F2 GRS ARERAOLFEPOEJE (FF W5+ R E)

PHR BB Hti® R BEGE Tl
EERE Al (ppb) g:2r il | 60% 18 6.6-131.12 26.40
AHIA 57% 17 46-340 15.40
2§ N 100% 84 0.19-13.41 479
Cd (ppb) BEMH 80% 24 0.059-0.108 008
EE b | 90% 27 0.005-0.072 0.04
SR A ME 100% 84 0.012-0.096 0.04
Pb (ppb) Bikm# 80% 24 0.016-3.85 048
AWOR 87% 26 0.031-1.004 030
SERBA MR 100% 84 0.13-0.83 030
As (ppb) BiEmA 80% 24 32-96 600
E-EJiib | 90% 27 29-8.1 550
Mg (ppm) 2t YNk | 99% 83 16-23 1893
Ca (ppm) RS ALK 100% 84 81-104 92.65
Fe (ppm) R A MK 89% 58 044-162 107
Cu (ppm) SRS A MR 99% 83 062-14 095
Zn (ppm) 31 PN 100% 84 0.55-1.21 078
Li (ppb) SR A MR 100% 84 0.21-1,16 058
B (ppb) L3t INIE | 100% 84 518-157 896
Mn (ppb) 2 1 PNk 100% 84 0.32-2.17 082
Co (ppb) 3t PN | 100% 84 0.024-0.349 017
Ni (ppb) 31 PN | 100% 84 0.12-0.74 037
Se (ppb) L2 YN | 100% 84 75-147 111.08
Rb (ppb) R A MK 100% 84 85-233 155.12
Sr (ppb) 3t JNb ] 100% 84 16-73 29.38
Mo (ppb) 21 YNk 100% 84 0.25-1.89 1.22
Sb (ppb) 31 PN 100% 84 0.017-0215 0.11
He (ppb) 4 RS A MK 100% 84 0.2-204 0.60
n=211
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FAEFBRNENERMBIE (LEWEY R 7 HEFE)
SRS E

[CP-MS (2 X % J8 PE A ARG o0 B4 IR il
FRRE SR MG A s BB O P HR AR R I HZ R M T3 AR SR

FoR LTS E
i VAR 3

st te—aR
FEE 1
B EA
WH BE%E
HE &
fE (—E
iT/E SCHE
o OHET
e HA

(R RF R HRIBHRER AR
([ MR 1 BE 2 o 7 — R FE )

(FE LRl A EERE & 7 — B R RT)

(RIERTF EFE FPBHRER ERmAR
(RIMERT EFE TMZHER AR
(RMERF EF FMZHRER AR
(%% S Y i A=A SE )

(B Jn VL AEBIFSE AIT)

(B Fn Wl £ 72 AIT)

R

JAEMOARTURE (BHAM, FRRL. AR, WHm, Wa. B8 e Ehs2HER (TALI=0 A,
BE#E. AFIVA R OHEEREERAL, BEEST T AHEOIERE (ICP-VMS) 2k B
T EER BXROBENAEL I2ofo, TOFIEICLY 30FOBFEREZHEL-ER. &
VANLTOEGRIGERBEDNEZ Y T isatH bR oT,

Eiz, BRAERPFOHHHERICEK T 2ESBORERELZTM T 5720,

[ fREeHIRE | A H =M

TABEOMTE AR AT, = OFPMRIC S - THEREANLIC AT 5 A, AR EOME, L
WL &\ R R AR BRI 5 2 LASTIEL Ae s, £ T, ISR LA OB AR R A R L

feE ZA, MEFERFEHRA LD LR,

A WFEAM
T, FEERE (B PR R O3 i E)
LEMShD/NEOEREHLTWS, Zhbd
fEEZ, RIEICBIEA D= XANRTRARBESNE
W, BEHEEHEO -S> ThAHESRBIT. R
FEEEAG ISR ARSI Sh TS, EE
BOPINIRA DI LT A F ALK X 5
(AR IC R A RE LR R b EEA L6
THWHLIFET 5. 22T, AR TSRO
BB OB N REBITOREEZH L I
THOIC, BB -HAER O 4 RE E TR
LBEHET 7 AEHESIEE (ICP-MS) %
WTHGEREZJIETAZ L2EME LT,
e, TFEAHLTWS HBE, FPEE, i
R B2 Bk b 70 L rh XA AR R O R EREE
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REDO—>2L LTH, AEBROEEIBEINT
Wh, L Lo, EEROPIEHEREIR
PREIC RIFTEHEN RIS TV M TY
TRV, PHERER R TR A B T, AR A A
(£ % PERE AN 23 0 B oy 240, JEREFR /> R0 &
BT, BRIOEBALIC B E) L 2228 & R i o Hi R i
(mz—mw, ZUT) EHkTBoLick v
MEZp PRI A BT S, Z ORAIRFRITMEIE
HoOEFICROIFICEZ » 2 0BERIERIC
BMETHLZ LD, BEEBICLARBAFEAD
ZALERONCTDODOEELE->TWS,
2 TAETIL, TIEMRROREER TR
FEICHBT 2 TaRkepfile) # M0 T, 18R
T ORI R OMEE A R I T,




B. #FENGHE
B-1 H&RHE
B-1.1 FHEIOEHER
Wl KFEEESERABRAKICENT, 4
ZA—h Fartr b7V, AEELXHTEE

DERREB I poTc, BEHRROREE LTI,

B3, REER UKL, 7=, FERBRORE L
LCHssrm, B4, ImAaiEm Lz, EHIERR
%, v TR 20 CTHRMAERTF L. ZHORNLEE
RICHRE L TEA LT,
B-1.2 JEILHK

BIEXFEBLUORNELETENR TR, T3
= Ah:Al (2290 biCo), EFiAs (A FUD
AY), BRI ZL:Cd (2227 A:Rh), $:Pb
(BEAvA:Bi) ®A4xFEE Lz, FELNIIPE
Y LTHWxE)
B-1.3 FHELIVHRE

HEOSfRIZT, BRbFHROmEE Q0. 42
Ultrapur-100) 35 % UN@EM LK (Ul trapur) % H
W=, Al, As, Cd, Pb, Co, Y, Rh, Bi O{E#Ep
WA A 7, Bl AREFICIT.
I YUMRTHEMIIQ SP (BXZHEE 18.3Q) T
R LBk AR Lz, P AKEiR, W
PERETRHE., T4 v HEMAKIZ2T 0. 5%IRME
OWEBEEIML THW., BlROHEIZEMRTS
Bty h=wrF v AT %M. —BRiZHE L
foth, BMIKTHRAEE L. 7L TEICH
WA E—H—, AA77AIIERBERNIC 0.5%
MERETESIE TE bW E L BICERA Lz,
B-1.4 FEORTEET LU ICP-MS it
REFORTUEES LT ICP-MS RO
1iIZF L, 47 ux—7IC K55, H
1) 2000 DEBEF L TPEIUVA 7 ol RERs
(P—x N A = AFB MV-T ] PFA /N7533)
FAWE. 3oMosfigt 4EITV, &2 ORIG
DRICIXSMRER T L 3Nk ERA L,

B-2 fhER S IR EE (- X 2 HE B OR A G
BE#b148 (E14) MDC5TBL6~ 7 AEl4~1T7 AD
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Kipe k0 BN ERE L Ml E SBEL-. —=—
QA7 x THHIZEY - IALRIEICL>TEDL
N miERE CFEER L 0ESM) BLUT
Bt hr—L & L T200ppbD HERIER GV
# (Al -Cd-As-Pb) ZHFEML, 1 AMEZEZT
o, =a—RA7=THEME L TB2T (1:50),
bFGF (20ng/ml), EGF (20ng/ml ) B L UHIASHE
%5 ToDMEM/F1255 % F V7=,

% 1AM B ICEHEBRERM, FE3ERNE
HToa—nR7 27 DERZFHH L THEME
ML, £ EBREhic=a2—0 A7 =7
25 RNA ZHIHL., U 7% A A RT-PCR THRE
{t~<—H—8ETF (Nestin, Sox2, Notchl) D3
REAEERL-, H{WVWT, =2—BR7=7
g% 1BMBICZrA 7 Rx s Fra—F
LT 4 v (CBEL, 621 HEMSE
FEILH TR AITo -, BEE, % 7 741
LATATFE FCHEEL, =a2—a I+ 558
HETHAHHT + —111 tubul in HTi&Z B TRk
R SRl s 2o il

C. ®BRBIUSBE
C-1 HeBAE

g EERY > 7 (FBEROTE - IR -
BESL - AT - BEATARER - NeM) foT =
L, b#E AFITA WREOHTIEMIEE
fTToT&E, A#, BERABOREICBWTEL
WHEROB LR 2o B P e ERRIERE
MEERSL L, B3 30 Bl It 21T o7 (&
1), TAI=0h, bHE, AFITVA #HiEb
CETOHrTAhbREn:,

REYOEEDHTHL A A X IF
el bichmPL_ABNERTHENSBEMN
hs, FIT, BRABLIUEHELEPOHESRE
L EEERE ORI, SRRV
TAARGEOEMIT 20 AL AL RETT, FH
EWiT 30 M THHo7m. Fime R EIIMFMD
HhoHEReBEOMBM LR 2L, WTh
DEFOHEBEICETHAWVHEBMEIIR SN



2oz,

B3 7 HTOMBEMNIZ, BEOKBKIH
BWESCKEMICBIT2HLERE A2 MHT 5 L
THELZS, SREE L BE MG S BEmnE
OHEEMEER2IIALE, TALI=U A, EFE,
MTHWHEEANELRAE LR (TAI =D A
r=0.35, bZ :r=0.26, $ :r=0.33).

BIPELTAI=gnL, A FI DA, §BH
mHSh7=Z b, BLBRES LURLYD
HEB T ARAHET L. JECFA: Joint FAO/WHO
Expert Committee on Food Additive Diff|E+ A
it A R R Bt 281 S 2 R 7=, BILER
BIIILIROKHE kg 7=V 150ml & LTHHL,
FLALELTOY I THABRERED 10%
LTFEWHBERBELNE (R3). ExHEOMm
MBMEREICAT2FE60OESHEE, 7Lz
Thi2% AEFITL2.7% 8:4.2%Thot,

. ReRRARR L etk E R A & L U
EINLTDAFHPBHFMICLLRTCESTHS
Zlhb, BEROBEMNRBEREFT =/ —T5
RBUWVGRE L 720 5 ZATREMNH B, £ 2 TH#Mm
— B LUK OMEBYEE BRI LE (X
2), BHmL—EEPOEFE, B —Hsho
AR 7 ATHEWEBMRL Lo 5tz (4L
— AR #E : r=0.39, M4 —WEL FI A
r=0.21),

C-2 WEHEBRA PR RC BT &
PERET (in vitro assay)

HERBOPHMRRNMERBIIRIZTE
EHREBIH T VMO TRV, i
RERORERM TR RIICHET S THhiEstia
fd) ZHWT, BERRATOEMIMROERE YD
Iixolz, M ENhEIHMEEEZRAWT, £ 7
NAEIZ K> THRON-BHnIFERE (TYEs
L Ummil) oEEBHEMATEMLZ (K2 _AB).

itz V2 Med e e oD FhER &R HBAR I BFGF, EGF o —->
DREHEFFEF T, RAMCREERSZEEH
FWM L, —a—n R 7T LTS A
R LTz, =a—a A7 < 7HHIIZ I f ik R

g1

DREBEZBN LGS, FHE, BEEVTH
DL_ATharybg—LLtEEOD=a2—a R
7 =T &R LTz, —75. 200ppb DEEB A L1-
B, —2— R A7 7TOHEENRFEICHS LE
(p<0.001), ZDOZ Lnb, MHFMIEL~LOE
CRIBR CIIHERMEROHEMMAFIE - 52
WZ EMEM N,

KIZ, U TIH A I RT-PCR (2 X » THbiRE
MROKMME~Y— I —BIEFORBESTEEL
Iz, ZOFR, BEREOCESLBAEET T
Nestin, Sox2, Notchl MO B /A FEHIIN £ 7= 135
LB LHLRELOO, BHMLEL-LOEE
BRECL->-TREFEIEEOEILITIRD LR
IEpaie,

T, BEERARMLIRETHEKR IR
Za—R AT 27 B HEEM P TRASE
LI EIE-T, MRROSGICHTIEEED
R LE (K4), 9{tEHE%, a2 bo
—-OFEEMIIL, FIERRED O SR I
L-RKREL 2 REREA PR 5808
bnre, L LR REREOESBARML
ToBR, MR RILICHEET 2L OOMM L Iz=
22— AIHB Lol —JF, EEmE L~
VWTOBRERBREFET T, 2» bo— L RERIC
* [11-tubulin BEMEO MM AR E 2 O
LTWaghmh b bont, 2o ik, B
Mm% L~ DOEERBE TIIHRBMEO S
BFIIR - G2V ENTFRENE,

D. &%
D-1 ICP-MS (= L % H e mMaE ko me T
Bkt 7 LT, mig- R34,
ErFAERbEY Tl LTl a0 -
BB ARWT, TAI=oA, bE, DK
DA MBRELFAELE, 2ToYrIinsb4g
EFESARHEN, WTHhoOLEL BEER L M
HhESRE L ~LEICHEBET RO o s,
ZOZErh, FinE OMBEERHREIRTVWS
FAAFMETRLY, EEBTIXEMICE



HEA~OERTBZ > TWRWI EAREE
iz, fHEMER L O mEOREICHS VT,
WFhoH$ 7BV TH&E L~ OEITR
Hahd, BFEOEEALIZEA YRR
o, Thebb, BENLBR~OBITE~ET
HZHIXSEIORIETHRED LN o7, F,
EREEH L L TEEIN I, WRARMR) E
CROFEMERERL T =/ —T51-00RE
L7202 B0 ERIT A0, WL L OB
R, LoLiens, £ 7 AR TEVE
izt b b, LA T
OREETIIRG., R CEHEMBRBERL =7
—FTA5ZLIHNETHHLELALND, RFALHT
ORHEPLILROBRT2ESBREAHE L.
MARAMBREL L& LI ZA5ITLALOH
EEN 0L FTHDHZ Enb, BHANLERE
NAELBEIREL N THAZLNTREEN
fes

D-2 4R TR RO RIT T
WM (in vitro assay)

HE R O PR ER R G A R
ENREEBIHE VMR TV RN ), M
RAOFARM TRY FHICHET S THhfka
K] Z#HWT, HERTOFEEFMEZTo, =
OFBERICEHDBFL S LE LU ®RE
(200ppb) DT LI =D AL, EFR. A FITL
DIRGERERML, HESLHbic G2 2 8%
AP L 7=, 200ppb @ H&JBTFIE T TRl
DOERIAE, Rolb~v—t—BETFOEL, BX
U= =2—a r~OEAERZ LD LT,
—%, BHMLE LA TRERIZRED LR
ST b, BHOLFLLOEERIL, R
BAROREICH L TER2EEEFEZ2W
LR RN
E. #w
ICP-MS # W Tiik, R, FEFL. M. e
POTAI=g A EFE, AFITA BOHE
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HiEEBEH L, WEMEORIERG LR
ERALPERERS 2V TITAVLBLULXET
DHEEZRNL L=, ZOREFEIZLY ., 30 4
O — W JEEMAEEY T & JIE L ER S
FrBIkote, WThOITELETOY TN
M EhA, BRI L g L THRICAVE
IRt EhZerotz, BHFHE MIEPOESR
WEEICHBEMEA LD LR, FHERMmE_
MR Mg LBV THEWVHEBEMNIIAR LD
biviehoT-, kR ESKAEMMICE WV TH &V
ML ohh o7, BILP ToORMHED
LIROBRTrESBBEAHE L. fitHEME
BB L= ZAIFE AL DOHEMEH 10520
FThotz. LEOFERLY, SERE LABF
DEERFHIB W TIIER 2 HE BB E DY
TR EDHLRRNoT,

T/, MERBMROEIRMERETHD (=
2—B A7 T #HAVT, invitro TOHM
T A IE O A2 R AT, ZOE#GIEERWT,
BRI L D R M O RATEE, R {LHE
FFE. BXUMEREIC S 2 D82 BT 5 2 &
WARETH o1, £TZT. Y INHETHSL
NEEHLE L~V BEROFEEEZFMLE
Z A, WIRE, R HERIRE. ERBICRT D M
1A LOLRRENRST,

F. lHEfa Rt

2L

G. WFRIEK

B E S

Fujita Y, Urano H, Izumi S, Uchida N, Goya K,
Makino T. Assessment of prenatal exposure
to neurotoxic metals (aluminium, arsenic,
cadmium and lead) and up-regulation of
dioxin-inducible gene, cyp1A1l, in the neural
stem cell culture. Organohalogen compounds.
69: 1779-1782:2007
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Fujita Y, Urano H, Izumi S, Uchida N, Goya K,



Makino T. Assessment of prenatal exposure to
neurotoxic metals (Aluminium, Arsenic
Cadmiumand Lead) and up-regulation of
dioxin—inducible gene, cyplal, in the neural

stem cell culture. : DIOXIN meeting (2007)
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BE1 BRYHORIRES SUICP-MSE#

[ BEmA WEOR-BI BER (&02ml) | T H T
REORE BREORE

+iE 1 m
+ABEKEKO. 1ml

¥R (80°CT12hr.kA L)

v E IR ) — #80.05¢
=8 overnight
+THE% 1 ml
! +H# K1 Iml +3B B (7K 2 7KO.1ml
24505 —TF 5% (3min) v
# £ A& (3min.) &aE 2R overnight

l +8 K1 Tml

T42709x—7 5 M (3min.)
HRAEAOBR(2REmMET D) K B (3min.) ] &40

l |

ICP-MS BRAOER(EREMLETD,)

ICP-MS

ICP-MS#k %

BB HPAS00( AT+ )T4HNL#HH)

RF 787 —: 1400W

F5XTHA (AN #K R 15L/min

FrYFTHR (AN #ZE:1.25L/min

Yo ) E 8mm

RTSAHF  EL bR TSAHF
BRHAA A+ TS5HA

MER( 3

RYELE#: 33

MM :01

BEHZEA BEFWE. As-Cd-PhiiddBRE (AEHAME)
AsTFSRBER  (1.000)(75C)(2.937)(77C)+2.297(82C)



®1 EYUTNICET32EEROBRHE

B Aluminium n MeantSD Range
Bk (ug/l) 18 264168 6.6-131.12
BERR (ug/l) 27 58+08 0.8-17.11
fFFL(ug/L) 16 194 £ 3.2 5.3-63
faf&(ua/kg) 30 318.5t 454 133.0 - 1428.8
E#Fm (ug/L) 17 154+ 2.1 46-34.0
& (ug/kg) 29 264.2 + 26.4 111.9-702.4
B Arsenic n MeanzSD Range
STLImITITEmIIA s ——————————}
Bk (ug/L) 24 6.0+ 04 3.2-~98
KRR (ng/L) 27 58677 15.5-169.5
A6 B (1g/ka) 30 210 %22 11.2-626
fE#dn (ug/L) 27 55+ 03 29+=8,1
BB (ug/kg) 29 233+ 14 79-394
B Cadmium n MeantSD Range
Bk (ug/L) 24 0.079 £ 0.019 0.059-0.108
B{EFR (ng/L) 27 0531012 0.02 -2.91
8%L(ug/L) 18 0.39£0.05 0.09-0.91
e f#(ug/kg) 30 40.11+524 12.93-159.0
S m (ug/L) 27 0.042 £ 0.003 0.005-0.072
B (ug/kg) 29 363126 2.39-577
B Lead n MeantSD Range
&M (ug/L) 24 048+0.15 0.16 - 3.85
B{ER (ug/L) 26 0.92+0.10 0.28 - 2.51
%L(ug/Ll) 18 1.00+0.29 0.05-4.11
A4 88 (1ug/kg) 27 15.14 £+ 1.15 6.08 - 30.10
FE%m (ug/L) 26 0.30£0.05 0.031 - 1.004
B&#(1g/kg) 29 8.54 + 0.59 4.41-19.55
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%2 BEERLOBETESRBE, T-EESUTLMOBMIE O

. | .
BREBLOAPREORME ) FoLBREE e
v BEROA | S8 vs BEMDA (r) P v Bl | AN vs AR
Al 0.29 0.15 035 0.18 | 007
As 0.056 0.06 0.26 0.39 067
Cd 0.1 01 0.15 <0001 | 021
Pb 0.03 0.03 0.33 0.004 0.05

%3 BIATESROMAEAMEREICHTIHE

D JLRGE | 1 RNy | RAAMBIREICHT S8 &K
(kg) ZEEM)

Al Cd Pb
2 2.6 385 1.5 17 6.3
3 3.3 492 2.2 3.7 0.9
4 34 509 1.9 46 8.5
7 29 442 1.8 48 1.0
8 3.6 535 1.8 4.4 29
9 2.6 392 6.6 13.6 17.3
10 3.1 464 1.1 6.3 1.4
15 2.7 400 6.0 1.2
16 2.5 377 27 12.7 155
17 3.8 566 2.1 24 0.8
19 3.0 446 42 1.2
20 3.0 454 26 79 0.6
21 3.0 445 17 4.1 1.6
23 30 453 22 29 0.8
27 3.3 490 1.6 8.7 91
28 3.0 443 1.5 6.8 6.1
29 24 366 0.6 34 0.6
30 29 434 0.6 1.4 0.2
Average 3.0 451 2.0 2.7 42




Relative quantity of mANA

(folds)

(A) [ avbo—L

H mRaPTy || BEnOBE

i H

HERE

.."-sg. ' ‘\"

160
(B) *¥* P<0.001 vs control
140 —_——
=120
mH * % ¥
100
I
H 80 — = - ; —
mn
S 60
|
i 40
i
20
. i
Pb 0 | 03 1 200
cd 0 005 0.07 200
|
As | 0 5 8 200
A 0 15 35 200
3uha—L PEADEN | AEONREE | ATAE
E&MBRE (ppb)
Hz EEERHAHERHEROMBREI-SIOEY
A) BERREFATFT. FREEFATTEASh-Z2—027c7 D{IEERNERG
(B) Za—0OA7rFDEEOIKI(E
Nestin Sox2 Notch1
E 14 é 14
£ T =
Bz 1 T g S
) = =
§o 53
: Of e &
_: 04 - E
X [ |
avkO—L “HiE Be%E HTIEX & avko—i FHE Bxl aZ=EY k0= =g BRE HETZ
Treatment Treatment Treatment
*x P<() 01 vs Control
H3 #ERERORMETI—H—DRACFRER~OEY (JTFILIALRT-PCRER)

=4 ; ENBERERA S —OU~ORIERIZS A DR
TREFATE-AREAT CHEREREA LA -ROZTR

R

22% 1Apll-tubuliniRix 2 &



R @R HiB e (P Y R 7 BFE S
SR &

(LEMEOBBBEL R BEICBITI DT E 22T 1 v 7 RREBORH

RN HH R RERKYERE GRS SR A e B

B FE b S K i HRRF PR R R e R R A (e
Bt B BURKFREEGEIE R MR EEE

WRES
TEVxRT 4 7 AE, NG AF L E € R DA L 5 7 0~ F oMEO LA D RIS T-REO
EEETH D, NIELREFYHICRBINTEY, Z0—HIIREOREICLEEE 52 5FHN
BEREINTWS, F2C, AR TIIINE TICUHEBITH LM SN BHEPICEET DL FPH
WCOWTHKRRORE~DEBORBELRIT A0, YIMREREOETLLEZ LD ES Mldz
RWT, TEY 32T 4 7 AREEL LT 2iTo7z, £ORE, DEP, aF =2, K, L,
S-421 & W o AEFWEIT, M IRERE OLBAERE TRELLHEG TS, DNA A FAAEIREDL~
FuruvFoRRICEEE GBI ENREI R, ZOPTHRHICEEREEOR L DEP (oW
T, AMETHRBLEY / AUVAL FR2AFAMHFiETSH S D-REAM (T-DMR
Restriction-tag-mediated amplification) %% R\ TB{sFRBOFHRART 217 -7,

A BFEEEP B. HFAH

W, BERERH L, BHEROKKRE LT 1. ES #lazZAVWiz~7T o7 a~<F EBlE~O1(k
Yzt T 4 v 7 REDBREHINLBINZEE  FOHORBOMRN

Hah, RERFORELFRTHIERAFOBE AR T, ZHhETIC 25 MEDELFEDH
EREBEICR->TE, ZNETIC, ABIIZHE (3-PBA, TCP, DMP, DEP, DMTP, DETP, DMDTP,
EER L E A B, AT A2 L TAEE S DEDTP, S-421, nicotine, cotinine, PFOA, PFOS,
MM LT &, AFEEFICBOTHA22{b¥%  2-EH, 2-EHA, DCB, Sn, Se, Cd, Hg, Pb, pentaBDE,
HICBBINDH - LICLZREBNAME SN TV decaBDE, DEHP, MEHP ) {22\ T, #RERFHAM
5, FZTAFETIR, FEICFETHEEHE OREARELE, £2C, ZhodDEPPHEIC
TAE~DEERELRTHHHDIZONWT, £ DWW THIRAKRGFOET AL THSD ES #MiaICH
OMPICHEELTVWAIREOEEMNEVBET WwWinTrZovsF o BREEEL Lotz
LBIFORAICHBLEXBINE I DERH  {To7. U ARG ES MlgEEFF - a—h
TAHEDIC, w7 AR (BS) MgV Tie &7« v 2L 25 REOLFMHE £
FHHEBRBRCLATE o RT 4 v ZHRERS hERBHICEML. RiERK 48 B THlka 2
{ERE~DEE AT 5. BN L, MERE / =% / — LR THEE L2,
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ATA 7R EICREEREZER LTz, 205
LO—FIZOWTIE, 48 REH BB & (LT HE %
BRNTE 6z 48 HEEEEE LD &, (L FHHE
(2 FiE LIRIET ES MR b MARIE~D 53 k%
BHHELELDIZDWTHEROBNT 21T 7, (F
B L = B O E K Z T
4" ,6-diamidino-2-phenylindole (DAPI) (Z L %
Pt 7713 major satellite SR &8T5
Za—7%&H\ 7 DNA-FISH 21T\, #OCBaRpsss
TTHEO~T e ovF RELBE L. BN
@ DAPI, major satellite % "¢ 7+ 1dm
¥AERS, ALFEES ES #ifo~7n s awF
G RIE TR OV TREEL 7=,

2. D-REAM {&iZ X % DEP #FZEIC LV DNA A F 1k
KB AT 2 B TR D PR

wOR ES MlaxE¥FFra—rFooialk®
DEP @MUz bDEay ha— Lk LTHEED
FHEMUIE 48 BefillE# L, £ 0O/
7/ LDNA R L7, ZivE: A FALRAZ S
[REE¥3 HpyCHAIV LB L ZDHDT ¥ T4 —F 4
77— 3 PCRITK VA F (LB % K8 L .
TURTOE—F—T LA FHAVi s ER
7 DNA A FALRRMT 21T - 7=

(fi PR o~ Bl 1§)

AT, BRI FIRR A~ E DR
BERONITHENHMTH LN, EEOER
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Abstract. This study determined the concentrations of polybrominated diphenyl ethers
(PBDEs) in Japanese mother’s milk and fishery foods. The total concentrations of seven
PBDE congeners in eight pool of archived human milk samples from Osaka ranged from <0.01
ng/g lipid to 2.3 ng/g lipid. These concentrations showed an increasing trend from 1973 to
1988. After 1988, the concentrations almost leveled off around 1.5 ng/g Ilw. The PBDE
concentrations and congener profiles in 1999 were similar among mothers living in three
regions of Japan (Kanagawa, Okayama and Osaka). The concentrations of PBDEs in human
milk samples in the present study are similar to concentrations reported in previous studies on
Swedish human milk. The total concentrations of six PBDE congeners in fish samples ranged
from 0.1 ng/g to 3.2 ng/g on a whole weight basis and ranged from 2.3 ng/g to 57 ng/g on a lipid
weight basis. The mullets contained PBDEs in high concentrations both on a whole weight
and lipid weight basis. The most dominant congener was BDE-47 in all the fish samples.
The total concentrations of ten PBDE congeners (BDE-28, -47, -49, -66, -99, -100, -153, -154,
-155 and -183) in dietary fish oil supplements ranged from <0.1 ng/g to 53 ng/g oil weight, and
the total concentrations of six PCB congeners (CB-28/31, -52, -118, -153 and -180) in the
samples ranged from <0.1 ng/g to 340 ng/g oil weight. Two brands of Japanese deep-sea shark
liver oil contained the highest levels of PBDEs (49 to 53 ng/g oil weight) and PCBs (290 to 340
ng/g oil weight). Our result indicates that PBDEs may have entered the Japanese deep-sea
waters.

Introduction

Polybrominated diphenyl ethers (PBDEs) have been used worldwide as additive flame
retardants in polymeric materials. Because PBDEs are not chemically bound to the materials,
they can leak into the environment during the production, use and disposal of consumer
products. PBDEs are resistant to degradation in the natural environment and especially
Penta-BDE accumulates in the fatty tissues of fish, birds and mammals (including humans).
Several toxic effects on the thyroid system and on neurodevelopment have been reported in
experimental animals exposed to PBDEs. PBDEs have been recognized as environmental
pollutants of global concern because their levels in the environment and in humans have
increased markedly over the past several decades. PBDEs have been detected in human milk
and foodstuffs and the potential health effects of dietary exposure to PBDEs have now become a
great concern. However, information about the levels of PBDEs in Japanese human milk and
foodstuffs is still limited. The aim of this study was to determine PBDE concentrations in
human milk and fishery food samples collected in Japan.

Materials and Methods

Samples. Human milk samples were collected from Osaka between 1973 and 2000 and were
also collected from Kanagawa and Okayama in 1999. Edible fish samples were collected from
the Seto Inland Sea in 1998. Dietary fish oil supplements were purchased from Japanese
retailers in 2004.
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Chemical analysis. The details of analytical methods are described in references (Akuktsu et al.
2001, 2003, 2006). ldentification and quantification of PBDEs were performed by gas
chromatography/mass spectrometry (GC/MS).

Results and Discussion

Human milk. The total concentrations of seven PBDE congeners in eight pool of archived
human milk samples from Osaka ranged from <0.01 ng/g lipid to 2.3 ng/g lipid. These
concentrations showed an increasing trend from 1973 to 1988. After 1988, the concentrations
almost leveled off around 1.5 ng/g Iw (Figure 1). The PBDE concentrations and congener
profiles in 1999 were similar among mothers living in three regions of Japan (Kanagawa,
Okayama and Osaka) (Figure 2). The concentrations of PBDEs in human milk samples in the
present study are similar to concentrations reported in previous studies on Swedish human milk
(Meironyté & Norén 1999).
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Fig. 1: Temporal trend of PBDE levels in pooled
human milk samples collected from Osaka
between 1973 and 2000.
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Fig. 2: PBDE levels in human milk samples collected
from three different prefectures in 1999.
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Fish. The total concentrations of six PBDE congeners in fish samples ranged from 0.1 ng/g to
3.2 ng/g on a whole weight basis and ranged from 2.3 ng/g to 57 ng/g on a lipid weight basis.
The mullets contained PBDEs in high concentrations both on a whole weight and lipid weight
basis. The most dominant congener was BDE-47 in all the fish samples (Figure 3).
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Fig. 3: PBDE levels in fish samples collected from Seto Inland Sea in 1999.
Left, whole weight basis; right, lipid weight basis.

Dietary fish oil supplements. The total concentrations of ten PBDE congeners (BDE-28, -47,
-49, -66, -99, -100, -153, -154, -155 and -183) in dietary fish oil supplements ranged from <0.1
ng/g to 53 ng/g oil weight, and the total concentrations of six PCB congeners (CB-28/31, -52,
-118, -153 and -180) in the samples ranged from <0.1 ng/g to 340 ng/g oil weight. Two brands
of Japanese deep-sea shark liver oil (cold processed products) contained the highest levels of
PBDEs (49 to 53 ng/g oil weight) and PCBs (290 to 340 ng/g oil weight) (Figure 4 and 5).
Similar cold processed products that were derived from New Zealand deep-sea sharks were also
contaminated with PBDEs and PCBs. However, the levels of these compounds were one or
two orders of magnitude lower than those found in the Japanese shark products. This result
suggests that Japanese sharks are more contaminated than New Zealand sharks. Lohmann et al.
reported that fish and fish related matrices (fish oil, fish meal and fish feed) in the Northern
Hemisphere tend to have higher levels of PBDEs than those in the Southem Hemisphere
(Lohmann et al. 2006). While known contributions of BDE-28, -49, -66 and -155 in chemical
PBDE mixtures (e.g. Bromkal 70-5DE and 79-8DE) are almost negligible (Ikonomou et al.
2002), we found these minor congeners in clear proportions together with the five major
congeners (BDE-47, -99, -100, -153 and -154) in the Japanese shark liver oil samples (Figure 4
and Figure 6). Similar proportions have also been reported in salmons (Hites et al. 2004).
The PBDE congener profiles in shark liver oil suggest that the contaminations have occurred in
the natural environment, not in manufacturing processes. In other words, the Japanese
deep-sea sharks would have accumulated significant amount of PBDEs and PCBs during their
lifetime. According to the product specifications, the two brands of Japanese shark liver oil
were obtained from selected bathyal sharks (Centrophoridae and Squalidae) that were captured
using long-line fishing in waters approximately 600-800 m in depth around the Goto Islands.
Our results suggest that PBDEs may have reached Japanese deep-sea waters. In the marine
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Fig. 6: Concentrations of selected PBDEs (a) and PCBs (b) in dietary supplements originate
from Japanese and New Zealand deep-sea sharks (mean and standard deviation).

environment, the deep sea and its ecosystems will be the ultimate sink for PBDEs. The intakes
of PBDEs were calculated at the daily doses proposed by the product manufacturers/suppliers
for each of the products. The intakes of ten PBDEs ranged from less than 0.001 to 0.09 pg/day.
The maximum intake of the ten PBDEs estimated in this study (0.09 pg/day) was comparable to
or higher than the total dietary intake of PBDEs reported in Spain (0.097 pg/day), Sweden
(0.051 pg/day), and Finland (0.044 pg/day) (Domingo 2004). The maximum intake of the ten
PBDEs (0.09 pg/day) was 0.075% of the US EPA reference dose for penta-BDE (120 pg/day
for a 60 kg person) (Wenning et al. 2003). [t can be calculated that the maximum intake of
total PCBs from the shark liver oil supplements was 2 pg day-1 (four times the intake of the six
indicator PCBs). This level is less than 1% of the provisional tolerable daily intake of PCBs
set by the Japanese Government (300 pg day-1 for a 60 kg person). Our data indicate that the
frequent consumption of shark liver oil supplements will increase human dietary exposure to
PBDEs and PCBs, although it appears that the safety margins between the proposed toxic levels
and the estimated intakes of these pollutants are considerable. In addition, there are no data
available regarding the safety of the long-term use of shark liver oil supplements. Further
research is needed to evaluate the potential risks and benefits of shark liver oil supplements.
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Abstract Polybrominated diphenyl ethers (PBDEs) are
widely used flame retardants; currently, they are identified as
ubiquitous environmental contaminants. Several studies
indicate that PBDEs might affect male fertility. We present
the results of a pilot study on the relationship between human
serum PBDEs and sperm quality. The PBDE levels in Japan
are comparable to those found in European countries. Strong
inverse correlations were observed between the serum con-
centration of 2,2",4.4'.5 5 -hexabromodiphenyl ether and
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sperm concentration (r = —0.841, p = 0.002) and testis
size (r = —0.764, p = 0.01). Extensive studies on the rela-
tionship between PBDEs and sperm quality are required.

Keywords Polybrominated diphenyl ethers -
Flame retardants - Human serum - Sperm

Polybrominated diphenyl ethers (PBDEs) are used as flame
retardants in the production of common consumer products
such as clectronics, furniture, and textiles. PBDEs are
currently recognized as environmental pollutants of global
concem because their levels in the environment and in
humans have increased markedly over the past several
decades (Meironyté et al. 1999; Tkonomou et al. 2002;
Akutsu et al. 2003). Since PBDEs are somewhat structur-
ally similar to thyroid hormones such as thyroxine (T4), it
was speculated that PBDEs might mimic thyroid hormones
and disrupt thyroid homeostasis. Several studies indicate
that exposure to PBDEs can decrease the circulating levels
of T4 in laboratory animals (Fowles et al. 1994; Zhou et al.
2002) and can cause permanent neurological effects similar
to those associated with thyroid hormone deficiencies
(Eriksson et al. 2001; Viberg et al. 2004). In addition,
several PBDEs possess weak estrogenic/antiestrogenic
activities (Meerts et al. 2001). The proliferation and dif-
ferentiation of Sertoli cells and sperm production are
regulated by thyroid and sex hormones. Thus, PBDEs
might affect male reproductive health by interfering with
the thyroid- and sex-hormone functions. Kuriyama et al.
(2005) have reported that developmental exposure to a
single low dose (60 pg/kg body weight) of 2,2/ 4.4'5-
pentabromodiphenyl  ether (PeBDE-99) decrcased the

@. Springer
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sperm count in male Wistar rats. However, no previous
studies have examined the relationship between human
PBDE levels and sperm quality.

We participated in an international project examining the
sperm quality of fertile males and found that the sperm
concentration of Japanese males was lower than that of
European males (Iwamoto et al. 2006). The examination
of sperm quality and an estimation of the concentration of
chemicals in the serum would be required to reveal the
correlation between chemical exposure and the sperm
quality in Japanese males. The aim of this pilot study was to
measure PBDEs in serum samples from young Japanese
males and to examine the relationship between serum
PBDE levels and sperm quality.

Materials and Methods

This study was performed in accordance with the protocols
which were approved by the ethical committees of the
St. Marianna University School of Medicine and Osaka
Prefectural Institute of Public Health. Written informed
consent was obtained from all study participants. Blood
serum and sperm samples were collected on a monthly basis
in the year 2003 from 45 young Japanese males at the
Department of Urology, St. Marianna University School of
Medicine. The participants were instructed to abstain from
ejaculation for at least 48 h prior to sperm collection. The
blood samples were collected in vacuum tubes, and the
serum fractions were separated by centrifugation. The serum
samples were stored at —80°C until analysis. Of the 45
sample sets, 10 were randomly selected for this study. For
PBDE analysis, 10 pooled serum samples (0.5 g x 12
months; total, 6 g per person) were prepared, and each pool
was regarded as a representative sample of each set. The
mean =+ standard deviation (SD) of the age of the 10 par-
ticipants was 22 £ | years (range, 18-—22 years). The
mean + SD abstinence period was 3.1 + 0.4 days (range,
2.6-3.8 days). In addition, 2 brands of commercially pooled
human serum (“L-Consera N and “L-Suitrol I,” Nissui
Pharmaceutical, Tokyo, Japan) were used as in-house
reference materials.

Standard mixture solutions of native PBDEs (BDE-
AAP-A-15X) were purchased from AccuStandard (New
Haven, CT, USA), and '’C,,-labeled PBDEs (MBDE-
MXC) were purchased from Wellington Laboratories
(Ontario, Canada). In this study, 29 PBDE congeners with
3-7 bromine atoms were monitored. The PBDE numbers
are assigned according to the International Union of Pure
and Applied Chemistry nomenclature for polychlorinated
biphenyls. Acetone, acetonitrile, and n-hexane of pesticide
analysis grade; ammonium sulfate of biochemistry grade;
44% sulfuric acid-impregnated silica gel; and n-nonane of

@ Springer

dioxin analysis grade were purchased from Wako Pure
Chemical Industries (Osaka, Japan). Water was deionized
and purified using a Milli-Q cartridge system (Millipore,
Bedford, MA, USA).

Sperm analyses were performed at the Department of
Urology, St. Marianna University School of Medicine,
according to World Health Organization criteria as
described elsewhere (World Health Organization 1999;
Iwamoto et al. 2006).

Serum samples were analyzed at Osaka Prefectural Inst-
tute of Public Health. The serum sample (6 g) was extracted
using ethanol/n-hexane (1:3 v/v, 14 mL) in a 50 mL test tube
after adding 13C,»-labeled surrogate standards (°Cips2 4.4~
tribromodiphenyl ether (*C,,-TrBDE-28), °C,,-2,2'4,4-
tetrabromodiphenyl ether (°C .- TeBDEAT, YCp22.
4.4’ 5-pentabromodiphenyl ether ("‘C]Z-PeBDE-Q‘)), 13 Cia-
22 4.4' 5,5 -hexabromodiphenyl ether (*}C,,-HxBDE-153),
13C1,-2,2' 4,4’ 5,6 -HxBDE ('C,>-HXBDE-154), and °C)>-
223,445 6-heptabromodiphenyl ether ('°C,,-HpBDE-
183); 10 pg for each congener) and 3.6 mL saturated
ammonium sulfate solution. The test tube was shaken for
30 min and then centrifuged for 10 min at 3,000 rpm. The
n-hexane phase was collected, and the aqueous phase was
re-extracted twice with 12 mL n-hexane. The 3 n-hexane
phases were combined and washed with 12 mL water. After
evaporation of the solvent, the lipid content was deter-
mined gravimetrically using a semimicro balance (Sartorius
RC210P, Goeuingen, Germany). The lipid was dissolved in
n-hexane and transferred to a column of 44% sulfuric acid-
impregnated silica gel (3 g). The column was eluted with
30 mL n-hexane, and the eluate was evaporated to 2 mL. The
n-hexane solution was transferred to a test tube and partitioned
with n-hexane-saturated acetonitrile (4 mL) 3 times by
shaking the test tube for 10 min and then centrifuging for
10 min at 3,000 rpm. The acetonitrile phase was combined
and then evaporated to dryness. The residue was redissolved in
n-hexane and transferred to a microconcentration tube. After
addition of the injection standard ('’C),-3,3',4,4',5-PeBDE
(**C,,-PeBDE-126)) and keeper solvent (10 plL n-nonane),
the extract was finally evaporated to approximately 10 pL
under a gentle stream of nitrogen. The serum extract was
assayed by a gas chromatography/mass spectrometry (GC/MS)
system (Agilent 6890A GC coupled with JEOL JMS-GC
matell, Tokyo, Japan) using a fused silica capillary column
(Rix-1MS, 15 m length, 0.25 mm i.d., 0.1 pm film thickness;
Restek, Bellefonte, PA, USA). For each compound, 2 ions of
the molecular ion or fragment ion cluster were monitored.
Quantitation was based on the isotope dilution method using
1C,-labeled internal standards. The PBDE concentrations
were adjusted for total serum lipids and were expressed in units
of nanogram per gram lipid weight (ng/g 1w). TeBDE-47,
PeBDE-99, PeBDE-100, and HxBDE-153 were of interest
because they are dominant in human serum.



