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FRICHOWTIREZIT T

2 Ak

R I DL OB MR & BRI 2 ST B ARBRBD MR F S I Xy Svd, 2016 FF0T—X
k2. ABBIOAREEIZIWCONELRES (53,405 A, 91.0 NVkm?) (3f##EAR (129 A, 1,068.8 Akm?2)
&Ll U TR L < AR, IR IIEARDRN ST TR Y | 20 9 LR LOMEIC AN BMEFR LTS, Lol
KB 32 < | HDSELNTZO1F & A EORUKITIHIIA VAT 2, AR OIRFIZITE A & b IR MR M E
T 505, NEILFEEORFE I TSN D e < NOEEDMER O N OTFENT X 2 BRG0P AR L TRV,

BpA M JOE MERI 31T 2 MR TR ORI, 2009 4F 3 A2 8 AITh T THsEARHL T
& SV 24 BADIE T D I A (ZA~A 6FL. T AT I A A, 7D I JT A 957) LIt # — (OERC)
DEHT =)V CEE ST D 3B EADETE FUINA (XA~ A 2580, TAUIHA B, THUIHA 38) Daf
5T SHZHEA L 7o, BMZICH#ER (CCL) 3 LOHHEE (CCW) ZHIE Uiz, B4 T 7 A VTRERICHE~HE LT,

T — X PR HERE RS (SD) & L ORLTE, #iatlWid SPSS Statistics, v.19  (IBM Co., Somers, NY, U.S.A.)
Rz, & T AFOHE T Mann-Whitney U test %, 457 I 4 AR D4R, fABREOHIZIZIE one-way
ANOVA #1T-57-MD% post-hoc test & LT Student-Newman-Keuls %4 V-, AEZIP<0.05 & L=,

Fio, BRI L o ESCRREOHEN L, \EILEEE (N122-124°E, 24°E) T 2014 4£ 2 475 2015
E9 QT TSN A 0 A BT 8ia )\EILFE, AR DIAR (N127E, 27°E) T 2015 4F 9 HITHEsn
72T AT A A 8 BHAEARGEE 2015 49 HIZ OERC DESN S —/L Tl SV UG T 4D I 4 A 8BAAFAEREE L
THGEA L7, J\EILIRRD 9 5 27 BHIE 2014 4R L0 2015 4R 2 AITHiE S8R (AR T, 30 8% 2015 4 9
Al Sk EFRH CThol,

T A REEEERE (SD) & L ORLTE, #iEtuEfiE SPSS Statistics, v.21 - (IBM Co., Somers, NY, U.S.A)
Z Tz, \EIREERACRT 2 ZHM ORI Student’s t-test &, FREFIDO N1 post- ANOVA  (F-test) Tukey’s
HSD test # o, AEZHTIP<0.05 & L7,

TRCOEH FV I H AL 14 4LLE OERC TfAE i, OERC TOEUENRBEICH LX) (Spratelloides
gracilis) . 7177 Nv® (Mallotus villosus), YV A 71 (Loligo bleeker)) %#FSEHGEET, Ty, AR, LHX A
% H R TRaf SV,

U VB L OERE O T RERRIRE L D 10 ml i L, EHIC~ Y ARIERIAE 5 L7, 3000 [HRAT
10 il O L, mAEE 8 L 72D H-80°C THIE £ THRAF L7, BHAET D 0 A 38kiTs L UG HIRE L it L7z,

e RS KO TR IR S X #ois (PIXE) 2V CHE L7z, B 100 pL Z2~1 77— #it
RS HT20b, 7'm B =2 U, JEICE, CRRLEY A 7 1 bu ok o — TN S5/ M
A7 v TRASEZ29MeV 7’0 F B —ARIREA A2 ) A—X BRSO BHH L7z, KKaX#alBz5
TANF =2 X RATRIRT 572012, 300 351101000 pum JE~ 17— v 2 Si (L) Figs (0.0254 mm
Be VA > FD) & LT, AR L —X BUIIGAfE, Si (L) #itds (0.008 mm Be 71> Fv) %
WO U7, PIXE {EOIEREM: 2 MR 5 72912 Certified multi-element standard ICP multi-element standard VIII,
Merck KGaA, Darmstadt, Germany) . Silicon standard solution (Si 1000, Wako Pure Chemical Ind., Ltd., Osaka,
Japan) 35X U Titanium standard solution  (Ti 1000, Wako Pure Chemical Ind., Ltd.) %1241 10 ug/ml 12725 &

INZT IHADT—/VIIHINZ T4 D b D LINZ DHIOY > 7% PIXE 154 T 6 [BRIE L7z,
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3 R
3.1
PIXE B2 LD, # 11TRLIZ 23 TeEBsilliE Shi-,

#1 PIXEEIZE Y Sz &ooRIBEE

(ug/e) Median Min Max
Al 8.33 1.525 31.2
As 0.019 ND 0.144
Br 13.3 9.4 15.9
Ca 72.5 42.1 236.8
Cl 2727.1 508.2 4783.1
Cr 0.039 ND 0.094
Cu 0.515 0.267 0.897
Fe 1.161 0.406 5.089
Hg 0.105 0.009 0.202
K 123.3 28.6 198.9
Mg 24.6 0.008 46.2
Mn 0.015 ND 0.172
Mo 0 ND 0.238
Ni 0.001 ND 0.061

P 107.3 39.1 393.9
Pb 0.132 ND 0.434
S 400 148.5 731
Se 0.256 0.117 0.334
Si 4117 0.836 22.3
Sr 0.518 ND 3.027
Ti 0.28 ND 0.91
Y 0 ND 0.097

Zn 1.355 0.879 2.2

ND: less than lower limit (<0.00001 gxg/m/).

CCL. CCW BLUCSA | HAEAHET T DHELFEE L 720 272, £7=. Br. P, Pb. SrlZBWCIKE LA E/ AR
- G 2),

%2 CL. CW, CSA &I+ Br, P, Pb, SrigE

CL Cw CSA Br P Pb Sr
BW 0.9479 0.8789 0.9469 -0.4959 0.510% ~0.481% 0.523
CL - 0.8419 0.9399 —-0.487% 0.4549 —-0.463 9 0.4392
Cw - - 0.9749 -0.546® 0.592%) —0.364 0.676"%
CSA - - - -0.552® 0.547% -0.4349 0.599®)

BW, body weight (kg); CL, carapace length (cm); CW, carapace width (cm); CSA, virtual carapace surface area (cm?).
a) P<0.05, b) P<0.01 and c) P<0.001.

32
CCL BLUCCW DV REEFE 31T Ui, [AFEN CIXEARE & SEHOMICH BT RO T, K LICKRE
DOIFEF P BEONS REZIR LT, A ~A OBFARF OB OMAEF PIREIIZZ 139.2+83.7 5111855
+41.7 pg/mL TH-o72 (p <0.05), TAD IHATRNT, BARRR L OEEROMMIIZNZI 305.6 + 219.3 BLW
93.5+ 39.8 pg/mL THh-7= (p<0.05), THYIHATBNTIL, BERES LOS BRI A EZE TGO ST
(198.1+99.2vs 323.0+219.3 pg/mL, p>0.05), ZA ~AIZHT HIEH S PEEIIATEREC 418.9+ 119.1, BAERET
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286.3 +69.2 pg/mL TH-7= (p<0.05), 74T I H AR, FERET 696.0+ 171.7 ug/mL, BFAERET 428.3+107.5
ug/mL CThH-o72 (p<0.01), 7HY IHATIBWCTEAERE (419.7 +126.4 pg/ml) 38 L OFEERE (508.6 + 104.2 pg/mlL,
p>0.05) OMICHEZITFRBDO LN -1, BETT D I T AOMFEH PRI ONS EEIIo w I 7 A2 U CH
BIZEETH -7 (p<0.05), X 2 \ZHEEOMSEF As BLOPb JEA/R LTz, BAETT A7 4 ADMSEF As #EX
1.362+0.953 pg/mL T, BAETH A ~A (0.443+0.470 pg/mL, p=0.05) BLOEAETFTA 7 I A A (0.297+0.170
ug/mL, p=0.01) DZAL & Hills U CHBENSEME T~ 7=, TR BB T 707 2 7 A OfiffEf As #2 (0.297+0.135 pglg)
X, LT I FADOENE L CTHREICEE TH -T2 (XA ~A1 0.041£0.047 pg/mL, p<0.05, 747 I H A:
0.049+1.388 ug/mL, p<0.05), %7 I H AZHB\\T, FAE FREOMAEH As JREEIIEE FREOZIUTH U CAEIC HE
ERLT. (FA~A: p<0.01, 7ATIHA p<0.05, THTIHA p<0.05), FHAEFT AT IFTADMEEH Pb JREE

(4.286+2.825 pg/mL) 1%, DT I HADZI (XA ~A:1.798+ 1.437 pg/mL, p<0.05, 747 I A £:1.032+0.585
ug/mL, p<0.05) |[ZHHG U CHEICEMEZ R LTc, fE F7H 0 I A AZBWT, I Pb i (0.957+0.367 pglg)
DT I HADZIL (XA ~A10.265+0.168 pg/mL, p<0.05, 747 I H A:0.215£0.129 pg/mL, p<0.05) (2L
THRICEEZ R U, &7 I A ARCBO T, B4 RS LOEE FEOMIET Pb LD As IEIIIZTNENEE
ZENFRD DIV (XA ~A:1p<0.01, TATIH A, p<0.05, 75K A:p<0.05),

#* 3 CCLBXUCCW DR

Species Life environment Sex Curved carapace

Total Male Female Unknown  CCL (cm) CCW (cm)

Hawksbill Captive 25 1 24 73.1+£7.3 55.3+7.7
Wild 6 4 2 75.4+7.2 59.3+6.5
Green Captive 5 1 4 96.3£3.5 74.9+3.1
Wwild 9 3 4 2 84.7+18.7  67.0+12.4
Loggerhead  Captive 3 1 2 87.9+6.1 69.4+3.9
Wild 9 3 6 84.8+3.8 66.0+4.8
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Hawksbill Green Loggerhead Hawksbill Green Loggerhead
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B 2 &UIHACKTSEE MR LUEA THOMEEH As 3L UPh RE

33

SRR A, LR AR L OEIE FREACRBWCENEN 551.3+ 121.9, 787.0+232.6 :3L11963.2+
354 mm Th-o7z, NEILFEEHHIIS VT, Flif S /=25 & i 3206 L OMESCRIBE A R 22 35800 e h
o7z, Ca, P, Pb, S, Se. Si, Ti BLUZn |ZBWTHHEARRRE S \EILEESREOMICAEZENTD B,

Ca, P, SHB IV Zn |2V THTE FHATIEAES LOY\EILF ST L CREICEEEZ R LT,

A\ EILGESEHH LT P, Si BEO Ti ICBWCHRICHEEZ /R L, fE MRS L OV\EILFE SRR
LT Se lZBWTHEILKEAZ R L G4),

K 4 HEAER I O\ELBOMBEPITRRE

Elements Suburban coast group (Okinawa Main Island) Rural coast group (Yaeyama Island)

(ug/mi) Captive (n=8) Suburban coast (n=8) Total (n=57) Winter (n=27) Summer (n=30)
Al 8.743 £ 13.416 9.586 +8.916 5.814+3.758 5.915+3.409 5.680 + 4.049
As 0.065 +0.075 0.279+0.172 0.207 £ 0,348 0.170 + 0.437 0.233 £ 0,241
Br 13.348 £ 1.617 15312 £ 3.580 12.196 + 1.898 12.114 £ 2.073 12,172 £ 1.807
Ca 137.114 £ 14.994 72.255 £ 13.089° 49,734 + 11.2728 50.733 £ 11.585 48.308 £ 11.236
Cr 0.096 = 0.093 0.059 = 0.064 0.127 = 0.079 0.127 +0.072 0.127 = 0.084
Cu 0.344 £ 0.135 0.283 £0.143 0.433 £0.291 0.342 +£0.297 0.507 £ 0.266
Fe 1.163 £ 0.347 1.261 + 0.869 0.863 £ 0.915 0.918 + 1.006 0.803 £ 0.822
Hg 0.060 + 0.095 0,094 + 0,055 0,055+ 0,080 0.056 = 0.079 0,053 £ 0.080
Mn 0.006 = 0.009 0.041 = 0.040 0.011 = 0.035 0.002 = 0.008 0.019 £ 0.046
Mo 0.050 = 0.069 0.081 £ 0.097 0.041 £0.075 0.028 £ 0.056 0.052 £ 0.087
Ni 0.013+0.022 0,036 + 0,036 0.017 £ 0,025 0.014 + 0,021 0.020 +0.027
P 211.087 £ 215.732 88.142 + 38,9482 54,823 + 19.5654 48.503 = 19.094 59.936 + 18.577
Pb 0.202 +0.104 0.959 + 0.579A 0.197 +0.141B 0.151 +0.110 0.237+0,152
s 562.184 +227.003 432,758 + 114.049° 315.772 £ 90.1234 307.660 += 90.830 320.694 + 89.982
Se 0.179 + 0.081 0.120 £ 0.077% 0.192 + 0.074° 0.189 + 0.074 0.197 £ 0.076
Si 1.173 £ 3.026 6.438 + 5,553° 1.876 + 2.751P 1.885+2.740 1.806 +2.782
Sr 1.788 +2.412 1.041 = 0.630 0.763 = 0.204 0.736 + 0.160 0.777 +0.243
Ti 0.154 £ 0.230 0.450 £ 03774 0.026 + 0.0908 0.010 + 0.046 0.040 £ 0.114
Y 0.010=0.019 0.013 =0.030 0.014 = 0.027 0.009 = 0.021 0.017 £0.030
Zn 2.045 + 1.828 1.355 + 0.452° 0.900 + 0.2784 0.889 +0.330 0.904 +0.222

UNIT: ug/mi. a: P<0.05 vs captive group, A: P<0.01 vs captive group, b: P<0.05 vs suburban coast group and B: P<0.01 vs suburban coast group, respectively.
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EEREREENSHD PRBIOSEEIIEE FU I AW CTEEE R LT, I5IZ, TAY I N A Hho 2D
I A LR U CiEE As BEONP IENEREIZE W Z ENAGINNI o7, T, FESCEREEER & ORSENE %
DY (R

T X ATENED D HEFEHT E CRk A BRI SR LD, RSSO LV | BifFE TS TS TO Y I
ADAERHA ST O HEROFTBALTZ 0 LTW5, U I W AR—AEDOLL TR CIL. #mins ok
DHHEDEEIFHRDIFINE 725, TDI=, 7 20 AR HEFTHRE AT T 5 2 LIz G S D E o
BRI BREE AR A B N T 2 DIETH D L& 2 Hvd,

ARFGETIL, TSR CEERE L 72D 0 A DI TERRE LS O U I ADZNEZ R Ule, RS Z 5
ToAL AL, VRS RIT D BBOSAICRE 28 % RIFT Z N TRIND, 72870 h, TUT D OEEOHE
FEHRFE AT £ /I3 OZ N L 0 F o L RE L 7 VT KEEROVEHERZIN - R ) » & PRI R 2 d@E 9
HEFINFTITCNDT-OTH D, L, OB 2 2B EMOOMMIIARHTH S,

Mg, 7 I A OERRES L OSSR OFME B A MR TAE T 2B Ch D, BlzIE, ki3S
KB L OEAZRE OEDH & AT Hg kT2 F B FEECH S 9, SR, RIS LOEBICERE L- Hg &
THNCHERTHD Z EMHLNTR>TND 9,

AR TR PIXE MBI, Ul ASHE DSOS EFREM RS LOVERIE TH S 8, PIXE AL, $iug D7 LT
B 75300 1 OFIFADIRELZ 04 HHARETH Y 8, (BHERH Y | i) OB G Wik Th 5, Eio. B
BRI A VL L2 esd, BB L D155 OfRME IO F1EDE 0 3 L <RV 15.26.27.25

ROV T, IMEH As, P, Pb, BLOSEEICHEASRD LN, Uk, fAE FRBLOSAETYIN
AOREAZEDHDEEZLND, Bishop Hi2k 5 & Pb OFEIBWTHRB CHEZENRD b3, HRIReED
YA A TIIAREETRD BV -oT26, T 7 I ATHENETH 5 2 & IMEF IR~ ORED FIFIN TH 5 rlRett4
TN LTS 4101319 T H o I ADFREENX, W77 7 N, =, #liAE), = BXOY 75 THD,
TSI ERED As, SBLOYP 2451s,

BE TD I AICRIT S PBIUS OREERAERL, AR LTEEABEIRIC L2 b0 LB HiLD, KD
T AT IHANIHERPETH Y EPEAERT 5 3T, flE T D & ERAEME L 7R 0 BRI D T, RO X A ~ A b ET,
BRAER VHERIECH 5708, e T 2 & RITIE TiFiZ A5 £ 912725 7, OERC TRA STV o 7 A I3HE
WHEORETTET T S0 172 E OO RER HIER L7720, M P 3 JONS JREE XA MEIR & i LT
MolzbBZz biLb,

T A A KRR A2 242 B KON CAB IR, ROIFIE Ch 5 HFROR SIZx UEEICHED Uis, JoRIBET, TR
BRNDOFEICL > TREIILD 46, L L, U I H AR L OVEEEREEH R 2 ik L7 13720, LIzi> T
7 AR HEREROBREZFET 5720123, SE NEW) DALV RHED SRR E L CUETH D,

P D I A AT, A As 38 L0 Po IREIXFFEOETE MEEDOZIULRTHEICE o T, Ziud, AT
7 XA AR TN DTG L DS ST D, Asi24B U LT Ph OFfE62 L —H L T\5D, —H,
A TFRBIOEF NV I 4 AD AL B L Hg OMFEL~YUZTRE 22 TR BTz, I5IC, PIXE ETIET
NTOY IHA TS Cd 2T 5 Z LR TERDoTe, THHORERIE, BAETY I T AN 7 Va2 v
MFRIZ L % Hg3 B8 LN CABIMRKAE T o7z & Dt & —Ed %,

L7zi3oC AT Y I A DI As 36 L OV Ph IREEAIET 2 R HGROME A NIZ B2 bD, £,
T 10 I ANFE OB B I AS 36 LU Ph IREEDVERIRIC S & 72V O 2 FAQIE L R&E Th D,

THAYIH AT S Ca, P, SBLOZn OFML, 74T I T AOREFEEIEL T EB X LIz, RKBVRT
7 W ARV, B D L BRI C/2 5 367, OERC TERE SN TWD Y 0 A%, FlCEH Stk &
VEWIEORETAFGG-SLD, BEORENIL Ca, P, S, Zn %< EATWDT2®, fE NV I T ATHAFOD
T AFY b ZNEOTEFEOMIETIREE RSB CTh -T2 L& 2 b,
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V2 L DM G MR A RR & 2 b DI EE 2 B, ZOZ LITA T Y 4 A O/EEEE

Pb 0)?#* TEET MR R L b —ErT D 62, AATIL, 1970 R0 BB MAENAT Y U o OEHIEEIE S TERY |
RO BB OPER T A HROSM LA L I MLRNCHERE L= b O Th 5 IEEMA 9 5, Cu, Pb, Zn L\ o784
JEOHFEY IR LT~ B R OIERIREI SR S B, ZHUTEE T 4T I 0 A OREANZ L2 Pb IO & 720 15
DT ENNESNT,

TP bF v (Ti02) I TEEEX R, AR, YEA2 EOHAMICE EFNTEY . ZhHOREOMERITAFREK, X561

HIREKEA~D TiO2 DHEHIZ 72285, TiO2 Z &t bAMID H B, T/ kit TiO2 T FHNFIH Sh Qb kT
D, FTIIEEINDIEIE (CECs) D% MM EORINIE EN TR Y | RN CHEWERE A L5
WD, TRt TIO2 DE AN REE~ORKGII 2 HEH 2 S 726 U, WA ~EA R RITTREMED 5, T
AN ESRECHAE TL PR\ LEE A U CRIE Ch 72 2 L ITAEIK, T3EFEK & BREN G 5 AfREMEIVRIB S
7o PEo T, U I ACRIT DI THREEAZAET 5 2 &3k FOIEENZ LD Ti OG5 L~V EHEE T H T2 D/ A
=LY T ELTERTHS T,

2N o T3 )T o V=T AR CIIER TR OB CHiE A7 B92E 7 I 0 A D SiREE I EROMEmR OB E 7 I 7 A2k L
TEMEZ R LIS, PR URERIETE K E 2R L2 20, Sildask, BXE. (bhEih, ERAMICHA S, & hoER
WZIIARFIRZ2TERTH D, St DIFERIZISIT B NAHIREN IRIZeM T 5 L 21278 - Tz, HEZITLAT St DIE &
AT SOTEENC K D PR HICEAE L) A58 U QI uAT e, KO SLREEE T ~ B/ E OB 5 E 4L
% SIREE & mVFERIED B 5 Z E BN S TND 18, 7B CE S ADNAMRET, 74U I T ADREE
L70B, LD T, AR SBIICAERT A7 A0 I HATIXe NOTEENZ LY SR EAE & 22> 7 rIHeED 8 5,

ARGE T DN /2572 P, Si. Se. TiIREEIZISIT 5 2 HulsoDiE NSRBI 31T 2 TEETOTEIE & 720 2.
7o Fo, WEHICE EEoTHEET DT AT I HATHBWT, MR L OB TR M 5 Y ORRE 2 ik
LCND 2 EAVRIB ST, WARBFIIAERT 2 Y I 0 AL, NELRESFIIAERT D™ 0 ATk L CAAR L
BIUZ L DA N A% L VGRS ZT TV, 74D 24 A OMEPSER L OTEE CRRE 2 RET 5 2 S REEERD
FURZAEHTHD LB 2 HND, SBIT, U I T AT Tl ORI OTEYE D75 TN R R B 700
—IERVIFLTHA I,
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Abstract

The aim of this study was to establish multi elements simultaneous determination of the plasma trace and
major element status in sea turtles in Okinawa, Japan. We evaluated the reliability of direct determination of trace
and major element concentrations in plasma samples from wild and captive sea turtles, the relationships between
carapace parameters as indicators of age and plasma elements in captive hawksbill sea turtles, and the
concentration of trace elements in the plasma of sea turtles that inhabited the suburban (Okinawa Main Island) and
the rural coast (Yaeyama Island) in Okinawa, Japan. The particle induced X-ray emission method allowed detection
of 23 trace and major elements. The wild sea turtles were found to have high concentrations of As and Pb in plasma
compared with captive, but there were no significant changes in the Al and Hg concentrations. Loggerhead sea
turtles were found to have significantly higher accumulation of As and Pb in plasma in comparison to other species.
There were significant but weak correlations between the virtual carapace surface area and plasma Br, P, Pb and Sr,
while there were no significant correlations with other elements. The wild sea turtles in the suburban coast in
Okinawa were found to have high concentrations of Pb, Si and Ti in the plasma when compared to the rural area but
there were no significant changes in the Al, As and Hg concentrations. These results may help to suggest the status
of some elements in a marine environment. Further, monitoring the plasma trace and major element status in sea
turtles can be used as a bio-monitoring approach by which specific types of elements found here could indicate effects

that are related to human activities.
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