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HAOOAZ NI T57 «—/FBERETSIXATHEEMMNEICED
RYUZXFLUBEBRRIRREY 712V I—-TILOEE

i A, R BB ' R OB.Raenoran®, HE  EH®!

HAZ TR NT 574 —/HEET I XABESNE (GC/ICP-MS) 2L AR BRFEMNATY 7= V1 —
)V (PBDE) O4Hi ke B L, Z05HMaE% Pl L. BIHRAIZ 0.086 pg (BDE-85) ~19 pg
(BDE-209) %, WIH®R A+ Vb EH VLA A2 0% b7 T 7RG REERSTER B HERT S
HwaHR7a< 75 7HEICHEN, 1~ 2023 B ER RNz, BWICRER 9 MEORNA
(tri ~ hepta BDE) 23 LTI, [H—DEENFHR LN, | BEOREHETINTOREERIERWETDH >
7=, —7F, BEICAEEREMAE (octa ~ deca BDE) 1Zxf LTid, MIBEAE, MEROBEMRE, AR
JEEE 2 BRI D o 7288, THHIFICP-MS IERKT 2 b0 Tld%R <, FIZGCEANEN T LNTD
SRCERT 2D EHESINS. oncolumn FEAFTRICE 0, RSV HEETH > 72 BDE-209 b 59D
T, KUY AFL VHBRh O PBDE % RIS ERT 2 HEE M Lz, ABERZEFEYDO AT PVTEH3
EAERL, REFUEEBEDOZ ) — 7y T UER W0, FEREIZINT robustness & sE P IEN

TWa.

1 B LC»I

RYEFLAY 2722V —F ) (PBDE) (& 1970 4
ATl & BEBRA & U CEA S, BRIZ 1980 4RAC D #IIH
CIRRETTOHFEEFHE IR TwEY. BEIRST,
HYRED O BN RO EY St S 2
&2 BAAH D tetra KU penta BDE 5 BE OB 72 BN 7S
O PICENAZ R 82 R L LT, PBDE Sk
OREENL ) B {EThL Lo BAELT,
B HMM S Tw5F 7% PBDE i3, 2,2,4,4-tetra BDE
(BDE-47) & 2,2'4.4' 5-penta BDE (BDE99) TdHh 575, KK
JH @ Restriction of the use of certain Hazardous Substances
in electrical and electronic equipment (RoHS) #§4 T3,
tetra~hexa KOREW TH % Penta-mix Hupi, hepta~
nona ADRAW TH 5 Octa-mix ERIFMEHEERE LD,
13T deca R 5K % Deca-mix i O A O H 237 1] &
NpZ L ed7z®, 41%1E deca BDE (BDE-209) Dl
EVBEICRLEEZOLNSE. LML, ThETdeca
BDE [ZH¥ 2 0HFIE b2 a7k Y, ZOKEREE LT
&, TR 960 L EE O M EE RS RO EE

ST AT B A BE R AR AT SR AT BRI A RN T FEER T - 305 -
8569 FKIRUED T/ 16-1

? HAE AR 2 305-0046 FIKED IEHH 1-1-1

* Department of Eco-Biotechnology, School of Environmental
Sciences, Bharathidasan University, Tiruchirappalli-620024,
INDIA

BER (m/z 850~900) B2 5I LR, HRPHAIZID
SRINRT VOO NHFRELRZ LR EPET LT
5. Z2E%, PBDE OOHEE% AT 5 RO F B 5
AN L7 B RERIZ BT, deca BDE DGHTHEIEIL,
D RMERIZERTHEL L H > TV,

PBDE @ E 7 73# 13 Covaci 57 ORBFHICE LD OENT
W59, ThITETEHRAT MEErHwATAZ7BR
N 7R REEE RS (GC/ELLRMS) ™Y, [ U <
B R ERONE (GC/EFHRMS) ', B -Ma 1+
VAbEEFRAWAF AT T N5 7RG HBREER ST
(GC/ECNI-LLRMS)?, BT-HiEmitEEsHwbs A7 1<
75 74 (GGECD) ", EFFEMmtaREH w5 7 A
ryu=< k75 7% (GC-AED)'? 22 EHE SR TWw5",
209 b, GC/ELLRMS IZEEIMK L, FriCmRFEE
(hepta~deca &) DEEAS %, GC/EIFHRMS I3
B, EERMUAEONLL, SWBESEETDHS.
GC/ECNI-LRMS iZ GC/EI-HRMS & [8) 2B O B K & 3%
SNBD, 44 MEEGFOEBRHENLOLELZITRTL
robustness 2K\, GCECD 13N 4 VHEOTHIK E
<, REMOEREBAIIK. GCAED ZREAME . X
72, TRHOHERVWINSEEART L ITRESRER L E
Vo 2 REBH 72,

EEHSIE, TNITGCEFEWGT 7 ATERIIE
# (ICP-MS) ZHAaTAIODA ¥ —T x4 AELT,
ERBIMBAIO L 5 — T2 4 AT MR THRIEE
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LY, ThEHWZ GC/ICP-MS EIZL D, ¥ar s s~
NS A NGV 3 SR O SOV (R= 2 4|2 % e )
%2 IToCT& 72, —#&IZ, ICP-MS ZE&BITLEDIHTIC
Hubh, "arrEofd ALRTF VY v VBV ITE
L CIRREPEWEEZ S TwaED, Tho5DE
WZHLTH, MOFEICHRTHIRBRENHFTE 5.
F 72, ICPI3# 6000C IETAH 75 AXAYTHY, PBDE
BT AP TREIGHIN, BENLY)OREIIZTS
L, BRGoBBEICILTR—0REIEONLZ L
FFEN 5. BEIZ Vondeheide 51X, HFEH SO LA ~
=724 RALTEKDOD D% Z T2 GC/ICP-MS B2 X
) PBDE % €& 2 HEEHMEL T30, BUHAH O
BERLREROBEMEHEZ X oo o RmshTs
579, 72, deca BDE 2 EOBBICARE L BMEE D R
gt ashtnsd, Zok®, GC/ICP-MS it PBDE @
ENeGMFHREGRZENTORVOITIRTDH 5.
RO EZ B, KEFEAED>SHERILEEZED
72 PBDE &#% 1259 % GC/ICP-MS O Hrtkse (B kxR
DEE, WMEROERYE, BRIBBERS) 2FMTZ L1
&0, GC/ICPMS EVEBILEZ I TR LERILEW T
H%5PBDEIHN LTCHOHELRGMHELERVBLZLE
AT EEBIC, S, WENEEL %S deca BDE 2 XD
BINIIARE G RO ST BRI T 52 LT
»H5.

2 % B

2.1 #H E

AWFE TR L 72 PBDE £ RIGEAOBEERIL, 2,44 i
BDE (BDE-28), 2,2'.4,4-tetra BDE (BDE-47), 2,3'.4,4"-
tetra BDE (BDE-66), 2,2',3,4,4'-penta BDE (BDE-85),
2,2',4,4'5-penta BDE (BDE-99), 2,2',4,4'.6-penta BDE
(BDE-100), 2,2',4,4'55"hexa BDE (BDE-153), 2,2'4.4'5,6-
hexa BDE (BDE-154), 2,2'.8,4,4',5',6-hepta BDE (BDE-
183), 2,2',3,4,4,5,5' 6-octa BDE (BDE-203), 2,3,3' 4,455 ,6-
octa BDE (BDE-205), 2,2'3,3'4,4',5,5' ,6-nona BDE (BDE-
206), deca BDE (BDE-209) D&t 13 TH 5. FHMHW
X IUPAC 52T, SREAROREFIEERICIE Accu
Standard # 50 ug m1™' 4 VA 7 ¥ UEWEEALL. F
72, TEHLEE deca BDE 32K I3 2 S HAM A B S0 AT 51 R 24
RPN ERIC L D AF L7z MBI o=k
13 LR DRI R B M deca BDEASKZE M v
v (FIJGMiZEE, BRFBRER 1000) 12/ - BALTH

WLz, The oEERIIAFEEBEIIICANG 4T T
L7, 72, deca BDE (Aldrich ) %0 AATTE

YVAF L VBIEEB 2 RUERKRL VAT L. B,
CHES WY, AR TIEEIMLEYw E LTORET
32, BrificEB L TERRLE. GCOF v ) v —F
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ZWZIE, ICPMS DF 2 — = v FRBERERMIELXITY 729
Xe ##01% G L7=2N) I LA H A (BTHES) &2

HL7:.

2:2 #& B

FEMGT I AERGSNEE (ICP-MS) F, BT
FUFAANY AT AABHP4500 %, T/, ¥A7 0=
257 (GC) & Agilent # HP 6890 I L7:. GC &
ICP-MS 2T 57200 T VA7 7 — 9 4 U I3H#HY
WORL72dDEMH L. ICPIRY— NV F—F V254
2 —RNVTIAIEHTHERAL:. FYyES5)—Hh A
X, J&W E DB-1 (W 0.32mm, K& 30m, BE 0.25
pm) & BEALFEE ENV-BMS (P42 0.25 mm, £& 15m,
JEIE 0.10 pm) % BV 72, GC O AT R pulsed split-
less £ on-column FREZME L, AEHEAEZ &4 1.0,
0.5ul & L7z, oncolumn XTIV Fvy¥aryFyvy 7/
&L TJ&W BAEHAL S 7 4 (NFE0.25 mm, S 2m)
EHERLL. SRS LTy a v Fyy THETR
FIUYAT =T 4 vl OERICIE J&W B EARTEEL
ax 2 ZEBEHLE. GC/ICP-MS BB OB EIT &M%
Table 1 1R

2-3 HEminE

B SN2 PBDE 54 8 ZAF L U IREE (7
A AR, B 30mm, EE 2mm, Hl4g) ATV
VAGENY I TUML, B EEEECARTHED &
5Lt.:ntbleQMm%Mit&,Tws%fﬁ
WEEZBEVCERLRET, RE D82 HWT 30 2 HE
EOLBMIEL. COBRBEEASY )=V eml D Aol
HRE 4RO IFALEDS, 6mlT28FL, &#Y
AFVryafithses., EXLLRETHELSELT
(3000 rpm, 10770) KV AFL ¥ 2HBESELE,
PBDE A9AEIT TV 5 REAEZ /S A Y — )V Ey N CEIL
L, GC/ICP-MS 2L Y 3#7§ 5 FT4C THENLL TRE
L7z. %38, deca BDE DHMANNZEER CTiX, deca BDE
ERE ORI Z, RUXFL U255,
MM LZZR) ZF V2 m LB XD BRE LK 2
WY Tiio7z. BB ERY ZF L > OIS T PBDE
VARV AF L VY AENZEEHEZRMRD720THY,
BH IRBERIERIBR L72R ) AF L v R UT A %
D GC/ICP-MS SHTIC BT 2B E L -0TH 5.

3 fEREER

3+1 pulsed splitless AT L B34

EHE deca BDE @ b VLV EEHEWE (109 pug Br ml™ ")
% pulsed splitless £ AF R % Fiv: 5 GC/ICP-MS & Tl
L7z &fEohb 70~ 79 A% Fig. 1IRT. &
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Table 1 Optimum operating conditions for GC/ICP-MS

ICP-MS parameter

Forward power/kW 1.3

Ar plasma gas flow rate/l min ! 16

Ar auxiliary gas flow rate/l min " 1

Ar makeup gas flow rate/1 min~’ 1.0

Sampling depth/mm 6

Measured amu 13,79, 81, 126

Dwell time/ms 100 or 300

Transfer line parameter
Transfer line column
Heater-1 (torch side) temp./C
Heater-2 (GC side) temp./C
GC parameter
Injection mode
Inlet temp./ T
retention gap
Column
Oven temp./ T [hold time/min]
Oven temp. ramp rate/ C min™'
Sample volume/ul
He carrier gas flow rate/ml min~"

inactivated capillary column (1.5 m X 0.25 mm)
240
280

on-column

oven track mode (oven temp + 3C)
inactivated capillary column (2 m X 0.25 mm)
ENV-5MS, 15 m X 0.25 mm X 0.10 pm

80 [0] ~ 230 [0] ~ 300 [10]

30 (80 ~ 230), 15 (230 ~ 300)

0.5

2.8

1500
deca BDE

1200
a
5
2 900 -
o
~
8 600
s
'ﬁ nona BDE
L L
o 300

octa BDE h
0 A L 1
0 200 400 600 800 1000 1200

Retention time / s
Fig. 1 Chromatogram obtained with pulsed splitless
injection
Sample: 1.0 pl of high-purity (>99%) BDE-209 stan-
dard solution (109 ug Br ml™")

DEHE deca BDE &, BottEMitgdz Hv 549 4 A8k
Bk s o~ b 77 7 OGRS, BREAMEL LT
deca BDE 2°99% VL ELHEE I NIz DTHSH. L2 L,
Fig. 1®27 0<% 75 AT, decaBPAHZE DR DK
EZ W nona KR octa kD =2 2o BNz, ZTOEK
LTI, GCEAOTOERGHENEEZ DN/, EA
RE2E LS8, 20k SCEL SERKROEESE
T, ZORR%E Table 21277, 250TC 205 280T
WREFLEAT BIZoNT, deca kD WAT 5—F T,
nona R & octa ROEIEMWEML TB Y, RiRE T
DLV Y RFT Lo TVDEZ NGNS, ByfREH
Z5OEALRE L 200C FTTIF220%, KEZET

Table 2 Proportion of peak area of isomers observed
at various inlet temperature with pulsed-
splitless injection mode (%)

Temperature/

C deca BDE nona BDE octa BDE
200 86.8 11.3 1.9
250 86.9 11.6 1.5
260 86.0 11.7 2.3
270 84.5 13.5 2.0
280 83.3 14.4 2.3

BOONLED o7, EHE deca BDE DR E&IE, &
2D HD—DTH %45, pulsed splitless IEAFT R TI,
BB 7D (NG L ER VB TH B 2 LAh o7z

3+2 on-column FAFXIC K D5

B deca BDE @ M VT VAEHERE (20 ug Brml ) &
oncolumn EAFTRTHE L 2L &Dru~v /I a%
Fig. 2 2R T. BllEh-¥—2s 0REIZ, BER
(BDE-206) X IZXHE' (BDE-207 & BDE-208) ODfR$F
MR 2 B9 5 2 12X VAT 572, on-column R TIE5-
fRAHIM SN D Z EDBICHE SN TwE277, RET
b on-column H T, pulsed splitless FRE %D 3D
® nona RO -7 LHIRDHLNT, 75‘0,’ nona o4
AR EDZEGEIVTNRD 1% UT S,
Z i, pulsed splitless EAFRTH S N7 nona KLY
octafkiZ, &b ERBITETNTOWATHBTIEERL,
BRI L > TOMFICER ENZDDOTHALZ L ER
LCTw5.,

—7, on-column ¥ AR TR 5 N7z nona KA55AE D
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Fig. 2 Chromatogram of high-purity (>99%) BDE-
209 standard solution obtained with on-column injec-
tion

Sample; 0.5 ul of 20 pg Br m1™’

15
X

4 —o— BDE-208

53]

o 12 r —a— BDE-207

m

< —a—BDE-206
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Concentration of deca BDE / ng Br ml-!

Fig. 3 Proportion of observed nona BDEs at various
injected concentration of deca BDE

A D, BOGBAERM>ZHET S LIXNETH S
», AT 5 deca BDE DREEZ LS 72 L S ICBR &
N5 nona RDE G (Fig. 3) »5H, HLREMET LS
LIITEETH 5. Fig. 313 deca BDE DIE A DML T
Y nona BDE DEEDPKEVWZ EZLTWA. nona
BDE 73§ NTHBOARMY ERET 5 L, deca BDE #RIE
1245 53 nona BDE DFAIE—EIl L 5I1ETTH 5.
L7455 T, Z® nona BDE DI B4 B O RN
BRLTw5Ab. deca BDE DESRIE, GCHF A, V)
Frvvary¥yv S, VNFUATr—FA4 vy RFaRy ¥
DIFEWERTHRE TS LKET S L, deca BDE & AME
WIEE 15 F472) OEERIEZ, TORENEEIC
%% EFPREINDD, Fig. 3 ORI OEREIFLT
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Fig. 4 Chromatogram of a mixed standard solution
of 13 PBDE isomers obtained with on-column injection

Sample: 0.5 ul of each ca. 0.5 ug Br ml™!

Wah, L7z o T, bE&d LIFREL T2 & K
KD DH7-DIZIE, FHiBED deca BDE B EZWET A &
BEEFLW, LPL—FT, deca BDEEEZELLTE
HEY - OGBRMET TS LW MEIEL L0,
Z Z Tl deca BDE 2% 109 ug Br ml ' DEH D & AH
YRR x K7, FDRE, BDE206, -207, -208 k13
K4 01%, 0.2%, 0.06% LLTTHY, L72h 5T deca
BDE O EMMAHME L LTI2 99.64% UL TH D &2y
ol BB, TOREHEIZE VT BDE207 kU BDE-
208 IIMEHEBHN AT TE 2o 7272, BDE-206 DR
EROTRDZ, kT2 L9012, AKETH-THHR
FAORMABCIIREOERRE SN L 720, BEICIE
FAOBEREHCDZLEND Y, 5HOFEE ZoTWw
5.

%8, Fig. 2128 T deca BDE D E— 7 OHIICN— X
TAYDOLADVRED LN/2D, THIUE deca RO RIS
HEZEZOHN5, nonafhk® octa kDY — 2R ZFF L &
ERZ0, BRIl ERTAZENS, 5T GCDEA
MEETIERL, DI LDEVWHERTREETWL EEZ L
N5, GRERDIIFETE TV,

3:3 RMGBHIRE

SrEARET L 72 R 13 FH % on-column AR TS
Filicl&nsu< b7 I 5% Fig. 4128 F. ik
(BDE-28) ~ hepta f& (BDE-183) I$iv ¥ —2 & LTH
BL, ocafdh b deca BNEFTRIVKE L HDICDON
Y— 7 WERIAL o7z, Fig. 5101k, ZOV—sHEL R
BARICEINLRERTHRLCROA, BRULH ORKE
BIRT. BB, BELRDLICYoT, HEEEICIIM
DEBEEPAHMME L TEEINEBENN D 2720, Fhi

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

o hE, KR, Ryenoran, HR : GC/ICPMSEILE AR AF L VBT RV ERIEY 7oV —FVOER 485

£
f]

(93]
o)

=)

Sensitivity / counts x 10° per ng Br
(33
=]

0
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BDE IUPAC No.

Fig. 5 Sensitivity per unit amounts of Br for each iso-
mer

Sensitivity was calculated from the peak area obtained
by injecting 0.5 ul of individual standard solutions of
13 PBDE isomers (ca. 5 ug Brml ).

CEEHEPOAMYBEEZHEL, ZhxfiiEL7z.
BDE-28 ~ BDE-99 OB 5 32 bk o> # #E W 13 Ho B9 el BE A8
filk<, BDE-85 D 35% #&Hm K& LT, 22~385% DD
R r HATWZ, —7, BDE-100 DLBEOEEROR
MWBEIX 1% UT Thofz. DED XS IZLTERD
EMAORE X, uifk (BDE28) ~ hepta f& (BDE-183)
D9ERUETIRIZIER—THY, ZoOHNEEREIX
924% TH-o72. Zhi, ICPIZEA X7 PBDE 281313
TERIGMENT, RELHEEL TV RERRIEFIRE S
57:%, BRELLDOBRENFECIC R/ LEZDI LN
TX 5.

—7%, octaff (BDE-203), nonaf& (BDE-206), deca
& (BDE-209) &, tri~hepta RO FHREEEITK L, &K ~4
82%, 52%, 44% DBE LRI Lo,
RIZ7% 5> CTICP M TOFRBVPAMICEL S LITE L H
W ERL, ZOREREIE, octa~deca thdiH T AN TH
WAL, ICPICEASNIEZOLOPBA L0
LEZON T, IRLOBERE—HFLTHL—E
TR, 7T 20RBICEESI NIz, FEIZ, nona k%
deca RIZEF K E L, 2L, LEORESEOI
#) 1 % H i@ BDE-206 £ BDE-209 D& L, tri~hepta
KOFHBILIZH LT, &4 40%, 34% DETH - 7.
1 2HMICERERSEZHEL -2 212EY, 719 2RO
PEEAERIEL, 79 2ATOGEINML ORIz E R
bbb, fEkoBliE (FIMS, ECNI-MS, ECD) Ti,
BMARZ E\REA R 2 57208 5 A0RARE LT 5
ZEIEREETH 57205, RKETREZNL) OREILR
HARB TR LR 2720, FOCTEMRFMEASTEE 2o

octa~ deca

35 BDE 28~183
30 r
vy
=}
— -
< 25
@ BDE-203
5 20
)
Q
= 15 F ! BDE-206
) /
8 ;
A 10 /
< '
ﬁ BDE-209
5
0 4 L L
0 200 400 600 800 1000

Concentration / ng Br ml-!

Fig. 6 Calibration graphs of 13 PBDE isomers from
ca. 0.4 t0 900 ng Br ml™"'

0.5 Ul of mixed standard solutions of 13 PBDE isomers
was injected. 4 BDE-28, [] BDE-47, A BDE-66, O
BDE-85, O BDE-99, @ BDE-100, ll BDE-153, + BDE-
154, — BDE-183, < BDE-203, X BDE-206, & BDE-
209

7. #1Z21%, BDE-203 & BDE-205 {232 octa R CTH 5 25,
Fig. 5ICRTEHI, RAeZREEEZL2ZEND, BT
LANTONRERBELR LI ENPShE ol HERET
B OEFEERBOREDOEICL SO, HHEDE
X200 %XHTEZ LITHETH- 7.

34 BKREHRUHKRHER

ARFEOMEAR O BEAREIRE # 0.4~900 ng Br ml™' O
B CTHM 7R % Fig. 61277, tifk (BDE-28) ~
hepta /& (BDE-183) @ 9 MO RMARTIIEHEIZH 7z
o THEMMENHER SN, ZOMBFRE R 1E0.9973~
0.0999 DHEIFICINFE o 72, T2, MEHROMEE OFHXIE
HIFEEIL3.9% THY, TXTOMERIEENIC 1 AD
KRERTREINEZ., Thbb, d5EMAROKREREZMLD
BMEOERICHEHT A Z EATRETH 72, 2D 3.9%
EV )ik, 33 TRON 24% ICHRETEWETH
o725, BIEFUGE RIS GO TH SN EE L
TIREFMNRETHA 9. —F, octa~deca R TIIHRERR
WEMRE TR ST, BT R TEPTE 2205, 2K
TEICELLIRERVVEE o/, F2, W LETO
SO0, BEBRIIESEES T, Bl & I ETRRoBKE
RSB T8 L7z,
BMHEBRAREZNY 2 75T FIAL XD 3D TN
#52% (§/N=3) B LTRDFER%E Table 3 IR
F. L& L LT 0.086 pg (BDES5) ~ 19 pg (BDE-209)
DEFEONT, IREFTHESRTWARINBRELT
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Table 3 Detection limits with the present method

(pg)
as Br as compound

BDE-28 0.066 0.11
BDE-47 0.061 0.093
BDE-66 0.090 0.14
BDE-85 0.061 0.086
BDE-99 0.067 0.095
BDE-100 0.10 0.14
BDE-153 0.10 013
BDE-154 0.10 0.13
BDE-183 0.11 0.14
BDE-203 0.55 0.69
BDE-206 4.5 5.4
BDE-209 16 19

i¥, GC/ELLRMS EIZ L D 20~48 pg'®, B2l E #ipH %
m/z 1200 F CTHUF 72 M EMBUE B SHTEY T EL 2 w7z
W& 8.4~19pg (BDE-209 i 10 pg), ECNI % Hw7z86&
9.3~29 pg (BDE-209 Tid 26 pg), GC/EI-FHRMS i Tl
0.025~0.26 pg'”, GC/ECNI-LRMS i Tl 0.025~ 0.26
pg'”, 0.01~0.075 pg (BDE-209 Tl 1.25 pg)*”’, 0.04~
0.87 pg (BDE-209 Tid 0.87 pg)**, GC-ECD Tl 1.5~
3.0 pg' ODEAFMEENTVS., ThoDEEEKLT,
ICP-MS % H\ 5 REOHRMBRARE, EI % H v 585 %5E
MS % GC-ECD £ DiZ 1~2 723 EERTWAEA, E1 %
V% B4 RE MS *° ECNI % H Vv 5 K50 EE MS X 0 13
17238 %-sTwbEZONRSE. LML, ThoofE
Z BT A B2 deca i EOE R 3L PBDE O IR
FiE, BURTIIMEEHORITIE %R, GCTORFERT
REINTVEIEAZERLTB I LRYETHS. B
23, kEoFa—FK7»724 (HE0Imm, K& 4m,
JE% 0.10 um) % A5 GC/ECNILRMS® Tl BDE-209
DR L LT 087 pg B OB, BEREDA T A
(N 0.26 mm, & 25m, JEE 0.10 um) Tid splitless
1 A #:% programmed-temperature vaporization (PTV)
FEABEOWVTNTY, 80 pg @ BDE-209 S TE 2h o
ZEBELTwS. SE, FELIRLICAEORTIRA
b, FUAOS LA T ADERICL > TEAET S 2
LRI CEE. B, SHREALAIHRIEBBER L
Vondeheide 5 DEE L HRB L, RLDrOT T T
LD S/N 2 HHEE LT, FEEMIT 20 UL LEN RS
BONTVE. BODOTIFUFFHELIRLBEN TV RN
DR TLAREWTE LRV, MBBRAIMELAE%
FRE LT, AFERETEY—VFF—F YA FAZH
T2lzd A4+ Y OUCRFEN M E L7220 Tk wnwheEZ S
g, ChET, AL HTH, V7T varyFryy 7,
IR ¥ —HEOFEEIHRE SN TVDH, JHEMITARDS
NEFPNE T b TR TH L. 5%, » T LOMES
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—
[ 8]

y = 0.0062x+0.992 o
R =09958

e e
R &8 8 3
T T T T

1.02 r

Normalized peak area
3

0.98 ' -
Ist 6th 1th  16th

Measurement number
Fig. 7 Variation of peak area corrected with Xe
intensity
Each peak area was normalized by the peak area of the
first measurement after the correction with Xe intensi-

ty.
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Fig. 8 Multi-chromatograms of a sample solution of
polystyrene obtained with on-column injection

(@) m/z: 13,79 and 126, (b) m/z: 79 and 126, (b)
was an enlargement of (a).
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Table 4 Recovery of added deca BDE (%)

Addition before reprecipitation of polystyrene

PS solution + 4.14 ppm 90.9
PS solution + 4.47 ppm 87.6 88.4+22
PS solution + 4.28 ppm 86.4

Addition after removal of reprecipitated polystyrene
PS solution + 8.43 ppm 94.6

83 %53
PS solution + 16.6 ppm 102.1 9835

bH5b.

3.6 KU ZXFL > HD deca BDE RUTHMEMEFD
EE

BRI LR I/ > THRE L 23 BBR %, on-column
HEASREHNCOM L&D u< 7T A% Fig. 8
2759, nona BDE ® 8 KDV — 2 DHZ octa BDE & HE
EEINE 5 KO =27 M E Nz, octa BDED L I 7%
WAE—2ZICBLTYH, BEORMMETHS “Br & “'Br
DS, FWEIC L 2BPY -7 EIBICXFT S Z
EWRTEL, $72, VFriaryy 402108, 350
~410 EIC, R AF L Y IWEANCHKT S Yo
C—r % ohRonzd, ThoitEWED “Br v 7
FIVIIKT B EBIIRD b o Tz, BICRYAF LY
8§ @ PBDE % GC/EI-LLRMS T4# L7261V Tid, &
Uz%by%£®“%& FVIFATAICEE )=V
Ty THITbRTVEY, RETRIZY =0T v TROLE
Lrolz, Ihb bizii‘(f DN 72 robustness R B HEM: %
RTHDTH 5.
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® deca BDE 8BV A iz L a3gh b, Fz, HL
TeRIVAF Ly RROTHICEVBRELZHEOBERIC
deca BDE % ¥AI L 72854, BINEII3IZ 100% (il
PFEOLNIZZ EHD, GC/ICPMS DEIEIZB VT, &
HFERYAF VR BEAORENERTED I PG
72, FROBIEEZFEIZ, RYUAFL UVBEF O deca
BDE I L7258 % Table 51235, 7 R OMxE
HREIIN 1.8% L BHERBEMIONI. —F, HER
FROEELZIT 520, BUEELHES-0E, H
RO L) — BRI ENEETH 5.

RY RAF LU VEIEHIZ1E daca BDE PAAMZ nonafk &
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BDE-206 D &E %, octa fRIZB L Tl BDE-203 & BDE-
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Table 5 Analytical results of PBDE in polystyrene (ugg ')

decaBDE nonaBDE octaBDE
Sample

as Br as compound as Br as compound as Br as compound
No.1 237.1 284.6 25.8 31.6 1.1 1.3
No.2 243.2 291.9 25.5 31.2 1.5 1.9
No.3 246.0 295.3 21.3 26.1 1.8 2.3
No.4 241.0 289.3 18.9 23.1 1.5 1.9
No.b 233.7 280.5 20.3 24.9 1.7 2.1
No.6 242.6 291.2 20.6 25.2 — —
No.7 237.9 285.5 — — — —
Mean 240.2 288.3 22.1 27.0 1.5 1.9
Standard deviation 4.2 5.1 2.9 35 0.3 0.4
95% confidence limit 3.9 4.7 3.0 3.7 0.4 0.5

- not measured

205 DF¥EEE A L7z, EBRICERABETH-TIH,
33 TRHMLAZIINIC, EKEFELE->TVDH, HEFET
AFTELEEBIIRIED 2720, ZofEEZL 7.
HH L 7% REAIRE % Table 5 I27R7F.

4 ¥ & ®
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EOREEMS X D 1238 TwWizas, EoEEE MS
RECD X9 1~2 7213 BN Tz, BANICRELRRE
AR L CIIBEROBEREIRIL 4 34 LB Y, »
DR DKEE G2 5720, 1 ROKRERZ MO EEED
ERICHWSE ZEPWETHo 72, MFEWEDARY M
FHRRIEFEALEREOONT, 7V T o7 0EE LR
WIEE DL W28, robustness LEEHEIZENRL T W2, F
72, on-column EAEIZ L Y BGBEBITINZ 728 X5
L > ¥ deca BDE DAEHE 7 0BTk 2 RS L7z,

—7F, RFEEEL T, octa~deca RDEBICAEKE
REMEICELCE, RERE, REROERE, BEE
BUREE 2 ISR WE S, Th 513 ICP-MS
CERETL2L0TIRZL, FICGCIERNTLIINDTHD
e, TICXY, octa~decah xBTS
e pETEL AT A (B, BE, BRS) OFERDY,
SHOBROBERELFEL LRI E#HEICIL. BlCHS
LM, BE, BX, VFryarXyy s, FLRA7
4y FARTSFBIHLTEOPOREFZEIN TV
A0, BICER MG E 2T ET, BHACI LTS
LWEE GeFE%/-0) 2525 L v ) ICP-MS Ok
KEHREMTH%. PBDE i3 RoHS HENEWE L LTEH%
DT LERBLELWETH Y, FHEOLVD T ANE
BHe&huE, Lo ICP-MS OENLEEAS 5 RE S
N, GC/ICP-MS #:13 PBDE DEN 4581 & LTOMAL
EMENTELEEZONS. $72, RiEIZPBDE 2T

%<, PCBRBEELREONTY VRBEELEDE~NDL
HWLRISHDVTRETH Y, 58, (CEPEHEERREM %
HBUT, RERESICKECEMT LI LWFTE 5.

AT DRE D—ERITFH 17~ 18 4EBE NEDO [BRIERRE %3t
B R EBEROZDORAEME] R DZEMNEICE -
7z.
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The analytical performance of gas chromatography/inductively coupled plasma mass spec-
trometry (GC/ICP-MS) was evaluated for the determination of polybrominated diphenylether
. (PBDE) including deca BDE (BDE-209). The detection limits ranged from 0.086 pg (BDE-85)
to 19 pg (BDE-209), which were 1 or 2 orders of magnitude superior to those with GC/electron
impact ionization-low resolution mass spectrometry and GC-ECD. The present method gave
the same sensitivity for thermally stable PBDE isomers from tri- to hepta-BDE, and the same cali-
bration graph could be used to quantify these isomers. On the contrary, a non-linear calibra-
tion graph, different sensitivity and worse detection limits were observed for thermally labile iso-
mers from octa- to deca-BDE, but these problems originated not from ICP-MS but from GC; that
is, the decomposition in the GC column and the injection port turned out to be an essential
problem that must be resolved. PBDE, including BDE-209, in polystyrene resin was successfully
determined by the present method using on-column injection. Since the spectral interface
from co-existing materials was almost negligible, and therefore clean-up was unnecessary in the
sample-preparation step, the present method was superior in robustness and rapidness to other
conventional methods.

Keywords : GC/ICP-MS; brominated flame retardants ; PBDE ; plastics ; RoHS.
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