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2 EER

2.1 AHREAH

Tablel (Z3#T &4T > T2 BEWREL LML O — EE/RT, XTI L TiE—MRICHAERHE & LT
BIND, LLEES - BHRERBZET L L. ZOLGEBEUAOH D bRINHMERE 72
%o AT, WEIEW ORLT - kRO m B2, AER (O0b) bAERHAELTESICFICASL LD
2oz, T OEMIZZAM 72 DB EEEHI G LT 100 g If< BT HHBAE L, AT ICDOR
T HATEMGE B IR0 HITH, TNHERA NV LB THIR S, 2o BM%E A
SEBEND LI oTc, WRITUA-eREZEBIIGLIENAOLNTWIHFERLED., LD 4
EBALIZES Lot 23T T,

AV LTI, REY —RICITH O OB RESND D, ot N 2 [TEABKEZ 2 Lie/- o, fillgE,
Wiig7e Eb B CTICETEER RS S, £072D, & - % - NIEO 3HMOREEITo72, 7V T7DfE
K LTIE, BEOBWES EZDTFTOAWESICH T TONEIT> 71,

DL EOFE O K EALIL 3~4 R DRI VT STz, Z D7D UL FIZRT o0k RixEh b O
KOVEEE R -T2 b D TH B,

Table 1. Samples and their portions analyzed, and the manners of target preparation and cooking.

Marine Target Method of .
food 1 : Parts target Cooking manner
oods elements
preparation
Whale Fatty meal
(Fin Hg (outer and inner Untreated Heating
whale) skin)
Chemical Soaking in water
As. Cd ashing (10 and 40 min)
Hijiki Pb’ ’ Whole body -Internal Soaking in hot
standard water
Untreated (10 and 40 min)
Adductor, Chemical
As. Cd mantle, ashing Raw
Scallop Pb, ’ mid-gut gland -Internal Baked
ovary standard Boiled
spermary Untreated
Chemical
o As. Cd Muscle, ashing
Ascidian Pb’ ’ internal organs, -Internal Raw
pharyngeal basket standard
Untreated

2.2 HHFAR L REE

Table 1 HiTiE, AFEHIx T 2 FHEE IS A REFRRE LIPS ORI TWD, 7V T DOEHIE—
BICZI THDMERIZ LB B IN D720 NBLEL Z /T WMBUC LV BA M DM E Y ONFE % 478 L,
B W ZPEEAT -T2, DK D ZeihaEHT st U CII B IKALIE O 2N HE L 729 DIRTICB R 21T -
7= TimEREHZ k4 2 M #E VL (the standard-free method for oil samples) 12 | ZJEHA L. E&EIN &
To72,

OULE@EFEEwe L CRESN, KICRLELTOHLHEEZITH, TD72H 10 43, 40 5ok
ML - 8% (90°C) HLAEITV, ERBEOEMINHIONT, VOO L EDH &K - GO
LTV, EEZOBEHZMHRE LT, D%, 105 °C THEMZERICHE ST, R L% THEBKIE-WN
WL ) IR VIR T, IRIBIC LW Kkbihvda a0l JKILEITbT A /U
FLEAN TH b L 7= EFHRECE L IE LT, 261 LTk, WEBEREE TE& 57z K (potassium)
WETHELL, EEENGELNT, #—F v ME, KIEEEHZ % LTI 5 pL % 4-pm-thick prolene
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backing & _EIZi T Lz, MEFRMEEHI L CiZB L% 10 pg % backing BORICHE S &M L, 1EKL
77o FEEORBIFHREN, RET « RYDOEWAICK LT hEMH SN2, 7 ¥ T 055 134 0 40 v s
THfr SN, FEMATEDEEDLERLZ ANy X ZFRICEE, HOHNIBHLTH—7 v b
L7z,

RET OFENLIL 105 °C T 4 KRR S B 72 %, BRI L-WEEEEICESERR S, 2T
Mz, OU X ERERIC N F oo B TR0 2 N2 78— b Lo SRR L ¥ — 47 > &L
7oo BAEICIZ, 15 FRIOGHTTELED Cd & As #F T 2 E BRI N TV DGR, E2LantE
WTFMELTREINTWER, HFEIFHEE L THASBEIND X)o7 EKE (Ob) bR
IO ST, ENHICMA, AFICORFEET DAL PR EKE LSO G L Lz, Z
NHIEARANVLTZRME LTRLI, B0 ETELRICEBRT 2R 5, <Mt
TRTHIHAGLHLID, ZLOHARANVINTZEDORRELNTWNDLIEDENL EoTaREE LTz,

AVICEHLTIALEbORERIC LD HIELA TS A, HAL - LifFE DO N2 BERICRT D
DIFAEDOHESLSEHEOY TH D, TOIHAEDEL D% 105 °C T 4 R # S, K& 7 O KA & [k
IR AT > 72, BLIE—RICEEIN D H ., T L THIEO A2 DA TRERSMEE, NIRD orxrs L
L7z,

bR X5z, ZnboEHE, 3~5 UL EOEENLEMEZRRL, ThEncy —5 v N EERK
Lot aiTo72, UTFICRTRERIZ., WINbENOOEWETH D,

23 E—LEHLERIE. BT

2.9 MeV O 7 £ — AL NMCC o/NlH 1 7 v by (BEEAERT . MCY1750) 725 5] & Hi S i,
X-Y @ steering magnets, 2 #1® quadrupole magnets % #% C PIXE EZZHILEIZE N5 13, Beam
spot size [Z& —5 > NERIOZ 7774 ha Y A—XIZLD 1.5~6 mmplIZE R I, ¥—F v FE2 R
95, RKBFFEICEBIT 5 E—2A5%M1X, 6 mmd. 60-90 nA TH o7z, FA L7 XHRiT 2 FEo Sl
HERIZ X D FIRFICHIE & D 14, No.l MRHERICITFEE 2 OWIARE Y S1F Hiv, K, Ca L EDOETLHE
OREIWZH WD, No.2 BHEHITIZF R L HET 572D D graphite collimator 232355 X v, WU A
L C Na~Ca £ TOBILHENENTON D, RFZEIZEHE W TIX, 500 pum-Mylar WA 7S No.1 #4812
B AT vz, 1B 72 0 O RIEREEIT 3-10 70, Cd (2 B 9 23 UBHT 3 L TIEAY 10 3 o fIE
Bl L Lz, o7z X#AZ bUiZ SAPIX & KEI 7 75 A 15 (2 K0 fifir S, TRBEED
E R DT,

3 #BR

31 VS KRDES

Fig.l 27 P KIEE OEREZRBEOR NS ENIOBWEDIZT TR, BRERDE, As iR
T F RS, Phixeemly, PHRENZ@EY HeBEIxm <, BEOROESICH LT 37.2+6.4
uglg, WHIOAWEZIZH L 17.1 £ 4.6 ug/lg THH . RFELLS ITRBEL THDHZ LR N5D, S HIZ
7 V7 OREFREHT 105 °C TELEL I, BT LZRIEOME . 7Y OF o0 Tofriditbiiz,
ZORERE Fig.2 ([T, KIBBEITED OHIZH LT 38.6+5.7 uglg, IEIFHZMIZH L 20.4 £ 4.1
uglg & RE72FBE N T o T,
32 L=

Fig.3 20U & OfERZFRIERNNCR T, AREREIXIZITEE TR L L TH o 7o, —H T ER
PEEUEHZ X L 8.25 £ 7.3 pgl/g L XOR0E Mooy, MEIZ2 51 EDOREMTIE R o7z, EHDOERIZH
LCik, BB OREHIK L 83.8 £ 3.7 uglg L7V OEMEEZR LI, LrL 10 5B OKH L%, £
DTS TR D Z &Ny o7-, Figd-a ITKHL - BEHLEOE FREOEEZRT,
KH L%, As IBIEEIXB L2000, BGH LEZITK 14 12T 2 2 EXMR SN, 105 & 40 5T
A EATE 10 9REETSTHD Z ENMHRTEZ, —F., Figdb, cllm&nd Cl, Brg o
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Fig. 1 Elemental concentrations in untreated fatty skins of whale, where closed diamonds

indicate the surface skin and open circles the inner skin.

1000000

5 = T Ill_v.“-
= J ‘
m i s w\ i
..m w L T .HHH” I |
5 8 =+
g £ [
Y ) 1] | \
w m W W HHUVG
= = = MHM“ -
X
e
il ol .HHHWG
s O ]
™ 1B uuuwﬂ
L_ﬂmn |
T H ine=u
.an\ | M| 1
™ T .
bz =0
= ]
e
= el
T b
L O3
\I\\\ T |
iR et L ] ‘
T I T T nI.M
I 11N AR
s [ | HH 1
] T — i
-||HH HHHII\ E——
i L
= 8 38 =] S - - =
a3 S =] S P g
S —
-

wdd ur uoneauadu0D

V Cr Mn Fe Co Ni Cu Zn Ga As Se Br Rb Sr Y Zr Nb Mo Hg Pb

P S CI KCaTi

Na Mg Al Si

Elements

Fig. 2 Elemental concentration in untreated fatty whale skin, where open squares indicate oil

liquated from the skin and closed triangles the rest of the skin
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Fig. 3 Elemental concentration in hijiki, with differences depending on the cooking manner

shown.
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TFig. 4 Changes in the elemental concentrations of arsenic (a), chlorine (b) and bromine (c) in

hijiki after soaking in water and hot water for 10 and 40 minutes.
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Fig. 5 (2 Z 7T HIGMROFE R %2 R T, RFITIXMEIKAL — W EEOR R E L i, TOFEE/IF
EROM LY =7y e Lizbd, 72 105°C THEFMEZE ST, 2 v kN T —{bL72% "%
BOHLTHY— v hELELODORELEDLE TR RL TV, b0 ERMIT. MERK(ILIETE
BN K OETHBAELEONT, HHO CAEEITR L% 100 pg/lg TH Y | 15 FERTOFk 2 OHRIERE
BOORER) L LETEWEZ R LD, EHARRD 2L 2EBEIRITIER CEHEAFR I
EEZD, ~HEeHFBEEX. URTOSHE (R 300 pg/g) &AL NRKMEEZ R Lz, AETREE
EHE D REEITK S RVWEIMICH D03, HEMROSGE Cd, As L bIZEEZ R L TWD,

ZOKIZEBWT, HBRIKAL-NEEEEOSE A AW N 30 mg 1T X TH 2 DITx L, EHHIET
RIS T 10 pg 12 E &0 FIBROREN S/ ZR ST b D TH D, ZhiTxt Uik
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RIEOLE, TIHEREEEZILGANTH L L, ZOH05 5pg lFEOREI 2Ny o VB EICEE L ¥
—7 v e L, ZOLOREFTREOFHMEKML TS, MER L&, Ca, Fe, Ni, Cu, Zn,

As. Se. Br, Sr. Y. Zr. Mo, CAdZED%< DILEMN,
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Fig. 5 Elemental concentrations in the mid-gut gland of a scallop, with results for different

preparation methods shown (1: Untreated, 2: Dry-powdered and 3: Chemical ashing).

Fig. 6 IZIX. R ¥ 7T OO TH RS — RN EM Th 5 BFEO ST R 2 =7, PR & R,
W72 % 3FOMBIEICK L THRERDREN TV D, TR TIXER L~/ Th o 72 As 1% 10 pg/g mitk.
CdiZ1lpg/lglhF&, +oREMEATRLTWD, Fig. TICEAZTONAER (Ob) ST D RE R
TR, ZOEAINTEFER T TELS BIND LT, —EIZZEBICTERT 2 ATREME O @ WAL
Thb, MIZEARGND X1 As, CAdIEEIL 100 pg/g ML EE B S IFERLEEEZ R L TW5D,
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Fig. 6 Same as Fig. 5 but the elemental concentrations in the adductor of scallop.
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Fig. 7 Same as Fig. 5 but the elemental concentrations in the mantle of scallop.
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Fig. 8 Results for different parts of a scallop.
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Fig. 9 Results of analyses of the ovary and spermary of scallop.
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Fig. 10 Elemental concentrations in the muscle of ascidians.
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Fig. 11 Same as Fig. 10 but for the pharyngeal basket of ascidians.
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Fig. 12 Same as Fig. 11 but for the internal organs of ascidians.
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Fig. 13 Comparisons of the elemental concentrations for each part of ascidians.
S3E zA.
4 5%

IV TEOEEE, N—ar (ER) CLTREINDIILENEL, BV TI2H0LH D, T< K
IR BM EFE 20D, ZLOBARANCHLENRTWS, LLUFINDL, BIEHIZIZ%E< O Hg A
GEND I ENERHEIN TV, KEIIBHETOIMNE L W=D, ZOEWFHERBIZELS . b
FOSGAETHME & & BTN 2EmICH D 1920, D7, Hg [ FBHFERYESEHOIEH SISO~ 7
nREDOKM 7T ICERTAEAND S, Fig. 1. 21T LIS, 7P TIES kR IT 20~
40 pglg Tholo, ZOfEIE, KBZHBHZ GOEMOPTLENR Y EWVETH D, ERAZEDH
BIZBWT, MARENOGRLAH L OBRERVERIND Z 2 THRL, AR LEMEERY OIS %
PO ERATRER, Fig. 2 ICROND L ICHERIC He BEDO K& 2781372 < . #HHIZ L % Hg
DWAIIRIAD RN E RS- T,

JEA BB L, IRk T 2 AR 1 BRKFARREE LT 16 pg/day &) EHEEZ/RL TS,
BESNTZKEBO I H 30%NHMAKBERETHE. 7V THF05g DB THAREZBLATLE D,
INLORENSHKT DL, HIROFIEEZDVETH-THL 7 VT REHOBRILEET 5 & Th
2o

OLEIEBEOERLEZLZEDAM THLIZENAMLNTEY ., fARAMLE L TEKTIZRE L
RENTWD, EEE Fig. 3 OFERIC LAUiE, As R EFREOEHI S LT 100 pg/g FRETHY . O U
XOLAE IO NEBh e F LB 2 55, WHO (World Health Organization) 7% 1988 4F(Z
IRLT- e BT 5 1 HiER RFAEREDO LT 150 pgkg TH D, BHRKEFEOREICLD L&,
HARADOEH b FEREIT 1 HICHKEE FICH L 122.3 ug, EEE RICH L 186 ug THY, B FED
25 15 2% N EEE ETHDL, TNOLEBETLHE, REFRO 1 HERKFFEIEITILE 50kg DA
*LBEZE 0.7 mg/day FREEL AFEL D Z N TEX 5, BMHKEZEDOHOREIZLNIEX, 2 EERD
55.2% NEVIEMEED D> 6 . 7R D 44.8% N EE % ST EAEW DS OBIUTH 0 MEEEY) D OBEFE O
FAENE N ENDND,

Fig. 3 l\Z/R&EN 50, MHFHKO UL EF O As BEIZ 0 ug/g 1T ETH Y, TOREILRFEL D &
MO UE 7.8g DERT 1 HRKFREZBZDAMEMERSH S, LU Fig. 3.4 06005 X 91T,
RO U S As IBEITKHL - BHHLAEITO 800 112D L, @FITFHBEOFNICSLT K TRET
72, EEOHFREIZZOD 2~4F L HTHEW,
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d TR L TiE, EBAKEEDORENREINTEY 1 BRKFAEREIL 60 pg/day TH 5, Cd i
TEM 6 DR Y &H 0 | FE ORE TIZEED LSO Cd DR OFEHEA 20 pg/day. F D 7= ¥ & i
FEW D> 6 OB IO R E &ITK 40 pgiday &E7ed, AMEORERND, RELRFZTORBEROLGE. 1
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Abstract

In recent years, the contamination of marine products with heavy toxic elements has
become a problem in Japan, as the Japanese coastal sea water is confirmed to be highly
contaminated with heavy elements. In this study, parts of scallops and ascidians, which are
the main foods of the people living in the Sanriku District, including hijiki and the fatty meal
of whale, were analyzed. We also analyzed some parts that are not commonly eaten in
general but are often consumed by some local populations, such as the mantle, mid-gut gland,
ovary and spermary of scallops, and the internal organs and pharyngeal basket of ascidians.
Dangerous quantities were detected for mercury in fatty meal of whale and for arsenic in
hijiki, the mid-gut gland and mantle of scallops and the internal organs and pharyngeal
basket of ascidians. In addition, concentrations of cadmium in the mid-gut gland and mantle
of scallops as well as in the internal organs and pharyngeal basket of ascidians also showed
high values. These results suggested that, even in the daily diet, it is possible to consume
arsenic and cadmium in greater-than-tolerable quantities.
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