this thesis analyzed by wavelength-dispersive X-ray spectrometry on an electron
microprobe and X-ray intensity maps technologies suggested that there will be diverse for
the migratory pattern and group composition of Coilia mystus, Coilia ectene, Mugil
cephalus, Cynoglossus gracilis and Collichthys lucidus.

Key words: Trace element, Accumulation, biological significance, aquatic animal.
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1 W&
1.1 fEITER

EARTERAFFLER 90 FITGH . BREBHR A H BITRIIK(C). Z(H)-
F.(0). ZMN). BR(S). B P). M(K). BINa). F(CD. EMg). #5(Ca)
MBS A He) ANe) H(AD). F(KrD) W(Xe)s & (Rn), HRM
21 73 FhIGHE— SR ON MR TG K (trace element)  CH5JRE R LERf 704
FINEICE ). HH, £ (Fe). £:(Zn)~ HI(Cu)~ ML) £h(Co)~ £5(Cr)-
(F)~ HHMo)~ fili(Se)~ H(Mn). BEND)~ FL(V). HE(SD) B(Li)FIH(As)
WA VTR, FASG—EGZ, EHRIEEES R HRAEHR
JEBFTFILR. MR . HEFFELTORMERBICHWRE, hand
TG SIS E, I R4 & 70 38 (Vandecasteele and Block, 1993
Mertz 3, KREZ EE 1994). 4R, FRFRMAEREAR, PlahkHl,
b BB T, B R SREZRIERA HFILHE (Oremland
and Stolz, 2003). METTERMPIAPTHFTRLE SWRELKIR N EE
J& (heavy metal) (Hodson, 2004). ¥T4EK, B SHTIRRTF B EEL, K
LB W R TC R I A RN EE A B 8k Bk Y R R E S AT

KA E R (WiEN PSS MK RO T3,
[l iz R IRE T 2 RN TR TR NN, EESBA R, WRDH
IR B BRI S . KA B A R R K A KR B .
WEZ AR TTRRDAERRMER (R 1.1-1) (EZE 1991), Rehl i
KB (B> v Ca v F (O« T (D . Liv Rb (8D . Sr (8D

1



SHEBEREOSE, THRAKP Al BB . Fe. Si () SMETRENS
R R X RARA W] RETE /K AE Bk P TR T 3R AR BRARFAE
A3 S o I XX LEAR SRR IR ATESY, AT ERERT LASRAR K&
IKEERS. ARSI EEER.
IMRRR—TREETISCRGITIPEE (SCD HiE, BiaKINERH
KEFHFXKEFDVMEBEBITTENIRITKE. XEPFFBRGRATRME T —
MPERKIBARE . DOKAEMFLS A, T 70 Fir 10246 SAMEBETIE

MEITEMRWIF (O’Shea F1 Tanabe, 2003).

F 1.1-1 RAKFNHEK E B TR R e+

Table 1.1-1 Comparison of trace element composition between freshwater and sea water

JCHR WIE (ug/L)Concentration JTCE WIE (pg/L)Concentration
RIK** EIK RIK** K **

Element Element

Freshwater Sea water*** Freshwater Sea water
Ag 0.3 0.04 I 2 60
Al 300 2 Li 2 180
As 0.5 3.7 Mn 8 0.2
Au 0.002 0.004 Mo 0.5 10
B 15 4400 Ni 0.5 0.56
Ba 10 13 Pb 3 0.03
Be 0.3 0.0056 Rb 1 120
Bi 0.02 0.02 Sb 0.2 0.24
Ca 15000 412000 Sc 0.01 0.0006
Cd 0.1 0.11 Se 0.2 0.2
Ce 0.2 0.0012 Si 7000 2200
Co 0.2 0.02 Sn 0.009 0.004
Cr 1 03 Sr 70 7900
Cs 0.02 0.3 Ti 5 1
Cu 3 0.25 U 0.4 3.2
F 100 1300 \Y 0.5 2.5
Fe 500 2 W 0.03 2.5
Ga 0.09 0.03 Zn 15 4.9
Hg 0.1 0.03 Zr 0.8 0.03

ARSI A EZE (1991) ; **rh(l; **FRHHE,
*Data cited from Wang (1991); ** Median; ***Mean.



1.2 KAEENA N MR TR BT FUEE

e A T AL R AR PP AT 0. R R TR0 S 5 MR L1
At Ak Tk B (Nriagu, 2003). HEBR b AL IZEALEE TR i B Ay 3
W REMUN (FEEERRE B TR CEMRIR BERS ) 00
W) GEFEBA BT RAA MR AT SN kRt —
R EREIIAL) BRI S (LN (TEETHAE T SRS
TFHE B ETER T A fser) RITE(EL, 1991); AT BT
[0 45 3h 0 PR Y R TE AL 2 RE I A AT TE R . B Suedel %%
(1994) MIiBHR, ZKIFEE 1) 5 & e 38 25 0 I 7K A4 SR R 1R AR ik 4
(bioconcentration) FIEWIRIFHIZEYIER (bioaccumulation) YEFHBEA
KAEZAN . MR ERERESE 2 ANREZNERLE, S
LR T IR, BRI b ATk (biomagnification) 1R
HE AWK PO R 1 3R TE 254 S0 4% 2 ) FE (bioavailability ) i
fE. P S R EATIE. BT, KSR T RNTR
Sk BRI 0 3 25 (1) ETLEMEDERAAEWFI, ) HETE
(IEMRRBRUEDIOR, (3) FIFIBORTLZ /A IR, N— i
$81 BE SR ST S0 107K 2 B0 2 25 2 M

AT TC R AT SRR A ORI T, 4 S8 SRS
h% Mo AKEREE (4R ASE L A S AR, (AR R
. KNSRI SR E S NAREEMRS 5. b TR
CETIEE, AREME KRR S A R R S SR R . B
Fa PR e R I W BE 1 (the respiratory pigment hemocyanin) H7EE 24
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Fi, RIAE— SRS A0 5 i sh il h A W B B (Suedel 57,
1994) . BFFC R IR A0 FSFNAE 5 AL L 1R 4 KD VR BBE 4 5 RS 43 A O
AKX R, HRFKFEER RIREZ JFE>SE>UAD, B
PR BRI IR AR BRI TN o SEARIL S TR H B0 7E S8 IR R R 28
{8 R 2R Ak P9 A O RR BB /KCP ER S e B 2 B B I R AN K, (HZ Rk
PR+ 2 (Thompson, 1990). FHiiES) (Ommatophoca rossi)
R R AR R, R R R 32 B A B ) 5 TR A PR I VR B AR AL v
(McClurg, 1984). M40 28R4 (1) /K S5 KA I 18 K 2 Fu e,
S 1t Ak A R A R R AE. (Thompson, 1990).

PERHEMIESN A HE EER L. A 200 FhL 1048 BT EeLE i
B FERARIE. REHRTEE . AR RGEHIER KB ML) fe g R 554
58455 (Goyer I Clarkson, 2001). 7KAKEHI M b A AL
FEAEWBKR . XRRRAEN WA RRIOIRE, B H—FE
BT . IR BERIREE SFISE, AR, SR BRI N TR,
HEA A AR EEHRNAHLUKFE (Suedel £, 1994), X5k,
RIS E IR EEAR 2, # LU PR ROV B B e B AU PO R B v F N
RIRRIMREI R . Al e B S HE & A& E (metallothionein) £
5T XHRIREE . SRR BRI A AR BE IR TG B AN FP 2R [ X 1 o
B JID 2% JHF U 1) MR R B v, TS IR AT 8 TR . 1 L R Vg K
(Phocoenoides dalli) )6 JEH IR FE 58 E L B M IEADC, 4k
B — 2DAIE SE 4 J8 5% 2% FI (metallothionein) 2 5 T %1% (/%5 (Yang, 2002;
Yang 55, 2004). 534b, TLBICHR IS Bk BE R RIR AR LR (&

4



FAlIA 3358 pg/g TEIKEE, Wt EHEMRKSMIKERE AR (Yang
4, 2002).

BR-BEENSEEA (AFLLEA. NAOEA MRZER
KA T % (Thompson, 1990). AKKAEH 3-5 ik, 67%5IMAL
BASH, 10%FAETIAEAMS%RNE. HRM5EgeTHRINEFER
— kB E (ferritin) A1 L2k Jfi (hemosiderin) ' (Goyer F1 Clarkson, 2001).
W £ 2SI JUE RN O mp R 2 R v UL o 9 AU o R PR VR BE T LA
LSRR AR 2 o MEMERTEERI RS (Pygoscelis adeliae) AEHCJE 4
& (starvation) i, FIRHULA ST 20 ECRHFE, AT EG ERE AN A
I 2k 7K F B B 487 (Thompson, 1990). #EMISSFNESSIRE . FFNE.
UL P ek PRIV BE R I3 80 . YK A 3 VR LB T A K R4S
fEE#Ulh, WA E A IE &R E S B A8 K 1E H (Castellini
Somero,1981; Noren F1 Williams, 2000). Yang %% (2003) &ILAFAEH
Sk B B 5 e R KRR RN IR 2 1) R IEAH DK o 3X AT R 7 v 7K ST M KK
ERENY NS, SR, 52K KRR R XFIRE %
FH XK.

i e BB A FE FRThRE . B4 P I 48 K8 40 A AP
JEAX I, Bl Selenomethionein Ffif i 2R (Selenocysteine) (Goyer
# Clarkson, 2001). FLEAAEFHEMFAIAEH KEEARL . ASRZ R
BN “ 30 L~ R B Wi (E2E, 1991). WEHIR TN FIuE (I
K, HAE) ARHAEH Mertz 2, KIED TIE 1994). A LA KA R
VBRI RAE 8 W) R SR E et (BT EH (s Mg ew

5



CanEiEAE D) AR R/ 2, TAEWIBRAEH] (Suedel 55, 1994).
TESELE SR . S IR S BEIR2S IR IR, 5K IR T
JEFTILA Hd S 3 T Al BE AR 2 1EAHSS (Thompson, 1990). HEEENH
A YMAENPAESL S5 TXRINMFEEE (O’Shea, 1999), {H AR KILXS
HEAFLRMINIRE. Yang 55(2002) & ILAE7E S5 16 B Ik A Re ik
MR R (REANA 2619 pg/g TEIRE), WRERSHII AR
Lot FE I — PR PEN LI R
EAFTRNEDR BB TTH, —SE s NG FRFhE
BALEY Wk, W A, %) RIS, EEKI B Rk
ik Feh, KA R AT 50 B ER 5 R R TR T 3 AR R IR 4 Y P4
PLEL, =4 T RELHFEITTRIARIE . EWEEI T KEED R AR
BITHRMRRKF, Nzt ERPFLER T E . T4
WAL TIEPHERIEE (WA, Fra MR HLER RaeE— e aE W
HRU(ELE, 1991). FEL, KERAFKKTFRFEES)RIF KM E TR
BEN KR BERe AR A M B K A LB YT RE S7, ATIAE 2 58 5 2 B & oo
RHEEHE, THELTEYHER S EXRKKERSEY. BRFARRE
FATHLA He’ M1 Hg? FEAE. /KA i oI R A Y R Bk R B &)
R, FEGRMFMT KT He® M He®o WOKFMEKAES R %
BT AEYBCRINS, HURERAE. May 55 (1987) XA FEEFREN)
IR AN BSR B LU R R AT TR SR RHLR I H 2
EHm CEIRH 85-86%), FHILRIMI LR AIRME CEIRIK 14-15%). TG I
RPMFEB AR, THRANEBIRE 44-80%, FHEGR A BKE 20-56%.
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£ 2 [ EHLIR [ FE 2R ARG CRUR 1) 1-26%), T FHEETR I B2 JEH & (&
R 74-99%), BN RKIR Y)W b R ESR B IR b, BRI
s R IRV T S S R B AR (Suedel 55, 1994 ¥ 55 T 7K
(IR BE A R (AR DL 20pg/g T3, mF M. LAFIGE. AFIE
A LR BT o B B R R 2R A R T AR AR R, AN 3% B B K )
100% . &R ARSI R IVR B de e, B IERILIAI IR Z o A
R BE R RS2 B PR SR AR R S K AR SR I AR R ISP . DLVEAR
S N I HES (Odobenus rosmarus) AR ZH 23 7 (R W BE 841K, T
F T L8 2800 B IR S 8N U 52K R AR S IR BE K S (Thompson,
1990; O’Shea, 1999). &4, XA 180 SKIMBEAAREAT i R R B
RifAd, mmthAd 11 pg/g FE; MkEsE#Ee 100 pg/g FEKIME
R (Das, 2003). UifiFuliFR A R Bk ERGRIRNRShY). HAK
1595 B TR SR IR BE A1 R 73-231 pglg, T AE M AP 5 SR 48 2 B B 1 K
(Tursiops truncatus ) [F) TR BE Bk 13150 pg/g T (Leonzio %5, 1992).
Koeman 5§ (1973) & 5GHRE T e FLah W IE h AF ZE R DA 1:1 /B8
HR RIS, HAA R RIEFRIE. EEXMIRESFZ L
i 183 TIESE (Yang 2002; Das, 2003), F H G/ 58 AR Kb &
¥ HgSe ok (Nigro F1 Leonzio, 1996) H1 Hg (Soss, Seoes)iifh(Ng 2%
2001). HEAEMEFLEN YL p FR R I L 2R AR, T 380 Ak i A ARG O
PR HI LA AR N8 ), B e B R K AR M . AT REFAIARE R A,
7 7E 35 i PP A6 ML) R Bl B0 B0 08 B 40 4 1) PR KRR D B K (Das,

2003),



