Bhp&S 1407

RAAREIBIOE B F S AR A7
IR FEBR BRSOV R IR M T s B o R

g Az, | e, ek FIER?

"R WIS, P B BE R T, BRI IRL

B B RS T TR AARERICLDN R OREE, GRS KOPEREIC KT LI I35
BEAE D BANUEL | #5E O FEREA D ONTIR R O B - 18 Bl 3 I T B DV TR A T o7, Fel VT 3K
EAEHL o R F DRI O K E e D N A REBR BRI RIEL QOB BN AR § 22L& H &L, BRG]
L BRI AR (AT DAR B £TERREL T MUNMEMBRBE R L O ZICAE B L QWD HRIED
AR ZARKE | FEEEO A B IR A TR L 7=,

SRR ORE R, EEEZ X LN UILL TO R ThD, — sl IhFEOEE DY L | A L0 TIE-CmE
M DI DA P A RELZT, BEICW 2 F CORMZET LA THDH, HH—mld, HAARKEKL O
ERZT T ST B B K LT O K BR BE B L OVERE Ao B 22T — 2 Ny Tl | T — A B RO EEMET
D, Stk B LRI B2 18 L TSNS U Z 3 T, AR D30 B i 1 T L 7= e e Rl 2
BT —2 LU TR | A FRAE 1A T 50 B ARBRREE B O RIZEIT 5280, BEOEITTO AL TIREE
W DAY EIRAFI AU E DO IR -1 8lA BARM L3292 TEELEZ b,

BEFEDRFTERE R E[FRE, RFAEOFE RO DL, B TERKOEBROZIT HNERRY, EE&RAIICDET 4
HEWEOREIEVDPHER T, BBICIDEMRMEO ATREMEIC DWW T, I L DIEWITMER TERD 27203,
A%k L CHERR A TOMENDHDHEE X LI,

WK R OME ROV TIE, HHRIC I 2D DT DL DD EFEEIT 105 cells/mL, HEJE MO A F KT 103
CFU/mL OA—4& —Thoic, Fi, WK ONER R MEME OMBIZIL, Mk, RELIKE, FEHICL2BEREN
ISR CEeD o7, WD AEBIRDUT, FrlephEs THBG I TIEdh EN I<h o7,

I THEI I FIH~DAN AR E R L2 . TE IS AE UK o OB 125 23 [T O Fa D IR O AE
s EAEALL COD ATREM DV RIBES Uz, LISLZRNG, D MLIE T D EER AR AR/ bIE, Ak, diarED
1EPERZ R B 7R B AR A FRREE FITIZ BN TR W EHERI T 72, £i2, BORTIRO 7 Vo —4 e E B
WIRBIBRI IR CEIR -T2 e D, BREEE YK 3 B /e B RO LR D =T, LIZh3- T, AR AT
THRF—RIRIZMaDZ &L IR AN AISEE R UAFDIRRE THHZEN DT,

AAFFEDORE RIS BKIBLOKEE IR F NG, BEOET IR FERIEROM N AR, SO PRFEIEIC
FETHEBO—EHERLINT T HIENTE, AFIEESHICRBIETNLIER, S HBORKME~ORKELCHE
T CHD,

1. IRE®N NI L DEEY O RREEC T AR L, L T2z, B

2011 4 3 A DR AARRIII BN ARSI BRICHEELIZABIC L > T 203 EDNIZIEN, ik
TRAFLLTC, HIIRIR RISV Th HEROBML W RO IEY O fgE, PRI~ OHEK DR HFEJEO
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BT OBIB A~ DL, PRI DO % 22 E O
TS E DOFRBED G| SRS, EERIRPENELT
W5,

— 7 OB FRE B [T 758 E /R I A

BHIIEE D&, Hg L T AN U il c oo i B
T RO, BB ~DOBERE 25 T [E LR i
RIFED IR IO MR B S 2 ML T, 2ib
DFFET, B OB -HREm L FRRICED A
DRI EIGEREOMERICE H Thom, KED=
V=R B M DI R EIE A~ DALY | B K
B HTRI Do TN BRI DS 2l B 2% T 5 ]
REMED EEHLTE0,

ZD IR PFEER R F DN I D BRI R E T 5
B, BACH T REEIR R ICIRG T, R IIE L T
FIFAE D H 15 S AR TE S AU T D Bl Y B v 1 7R
DMEME D TR EPEIN e, B AR O KA
T35 E MW7 NHRL FEEIZ B Th RIBRICER &
SINDHDTHDH, 2T, AWFFE T, FTHAARAKRE
KIC L DR R DR - A &R, 2L CREREIZK
ETRELEHT LA HNEL, Thbb, KEE
Bl 3R S 2E NN R IR O KB 72 D DN A REBR BRI
AER -2 N AN 2 123 I S A i v
OOIEMELIL DAL LT, DN T, KEFE B - f
RFEEDRFEMEHROKE RN AERBEREICKIT T
A WIREIZL | BRI R T R ERD T DKL
IR A RO HEL T HAARKREKOERFE
S LU THEDO PR EE D G DS KB D B v T
THEDLN TV EWIROER)INEL, W EIZhbT 7R
TARTHEMMTONID, S BICEARTEIMTOND FEE
PEIFHEER CERWS DDZDHIT/ NSV EE 2 HTZD
T2 R R EE S DT AR UTIZH D  A  [FIALEE
B TR CAPETE) O R TR A G o U CR O, [
IR OM NEM BRI B IO ZITE R L QA E
DAR ZIRAEE IR DLEHIT, AR LD BHHDAEF IR
WOMEREAT T, 703, A FREZITT 5 L THL-
WL T, 2 a ANV (Sebastes cheni) ZiRIN LTz, & D
HEX, LLTO@Y Thsd: (1) IR AE W TAERL
TNDT28 | i R DG YL TR EE S AL TV AT REMEAS
b%, (2)ZFH, i, QL OEmREYEREL
TNDT28 | AEMIRFEDEZD37 0, (3) KPEEPREL

THMTHY, @il (FEf 1 BH7-0 50 [, sl 1 kg 47-
D 1,000 H F2EE) THBISTUA,

2. AR AE

FRBEMEERTDHIELL T, ABETIIU O
DT B A D HZ Ll LT,

2.1 LRI HEFHSICRREENAFRZEHDOIR
BICRIFTEEDERE

FAARKBRPKERE OO AR RIZL
BT A A OEREE M o7, LU, BRATEE
REHPLHAEETICOT TEREETIIENEETH
%, K EHENLBIEETORNC, I F RIS OB 5
FOVERER DT HOWTOFA - AFFE 85 2 2<%
TS, LinL, Bl 1B -7 AR 72 - BH )3
FHUE, ZnOEROEDFNEHIXREEChH D, £, @
5O JFR MECHF YT B Sy b THHM, JAK
7R AR IR O B R 2R IR R BR RO A B A YV N & LT
TP REROBEE L E LD LR KRB R Z OEIRFT
BZPEDD 2 CIFICEE LD,

AFRRE T A I 9 X E LT AR R T
SIS BT AT DR B ARy 2 NS
RRELTZAN, SCHRERAE CIRAS AL B IIc BT BB 5
BeFE | I ER D ONIE (B ES NN R R OB
B RAT T BB 2SO ZINEE L . ZHHHURIZES
T2 OKE B LI OVAERRRES) OZ {bA FLdiz, —
J7 PR KBUSHIE AR E S 2 i Fn R B R 1+
BT, IR RO B B 36 LOVERERITAR D A -
RGBT AR A INEE LT,

2. 2 BKERBLUVEY (A5 A ORI

WK BIOBRIUL, EFEB~9 A) BIUAZFE(11~12
F) O 2 [8], B IR I Rk o0 SRR - B AR AR A L7
B 207 AT RV e 5 T B AR (50 - AR
fEIHATT) L BN EE B ORI CIT - 72 (Fig.
1), RMEHKIC BN T, ZFEiEIC 3 (0], K8 (EEK: K
~50 cm) BLOVESE (EEK EE~50 cm) LD, SR
—UBAREEH LIV —F— T T —WS (=K
LA 2T,

AWERBHC OV T, $90ICk-> T 1 Eod 2 o
A7)V (Sebastes cheni) Z AL 7= ({KH 70-120 g) 73, %4
T ATHEA B COHREHEN FTRE Th o T,
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AR5

™

HHE

¥
prums
E5RRE

TEFD
Ram

Ji A

JEIRICBIL CIE, AZDO R THDHH, WiR gD 3
HSED, 3 AT oA 7 ERIB IOy~ B Edy
ZHOWTIREERIL , 1A - — (kL T, Z OO E}
LT,

2. 3 BEKIPOWNEYMDRE

FREL7=#E KL, £ DT, Kk, pH (LAQUAtwin
B-212 ; HORIBA tH#) | iafFles i i (DO-24P ; AR
T — = — ) ZRE L%, WL DD, BFIEE
WZREBIRD  BUNEMOFREIZH W=, T72bb | ki
BAMREE T CIUNEM OB AR OB EITH L (R JEvE
KOI) EBIZ, AL 1 um OHTAT 4N —JEREIT,
FIEIZLD—MOKE (2% H#, 20 A, CODon) BLUH
LB (138) D43, Zobell 2216E B34 F U =34k
52 Q0C) ICX DA HEDOm N 21T o7, 7ok, EHIC
DONWTIE, FIEICHEC TR Z T, F, Z a2 —
T T ERTEELZFEBEZ AL 0.2 um DRV —

,,,,,,

Cepien WRT—3 € 2080

BT (AT AR R T)

Fig. 1. BRI DA - SR B0

RAAN7 4% — (ADVANTECH #:8) CE#L, 7 4/v
S — RIS - IE 2 DAPI Yo L CHOGBAMEE T
THHAAIL , S E A RO,
2. 4 BFEOEEIEEZEDAIE

SR L 7= UL, BB~ U RT A (Fn
SEAE) IR TR L2 U P VT, REILAE D
B AT o7, S L2 MK L L TR B IR 7214
3,000 g T 10 srffis U, sy a7, £, fk
X, KB LR BB REL o 72 % | IR A BB 7=, i
B XOBRIMUICHARIL, 2h e, STt 5
FT. —80°CTRIFLT,

fAEOEBBEEL T, PO L F Y LV RE
(Cortisol ELISA Ki t : Neogen #1:#) | B8L Y, 7 /La—=
BE (U Nva—ACll -7 AN 2— ¢ FerEs) 2 3)E 4
HEELIT, FHEP D7 Va—7 o (T Ar U Rfiges) LR
B 5 & (Folch{EIZ K oHhi %, VM =0 AE) ITNA.,
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TR HIEICED | IS D515 70,000 DEL
a7 5737’8 (Heat shock protein 70 : Hsp70) & A &%
RO, ok, o)L F LR E LT IS N5
Hsp70 & &iE, AR ADFRIEEL TIRKHWHILTODE
DThD, Fi2, FHEO 7 Va—7 LR L, =3LF
—EHEOIEELL TRUEHASN TN D THD,

Pl ds O Hsp70 & &L, #EkD 9 5 EohH A
FEMENE (1% SDS, 1 % AVHT i )—)v, 20 % 7Uk
U, 025 mg/mL EDTA, 1 pg/mL 77"2F = 50 mM
Tris-HCl %R pH 7.4) 012 T, RULVRRED S
— Tz, kM 4°C, 12,000 g T, 15 Frfliz
SBEL. IEo & 37 &% Bradford VEIZIDEREL T,
B S T EIREE A% . SDSALERL 74412, 7 VR
B 10% D 7L ¥ ¥ ZART L (ATTO #1H8) 2 H W\ T
SDS-PAGE (40 mA, 70 43 [HOERIKE)) 21772, R
VKENFE T #, B HL7-% /L )5 Polyvinylidene difluoride
(PVDF) A TV AZR R VEERRE L, 7 ayX 7 #
VE&#IT o721, — PR EL T Monoclonal Anti-Heat
Shock Protein 70 antibody (<~ 7 A H & : SIGMA
-ALDRICH #t:#d) 2| Z¥Hi{kELL T Anti-Mouse IgG
(whole molecule)Alkaline Phosphatase (¥ =% H &
SIGMA-ALDRICH ##%) & FW TG - s s, K3k
LB AT ST #8 L N R B AT v T —THRVIA A,
B FRAT 7 1 (image-]) & FIW TRV R ORI (E—7H
FE) Z M E L, Hsp70 AL UE i (Human Recombinant
Expressed in E.Coli : SIGMA-ALDRICH #1:8) L bhic &
27T, kT > Hsp70 & & (FRRHIE) 25/ U7, 72720,
FOECIE Hsp70 FEYESL DE_EIC SR NDTZ0 ., 4
T~ — A —DONLEND Hsp72 (Hsp70 770 —IZJ@ 7
%) LT,

2.5 BKIERECGEES) . AEHFBYIOEEREESR
EDHIE

WKIZ, LR 1 pm OHTAGRMET 4V 2 —% HNTA
WL7ebOZ R LT, WETRIZEAL T, JEE&D 9
D 0.1 N HERZ RN C, 6 RE OIREG LB AT\,
WL TS ES R A iz LA 0.45 pm D7 1L H
—TABLIELDERELE LT, £70, O IFIRIE .
110°C THZIEL T2 D& XU TIEL (560°C) L TIRALL .
[RIRA L2 il L SR A 2 10:1 [ZIRE LI IR CUafRL
b OEEAER I HREIE Lz, ZNHOREERS IO

Wk O (Cu) | 8% (Fe) | #gh (Zn) . WRITV L (CA)
DIRFET, FFERE S 7 TR~ RN M EEE (ICP) 2 Hv
TEELZ,
2.6 BEEICBITAXREEFEOBRALT

WK, YR AR B B 7o AT T 00 R TR R
(EEE) & BRI C, FEB L OVE IR A Bl LT,
2.7 # &t

% P AR 22 TR LT, SEEHLERIT, IMP Ck
[E SAS A AT 4 F a—bt, N—Tar 5) AL, o
EiTol2, KHAERNRH-T-b DT, /2R 2D
Tukey ORREIZHNT THHRAIT 72, fEHRFEP<0.05 A
BEHVELE,

3. ARHER
3.1 RHAKRKEXAELLAFORE-EMERIZK
EdWht-7
KEFIIMIZADREH ORKETHY, BKEEL)
DS SAVTAR & 2o il ok SR DO HRE DD | SR
BEOEARIR IR AR AR DT N COAEMITHR
IREENMHHTENEEIN T, AHFERE TIL, &<
HUEEE), IR OEEITINZ  BIELEI TR OAE IR L
FRIRFEREROBRE B IOV ER AR KT TR
BT L2 AREL T, LTI EZ LT,
O HICE D BEERELNA AR O A RER I IE
LT
© HI, MR ORERIL T o ERTE O DN R 7D
K FRENNC R IE LT
@ B E60 FEESALF Y E O F A DN FE AR O
VNI D
@ FHEE A CFNRFAERBRASBTRIT U2
B 4 THBIZOWCEEH LU ERZ LI TICEED D,
3. 1.1 FRICEHMEMBELN AR XBROEESE
[CRIFLI-FE
HHZIZ LD IR IR O AR~ O EIL, v/ ui)
IR D EBIZ Lo TRESERDTENHEINTEY,
Z O ERITIR IO MR O RO E O E, BlEL
ToE I =R X — (ES) DEWRE THD, —F . HIK
(X DO BRI ELO B D FE & \WT, T OJEE
IZE o TRESER DT ENHESINTND,
BNEDIREDYS | AR ClIar 7 TIA T €Y
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728 DUEREVE DR RN BT D, MBBNOT 7
EZIZOWTIE, 2007 46 H L2013 4 6 A ik 7 —#
DD, BRBICBEIE RO N o2 e %&ié
TS D, LsL, 77ACE T2 EELO#ME T
S AT 31T 5 2008 4 6 H & 2011 4 7 A D LLigHH
B RO BRICE D BRI LA E R T2 28D
BNICENTWS D, F72, UhALar 7T, fiE &bl
AT E IS INEL IR TNDDY, T D3AT D KR
BAOBWESNTND I, —JF, FIERICRESNOMIEE
O A R &35 B A ROV ST, #gICEY
EBLCWZEIGBER T 2O A TR AT RBEZD
%)0)75>%*E:%%‘E&t%éﬂf::azﬁi&iéﬂm\é 9L
oo T WIRE QRN EIE LT UL, 7~ ED[E
IR CEAR, BUEIE, HE O 2572 KB 18 8L
BOREIZOWTOFEIED SN TODIRILTHD,
3. 1. 2 FER MEZOMBLTOERIEZOEEL
BEOREBMIRIFL-EE

B BRI, HUBICEL R B OTE iz Xk
RN 1 m BRERSI2>TNAIE, BRI > Tib e T
PRSI B IR AR O 7 Tl HER O 5| X3
ctof@ﬂi’fé@?%ﬁF'a%*%iﬁ%zbnf::%a%@ 0.8 m D

@1&Tﬁ§$&¢éh“€b 5D, ETER O DL T
T IRFOY =3 (- 5’A§47Lﬂ?r7:)0)¥5‘5(¥@2753$&%éh

TWDN, =TI DUV TIIHHE DO IE T K> THA
W& DOHREDDHD 2, WTIUTE L, i T <751
HORAHEEHOBA NN SEMWRE O A BEI L
TEBEZ BTN,

— ., TR A o cit, 7YV &
HEH O RERHESNTWED, 7Y U EEEO R 1
FEREL 72 DR ORI IC XD N OB L Fm AT i
TWB20, Fio WEIAERTHEWEIRICH LT, 7=
EZNEXY R A NIVRIRF aDEIRB W 1T > TG 5
B O E BN E I NS oo ER STV D

3)

o

3.1. 3 BEAXRKEXNARXBEHDKEICRIELSZ

e
BEREZRPDEBREINIZ MO — DI EOEALA
D, TaRE, BHRIC LB RE A5 I L7z /KBRS DAL
RE D EIE E | B KD RN T D BB DK E DR

4,\ COWTCHHEZIT o7, FORGE. T/AKUEE O

WEE T D ETIERIGER SR E DR E TR K
BORIBREA A RUTZOIZH L, T KL G DFEEE
B % IR 7 KR BRI RS T- 28 HEL TS 7,
ARRE LA TREAEONKEIZER
L. RBHOEICOWTORELE R ThLE, SAE

TIIAKEDOFHIR B OB L E K AT TREREN
(BN E‘xﬁﬁ (R ES IS O PR SR MRS
7=kl BN DOKAZHRENEALL | A EBEN DK
’%I%E#/J\é<7‘£o7‘:_2:7‘£<‘: B ESILTWD 89, Zhb
WECOIE AL TR, i XL (BEAD OF
—HENDINT L, Tholz,

IIARDIZRAMIVEE LB ARE 23 R L L W IZHAL
Tk & e BUBE RO A EWV BB S22 Tl AR R
ZHEL TS 19, RAEOREER, KULTE DMK LOVE

BEHOXEAEMEOREIL, BRBAEBRNOR~
WA A R U2l — R IR BB AL e 2L
TeholzmlESITD, RRENLIL, EBEIILD
T DR TIX, KEDOFELEE ZEE T HMEMED R~
DIVTHRY, BREZEO—FLL EE2mU - fikn7et=4Y
VUINEBETHD, EEEHTND,
3.1. 4 ZFEERAISENBFELRE

2

HAETIC, BEDOEIB THN N FAERRRICE RS
FAFLTo, OO TR TERD T2, VKOO
WEICIIEIR THEICE>THELETHAIV AT LB S
IZOWTIEENRH T, FOVKONERY EiFhE, 8
AN, [ERBR T —E R ) ZHERF T 50 2 TIIARIFEL
- FIBL A, S5ICF0 LN OEIED 130 %
BT 2O BEEM AL, AMEE A LFCEA
T OFELERIED S WG ETA Kb WL ZeiT L
BN, LTS D EARD I IO AL, HKICk
LHIRELITEE OB CdEZ > TR0, FHikeKig
OBATH (Zah— ) ICEB L-REE EhEL . BAR0
IRRAERIRAARREZL TS 121,
3.2 AMARTHRELIZRFED/KE. MEHK. RED

EIEEIZOAERR

Table 1 (25 ATH, A&, BLO, S8 IEORELE
JEEHE K DO—BRKERBLOEABREEZ /R, KR
HZTI324~27C T, REFEREITH~T1I~2 Cm<
AZETILL 13~15C T, REITERITH T 1CRED

EE‘ ((( ?\’ﬁ

ERAFTITRIFLL:
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STz, FUHKD pH 1% 8.1~8.2 Th-o7-, IRTFIRFEIREIX
7.9~9.4 mg/L T, JEJEITFEIZ~T0.1~0.7 mg/L £
N2 ERED -T2, COD I 0.38~0.65 mg/L D#iPHTH
Sfe, AZEFEIT 0.58~0.83 mg/L T, XZEDEHENET
RO DfEE 572, 20T 0.035~0.082 mg/L T,
A =D A CRODfEE /25T, WK T OEE B
Tl Al HFELATFABL T Cd BEIHEL, £
72, Cd *° Cu [ZBRE /R TEI EI T D IR -T2,
7R L, BREAFLLIC, AARBOERE, BB OF*R
JELIEJEIZEY Zn JRENH D)7, HFEOHE
BB B LA FOLBBIERE KB B DO RE LIE
JEBm Fe IRE B ST,

Table 2 (Z 5 ATH, A&, BLO, ) IEOREIC
BTN O BRI 27T, il 7 Z 0 7R,
TATHIZZ L DUV CER) IS T, AEE O (8 L&)
DIHIRD -T2, KRS OB 777 b Bifr & (R

B E) 13 570~ 11,000 {E{A/m® T, TAMITHS @O
FRHHIV, Fe N TEENE T, BB O 115 FREE
LR o Tz, ZOMEITHEY 7 T 7 b B (Hok &) HHA
LT, -, HEILI=-E8MW T T 7ML hAT 8, 7
DYREON A, SR, TACESAE | IEREEME, £
BFA, VAU, B IR ATRE T, B SR A
T (@ T T IR D 90%LL bR S E) Tihotz,
Table 3 |27 A1, AL, BLO, FHJITEDEJR D
BEREGA & (@BAEHSNWIESREE) 217, Cd 1L,
FATHEEENET 0.2 me/g MLEHEBERE, A&IETIX
0.1 mg/g WEELL FTholz, Cu 1%, A RKAME
(9 16 mg/g FLEE ) 720 | APRIELER) IS TIE, 2~3
mg/g WL RFEE Th o7z, Feld, T ATMEER)IETH
< (400~550 mg/g HLFE &) , AEE TIXEDOF D BRED
ETH-7-, Zn X, AT TH 30 mg/g #ZHEEEEL, &
ENBIXE DNy ABBILR 1/5 BREOETH-T,

Table 1. 7471, A&, S ITEORE LEEEKO—fRKE B L OE SRR

Summer

Winter

M (5 M (b) 16} () S S (b) M () M (b) () () O] S (b)
Temperature (°C) 27 25 25 24 26 24 14 15 15 15 13 14
pH 8.1 82 82 82 82 82 82 8.1 82 82 82 82
DO (mg/L) 94 86 87 82 86 79 93 9.1 86 88 87 83
CODoy (mg/L) 065 050 040 048 050 063 046 038 054 049 042 056
Total-N (mg/L) 0.58 0.59 0.68 0.76 0.61 0.60 0.63 0.66 063 061 0.80 083
Total-P (mg/L) 0036 0,049 0035 0,045 0040 0043 0078 0082 0,056 0057 0,048 0,054
Heavy metal (1 g/L)
Ci 0.012 0.012 0.014 0.014 0.012 0.012 0.010 0.012 0.012 0012 0.012 0.012
Cu 0.068 0.060 0.082 0.072 0.074 0.060 0.062 0.048 0.062 0.076 0.062 0.072
Fe 0,030 0018 0.166 0028 0,060 0020 0034 0078 0,040 0132 0232 0094
Zn 0.060 0.054 0.032 0.248 0.272 0.128 0.034 0.126 0.070 0.226 0.344 0.128
M ; Mangokuura, I ;Ishinomaki-bay, S ; Shidzugawa-bay, (s);surface zone, (b)bottom zone
v e by s SN 4 NI
Table 2. J5 A, A&E, EE)EORBIZIT DM N D BRI
Summer Winter
M I S M I S
Phytoplankton (AU) 24 05 22 1.6 09 1.2
Zooplankton (individuals/m®) 9889 569 3717 11084 796 2563
Copepod (individuals/m® 9230 527 3528 10650 740 2430
small crustaceans without copepod (individuals/m® 502 24 106 204 6 84
gelatinous zooplankton (individuals/mz) 34 13 36 122 42 21
Benthos larva (individuals/m® 120 4 42 106 8 26
Others (small larva etc.) (individuals/m® 3 1 5 2 0 2

M ; Mangokuura, I ; Ishinomaki-bay,

Table 3. 77 Al A&, &

S ; Shidzugawa-bay

S IBOERROES RS A &

cd* cu* Fe* Zn*
M 0.172 15.8 435 305
I 0.061 18 257 5.6
S 0.205 3.1 541 14.0

M ; Mangokuura, 1; Ishinomaki-bay, S
* ; mg/g dry weight

; Shidzugawa—bay
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BREBIOAFEOT A, A&, BLO, HEIE
DFEJE LIEEHEK IR D EE B L O (Zobell
2216E KiHh ECoOR:EE vl RE/ R 1E B B ) D45 % Fig.
2 TR, BEEIT. &2 TOWHRICI T, 105 Cells /
mL OF—X —Th-olz, EFICBITLREKELERBK
DI EHME L (<105 Cells / mL) I%, =, A
HT77L87, A&KIETI2 45 HEHIETIEII L
7.1 Tholo, Flo, £ TiL, REKEEBKOMEIZ, &
AVEI, TAMT35&2.6, ABETIX32 & 4.6,
JIWBTIX 4.7 £ 6.5 Tholz, AFBLLTOLMELE T
RLE, HAMTIERE, KEEHIZATFITD, 1805
TIXREKRD b | ) IS TIER B AR INUE

JE KD D S NHFER TR ST,

TERBFEBYEDEME IZ OV TIR, 2 TOWT 103
CFU/mL &W)A—& — TSz, R (<103
CFU/mL) 1X, EZEORE/KEIEEKTIX, TAFT 6.0
L4, BB T25 825 EE)INETIL2.6 5.1 Tho
7o ZZEDORIBKEIESEKTIZ, HAMT 3.7 &£ 35,4
BIET 6325, EH)INETIX 2851 Tholm, HF
MOAFEOMEENL, TATH TR LTz, A&BLEE
BB I EII B b L o7z,

Fig. 3 (2 A, A8, BLOY, &) IS DZ#RE LK
JE K DOBEJE S FRMED AR IOV, T O E
Y, WK OREBAREBMEICOWTX, B, £FL

[y
o

(o]

M Tatal bacteria (Summer)
Total bacteria (Winter)

()]

M Cultured bacteria (Summer)
M Cultured bacteria (Winter)

Sy

N

Number of bacteria
(X105 cells/mLfor Total bac,

X103 CFU/mL for Cultured bac)

o

M (s)
Sampling area and zone (surface or botom)

M (b)

I(s) 1(b) S(s) S(b)

Fig. 2. ERBIOAFOTT A, A5, EEIEORE LIEEEAK T30 52 B L OEMBE R

M (s); JAREEM@b); TARIERE 1(s5); AREERRE 10); aBREIKE,

S(s); EHYINERE, S(b); SHJINEIEE

Bacterial composition

MM I I

S SMM

(s) (b) (s) (b) (s) (b) (s) (b) (s) (b) (s) (b)

Sampling area and zone (surface of bottom)

M Unknown
Enterobacteriaceae
Vibrio

W Psudomonas
Pasuteulla

W Moraxella

M Flavobacterium
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HDHNE, AT CHIEL =S mA Ul R S OREN L 726 0,

- 58 -




JIFlg > Hsp70 L[F] 72 OPkEMGZ "3, HE, AFEHIT
AL DA BIE Hsp70 38508 Hsp72 25k HHE
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T O S DT S EH e B A R &S, [BIEICE
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PRI D HUIRIZ I Tl AR S D30 5 TRk 12
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ROEBIZDOFANE, Ak KB LTZFHBOFLE, &
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IKSCHEIE TR OB AEM OBNREICHIER L2V,

B NSRS DR A B IR OV TR, &
RIS L7 3 MR Z W Th FRR RN TN Tz
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BERC A AARBHENEME D ZAITH T B L727235, Hsp72 O
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ZE LT, RIS 201558 Eh R e v R S R
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Summary

First of all, research papers and reports concerned to the influence of Great East Japan Earthquake (called
GEIE, here after) to the environment of shallow coastal area, biological resources and industries were collected
and summarized in this research subject. Second of all, in order to evaluate the influence of various works for
disaster restoration to the water quality and ecological damage under the present state, microscopic creatures,
seaweeds growth and stress conditions of fish living near the construction site were evaluated. Focused sea areas
were three; Shizugawa-bay, Mangoku-bay, and Ishinomaki-bay.

According to the result of reference materials investigation, important points were considered as following
two; comparing the difference of bottom conditions of shallow coastal area, Tsunami damaged significantly to the
creatures of mudflats and sand area than that of reef area, and the time for the recovery of mudflats and sand area
were also estimated to be longer than that of reef area. Many researchers also pointed out the luck of scientific
data such as water environment and ecology concern to the damaged shallow coastal area by GEJE. Many
regions, at the rim of Pacific Ocean, are facing to the coming huge earthquake and Tsunami, and must prepare to
protect not only human life and industry, but also even the natures, it is important to arrange the damage of GEJE
appropriately and utilize them for the planning of restoration design.

It was confirmed that each bay showed different concentrations of various harmful matters including heavy
metals. This result was similar with the previous researches. As for the risk of bio-accumulation of these heavy
metals, it had not confirmed clearly. However, further investigation was necessary to definite this problem. The
bacterial flora in sea water showed different tendency between each bay, however, number of total viable bacteria
were the size of 10° Cells/mL and the number of heterotrophic bacteria were the size of 10° CFU/mL. It was not
confirmed that compositions of heterotrophic bacteria showed significant differences between each bay, depth and
season. Growth of seaweed was not so good near the construction site of new embankment.

Evaluation results on stress of fish around the construction site, it was indicated that particulate matter
generated due to the constructions might cause the slight functional disorder of gills. However, major stress
hormones in the fish blood were not suggested that the fish was under the circumstances of highly stress load all
the time. Moreover, glycogen and lipid content of liver didn’t show the unusual phenomenon, significant

alternation due to the pollution of environment was not recognized at this site. Therefore, the fish in this area was
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concluded not to get into the energy shortage and to be able to show the normal stress reaction.
From the results described above, we could clarify a part of influences of GEJE and restoration constructions
to the water quality, seaweed growth, environment of microorganism, and physiological index of fish. It is very

important to develop this research for the countermeasure of coming huge earthquakes in the future.
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