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Chemical Contamination in Aquatic Ecosystems
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The 21st Century’s Center of Excellence (COE) Program ‘‘Coastal Marine Environmental Research’> in Ehime
University, funded by the Ministry of Education, Culture, Sports, Science and Technology, Government of Japan,
started its activities in October 2002. One of the core projects of the COE Program in Ehime University is ‘‘studies on
environmental behavior of hazardous chemicals and their toxic effects on wildlife’’. This core project deals with studies
of the local and global distribution of environmental contaminants in aquatic ecosystems, retrospective analysis of such
chemicals, their toxicokinetics in humans and wildlife, molecular mechanisms to determine species-specific reactions,
and sensitivity of chemically induced effects, and with the development of methodology for risk assessment for the con-
servation of ecological and species diversity. This presentation describes our recent achievements of this project, includ-
ing research on contamination by arsenic and organohalogen pollutants in the Mekong River basin and molecular
mechanisms of morphologic deformities in dioxin-exposed red seabream (Pagrus major) embryos. We established the
Environmental Specimen Bank (es-BANK) in Ehime University in 2004, archiving approximately 100000 cryogenic
samples containing tissues of wildlife and humans that have been collected for the past 40 years. The CMES homepage
offers details of samples through online database retrieval. The es-BANK facility was in operation by the end of 2005.
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> (10ug/l) ZHZZ2FEE2FOHFAKEZHRHL
TWwad., ZOLDRERESEZxRT EEIL 6000—
7000 NiZbEL, EFORMBZBICLDHEY X
T OEMNBEEIN TS IONTIF 1 via
PATHY 27 TIEHE - B8 - 1 - X FLT
REK D & FHBRDBEEILL TWd, XM F AT
JEERDILFRIBOH T o mRE O E R DPRH I N
T3, 2 £ 2R 7 TIE WHO IZTX D HFK
DEFBEROTHAENFERINTE/Z. Ll
N5, XNEFL - AR THEEICBT 5 b FBIHHR
DOREIIIEE S NZHIBH THS NI NZDAT
ZDRERIIHITNTH 5.
ZITHNOLNENNFL - AR TITBTS
MR KDOVERFEREZASNITT 272012, TNET
FEAERTHESNTIRD > A T IR O T
KO ETLFEZHEL /=

AN b F A TlX An Giang (n=24) - Can Tho (n=
42) - Soc Trang (n=2) - Dong Thap (n=12) -
Long An (n=6) - Tien Giang (n=10) - Vinh Long
(n=10) - Ben Tre (n=2) + Hochiminh City (n=10)
O 8M - 1EHTICH T B 5 118 Hi i TH Tk Z2 R4
U7z, H2iRT 7 Tid Siem Reap (n=20) - Kratie
(n=35) - Kandal (n=24) ® 3MNIiZBIF 5579 #t
RCHIFKZREL 72

NI FLAKOH >R T TR 2R KEE
HBEeFOBREIZ, =nE<0.1—411 ug/l - <0.1
—1930 ug/1 TH o7z (Fig. 1(a)). AW THIEL
A ONTID SO e FREE, ZNET
ICERFE R E L THS N TNWASAN M AJLER

INTITTFawa A2 ROBRL IV EIFFT
FIEETH =, AL THMUIENNFL -
RO T7HEOHM FKOZFNEFN20% « 57% N
WHO OEEIKAA B4 > (10ug/l) Z#ATW
7=. %12 Dong Thap - Kratie -+ Kandal O #i /K T
EREOERMREINZ, L TAO K
Db LB TE RRENG S RAHEMANED 5Nz
(Fig. 2). #:IZ Kandal Tl 1000 pg/1 % # 2 7= 5k
M67% (n=16/24) [ZHEL .
fDITLFEIZDNWTIE, Mn (XNKF A4 1 0.92—
15400 ug/1, 51> KR 7 :0.36—3420ug/1) « Ba
(NbF L 10733600 ug/1, 712K 7 @ <0.1—
2800 ug/1) « Sr (NbhF LA :6.36—1870ug/l, H >
RTT 13.10-2950 ug/) FDRENEM O, K
IZ WHO TERBIKTA RI A IR EINTWDS
Mn:Bail#%HT &, RXRMFATIEZENZTN 40
% (n=47/118) - 4.2% (n=5/118) O FKIH
14 K54 > (Mn: 400 ug/l, Ba: 700 ug/)* % x
TWw/z (Figs. 1(b) k¥ 1(c)). £H>ARI T T
¥ Mn DA 38% (n=30/79) Dkl T, Ba D
H10% (n=8/79) DBITHA RIA 2 2HAT
W7z (Figs. 1(b) KT 1(c)). TN S InHFEDHIBELE
WWEHT S E, EEOGE EFERIC, $#IC Kandal
THEEEDOERENED 5N/ (Figs. 3, 4).
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Fig. 1.
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a: As, b: Mn, c: Ba.
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Concentrations of As, Mn and Ba in Groundwater from the Mekong River Basin
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Fig. 2. Geographical Distribution of As in Groundwater
from the Mekong River Basin
Red and blue bars mean that the concentration is higher and lower than
the WHO guideline, respectively.
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Fig. 3. Geographical Distribution of Mn in Groundwater
from the Mekong River Basin
Red and blue bars mean that the concentration is higher and lower than
the WHO guideline, respectively.
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Fig. 4. Geographical Distribution of Ba in Groundwater
from the Mekong River Basin
Red and blue bars mean that the concentration is higher and lower than
the WHO guideline, respectively.

FDOERNTIE, EHEEEZEEL TIRDAENZERIZ
MMA, &5i21Z DMA NEXAFIVLEN, RICHE
HEINBZENHMENTNS. DY ZDEORPEE
DILFEICET 2 EHIE, b EORERESNAH
DHEBEEEZDLOICEETHS. T I THFIKD
EEBRMETH D ENMOENTNSEX ML
E8 Ha Nam ¢ OF Ha Tay DfERMMNSHREL 2R
EALFESMICB L 72, TOHE, &L L TDMA
PREINZHOD, 3fliv5MoEEE R (A
[II1] - iA[V]) BEFELTWEZENS, ERIZH
FRkENMLU TEEERICRBZEINTVD EHEIN

R e FESWIRE & FKPiR e RLahiE
ORI A B IEOHBEEBRNZED 5N, £k
BB L TH, Kh DMA % iA [II1] -
iA[V] OBEEEIFKFHREZLEDIEEDRMIC
BRIZIEOMHEBARZRERE L = (Fig. 5). —4,
BMEOBRICHRT 2 EEZ6ND T IV I RS
1> (AB) EEEHFKOKREZILEWIEE DM
WCHBERBMHBEMERITIERD NN, T Lk
H%, Ha Nam U\ Ha Tay OERBHFKEZTL
TEMEFICRBEINTOS N2/,
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Fig. 5. Relationships between Concentrations of Total As in Groundwater and Concentrations of Each Arsenic Compound in Hu-

man Urine

3. 4 AFL REBELI-ABROEEBEERRE
DAFAN=ZX L

3-1. 4XFL58ETY =N kOh—K
LTy - FAFFIUHEIEONMETH D
TEMNSIRERICEMMEE L, LR TERYEH
ENLTREERESROEYNGEHFEIND. 5
EEHYICHL CTEHMETH> TH, HETE
M- R - RN - NOWh <ELERRES
HidlzkTd. 20054+ HORE
HRITHED BAEAEMNOEENFRINTNDS, Z
NETICBY AT HOEMEZSY U 2Tk
S HIE Y - HIERIOEEE TN, T OIFRIEREITHA
SEMTEINDDH BN, 00 BHEEE LT DB
R EZETDICRHIN TSR TIZRL, UAY
FAMMOFIEBKARE L TTHFRITHELINTVNESRT
137z,

TAFF T EOEERBEER, 7Y=L R
Of—AR>Lt7%— (AHR) 2479 % 2 &EN4l
LNTVWD, TRbEY A FF 2 HITERNITE
DAENSE AHR &AL, EMRBIEEED—f#
TH5 hZ7 0L P450 1A (CYPIA) <ol a5 -
S DHIENICBIR T 2B R THOFEE 2L S 4,
HalbiterE8rEKT 5.9 2O FF2 28
IZ& % AHR I L & 2RI < EE R T O R B
Tl LT 7 FIRERIKICE T S 5E R, &

WHEREETIVHPHRODDONIZLAETHS
N, TOHADEL IZLHREEMEICEHTES &
ZAHNTWD, —F, BLICHREDET )V EW) T
SMNREDIT, A FF KT 2HMEDER
RO, 7 )VEMWRE - R TR E < iz
0,10 ZDZ EIFHAEYREICHELLT D ETRES
N5, ZORER - EZHEOEEZFTAT L —EHK &
LT, &EWEARD AHR ORISR - HERER /2227
BEALNTWS, LENST, ¥14FF I 2HEDOE
R AR IR - 2N, IS ITIAERERT
DYAZITDOWTHHET %720121E, AHR D&
TEHOREE 2 R ERY - AEREERIC B R AE YfdER
THEBRFT S ZENAARTHS. LnLan
5, NS & LAY ERI T U e, B
ETHMD ThN,

BRIV A A F2 BT L Tl TR T
HBHZENHSNTHD, 0 IFEA BT 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) @ #5& % %
JBE, DNEEERE - MRE T - EHEFEREDR
BRRFZE2T 5.1 5 AHRIZTHT5EIL T +
U7 >F2AF U T MO) &HWFEN S,
TS TCDD #H 2N T 5 DT AHR 27 F
IWRERRTH D ZENHENIB> . W A
M AHR OHRICBT 2581, I F a3/
(killifish; Fundulus heteroclitus) Y757 1 v 3
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a1 (zebrafish; Danio rerio) 732 E OFEEAIZIRE S
NTHO, WAEAHR ITHAD S8, KT
KEERE L CEHERAMICEAT2HAREFEEAL
BNONEIRTH 5. F-AEIIWAHEE LR,
2fLL D AHR B KR ZREFT2 205N T
WBM, B8 2N 5 ORERER M AR ER) - BT
EHRENZ DWW TH I I N TSR TIER
W, ABEICBIT S DX S mEKO AHR BHEEKRD
GIERR, WAETIIMEINTBST, v hoY
TADTAFF T EEERBR T TR TERY,
LRRISHEMERBIETFOFMEZRIRL TV 5.

<4 1 (red seabream: Pagrus major) VI A X3
HIZELTHD, ObOE TR EELR/KERRDO—
HTHhHs AZAXFHET Y - YN EKEEEER
N EEN, TOFEBIIEBRMRED 50% L, |
5, Y AITKEARER THREBEE S RITA
BELTBO, WOERHFEMTHZ NG, EHMY
AFF IV RBINIEHRENEVETH 5.
LLehs, AXFHERNGELEY A FF2 >
FOZBORKZMEICET 28®E TN, £I2Tb
NONEY 1 DY A FF 2 VHHITHT 2 HEZE
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Fig. 6. Phylogenetic Analysis of AHR Amino Acid Sequences

DRI, SHRENSEHETHEIDTANZAL
DfEHZHM &L, Y41 AHR BYEKOD 53 Fi%s
BEMFENDOHFEEFZEDORARICOWTHNTL /2.

3-2. ¥4%41 AHR EMHEDORITE & A5 FaIFEHS
%1 AHR cDNA O£ EHHEARFNT, e L <
30 MED 542 RNA Z it L, mRNA K, RT-
PCR MU' RACEVEICKDIRE L=, #ERELT,
XA M5 2FEEDO AHR BIEKAZFRIET 2 2 &1
Uz, RMAWMBTORE, —HITHAHE
AHRI clade (2, ffi513f4%0 AHR2 clade IZJ8 3 %
ZEMBHSNZ/R > (Fig. 6). ¥4 1 AHRI1
cDNAF, 846 7 2 /g2 O—RLTHD, TS
FHA X132 93.2kDa Tho7z. ¥¥ 1 AHR2IZD
WTIE, 9907 2 /B, TH5SFH1 X108.9kDa
Tholk.

Y451 AHR BYERO 7 X BEEC S % fE R bl U
HEE, Y41 AHRI O 7 X JBE NI AL B
(medaka: Oryzias latipes) AHRla & &H® & WAHFE
T (69%) ZRL7z. ¥4 AHR2 OEHE, <
2 F a3/ AHR2 EOMFEME (57%) W&o k.
¥4 AHRI & AHR2 ©7 X / EEtHEMEX, HT

C.elegans AHR | [nvertebrate
Zebrafish AHR1 AHR
Killifish AHR1*1
Atlantic salmon AHR 1«
Atlantic salmon AHRIB
Red seabream AHR1
Medaka AHR1a
Medaka AHR1B
Zebrafish AHR2
Atlantic salmon AHR2y
Atlantic salmon AHR2%
Red seabream AHR2
Killifish AHR2

Atlantic tomcod AHR2
Atlantic salmon AHR2a
Atlantic salmon AHR23
Rainbow trout AHR2¢,
Rainbow trout AHR2(
Killifish AHRR

AHRI clade

AHR?2 clade

I AHRR clade

The amino acid sequences of AHR were aligned using Clustal W analysis. Phylogenetic tree of AHR genes was constructed by the neighbor-joining method us-
ing Mac Vector 7.1 program. Bootstrap values based on 1000 sampling are shown above each branch. Positions with gaps are excluded and corrections were made
for multiple substitutions. Accession numbers used were: C. elegans AHR (AF039570), zebrafish AHR1 (AF258854), killifish AHR1*1 (AF024591), Atlantic
salmon AHR1a (AY456090), Atlantic salmon AHR1S (AY456091), medaka AHR1a (AB065092), medaka AHR1S (AB065093), zebrafish AHR2 (AF063446),
Atlantic salmon AHR2y (AY052499), Atlantic salmon AHR2J (AF495590), killifish AHR2 (U29679), Atlantic tomcod AHR2 (AF050489), Atlantic salmon
AHR2a (AY219864), Atlantic salmon AHR28 (AY219865), rainbow trout AHR2a (AF065137), rainbow trout AHR28 (AF065138) and killifish AHRR

(AF443441) .
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MIT32% THo 7=,

AHR 7 2 JBREEH 2 R A A RN iR T % &,
N5 1 % AHR BAIEAD N KHflICH 5 bHLH &
UPAS RAA IR IS RESINTHD,
MR EBICL T F —BEER T & U TOMARE
PREFL TWS SR I 1.

UH 2 REEERAL ICETRHAIRELT, ¥
Z AHR QU > REARRIIRED Y 2 /B DA R
WEEINSZENHMEN TS, TCDD IZHt L
TERZMETH S C57/BL6T ¥ 7 A &K= T
&% DBA2 ¥ 2D AHR |3, TCDD & DO#EH B
MR RESHEAD (C57/BL6J>DBA2), Z D&
WIZUH > REBRAAS CNIZH B 375 ZBHDOT 2
JB DR (C57/BL6J : 75—, DBA2: /N1
2) IHKBFELTWS, 19 ¥4 1 D AHR 2EEKIZ &
H I Y ERAZAY C57/BL6T X7 A AHR E[RL 7 5
Z2TH-OREIEMS, WEEED YT REFE
FEWweEEZ 5N,

3-3. FIAD TCDD £F <41 O AHR #E{z
)% A 7 & TCDD &2 DB RZEHS NIZT 572
B, FEAEINICHT D TCDD #HZRBR 21TV, XK
BICEE (LCsy) 2ROz, TIBEZENIEHE
HEBUIZOWTHHRL -, BERBRIIZH% 10 K
R DB % 3.1—100 ppb @ TCDD & & /K T 90 4
MBEZEXE/-0Db, TCDD EEHW/AKIZE L Tl
FEOKME CHELRE. 723, TCDD O&#HEITD
WTITEBRITINAEIT U & GRE) TR L 7.

TCDD AULHIZ X 2 WL DEZFEL 72
FEE, SHHERE & TCDD JLEE B ORIC M 72 2513 38
Hohoz, MBI T X TOUNIEEE TR
42 WFR (42 hpf) 725 47 hpf £ TICK T L 7=

34, BMEEBOERLEFHBBLREE  TCDD AL
HU 7= ZAEI0 D 90% LA LW LTI L 72 & & n
5, RIZHMEEOBIERIZ DO W TR E 2R L
. BIBEH O LA 100 E{KITDNWT, 48 -
66 + 78 + 90 K TX 96 hpf DIET- ¥ & FHEL L /=%
R 5 TIE 66 hpf (AL % 18 KEf) 2 5 8
AR RBIENEIR I N, 1577 pg/g BETIX 96
hpf TIFIF 100% O RS /= (Fig. 7). 96
hpf (B2 3 H) 13MFRADINE ORI EA TH
TR E DR TH D, Sac fry B —
Swim-up fry #JH 1M Y49 5. —fkiZ TCDD # 5%
T2\ AT, MBI T LG, swim-

100r

- Ss.C.
== 61 pg/g
80 ~-A- 131pglg

-— 231 pg/g
=-@- 488 pg/g
-
-

60 F
914 pglg

a0 b 1,577 palg

20F

Mortality post hatching (%)

40 50 60 70 80 90 100

Hours post fertilization

Fig. 7. Time Course of Post-hatching Mortality in Embryo
Exposed to TCDD

Values are mean of n=2. SC: solvent control.

Lake trout
Brook trout
Rainbow trout
Killifish

Red seabream
Fathead minnow
Channel catfish
Lake herring
Medaka

White sucker
Northern pike
Zebrafish

0 0.5 1.0 1.5 20 25 3..0
LCs, (ng/g egg)

Fig. 8. Interspecies Comparison of LCsyin Embryos Exposed
to TCDD

up RIRICAE T RIZEEE I LR T 5,202 [Akk O
FIEY Y1 THRD SN,

WAL TIEZ < DA, FEEIND LCs 13T
BOBRNRERNBESRHICEHINTWD D
T, XA TIi296 hpf TLCs ZHEL. XA
@ 96 hpf LCs 1% 0.36 ng TCDD /g (0.32—0.40 :
95% fFHEIRS) Llz->7 (Fig.8). ZOfEld~ =
FaZdDLCs, EHBMLTRBD, X¥AIFINXT
WHIGNTWSAEDRNTHEERZEREICET 2
ZEDNHONERD T,

BEIF 2L O AHR BERZHE L TWS, <
TADEN, X2Fars -ETI771 v ansid
AHRI1 K Of AHR2, =< A (rainbow trout: On-
corhynchus mykiss) 7 513 2 8D AHR2 (AHR2« -
AHR2B), AX im5id 2D AHR1 (AHRIa *
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AHRI1p) MNINETIKFEEINTE /. 31519

AR E AL AHR O N R fIBEEE R A1 213
REENENZ ENS, HALE AHR TU N > R
HICEET 27 2 BRI, A% AHR TH[EE
OREER L TWES EEZ NS, £IT, YU
A TRDHNZ 315 FHDOY 2/ Bi%HE & TCDD
EZMEDBfR) &A% AHR IZ#E A L, TCDD &
ZHOFEEICDNTERLZ.

Gk U7z kDT, mi&sM C57/BL6) ¥ A
AHR ® 375 ZBHY 2 /BEREITY 2 =22Th 5.
—h, BREZHOEYT I 71+ v a2TIE, AHR2
OYI/BITI=Z>TEH5HDD, AHRL O
BHREINLAZTH D, BBRFENZ &I, T 5
7 4w 2 AHRI1 |3 TCDD ¥ & 82l LTS
CENRTWMEINS.® ZDOUH 2 REEE R AA
SOV I BERNET ST 4y a2 AHR1I DY
72 BEEEEED RN ED X DITRERT 2 M3k R
ELTAHTH SN, €777 1 v 2 AHR1 ®
H&EE7Y TCDD (1T § 2 {RIEKZ HEITEH 5L TS
H L, I, 41 AHRI - AHR2 ©
73R, SEEZETITF 3/ D AHRI -
AHR2, KUA=I < XD AHR2« + AHR28 O H &
ECFRBRIZ, 79=2ThbD. IHLEMERIET, v
Z AHR D 375 %H7 2/ BTRFITHY 9 5 5 A0
TCDD &2 DI/ D Z 2 REL TNW5,

321

3-5. WEFBRANDOEEFHZE  TCDD #i&
DGR, WFRORENELEL Z. SUHEBEOK
EROKGEZHJE U2/ R, MALER IR &
TCDD JLHE DO MICH EEILRMN > =73, 54 hpf
M5 231 pg/g LA L DALEEETHRE - KIRIZAEREIC
WALk (Fig.9)., ¥k E - KRIBITHT 2
TCDD O EIJBEKFNTH > 7=

TCDD & FEIZ K Dl RELEIZL < DA THE
INTWE. D ZDORERKEELT, JIHENS DXES
DEEAENEZZ SN TS, 224 22T, JifEH
1 ADORMELZFEL 2. TXTOUEEETHAE
DHETFITPENIRFE Y THEAD U, UNEEIRIN DB 4E
MERIN~ (Fig. 10). L7 > TREBIENE
U7/=Di%, TCDD O8Iz X DUIEEN 5 F AR
FENT TR I NN 272DTH A D.

PHEE/N D DB NI EE SR E 2R/ L T
ZORIMEHIKRTH S0, ZomEICHT S
TCDD O E1X, NI TICHRAEINTE .
AY F % WZHFZE Tld, TCDD %2k > TH
HEIRICT R = ADFELZ. Y £V R
TIX TCDD BRI K DI E RO MK F & &
12, YNSRI OB RSN TS, 1

BHEOMFEEICBT S TCDD #HIEDOHF TH,
FEIL<ASNERTH S, ¥¥ 1 THIMLH
BOMEEOINEFRIIZEEZ MR L = (Fig. 11). 7

—— C
—— SC
301 —O— 61pglg
—{0— 131 pglg
— I —— 231 pg/g
E 28 —— 488 pglg
- —&— 914 pg/g
= 26 r —— 1,577 pglg *
(=]
c *
o | 4
- 24 .
T
[=}
0 22t
20 1
18 1 1 1 L 1 J
40 50 60 70 80 90 100

Hours post fertilization

Fig. 9. Time Course of Early Life Stage Development (Body Length) in Embryo Exposed to TCDD
Values are mean+S.E. of n=15. C: control, SC: solvent control. *: Significant difference (p<{0.05) between TCDD-treatment and its respective solvent con-

trol at each hour post fertilization.
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080
075 1
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0351
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231 pg/g
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914 pg/g
1,577 pg/g

Ko #

0.30 : :

40 45 50 55
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Hours post fertilization

Fig. 10. Time Course of Yolk Sac Area in Embryo Exposed to TCDD
Values are mean +S.E. of n=15. C: control, SC: solvent control. *: Significant difference (p<{0.05) between TCDD-treatment and its respective solvent con-

trol at each hour post fertilization.

LB DIEARIZ DWT, IR ZE)E PH O ARk T B BRAL D
BEmBEEMELZEZ A, 61 U 131pg/g
TCDD LHEEE TIIA I &/ B AR - 1278,
231 pg/g A E OB T3 RIr E BIS R BERE
RIFHNIZEEINT B EE N A 57 (Fig. 12).

M EFRAOFEEXDOHEEZEY I AL, Iz
HIE L 7=k, TCDD ULHH THILE®BRNSAE
I EE DRI REDFRD 57z (Fig. 11). 2D Z &3,
TCDD 2L FRADIEVKEE IR TANEL Z L2 R
B9 5. FHPRIZ 488 pg/g LA L TCDD LB EE T
13, SHOLEHED LN, [EFITHEKTE/RWE
NI NCY g

THPEOEERD TCDD O#EFE L L TR
EFATIIL<SBIRINZERTHD. W IF AT
B EIMEE S HHUABRICHEZE S FEORENHA DS
N5DT, A TIE 190hpf W% 7T HE) I
TRHEREOFMZIT o7z, THFEEDHEREEL
T, THOERIZKEICHTHEETERLEZ. £
OFER, RREBEEKENS FHEOBEBRIED 5N
7= (Figs. 11, 13). %12 231 pg/g BETIX, THEMZ
ENETRREI N TR WERN S 7=,

3-6. AHR - CYP1A mRNA EIHADHE ¥
HEZ£I 212 DWW T, TCDD 7% AHRI « AHR2 J%
UF CYPIA @ mRNA #IIC KT T8 %2 N7

Fig. 11. Development of Yolk Sac Edema, Retarded Fin
Growth, Spinal and Craniofacial Deformities in TCDD-
treated Red Seabream Embryos

% mRNA ORI BB &2, HEBEICHTS
TCDD LD T/RLU7ZDA Fig. 14 TH 5. #E
FELT, AHRI mRNA O FH 8 IR T
NTOUMEBHT 1Hi#£ %2/~ L, AHRI OFIEIX
TCDD iIC &> THEINLEWI ENphoiz. Ht
HEFYIZ, AHR2 mRNA JHI &3 TCDD IZ K D B
KERITE L /2. AHR2 mRNA ¥ 8 & i 42
hpf Tl 60 pg/g BET 2.2 1%, 231 pg/g BT 3.9 %,

1577pg/g BET 555 ThHh o7z, S 51T CYPIA
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Fig. 12. Effect of TCDD Exposure on Fluid Accumulation in g 60r —8—60 pglg
°
Yolk Sac of Embryo at 54 hpf L 2 5ol o— 231 pglg
Values are mean+S.E. of n=20. C: control, SC: solvent control. *: Sig- -
nificant difference (p<0.05) between TCDD-treatment and solvent control. § 40 F B 1,577 pglg
<L
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E
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£
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<
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Fig. 13. Effect of TCDD Exposure on Low Jaw Development © 3

of Embryo at 190 hpf

Values are mean=+S.E. of n=15. C: control, SC: solvent control. *: Sig-
nificant difference (p<{0.05) between TCDD-treatment and solvent control.

mRNA HEEKENIZ EF L, 36 hpf Tl 60 pg/g
BT 18 £i5, 231pg/g BET 80 fi%, 1577 pg/g # T
1205 TH o7z, LAEDOKER, AHRI - AHR2 D#%
RFFEBINY — > MEz> TWw/eZ &5, AHR
SRR RN EHIHZZ T TWa EEZ 5N
7=. ¥£7-, AHR21!Z CYPIA ERkEIC, VAR

(TCDD) fKEHFMICIRERIEI SN TND Z & H#EE
SN 7=. CYPIA mRNA OB&1, o faf & [q
FRIZ TCDD IZ X D BIR/RAE N A 5N,

3-7. REFHEF L AHR - CYPIA mRNA?%
WEOMAE TCDD B L2 HLESE
AHm-Amu&UcnmmmmA%ﬁg<ﬁﬁ
B, MOUFEEITHES HHLORRE{LITDON

0O 10 20 30 40 50 60 70 80 9 100 110

Hours post fertilization

Fig. 14. Time Course of Induction of AHR1, AHR2 and
CYPIA mRNAs in Embryo Exposed to TCDD

T, 1577 pg/g WLEEE DS R % Fig. 15 12/ L 7z,
TCDD ##12 &% AHR2 KU CYP1A mRNA D%
WEOEMIE, FENREBT 5LHICED Sz,
BT OB EILOH (28 hpf) SIMEIER (32
hpf) 2V E 2 REICHR K &R B2 R L 7203,
YN EE LS 36 hpf B/ S B 60, FMLERIC
ZDFAERIT 100%IZEL /-,

FE O MKTESR 21X TCDD O X E/L Y —7 v k
D 1DTHD, TCDD F &30k < 1 & N IC
CYPIA 23895 Z &%, Yﬂf M= A EFEHT
L2 ERENFEIN TN S, 2429 Guiney et al.
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Fig. 15. Relationship of Time Courses between Induction of AHR1, AHR2 and CYP1A mRNAs and Incidence of Toxic Effects in

Embryo Exposed to 1577 pg TCDD/g

Induction of CYP1A mRNA is expressed in the magnification of X 1/10.

(2000) %, TCDD Z&FEIC KDL AV bTF Tk
(lake trout: Salvelinus namaycush) 2/ U 7= i IE ik
WK OB AWICHRT DI EE2ERML, mWEN
FIZEFEB L 72 CYPIA 12 & > T O/KiE @& A
ML<ELENZZEZFERELTHET TS, 20 iz
Hill et al. (2004) 1%, TCDD i X % i IZMAE T
DKRBBENY 7 ON<SEN—HTHDH &%, <
P hIVFEREAKERAOWEERNMNSHSNITL
DT IT 0wy afFRAOKREMICIE AHR2
MHEB L, TCDD 5% 12X > T CYPIA NFEX
N5.2% X 5|2 Teraoka et al. (2003) 1F¥ 757
1w 3 A FAEINT CYPIA-MO ZIEA L=ERN S,
CYPI1A #3000 EE7F E R MK~ & W > 7=z TCDD
FHEICERBEEG TS Z 2L 2.2 R,
Carney et al. (2004) |3 Teraoka et al. (2003) &
[F Bk DEER 2TV, DFEFRE S MR NI L T
AHR2-MO T K5 HEMREIHFADZDH DD,
CYPIA-MO O RIFFED 6N ho 7z EHEL
72,230 T s iEOHE & AHR2 KU CYPIA %
HEORRE(ITET 2 AMEORHERZHETE X
X, ¥¥ 1 TH TCDD IZ &> TiE bz
AHR2 Z 4t U T - KRR T/KEEENZEL
U, BEMERI N EHRIND, X5 Tl
SNz CYPIA NI ERZE 5T 50 E 57
WZOWTIE, S5RZMADNETHD.

PLED#SEM S, AHR OHEREIT B B O
RINTHZZEMS, FA4FF D HOBERIIED
FEEIC R D ROG « BT E > THRIT L2 &0
RBEINz. DFED, YA AFIUHEICIHHEAL
WEAREEDAEREY R 7 23T 5858, EFI)VEW
DFERZEHT DT TREIATHTH S, 5HKIY
A FF T IR T DA A RN RS « B2
MREA D720 DT FIES, HERFEEDOZDHDY
20 TG OFHEETET T D ENEETH 5.

4. E£YRBEAFIN 7Y (es-BANK)

RSB0 PE TR BT & o TARE - MR SNzt
FUENE MRERERICHEREEE KT L EH
IR EENRN, LFEWMEICKDIRE & ARk
ROBERZL, 4 HOREMEDOH THMD THE/L
T—=RTH5. LnLRNns, {LFEERERDEL
HEIIEEL, DO TOKRBOL D mEELRSMHE
BHEOEFIIEZEBD, b TRERILE
OB EENE - ML E DB RICRESI N
&0, BENKHTLETERMZEL, BH
U7z & EITIFBEICHEAIML - IRBAE L TW S FI%E
AOENDEDITEoT. PCBRY A FFI %D
TR BB E (POPs) 1T L BB EMOD
BRNHERAE THEAT L /2 2 ST 5729,
2004 FEICE QP R E T IRT B EEER (X
N 7RIV AGK), B4 POPs &) RSN
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=DIE, ZOMAFTH %,

—7, NENEMBIEDHL, HERNIZFHES
NTWBLEWEZ T THEAEENGEET 5. &
SIFAFF L VHICREIND LI, BRI
B O AFELUIEEFE T &b 5 WITBEFE O#EFE TRERT
WHEEINSYEDBHERLTWS, LiNoT, B
TEDBRBEEAH S X 7 LTI T E AW EEE )N
REIGRMEL, & MCAYMOEmEEN T FREITE
ZD/BLZETHD, ZORUKE LU THRZERM % i
ATREZBEHTEDLDH L WS X T L DOENEN
HTRODLENTWD., Thbb, HROBEEETT
UTRER TN TRD, BROZEMBAND %2
it L7209 21213, B8 DIREAICIEL 72
BREGAE 2 EUNICRE LD S ENERTES S A
TUOELTARVAUN D Z2EHETH2HENH
. WEFHAEMEHENHE U725 2 HIRA Rl i
AREHH DN TS, REMFEOHMIERZEE L TAX
AN DRREMENHREEIN TN DS,

FRRFETIEER 40 FLLEITIED, RSN
5 B A AW ARl iR, K5 - Wik - R E
DEEHEIZIEL, NS ZEHALZAEERED
BOWMEZERBHL TEZ. N SilEHIMmERE S
NTWBN, ZOREBIIBIE 10 77 I2d KR,
RTHHEHEOIL I > a2 iZiz>Twa, Zhbi
BIONEZEZSHZHIED D EEDIT, WEEERRNIC
B TF—FX—2{tL, TOENFIHENRS
O DN TEMEREREN > 7] Th 2 AT,
Environmental Specimen Bank for Global Monitor-
ing: es-BANK). iBlIDF — & N— X3 BB ANFh
FREBEAZMEY Y —FK—L4LX—= (http://
www.ehime-u.ac.jp/ cmes/mokuji/mokuji.htm) X
DEETBHIENTES,

R EEGURLN > 2 (es-BANK) Ffild 2005 4F 12
AHIZEmR Uz, ZOMDERIZED, ZNE TR
REOMBFHEICHRE L TH o ikl 2 BB AEN
TEHTLIENTEDLLDITR O, RISk m
=R THE 800 -5 A — RJLT, —30°C Dmf
AEHRE EDIED, WKRERIT K D A ARHRE
2= - fEEIE - ARHLEE - RRE - FEEEHA T
%, KR 2006 4 S S ICfEEE - AEHLEE -
FEREENEFESN, AENERNNRE- 2L
ATH5.
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