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2 ~FH T aErraRT H L (HBCDs)
DEHT
2-1 ATIEO /N T —ay

A BV HBCDs D434 5 k10
WTL 8 10 @AM 2 AVW-BER
PERER(=6)% KL, BRIT. £ 11
IZRLTeEDIZ, BEEIT o -HBCD 23
0.54 ng/g (RSD 7.7%). v -HBCD 73
0.21 ng/g(RSD 15.0%)& BIF Cdho77,
B ~HBCD (Z2W i HEneho
720 ARAHTIBIZEDEINZET PC -«
~HBCD {22\ Tl 62.2%~81.9% (F
¥ 73.4% RSD 12.2%). ®C,,~ 8 -HBCD
WZ2OWTHE 66.5%~92.6% (23 83.4%
RSD 11.7%). ®C,,~y ~HBCD >\ T
54.8%~90.0% (£ 73.4% RSD 15.4%)
NELITZ, L EDOERIL, S EDE
TEMN, £ 0.2 ng/g THOTZIEML,
BRERESWREOBEEETHN,
A, IEEERD Ing/g LT, 3®T
Bl 5 D&, EUNERIT 50~120%,
ITEHMERSDIE 30%LL T &9°5 Codex
ZE=OBEEIL, METORENE
bzl léins,
2-2 HBCDs OEREFE-~—7 Vb
N2y HFRICLARE

TRz IIF B~ —r v hS R
ToRNRBIOE 1 BENLE 13 FHETD
ST E T T, S EIOEEYE
HBCDs (£ X 8 DL BT &MLy
BEA R L., 0 HBCDs Off T IRME
ILa,y%£0.02ng/g, 81X 0.0lng/g T

Bolz, Flo, HRMBEICBITBERM
B EITFR 12 1RLZEDI, B*C, T
~YUIRDORINE 0.2ng/g 1L TE 9
BEEBRE 40-130% DA FTREAR [EIN
EN/ONT, B 9 BETHEIIL R MRS
WZEWERRIZDWTIE, = w7 2D
FEDEDBEETIIRATHS, 4
% MDOHX D~ —ry b SRy MR
B CH LB RONABEENEDINTD
WT, BAGNMIZLTNETZV, = —4 vk
SRy NREL O ST T, & 10 o
BNEEROE 11 HORE S o, v
-HBCD 23 & (K 9), 2D X
HBCDs #1358 10 #£CiX 0.76~
0.89ng/g wh(RIE 2% 2002 4EE, %%
232005 AL WTRLEBAR D
B OHE), 55 11 FETIE 0.22ng/g
wb (2002 & ; 5B A X O'B D H551E)
Tho7 (K 13), 728, B-HBCD idw»
THOBRENLL RS eh o7,
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%11 4 EOHBCDAHIEIC LD H 108 (B 4H) & SBUBHOHBCDs IR &
FRHNC,,-HBCD B Ak oD ElY

No. HBCD ng/g,wb B¢ ,~HBCD[EUY (%)
o 3 v 2 HBCDs o B v

1 0.52 - 0.18 0.70 81.7 82.3 90.0

2 0.51 - 0.22 0.73 62.8 66.5 54.8

3 0.61 - 0.18 0.79 62.2 79.4 73.5

4 0.51 - 0.22 0.72 77.5 89.1 73.5

5 0.54 - 0.27 0.80 74.5 90.7 71.7

6 0.58 ~ 0.21 0.79 81.9 92.6 76.8
SEHE | 0.54 — 0.21 0.76 73.4 83.4 73.4
EAEREZ] 0.04 - 0.03 0.04 8.9 9.7 11.3
RSD(%) 7.7 - 15.0 5.5 12.2 11.7 15.4

*[ER I IAEX R BRI TRDZ

YLD HRER%EBWT, #8 HBCDs @
FNENDOEET EOLBENLD— B
BREZEHLCGR 4), BHShz
H.dhbb.E 10 #2b, 684~
76.7ng/ N/ B (RIE DS 2005 4EFE hE
22002 FEERE.E 11 BHrb,
34.5ng/ A/ B (2002 FEE)DERETH
ofc, Fl2 8 1 BEODLE 13 HETOR
—ZNDO—HRERELROLE.ND %
0&LL7235A L. ND 2R TRRIED 2 43
D 1 ELIBEOF S CetEE{ToT,
FNENDOEEDEKEBEOEREN L
B4 HL ND=0EL7=HE, 2002 FEE T
X 111ng/ A/ B . 2005 4EFE T 68.4ng/
N/ B Tholz, 72 ND=1/2 XLOD
LT AT, 2002 4R EETld 155ng/ A/
H. 2005 €EE T 12Ing/ N/ B TH-
7= .

S RID<—7 MRy NREAOHE
EINDAL LN X T O FH Ry 70 B
HBCDs BE &L, 25 &8t FFEBHE
# 13 UK 14 LRI— D= —4r v bR

o RRBE IR LT 2002 4R EE B ) 2005 48
EORIBE#EY Tz —F )L
(PBDEs:4~7 RZF{L{£) IEEE 115ng/
N/ BTN 68.3ng/ AN/ B EIZIZUTV MEIZ
IRBHTEN DT, 2720 £ @ PBDEs
BIZEBEPETOERRZNT A7 eE
DT x= )z —5 )L (DeBDE) W EENT
RO 513 DeBDE &5 6 TR
THIENMETHA,

2006 4F, EENZBITHEREFET,
# HBCDs EREIZSWTIL 5.9ng/ke
BE/BRBENDT —FDREI, 2O
EEEEFOICR TORBER D RAR
WRENTNWD, —F, SEFAELZBA
NKREGE D REL 50kgHRET HE
FOHEESINAH HBCDs B &L, ND=
0D E&, Y 1.80(1.37~2.22)ng/ke 1K
E/H, ND=1/2xLOD D&x, ¥y 2.77
(2.42~3.11) ng/kg KE /B&RY, EE
TOHEEERE (<5.9ng/kg FE /H)
I0, EBIEWED, BEEBRESRD
ETEHRNWEEZLND, ITF PBDEsD
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REESLELTHERENALDIT o To 08,
PBDEs & [FIARICAE I @< R %
BHLTWAD, BE~OFEHED PBDE
sEEHITEBIBIMT 5L FRSND,
L7283 C, MEFEE#HE L7 TBBPA (200
2T, Db EERSEDIFRMES
BEITDILENRHLEEDND,

D #&5a

1 BERF (4% FE(PBDD/DFs,
MoBrPCDD/DFs) )k MR F# (LT ==L
T —F )V#E (PBDEs) D~ —47 > MRy
FERIZ LD = #s (kg AL, 36
HIX) DIEEERE T 4 BEOmEE
75 1,2,3,4,6,7,8-HpBDF 23 & X 7=
B, FOMOEETIZIRRRY A4 F
HixkHEniad-oiz, RELV 7=
VT —F T T R TCORENLRB S
EMERB IR R H47, KO+
BELR#2090 DFHNRENSTZ,
ND=0 &LT=HEDRBERF AAF L HH
D— BIEREIT YT 0.00071pgTEQ
/kg AE/R ., BFR(L T 2=V —T )b
HoO— B EREILXFET1.83ng/kg A E
/HThH-oT=,

2 #EtL7z HBCDs O HHEITEERME
B OERL BIF Tholo, £/2. Tl
FE TOIL M XIZE TS, HBCDs
DO— BEREIIND=0 LL7=HE 2002 £
& 2005 FEDEHTIE 1.80 ng/kg (AE/ H
Tholz, ZIUIRETOHERTE (<

5.9ng/kg E /H) XD, SHITEWZD,
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MRAM of 4 Channels £5-

Native-HBCD(E 142

641 > 79
YT 6.00 8.00 10.00 1200 14.00 16.00 18.00
100 7 6.3 MRM of 4 Channels ES- Native-HBCD(FEFRA42)
e 5.75 7.46, 639> 79
TTTIRG 600 8.00 10.00 12,00 74.00 16.00 18.00
MRM of 4 Channels ES- mcn__HBCD(i‘Eﬁ/(j-\/)
653> 79
LR 6.00 8.00 10,00 1200 12.00 16.00 18.00 e
10.00 = .
MBS of 4 Channels ES- ”CIZ—HBCD(ﬁDE’(T'/)
651> 79
10.60 12,00 14.00 16.00 18.00
X8 HBCDHEAE R E D LC/MS/IMSDMRME I R S L
17FTDS-10-1 HBCD
100 7 14RM of & Channe’s ES. Native-HBCD(:E& 17 >)
e ] ! 641> 79
: — -
0 " 8.00 10.00 12.00 14.00 16.00 18.00
100 MRM cf 4 Channels ES- Native-H BCD(E%4*>)
ES \,\/\LAN\,l /\_,\__/\, N 639> 79/\
0 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
13 - ~
100 : MRM of 4 Channels ES- C12 HBCD(E!'{#/)
" 653> 79
~ VAN AN
0 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
- .09, 13 . £ >
100 1846 7,23 MRM of 4 Channels ES- C12 HBCD(E?;;{?;;)
O 552 o 105
- T T T T T T T Time
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12 £C,,~HBCD RO WRINEIINHER O £

b x| CreHBCDRIEIRODEIR (%)
o B8 Y
1R ES5) 64.3 75.1 58.8
OBt CKkUAOFREE)|  53.8 64.6 68.9
HIR (WO¥E - F58) 42.1 61.2 53.5

HARE (JhAE%E) 43.4 58.9 52.7
HORE (58 42.7 77.5 73.4
Ot (R=EH) 50.6 87.2 61.8

TR (FHERES) 77.7 122.1 123.6
oReyics (FOMmOEZE)| 81.6 122.9 103.2
EORE (FRBRrRSIFEE)| 182.4 225.7 186.4

F108E  (BAFEA 69.5 86.3 69.3
F108E (BNEE)B 73.4 83.4 73.4
F11EE  (A-IME)A 68.8 88.0 81.7
E118E  (B-9E)B 55.8 66.7 67.6
128  (H@|)A 85.5 99.6 97.1
F128E  (HLE)B 106.4 130.4 105.4
F138F  (GAskED 108.0 70.7 103.7

F13 = —y b3y FNEREHEE FLN 1T AHBCD s I B

20024 FF 20054 BF
v — ol SR o N HBCD (ng/g,wb) HBCD (ng/g,wb)
o 8 v 2 HBCDs a B v 2 HBCDs
R Ck$R) . ND ND ND ND ND ND ND ND
o (KL DFRER)| ND ND ND ND ND ND ND ND
R} (RVBE-BEF¥E) | ND ND ND ND ND ND ND ND
EAFE (jmfeka) ND ND ND ND ND ND ND ND
BoH (Z8) ND ND ND ND ND ND ND ND
R (BREH) ND ND ND ND ND ND ND ND
ETEE (FEEER) ND ND ND ND ND ND ND ND
HEoEE (FOMOEFFE) | ND ND ND ND ND ND ND ND
EORE (GEBkeBHTE BN ND ND ND ND ND ND ND ND
108 (AEA 0.59 ND 0.2 0.79 0.56 ND 0.47 1.03
TI08E (AME)B 0.54 ND 0.19 0.73 0.54 ND 0.21 0.75
ELIEE (B9 A 0.43 ND ND 0.43 ND ND ND ND
w118 (P-5PE)B ND ND ND ND ND ND ND ND
128 (LA ND ND ND ND ND ND ND ND
Fi2kE (FE\EB ND ND ND ND ND ND ND ND
138 GARED ND ND ND ND ND ND ND ND
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Brominated compounds - Human exposure

DETERMINATION OF BROMINATED FLAME RETARDANTS AND
BROMINATED DIOXINS IN FISH
COLLECTED FROM THREE REGIONS OF JAPAN

Nakagawa RY, Ashizuka Y', Hori T', Yasutake D', Tobiishi K', and Sasaki K*

'Fukuoka Institute of Health & Environmental Sciences; 39 Mukaizano, Dazaifu, Fukuoka, 818-0135, Japan
*National Institute of Health Sciences; 1-18-1 Kamiyoga, Setagaya-ku, Tokyo, 158-8501, Japan

Introduction

In Japan, tetra brominated bisphenol A (TBBPA) totaling nearly 32,000 tons was consumed in 2001, which is
ten times more than deca brominated diphenyl ether (DecaBDE), the only polybrominated diphenyl ether
(PBDE) used in Japan (2,200 tons). Due to the worldwide usage of these brominated flame retardants (BFRs),
their detection has been reported not only in environmental samples such as effluents from BFR
manufacturing plants and textile plants, but also in human breast milk'. Therefore, the social relevance of the
environmental pollution and human toxicities of BFRs is of great concern. In addition, PBDEs and TBBPA
are suspected as polybrominated dioxin (PBDD/DFs) originating chemicals, because such dioxins were found
in formulations of the BFRs. PBDEs and PBDD/DFs are lipophilic and likely to be bio-accumulated in
organisms through the food web. Consequently the pollution in environmental samples, in particular that in
food, should be cleared as quickly as possible. Additionally, it is important to investigate whether there are
differences in the pollutant levels among sampling areas, to judge the pollution status of BFRs and
PBDD/DFs in Japan. Here, we report the pollution levels of PBDEs, TBBPA, and PBDD/DFs in marine
products purchased at food market stores in three regions of Japan from 2004 to 2005. The regions were
Kyushu, a less industrialized area; Seto Inland Sea, an industrialized area; and Nagoya, a commercialized and
industrialized area. Additionally, we estimate the daily intakes of PBDEs, TBBPA, and PBDD/DFs by
multiplying each analyte concentration with fish weight consumed by an average Japanese adult.

Materials and Methods
Marine products: fifteen marine products were collected from each of the three regions of Nagoya, Seto
Inland Sea, and Kyushu.

Analysis of PBDEs and PBDD/DFs: Forty-five marine products in total were analyzed for PBDEs and
PBDD/DFs, following the procedure described in our previous report’. The analytical procedure consisted of
freeze-drying, accelerated solvent extraction (100°C,1500 psi, n-hexane) and purification with sulfuric acid
treatment, and three kinds of column chromatography of silica gel, florisil, and active carbon. Measurement
was conducted by an isotope dilution method using a high resolution gas chromatograph/ high resolution
mass spectrometer (HRGC/HRMS) (Table 1). Detection limits of PBDD/DFs were 0.01 pg/g, wb for tetra and
penta brominated DD/DFs, 0.05 pg/g, wb for hexa brominated DD/DFs, and 0.1 pg/g, wb for hepta
brominated DF. Detection limits of PBDEs were 0.1 pg/g, wb for from tetra- to octa-BDE, and 0.2 pg/g, wb
for nona-BDE and 1.0 pg/g, wb of DeBDE (#209).

Analysis of TBBPA: A homogenized sample (5 g) was spiked with Cj,-labeled TBBPA (0.5 ng) as a
clean-up standard and then extracted with methanol. The methanol extract (ca.50 mL) was defatted by
liquid-liquid partition with 10 mL of n-hexane. Then, to the methanol layer, 120 mL of 5% sodium chloride
solution was added and re-extracted twice with 25 mL of dichloromethane. The extract was concentrated to
dryness, and then ImL of IN potassium hydroxide / ethanol and 0.2 mL of diethyl sulfate were added, and the
mixture was kept at 30 °C for 30 min. To the mixture, 4 mL of IN potassium hydroxide / ethanol was added
and kept at 70°C for 1 hour. Then 3 mL of water was added, and it was re-extracted with n-hexane. The
n-hexane extract was cleaned with florisil mini-column chromatography using an elution solvent of 8 mL of
2% diethy! ether/n-hexane The final eluate was concentrated, re-dissolved in 20 uL of nonane with 2.5 ng of

Organohalogen Compounds Vol 68 (2006) 2166

- 87 -



Brominated compounds - Human exposure

chrysene-d|, as a syringe spike, and subjected to measurement by HRGC/HRMS (Table .1). The detection
limit of TBBPA was 0.01ng/g, wb.
Table 1 The HRGC/HRMS conditions for PBDD/DF, PBDE AND TBBPA analysis
HRGC: HP6890 (Hewlett Packard)
PBDD/DF analysis : Column:DB-5 (J&W) 0.25mmi.d. x 30m, film thickness 0.1pm
Injector temp.:260°C
Column Temp:130°C(1min) -20°C/min-240°C-5°C/min-320°C(7.5min)
PBDE analysis: Column: HP-5MS(Agilent) 0.25mmi.d. x15m, film thickness 0.1pm
Injector temp.:260°C
Column Temp:120°C(2min) -26°C/min-200°C-10°C/min-300°C(7.5min)
TBBPA analysis: Column:DB-5 (J&W) 0.25mmi.d. x 30m, film thickness 0.25um
Injector temp.:280°C
Column Temp:120°C(1min) -26°C/min--300°C (8 min)
HRMS: Autospec Ultima (MicroMass)
Electron energy,38eV; filament current, 750pA; ion source Temp.,270°C; resolution,10000

Results and Discussion

The levels of PBDEs, PBDD/DFs, and TBBPA in 45 marine products from the three regions are summarized
in Table 2. PBDEs were detected in all of the samples. The means and ranges of X PBDEs were 0.75 ng/g,
whb and 0.01 to 0.70 ng/g, wb for Nagoya (N), 0.16 ng/g, wb and 0.01 to 0.53 ng/g, wb for Seto Inland Sea (S),
and 0.15 ng/g, wb and 0.01 to 0.70 ng/g, wb for Kyushu (K). TBBPA was detected in a part of the samples.
The detection rates were 53.3% for S and N and 86.7% for K. The means were 0.01 to 0.02 ng/g, wb for all
regions. The mean of TBBPA was about one-tenth or less, compared with those of X PBDEs. PBDD/DFs
were only detected in eight fish of the S region. They are 1,2,3,4,6,7,8-heptabrominated dibenzofuran (25.6
pg/g wb of Pike eel shown in Fig. 2, 0.42 pg/g wb of flatfish, 0.276 pg/g wb of natural sea bream A, 0.217
pg/g wb of conger eel, 0.114 pg/g wb of sole, 0.175 pg/g wb of young seerfish, 0.104 pg/g wb of sea bream B),
2,3,7,8-tetrabrominated dibenzo-p-dioxin (0.016pg/g wb of natural sea bream A shown in Fig. 3),
2,3,7,8-tetrabrominated dibenzofuran and 3-bromo-2,7,8-trichlorinated dibenzofuran (0.029 pg/g wb and
0.020 pg/g wb shown in Fig. 4 and 5) of conger eel. The mean and range of PBDD/DF's in the S region was
0.19 pg TEQ/g wb and ND to 0.256 pg TEQ/g wb. These findings would support that the S region has been
polluted by PBDD/DF emissions from industry plants. Assuming that an adult person every day consumes
82.2 g of fish contaminated with the means of the three regions, that is, 0.35 ng/g of £ PBDEs, 0.02 ng/g of
TBBPA, and 0.006pgTEQ/g of X PBDD/DFs, the estimated daily intake of £ PBDEs, TBBPA, and X

PBDD/DFs from fish would result in 28.8 ng of X PBDEs, 1.64 ng of TBBPA, and 0.49 pg TEQ of X

PBDD/DFs. In particular, compared with the Japanese daily intake of polychlorinated dioxins from fish
(44.11 pg TEQ) investigated in 2004, the above intake of X PBDD/DFs is very low.

Table 2 The mean levels and ranges of PBDEs,TBBPA and PBDD/DFs in marine products
from three regions of Japan

Nagoya Seto Inland Sea Kyushu Mean
>PBDEs (ng/g,wb) 0.75(0.01-0.70) | 0.16(0.01-0.53) | 0.15(0.01-0.70) 0.35
TBBPA(ng/g, wb) ND=0 0.01(ND-0.04) | 0.02(ND-0.10) | 0.02(ND-0.11) 0.02
ZPBDD/DFs(pgTEQ/g, wb) ND=0 0.000 0.019(ND-0.256) 0.000 0.006

Fig. 1a and 1b show the correlations between X PBDEs and fat content (Fig. 1a) or fish size (Fig. 1b).
Since PBDE is lipophilic, good correlation between X PBDEs and fat content (R*=0.431) is reasonable.
However, better correlation (R*=0.618) was obtained between X PBDEs and fish size. In Table 2, one reason
why X PBDEs in fish from the N region were higher than those in fish from other regions might have been
the difference in fish size. On the other hand, TBBPA didn’t correlate with fish size or fat content. Table 3
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shows PBDE congener levels of cultivated or natural sea breams and conger eel. The cultivated sea breams
contained relatively higher levels of X PBDEs than those of the natural sea breams. As a source of PBDE in
cultivated fish, feed used for cultivation is suspected. For the cultivated sea breams, congeners #47 and #100
were big contributors. For the natural sea breams, the contribution of congener #47 had decreased, but that of
congener #209 had increased. Particularly, for the pike eel with a high level of X PBDESs, contribution of
#209 was also large (25%; the same as that of #47). Additionally, congeners # 206 and #207 contributed
nearly 10% each. In the pike eel, 1,2,3,4,6,7,8-HpBDF was detected abundantly compared with the levels
detected in the other six fish. Therefore, we speculated that congeners #209, #206, and #207 are closely
related to 1,2,3,4,6,7,8-HpBDF. This is also supported by the finding of 1,2,3,4,6,7,8-HpBDF in the sea water
into which effluents from DBDE(#209) manufacturing plant’ were possibly dumped.
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Fig.1aCorrelation between Total PBDE and Fat Content Fig.1b Correlation betweon Total PBDE and Fish Size

Table 3 PBDE congener levels(pg/g) in cultured and natural sea breams and a pike eel in
which 1,2,3,4,6,7,8-HpBDF was detected .

Cultivated | Cultivated Natural Natural Natural
Sea Sea Sea Sea bream(K)| Pike eel
2,,4,4-TriBDE(#28) 28.9 25.9 2.2 2.0 4.8
2,2'.4,5'-TeBDE(#49 ) 52.6 4.5 0.5 1.3 20.2
2,2',4,4-TeBDE(#47) 365.1 236.0 18.0 18.1 80.3
2,3',4,4-TeBDE(#66) 19.2 19.8 1.7 1.8 4.5
2,2',4.4',6-PeBDE(#100) 93.0 60.4 2.2 5.0 16.6
2,3',4,4',6-PeBDE(#119) 0.0 9.6 0.3 0.8 6.2
2,2'4.,4',5-PeBDE(#99) 17.8 12.2 1.9 0.8 11.2
2,2',4,4',5,6'-HxBDE(#154) 41.4 39.7 4.2 5.5 24.1
2,2'4,4.5,5-HxBDE(#153) 4.7 1.5 1.5 0.4 8.1
2,2',3,3',4,4',5,6,6'"NoBDE(#207) 2.6 0.6 0.8 0.9 26.2
2,2'.3,3',4,4',5,5 ,6'-NoBDE(#206) 2.2 0.0 0.7 0.7 24.5
DeBDE(#209) 51.4 5.7 13.7 10.8 79.6
Total PBDEs* 681.1 419.8 50.1 50.1 306.3
* Total PBDEs includes minor PBDE congeners not shown in the Table.
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REMOVAL OF DIOXINS FROM RETAIL FISH BY HIGH-SPEED SOLVENT
EXTRACTION
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Introduction

Studies of the Japanese diet have identified fish and shellfish as the main sources of PCDD/Fs and dioxin-like
PCBs (dioxins).'? Assessing the risk posed by dioxins in retail fish requires the development of rapid
quantitative methods. HRGC/HRMS is the standard technique for dioxin analysis; however, the lengthy
extraction process makes it time consuming. The most widely used method for extracting fish dioxins is Soxhlet
extraction, although alkaline digestion followed by solvent extraction is also often used in Japan. Both
conventional methods take over 16 h. Some new techniques, such as pressurised liquid extraction (or accelerated
solvent extraction) have been applied to dioxins, but rarely to those in fish samples. We recently developed a
high-speed method based on extraction in heated liquid solvents under near-atmospheric pressure. This
technique has been used for dioxin extraction from contaminated soil and fly ash, yielding similar concentrations
to Soxhlet extraction but much more rapidly.® Here, we report the first data from the application of this method
to the extraction of dioxins from retail fish.

Materials and Methods

Samples: Retail fish samples were purchased during the years 2004 and 2005 from supermarkets in Tokyo,
Japan. The muscular parts of the samples were homogenised using a food cutter and stored at —20°C until
required for analysis.

High-speed solvent extraction: A model SE-100 (Dia Instruments Co., Ltd., Japan) high-speed solvent
extractor was employed. Homogenised fish samples (20 g) and sodium anhydrous sulphate (80 g) were ground
into powder using a mortar and pestle. The samples were then packed into 160-ml stainless-steel extraction cells.
The dead volume was filled with extraction solvents and the top of the cell was sealed with a cap. ‘3C12-1abelled
internal standards were used to spike samples before extraction, and also to spike extracts in order to determine
the following optimal extraction conditions: 30°C and 80°C when using acetone/n-hexane (1:1) and toluene,
respectively, as extraction solvents. The flow rate was set at 6 ml/min. A schematic diagram of the extractor is
shown in Figure 1.

Alkaline digestion followed by hexane extraction: The extracts were prepared as described previously.*
Homogenised fish samples (20 g) spiked with °C),-labelled internal standards were incubated in aqueous KOH
for 16 h at room temperature. The alkaline hydrolysates were added to methanol and extracted three times by
mechanically shaking with n-hexane.

Cleanup and HRGC/HRMS analysis: The cleanup and analysis of dioxins generally followed the methods
reported previously.® Briefly, the extracts were treated with concentrated sulphuric acid and then purified on a
silver nitrate/silica gel column. The elute obtained with n-hexane was loaded onto an alumina column. After
washing with n-hexane, the first fraction (containing mono-ortho PCBs) was eluted with 2%
dichloromethane/n-hexane, while the second fraction (containing non-ortho PCBs and PCDD/Fs) was eluted
with 60% dichloromethane/n-hexane. The second fraction was then loaded onto an activated carbon column and
eluted with toluene. Both fractions were spiked with '°Cy,-labelled recovery standards. The quantification of
dioxins was conducted using an HP6890-plus gas chromatograph coupled to a JEOL JMS-700 mass
spectrometer. The determination of 2,3,7.8-chlorine-substituted PCDD/Fs was performed in DB-5MS and
DB-17 columns. The determination of dioxin-like PCBs was performed in an HT-8 column. The limits of
quantification were 0.01-0.2 pg/g for PCDD/Fs and non-ortho PCBs, and 0.5-3.0 pg/g for mono-ortho PCBs.
The TEQ concentrations were calculated using the WHO-TEFs.
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Results and Discussion

We initially determined the extraction conditions for the fish dioxins using the high-speed extractor with various
extraction times and solvents. Two types of fish, sea bass and yellowtail, were treated with acetone/n-hexane for
up to 4 h, followed by toluene for 1 h (Figure 2). The cumulative concentrations of 2,3,7,8-chlorine-substituted
PCDD/Fs and dioxin-like PCBs reached a plateau after 1 h of extraction with acetone/n-hexane in both samples.
Although the sea bass samples contained relatively high amounts of dioxin-like PCBs, the 1-h extraction period
was sufficient to extract them fully. This was therefore selected as the recommended extraction condition for the
practical analysis of fish dioxins.

The suitability of the high-speed solvent extraction method for analysing fish dioxins was compared with that of
the conventional alkaline digestion extraction. Table | shows the concentrations and relative standard deviations
(RSDs) for the two methods when applied to yellowtail samples. The concentration ratios of the two methods
were 0.9-1.1, indicating that the concentrations of each isomer were similar for both extractions. The RSDs of
the quantified isomers using the novel method were acceptable (0.0-17.4%), and were similar to those obtained
using the conventional method (0.0-24.2%). The recoveries of the internal quantification standards using the
new method were 72.8—-109%, and were similar to those obtained using the conventional method (67.5-105%).
The selected ion-mode chromatograms obtained from both extractions were visually inspected, but showed no
differences in the homologous groups of dioxins present (data not shown). These results suggest that the
methods tested achieved similar extraction efficiencies for dioxins to the conventional extraction method.

Finally, we used the high-speed extraction method to determine the TEQ concentrations of samples of 12
popular retail fish from Japan compared with those obtained by the conventional extraction. As shown in Figure
3, the TEQ concentrations produced by both extractions showed excellent correlations for both PCDD/Fs (r =
0.99) and dioxin-like PCBs (r = 0.99), with the slopes and y-intercepts of the linear regression equations being
close to 1 and 0, respectively. This confirmed that the TEQ concentrations obtained using the present method
were comparable to those obtained with the conventional extraction method.

Overall, our results indicate that high-speed solvent extraction is a useful method for extracting dioxins from
retail fish. The main advantage of this method is the short extraction time (~1 h) compared with the alkaline
digestion extraction method (~20 h). This method allows the rapid determination of dioxins and will therefore be
a valuable tool for monitoring dioxin levels in retail fish.
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