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“REERRFI/ O NS IRBEEAVAIRFILERY
BREAMF %D 2 ROEUHEO—FREBIIEE

T B S - EHE OB MBS, T BRS

oRBEoOBmMEMks a~ 757 (HPLC) H# 5 24 (porous graphitic carbon & U pyrenyl silica) % fif
U722 Kk9C HPLC W8NE L B MREEN XA 7 u~ b 75 7 /BB E B aH e % v - B R R o7
XD, BERCBWTHEATRE 2o RIEFLF 4 5 F 2 VEUWEZ T TR, REMHERATHLRE
Ity 7=V -5 (PBDEs), S&{LE 7 == (PBBs) RURFIY {4+ F 8 (PBDDs R OF
PBDFs) O—FBMANEREZHE L. ABRIBBEERSEELTBY, SWHBEOKTHMEL 2
5T 5 PBDEs & PBDFs DEMAGEEZEHL, T/, BEHELAYO-OBSRERESNFICIHE
FWOE= Y — LHATET, SHEEDOA LR\ PBDE IUPAC No. 209 2HKIZOWTH, M™ OB
WHRER T A O V7578 v FAHESWET 2P LERE T2 TTeE L L7z, PBDEs, PBBs R U*
PBDDs/DFs DAL 2 pg (—EBREATIZ 10 pg) 25 1000 pg DHFA THBIRE 0992 LLEZ/RL,
MR LISE X A AR #E (R 751 PBDEs Tl 2.7 205 11.2%, PBBs Tid 2.0 5 11.7%, PBDDs/DFs
T 5975 125% & RWHBME AR L. BICKGHEORIEERIIKGGFORLNWER L LTHY
PAFER SN TV L ERSIEHER CEBEEEMABRARA L LTRM I NRIKEHNTITW, 707
v #Eh O R FECEERA O REENFE ST 7 — 7 2 WO THSL 2 LR L. RBEECERLEF 75 L
> (PCNs), H#FELY 7 2=V (PCBs), WHEILY A 4% V4 (PCDDs K U PCDFs) 2BV -CRETRE
ThHHILEMELT22D, A—RETOHEN NTY Y WEERURE) L5+ 5y VEDWEO—

HEHMTMETRE L7,
| - B9, HEERFITEAEHEHINRTYAR WY, 215 BFRs

EEALRRBOBRRFIZLY, EBRINCTHLEPRFNLY

BEALEEMRE] (brominated flame retardants, BFRs) i,
B O THERBITHERYE - HRELZF-EL-0I10R
G- BT A tEMEORKTH Y, HRPTHEREESD
BELHEHIRTWAY?, T RFEY IV
—7 )V (polybrominated diphenyl ethers, PBDEs) ®O—#
i, FoHEERICEY, BEHIEEEE (OECD) #E
CBWTHEPZLShTwasY, F£7 PBDEs & LTI
ARFENL, NEHFE, TREFAI 7=V —FW
(pentaBDE, octaBDE, decaBDE) #%d% 0¥, iz kb
fHRE - BENREL o> TWAEY, BN TIZEIC decaBDE
MEFAINTEY, ZORKHELALET 5 7-0REED
BEERERAALITPRL TS, 7, BREMNMEY 7220
(polybrominated biphenyls, PBBs) b EHETHHEHIN
TEY, 1970 FRPLEEHEWE E L UEESATY

U RE AR A TS AT BRI A BT T SEBR T - 305-8569 KR
D XH/NEFIN16-1 2 EW

THIERTE RN AT AR IR 5 . 305 - 8563
FIRED ISTHMER 1-1-1 2 IS Rg 3

NV NF T F T (polybrominated dibenzo-p-diox-
ins, PBDDs) RURFILY N7 5 (polybrominat-
ed dibenzofurans, PBDFs) & W o /oEEOBEWRFEILS
AFF VO EEERTAIENRIEINTHE V0,
HEREEWHIHCREMEE L CEBN RO E T
o TW5h, BIZHEMHA & LT PBDEs % 0 i il & 2584
LTWwaIZb20bsd, Ihb RE{CERANIREFH»
SIS BB ERNO, F72, —FoREKIIBWTIZWNS
WRALEH D DN T VA S &4 5D, FERRHENES,
BEEOBSVWIITERRILEL STV 5.

LA, BRFWISEZERAEWE L HRTRRY
BUZ X 25 EASE LY, 72, PBDEs & PBDFs O
BEHEHEIEELTEY, HEHHER (co-elution) 12X
DaMTEREEELRLTWIRE, BEEORVINEE S
HZEHNHEELVONPHEIRTSHS. J$#I12 PBDE IUPAC No.
209 (decaBDE) (3 HEDHENEE T, FEICR
FZREFVI0HEMML T2 08EEWETHY, oF
JREE DA R B U8 B T R 2 AT B 0SBRE S B 7 LAR
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FOMEBERDER/REINTNS, 22 THRBIE TR, FEE
2 FFOWHE 2 EIRWIZ5BES % porous graphitic carbon
(Hypercarb) 15 AW & oA # oL EWIcEN L
pyrenyl silica (PYE) 7 5 A% E#tkra~ b5 7
(HPLC) ZPFA U722 KRIC HPLC K B & B ReE # A
ru= by g7 /@ HRERSHTE (HRGC/HRMS) %
AW ERBERERSTICEIY, REICERATDH S
PBDEs, PBBs % UF PBDDs/DFs D5 #7 & % W3t L 7-.
EHEOIRIZZOFEEZH, RS+ VHEUY
BHOBRERMEMTZ2ERLTB Y, SHE BV
THEFCRCRFESY 1 F %2 Y EUWE O—FF BEAE)
ERFEOWRFT Z M. /2, PBDE-209 HIEIZBWT,
HRGC/HRMS T3 @EHWHE 2 B EH OB 5 A FE
Ity ANRF W) ORILrTERWRD, +REY
RPN LT A~ VT 57 /5 v F A RERSHE
(GC/MS/MS) ZBEH LTk OMERR % 1T - 72.

B REGITEOMGEER L LT, EBREESHERR
(Orebro University {37, International Intercalibration
Study) **¥ H#AE & U CRA SN RIK R O ERERR L
LTRAFGROEHNIFE L L CAESEIHASNI TS
EREHEE O 7 0~ v YR E T 5 PBDEs, PBBs &
U¥ PBDDs/DFs @ EMARFERIFMT & 175 7.

2 £ R

2:1 EERKRVUHAE

FEUEA U7z DU g K OV & RAZ e B
&, PBDEs (IUPAC No. 47, 77, 99, 100, 105, 126,
153, 183, 190, 209, LlLE K. Kannan f#+324t, State
K &), PBBs
(Firemaster BP-6, AccuStandard #) K Of PBDDs/DFs
(EDF-5059, CIL#) %/ L. PEEYEHIZ, &R
fLAHE# o PC-PBDEs (EO-5003, -5100, CIL %) K
C-PBDDs/DFs (EDF-4153, -4154, CIL #) %\ 7=,
FOMOBRERXT LY, PV, AFHURRV S
ouxgyy (WEn AR, R EEREA 5000
)—=X), BRBIIVHIFN, TVIF, BEF T AT —
W, MEFK, U BV ROHEKREES )y A 38
WOERSEREFEA L. I, FIABEIZ, BELY
DHFRERIETHHPTTRTHEBaRE AV, DL
DRBROCBEMAT TRERMERRABF = v 7 21TV,
ZERBR S I R B CERHN O EL 25— 7 28
MEEINRWZ L 2R L (S/N<3).

University of New York at Albany,

2:2 HPHRERUHH

7 1Y (Pinus thunbergii Parl. 2 U° Pinus densiflora
Sieb. et Zucc.) #id, 2003 4F 4 ARFE LA E2 FLER
B p 0 SIRILL 728 R sx (F: dbf 35027, WfE
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139°40°, I: dbi 35°38°, WA 139°50°, M: Jt#f 35°33’,
WHE 140°13°) RUEOMB A (T: Je# 34°58, BE
139°45’) OB OEMA Lz, BHVICRRVER IS
uw v (F: 465¢g, 1: 50.6g, M: 47.9g, T: 50.4¢g)
RE—H—IZBYVIY, 2V —=T v TRy (PG
PBDEs &% O° "C-PBDDs/DFs) ##M, YZ7nunxy v
300ml ERML, FEVFAL X %ELTV, Yy 27 AL—H
WM%EZ47o7 (Fig. 1). OBV THIZV Y Z AL
= AT, VAV E R THBED> S EREL KR
&, 3ml ITRM L7, RIK (RFELWA 252g, K
LA 6.18 g) WXBWTIXEBREEEHABRHRAR L LT
B.van Bavel {1 (Orebro University,” A7 = —7 ) #
Stz b 0®P%, IS (K031 (C# Uil %
TFolz (7L, VyZAL—HMiBloBni#izyraouxy
YRUOMVI Y, FREFR 7).

283 HIAHZLIV=T T
RICHEHOICHRL, B VIS VIS0 NS T
TA—ROETNVIFATAZUR N T T4 —%BHL
(Fig. 1). 7V 3 FORBGEZ n-~"FH > B 1HS,
10ml), RATO05% -7 0URAY ¥ /n~FHh v (82
4, 40ml), BT r7O0 X5 (4 3HS, 200
ml; PBDEs, PBBs & U° PBDDs/DFs H4) % BB L 7.
HPLC 7Bl 2., 55 3 Wi5r% 200 wl £ CTiE#HE L7z,

2:4 HPLC (Hypercarb 17 LRV PYE H 5 L)

Hypercarb 7 7 & % %3 L7z HPLC™®) 12, 28 Tf#/z
BSD9H 150w ZiEALZ (Fig. 1). %1 ESMEK
&4 ® PBDEs L UF PBBs, 5 2 B/~ i2id—#® PBDEs &
¥ PBDDs/DFs DB A 50 57z (Table 1), &Y D
50 Wl i& 7V 37 A5 E TONEEYE O RINEE
RKDOLI-DIHH L. E1WESCHAZH o004
VAT 30U & AN 7, 100 ul £ TEML,
PBDEs (Br4-7) MU' PBBs (Br53-8) Z#T@ie L7z, 62
BRI A V75 &AL 7%, 1001 Tl L,
PYE # 9 A % v 72 HPLC BB E L7z,

PYE 71 5 A % %5 L 72 HPLC*™ 12, Lo 2 Wiy
(100u) ®9 % 50w ZEALL (Fig. 1). &Y D 50 ul
& Hypercarb % J A 47 £ T REE#EYE © MIE % K
DELDIHEH L. SEFNA VT 5 BRI,
L, 100 ul FCTEN, £1, sV 4BHFNFh%
PBDEs (Br4-10) #T# ¥ i& PBDDs/DFs (Brd-8) 43#T
WL L7z (Table 2).
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Sampling

< spiking of internal standards (1*C-PBDEs/PBDDs/PBDFs)

Extraction

4— reflux with dichloromethane for 7 h and then with toluene for 7h

Multi-layer silica column chromatography
n-hexane (200 ml )

|

l Alumina (basic) column chromatography

Fr.1 Fr.2 Fr.3
n-hexane (10 m1) 0.5%-DCM/n-hexane (40 ml) DCM (200 ml)
(PBDEs, PBBs and PBDDs/DFs)

|

Porous graphitic carbon (Hypercarb)-HPLC

Fr. 3-1 Fr, 3-2
50 %-DCM/n-hexane (reverse) toluene
0~6 min (15 ml) 6~24 min (45 ml)
(most PBDEs and PBBs) ‘ (a part of PBDEs and PBDDs/DFs)
HRGC/HRMS l

Pyrenyl silica (PYE)-HPLC

l
I l l |

Fr. 3-2-1 Fr.3-2-2 Fr. 3-2-3 Fr. 3-2-4
10 %-DCM/n-hexane 10 %-DCM/n-hexane 10 %-DCM/n-hexane 10 %-DCM/n-hexane
0~9.5 min (9.5 ml) 9.5~ 12 min (2.5 ml) 12~24 min (12 ml) and DCM
(a part of PBDEs) (PBDE-209 and 2378- 24~ 75 min (3 ml +48 ml)
tetraBDD/DF) (penta- to octaBDDs/DFs)
HRGC/HRMS HRGC/HRMS HRGC/HRMS
GC/MS/MS

Fig. 1 Analytical procedure for PBDEs, PBBs and PBDDs/DFs

Table 1 Hypercarb-HPLC conditions for PBDEs, PBBs and PBDDs /DFs

Model : HEWLETT PACKARD 1100 series
Column : porous graphitic carbon (Hypercarb, Hypersil Co.), 100 mm X 4.6 mm (i.d.) 7 um (particle size)
Injector : RHEODYNE7125, sample loop: 200 ul, injection volume: 150 pl
Flow rate : 2.5 ml/min
Detector : UV-254 nm
Column temperature : room temperature
Eluent : 50%-dichloromethane/n -hexane 15 ml : fraction 1 (most PBDEs, PBBs)
: toluene 45 ml (reverse flow) : fraction 2 (a part of PBDEs, PBDDs/DFs)
: toluene 45 ml (reverse flow) : (wash)
. 50%-dichloromethane/n -hexane 15ml . (wash)
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Table 2 PYE-HPLC conditions for PBDEs, PBBs and PBDDs/DFs
Model : HEWLETT PACKARD 1100 series '
Column : pyrenyl silica (PYE, Nacalai Tesque Inc.), 250 mm (length) X 4.6 mm (i.d.) 5 pum (particle size)
Injector : RHEODYNE 7125 sample loop: 100 pl, injection volume: 50 pul
Flow rate : 1.0 ml/min
Detector : UV-254 nm
Eluent : 0~27 min : 10%-dichloromethane/n -hexane
: 27~90 min . dichloromethane
: 90~ 105 min : 10%-dichloromethane/n -hexane
Fraction : No. 1 (0~9.5 min) : a part of PBDEs

: No. 2 (9.5~ 12 min)

: No. 3 (12~ 24 min)
: No. 4 (24~ 75 min)

: PBDE-209, 2,3,7,8-tetraBDD/DF
: 1,2,3,7,8-pentaBDD/DF, 2,3,4,7,8-pentaBDF, 1,2,3,4,7,8-hexaBDD/DF
1,2,3,6,7,8-hexaBDD, 1,2,3,7,8,9-hexaBDD, 1,2,3,4,6,7,8-heptaBDF, octaBDD

The separation method was programmed from 0 to 75 min, and then to 105 min with a column washing.

Table 3 HRGC/HRMS conditions for PBDEs, PBBs and PBDDs/DFs

Instrument : JEOL JMS-700D

Column : DB-5 (J&W Scientific) 15 m (length) X 0.25 mm (i.d.), 0.10 pm (f.t.)
Column temp : 1507C (2 min), 5C /min to 300C (10 min)
Injection : splitless injection mode by auto injector
Ion source : El ion source, positive

Source temperature : 250°C

Interface temperature : 250°C

Injetor temperature : 250°C

Ionization voltage : 38eV

Trap current 1 500 pA

Accel. Voltage : 10kV

Resolution : > 10000

2:5 HRGC/HRMS IC& % PBDEs, PBBs, PBDDs/DFs
DRE - EERU GC/MS/MS 2L 3 decaBDE NDHHiiE
FEFERR

HRGC/HRMS O 7 — ¥ MBI HABETFHO 51 + ¥
Y7 u s 5 A (Diok) #HWTiF->72. HRGC/HRMS
\Z81} % PBDEs, PBBs & U PBDDs/DFs @ 53#7 4113
Table 3, 4Z/R L7z, WEAEHOA  VEEDOE N
M+2)7°, M+4)", M+6)", M+8) ' 41+>DIb,
BFLW & 12 native 85> (WY E IO TR
LABGOR) IZDOWTHL 22U EEE= S — L7,
PBDDs/DFs O3 W4 H11213 PBDEs DE= % — A+ v}
BINL, ®EF co-elution * R TEX L X HEEL 7.
PBDE-209 I2EBWTiE, MDA+ > k9 BLRFELY
(M*Bry) 4F ¥ DEBENRBNI EBASLNT WS>,
F-HAETFH JMS-700D TIHEBHEAN 155832 T
D, NEFEMWEE=y—L7-. 22750, BEFE(Y
A4 Y DEZH— 12 k2 AR FICRIEL, M A
VEEBEWETRESR GC/MS/MS ZHHEL, ANRF/WRk
U RFZLW BT % PBDE-209 DHTIERE DRER D B¢
o7z, F¥¥FY—F 54 RUCRIRSEMIT HRGC/
HRMS L FBT, E=F—AF VYEZHLTERUTOX

£

I IZERE L7z (960.0 = 799.9, collision energy 25 eV,

ion voltage 70 eV, HA%7H Quattro micro GC).

FEME NN LR A o e S ARHE ) 5 O IR SRR %
AWTHBL, £22o04 4 0¥ — 27 WA
L £15% LIAO L O T, BIZKREMALOERMEIN
LTd +£15% LA Db D% PBDEs, PBBs & U
PBDDs/DFs & [d% L7z (PBDE-209 i3[<). MES Nz
Y— 7 OWEZEH L THEEERICE Y S/NSUEDY
—ZIZDOWVWTE - ERCRERT L ICER L.

3 fERLER

31 PBDEs, PBBs XU PBDDs/DFs E&EZE#R% A
WAHHEEZEOBRERY GC TOHE - RO

JISEPYRUBBEEY = 2 7 VO TCRERILI A+ F
YRV ZAV—HMMTHEE, ML r16REHDLEEH
FLENTWw3. £ THEMH T PBDEs B#S % v, #h
HE4Tv, BIERZHEZE L2 (Table 5). ZO8E, F
VI y 8 R TlX PBDE-105 %%, 16 KR Tl
PBDE-47, -77, -105, -190, -209 @ B HSHEIGIZIE T L
TwWh, COERENRBRSEEEZZ SN0, fIBRED
BT ROEIER Lolo, mibREr bz orsY s
O XFVICEBLE. COEFEICLY)ERENGES
h, Yruuoxy sl PR S LIck
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Table 4 Monitor ions in HRGC/HRMS

Monitor ions M+2)" M+4)" M+6)’ M+8)"
tetraBDE 483.7131 485.7111

pentaBDE 563.6215 565.6195

hexaBDE 641.5320 643.5300

heptaBDE 791.4405 793.4385
octaBDE” 799.3510 801.3490
C-tetraBDE 495.7533 497.7513

PC-pentaBDE 575.6618 577.6598

YC-hexaBDE 653.5723 655.5703

®C-heptaBDE 733.4808 785.4788
“C-octaBDE” 811.3912 813.3892
pentaBB 547.6266 549.6246

hexaBB 625.5371 627.5351

heptaBB 705.4456 707.4436
octaBB 783.3561 785.8541
tetraBDD 497.6923 499.6903

pentaBDD 577.6008 579.5988

hexaBDD 655.5113 657.5093

octaBDD 813.3302 815.3282
tetraBDF 481.6974 483.6954

pentaBDF 561.6059 563.6039

hexaBDF 639.5164 641.5144

heptaBDF 719.4248 721.4228
tetraBDE 483.7131 485.7111

pentaBDE 563.6215 565.6195

hexaBDE 641.5320 643.5300

heptaBDE 721.4405 723.4385
octaBDE” 799.3510 801.3490
C-tetraBDD 509.7326 511.7306

"®C-pentaBDD 589.6411 591.6391

“C-hexaBDD 667.5515 669.5495

BC-tetraBDF 4937377 495.7357

“C-pentaBDF 573.6462 575.6442

a) octaBDE monitor ions were used for analysis of decaBDE

Table 5 Average recovery rate (% ; n = 2) of Soxhlet
extraction of PBDEs in fortified blank by
toluene and dichloromethane (DCM)

Toluene 8 h Toluene 16 h DCM8h
PBDE -47 80 39 88
77 82 41 82
-100 110 72 99
-99 97 53 96
-126 123 75 89
-105 8 0 60
-153 121 77 107
-183 119 67 87
-190 87 33 70
-209 76 24 140

D, EEWICODWNIBTELZEFHLNE T2,
2 PBDEs, PBBs M UF PBDDs/DFs O 58 - fEHEE:%
HMiT 5720, CROEWEICERBI YA VI TLAIUT
NS4 RTNIFHGT LU NT T T 4 — Rl
FL7. TIVIFH 5 A~OWEMED R AL ERH X LB
K&, ENEOVEBRABREING D, BIWGICY

yan Xy y200ml M L7z, &Ei4% HRGC/HRMS
PRWTEL, oW &GEOKRE L HREEORE LT
72. Table 4 lZ®ERA F VK (selected ion monitoring,
SIM) IZHWAERHERL. BELTTVIFT AT L
raR G744 —BOEIHESOIZUR N T A%
Fig. 2 (a) (2R T. ZOW45IZIE PBDEs & UF PBDFs 4
ZEL, ThOLOBEBHERIIEHLTw5. 42 PBDE-
99 & 2,3,7 8tetraBDF, PBDE-190 & 1,2,3,4,7,8-hexaBDF
DEBFHBETHL. HRLINSEEW L HRMS TH
HES 5 1213 30000 2 5 40000 DL EOGERENLIETH 5.
¥ 7-, —f PBDEs & UF PBDFs R RO R FFIGR b 3T 4
L, co-elution 2B <7212 d HRMS g MLRTIC 7 1~
N #{EIZ33\> T PBDEs X OF PBDFs 2 589 5 Z & S E
TH5. BIZEEHRICHE W TII PBDEs & PBDFs D
VARV S DICRR B0, TV FHEEOERIZD
MEmEZE LR TV, FOHKIC HPLC K8k % 8
L, PBDEs, PBBs % UF PBDDs/DFs A& HE# K &
oHE - R 7.
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tetraBDF hexaBDF
100| |
& | alumina  1qg E alumina
s (B @
a
o 80 Y |@| a
£ al~ia 80 &
S = o 29
£ T Q8 g a
g 60 i o 60 o A
(@) : q= 2 g
> [ P B
ks a3 ey
g N 1ls 40 8 | =
| oW — Ao
m| S E‘ -
Q 1 1 (\l,,
20 2| A8 20 8 l =
AR
ay
0 — 0 E—
1001
' pye 100 PYE
° 80 29 £y
2 2 80 3
B £ 2
g 60 T 2
(b)3 % 60 3
~
_— o)
z % 40 3
20 20
L A.AAL
0 0 -
8 12 16 20 8 12 16 20 24 28

Retention time/min Retention time/min

Fig. 2 Chromatograms of tetra- and hexaBDF after
alumina glass column (a) and PYE-HPLC (b) fraction

3-2 PBDEs, PBBs XU’ PBDDs/DFs B&E®# S % B
WM e HPLC B O#%5

PBDEs, PBBs X U PBDDs/DFs {E&1ZH#E % HPLC T
51 U 724553, Hypercarb-HPLC ®%5 1 4> (Hypercarb-
Fr.1) T PBBs X O"K#84? PBDEs (T IR FELY)
DEMA, 552 E5 (Hypercarb-Fr.2) Tld PBDDs/DFs
RO —# PBDEs (EIZHEFY) OBMAIERTE
(Table 1). Hypercarb 5B X ) K# 45 ® PBDEs %
PBDDs/DFs 2° 5 3BT 5 Z E TR 720, KICMHHS
% PYE-HPLC O #4825 B BRI ASEH T i &
ol

PYE-HPLC 2B W TIE, %1 H45 (PYE-Fr.1) T
PBDDs/DFs & {AE L TV 72 PBDE-183, 190 D 4B ASHE R
T&7z (Table 2). % 34 (PYEFr.3) Tld PBDE-209
K F2,3,7,8-tetraBDD/DF, #5 4 B4 (PYE-Fr.4) Tid
1,2,8,7,8-pentaBDD/DF, 2,3,4,7,8-BDF, 1,2,3,4,7,8-
hexaBDD/DF, 1,2,3,6,7,8-, 1,2,3,7,8,9-hexaBDD,
1,2,3,4,6,7,8-heptaBDF } U¥ octaBDD D& H A HEZR T &
7z. PYE-Fr.3 Tl PBDE-209 } U 2,3,7,8-tetraBDF 23{RAE
LTWw52s, FH SO HRGC/HRMS K U°F GC/MS/MS il
ERMTE, BVICEN - ERHEWE IRV BV E
ZHERL TS, BEEEHBDOEER W coelution 75,

KAGAKU Vol. 55 (2006)
PBDEs . U' PBDFs D HER U ETH o 722%, KT

HPLC O#ERIZE D, ThoWEOGMIERL, Bk
TLOERNTREE o7 [Fig. 2 (b)}.

BEHI BB h ORI 7 5 L > (PCNs), HEFEAL
¥7x=) (PCBs) RUBEIASTAFFT V8
(PCDDs/DFs) O FYERBISGHIEHATRETH H 00, 4
B L2 HEE M AELES 2 8125 ) PBDEs, PBBs
KU PBDDs/DFs b &7 HERE N T 7 VHOUEH—
BEOMELLTHMTHILI EDPMRTE, BIC
PBDEs 2 UF PBDDs/DFs D& A T A7 u~ b 75 734k
Z & 2 oHE - REEEET™ T % 7- PBDE REHEILY 4 4
FTUHEUWE (PCBs, PCDDs/DFs & UV 35 R L i)
D—FGHEVEHE SR TS, EREICBNTD,
PBDDs/DFs DA #liEW) & Td % PBDEs 75 D8, ¥
TRFMARTERIET AT F Y Y HO— BT IERS N
Tv»%%%, PBDEs, PBBs, PBDDs, PBDFs, PCNs, PCBs,
PCDDs ;& UF PCDFs @ —F ZYERFI 5 % B Bk 72 i
BEELOMBRY <, HIZ coelution I & Y IEMR ¥
A7 F ¥ VSR F#IC LT % —%8 PCNs Bk
K, RUBEBEHBRROEED S GMREOKT 2HEE 2
- T\ % PBDEs & PBDFs O —F AT T, Domk
7 PBDE-209 4T b EMiCT & 2 AL, HEA 0y
VH, BICHEZERURFELMSA A XY 0 EMWEO K
WEEMiE S LTHO B TH L. BEICEEER T’ U
DIHE - KNS — V% Fig. 31K

3-3 IEE

PBDEs, PBBs & U PBDDs/DFs {22 W THi 4 OB #i
PRICBWTHERRZ AL, SAREOBERIE -2
i 2 S R EAR O B AR % 72, HRGC/HRMS (25 W
TH5 HBREMZIMER L, PBDEs IZ2W Tl 2~ 1000 pg,
PBDE-209, PBBs K U'RF(LF 1 4+ F ¥ Y HHIZoWwTiE
10~ 1000 pg DHPAT, ZEKRAEDHBIBRE () i 0.995
UE#zRL, RIFRERMEISE SN2, PBDE209 ICBI L
TIX GC/MS/MS IZBWT O REMEIER L, 50 pg » 5
1000 pg DHEPH THBREL (r) 130992 PLEEZR L2, %
7z, BOBEBUEAIE 2 MM E MR LR, HEg
7 (% RSD) X, PBDEs T2.745 11.2% (n=3),
PBBs T 2.0 %*5 11.7% (n=4), PBDDs/DFs T 5.9 75
125% (n=6) Thol. ZDERIT PBDEs O HERKE
HHEBRTHONZEREEE 1700 77%)™ L FEE
B LTHo 7.

ERVER DS RETE R ORIKAE A 55 5 M Z
WEOHEEL, tetraBDE (PBDE-47) T 126+ 11%,
pentaBDE (PBDE-99, -100, -118) T 160 * 43%,
hexaBDE (PBDE-153) T 142 + 22%, heptaBDE (PBDE-
183) T 117 %= 10%, decaBDE (PBDE-209) T 84 * 15%,
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.1 B2 R3
most P(Bs and PCNs a pat of PCBs and PCNNs
PCDDs/DFs
PBDE, PBBs and PBDDs/DES
Porous graphitic carbon (Hypercaib)-HPLC |
F. 2-1 .22
most PCBs non-ortho PCBs and PCNs
mmo, di-ortho PCBs
F. 31 F. 32
mmno-, di-ortho P(Bs non-ortho PCBs, PCNs and PCDDs/DES
PBDE47,77, 99,100, 105,126,153 PBDEAS3, 190, 209 and PBDDs/DFS
|
Pyrenyl silica (PYE)-HPLC
. 221 R. 222 Fr. 223 F. 224
non-ortho PCBs and penta- tohexa-CNs penta- to octa-CNs bexa- tohepta-CNs
tri- to penta-CNs
F. 321 . 322 F. 323 F. 3-24
non-ortho PCBs and penta- tohexa-CNs penta- to octa-CNs hexa- to hepta-CNs
tri- to penta-CNs 1234- and 1368-tetr a-CDDs/DES PBDE-209 and octa-CDLY DF
PBDE183,190 2378-tetra-BDIY DF 12378pentaBDIYDF,
23478-BDF, 123478~
hexaBDDYDF, 123678,
123789-BDI%, octaBDD

Fig. 3 Elution patterns of brominated and chlorinated dioxin-like compounds in analytical procedure

tetraBDD (2,3,7,8-tetraBDD) T 87 + 27%, pentaBDD
(1,2,8,7,8-pentaBDD) T 93 = 26%, hexaBDD
(1,2,3,4,7,8-/1,2,3,6,7,8-/1,2,3,7,8,9-hexaBDD) T 85+
40%, tetraBDF (2,3,7,8-tetraBDF) T 104 = 33%,
pentaBDF (1,2,3,7,8-/2,3,4,7,8-pentaBDF) T 98 + 34% T
Hotz, KEF, BREEWH OB EFEY T TEBIER
DOBANEFHRTE M METHEEZERZOND,
%7z, PBDE-209 2B L Tl hAG RS, SHRENELR
T Wiz, WEEYEORINFEL GC/MS/MS THHERL,
91 +23% THh-7:. REFRIY ARFLY) RF+E
ZitEhZnoNPEPERBE TH- 22 &0 b,
PBDE-209 {220V T H RLIIHHTRETH S Z EHL R
Lol 72721, BFAPD HRGC/HRMS KT GC/
MS/MS SATRE RIS, SHTEALH L D b 0BT O M R
OB OB IR OB L T3 <, ABERD
BHEAEZB8BEIRRT LI LPSHORETH L.

3.4 EEEEEESBRARHANOEA

R L7220 TEORSYMN 2 MGEET 5729012, EERHEE
BRABICSML, WECRTRFLY A4 F 2 VHH
FEOREBRILBEZER L, ERUEFA4FF 2 VHICELT
i, S7EEF A4 F Y U HEREEEERBCR
A SRR, RES A 4 F 2 VEICE L TQ,
HIMAENMS A F 5V VHEREETHERAR CRA
NRIGARY & v, STk R L.

EEAF AT F T VHEICBWTIE, 2,3,7,8-
tetraCDD/DF, 1,2,3,7,8-pentaCDD/DF, 2,3,4,7,8-
pentaCDF, 1,2,3,4,7,8-hexaCDD/DF, 1,2,3,6,7,8-
hexaCDD/DF, 1,2,3,7,8,9-hexaCDD/DF, 2,3,4,6,7,8-
heptaCDF, 1,2,3,4,6,7,8-heptaCDD/DF, 1,2,3,4,7,8,9-
heptaCDF J ¥ octaCDD/DF 1220 W THERE L,
PCDDs TIIE#(FZEE 3.1 25 67%, PCDFs TlX 14 %
562% Tholz. SMFEBEERTIE, ThEN 85
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P 262%, 5305 207% THY, E62F3OKREVWE 1825 75%, PBDFs TiX 3.0 225 78% Tho7-. Bl
BHIOWTOHLHERNTHLZ LBHS L o7z, FIEmBEEA T, ZREN 3825 78%, 2955 111%
BFRAETFAAF T HIIBWTI, 2,3,7,8- ThHH, REQREZRCRCRFNMT A 4 F 2 VEHHIHE

tetraBDD/DF, 1,2,3,7,8-pentaBDD/DF, 2,3,4,7,8- HWEZANRFETH S I LI HATE .

pentaBDF, 1,2,3,4,7,8-hexaBDD/DF, 1,2,3,6,7,8-

hexaBDD, 1,2,3,7,8,9-hexaBDD & U 1,2,3,4,6,7,8- 3.5 EHBOIEH

heptaBDF (2D THEMRET L, PBDDs T3 A% #E R 2= M IHTEDEBIERAE F Wi iR E LT, suvy
BERS4THHLARKOBELZRT. T Xk
HPLC B ORR%E, RIKABICBI LT NVIF AT LY

10| HxBDF h alumina U b7 74 —1HRO%E 3SRV PYE-HPLC D% 3

g % ;{ Bsor7u< 77 ATRY (Fig. 4. 7IVIFHEHS
I | Fig. 4 (a) TIX, #EYE R U PBDEs %% PBDFs & iRAE L
@) | THY, W BYERFE AT 5%, PYEHPLC Bi
3 ® 7 Fig. 4 (b) Tl&, TN 525 PBDFs 25508 - iR S h,
l AJ\JMM 1. L - FORSEL 7 PRDFs BRI O RN TR L Loz, 207

108 ‘ PYE O Y ERPRIKF D PBDEs, PBBs & U PBDDs/

& DFs #YEROFEM 08 - BATICHII L 72 (Fig. 5). 3k

E A & DFELD & PBDEAT, 77, 99, -100, -153, -183 K
b= ® O 200 LI R AL, W (F, TRUM) RO A
3« | (T) D2 0% V% wet weigt (RERRY) BIEGH S

2 I I % PBDEs #8J1d, 212N 1580, 2400, 860 J% 0¥ 380

e 1 3 m m m w w  pe/g Thor. WRMAUIBIIHEL ) RERERET

Retention time /min HY, ThEHEFENST A+ %2 VHEUWE L RABOER %

Fig. 4 Chromatograms of hexaBDF in fly ash sample AL, F72- ruwvERO PBDEs 12 X R¢K

after alumina glass column (a) and PYE-HPLC (b)
fraction

17350 ng/g, dry weight (ZEEHRE)] X YVHLPICK
BETHo72. RIC7 v~V ERURIKF O PBDEs [k

Composition
(a) 0% 20% 40% 60% 80% 100%

F (pine needles)
I (pine needies)
M (pine needles)
T (pine needles)
fly ash

commercial decaBDE [

8 tetraBDE M pentaBDE O hexaBDE M heptaBDE [ nonaBDE 8 decaBDE

Compositon

(b)

0% 20% 40% 60% 80% 100%

{ | |

|
s [ { ///////////!////////////{/////////////'////////////

tetraBDD W pentaBDD [ hexaBDD B tetraBDF [] pentaBDF B hexaBDF heptaBDF

Fig. 5 PBDEs (a) and PBDDs/DFs (b) compositions of environmental matrices examined
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RHLR I LTk, PBDE-209 DFAEEIGAI85% Ll 1%
Lo [Fig. 5 (), BRAROKNTEREDS SHEHEINT
V% PBDEs B 5D —2TH % decaBDE i DML & HilbL
LTHY”, PBDEs (5O~ D &L LTEZOLNS. £/,
TR B B O BROK & @ PBDEs [ ALK & REE
7 1< L FAEIZ PBDE-209 OFFEH G RV 2 L AR
BERTBD®, Zho#E,S 7 1~y Y PBDEs
BIEFLY 4 F F 2 Ve FBRICRAFOHRE K LT
WwWhrEEZLNS, Bz uwyERIZGEREL
PBDEs 28 ILHEEB S WEI S CTHAELTB Y, KRAF KUY
u~ YR TONRGRESOLELD, BREDHHE
FL 22 L ROBRERIDOE T 7 EEIRA O RRBEF I

I D ERRF SR PICBIR S, 7oy IR
DY ARRE (3 =23 (V-

PBBs I L Cld, RFED pentaBB MK, TUPAC
Nos. 153, 180 K I"RFE D octaBB BEMARZ WAL, (3
L AL DEFT No. 153 K U° 180 12 X /2. No. 153
K180 12 PBBs #%  (Firemaster BP-6 28) WD ER ST
HHIEFHSONTWEY, JliE L7 PBBs iBE X7 o~
VT 0.73~2.7, RIKTIE 200pg/g THo72. 70~
VIR E D HH S PIRETH - 72, EIINTIZ PBBs
BMEANTEALHEH SN TRV, 7 o<y ERICEKRE
J£® PBBs SIS N7z, TROHOFHERFIREBEE LT 5
PBBRs B i % OF PBDEs #EPICAMP & LTHELET S
PBBs D REE A E 2 SN 5.

PBDDs/DFs (2,3,7,8-tetraBDD/DF, 1,2,3,7,8-
pentaBDD/DF, 2,3,4,7,8-pentaBDF, 1,2,3,4,7,8-
hexaBDD/DF, 1,2,3,6,7,8-hexaBDD, 1,2,3,7,8,9-hexaBDD,
1,2,3,4,6,7,8-heptaBDF) (2B L CRRAK DA D SN S h
% L7 PBDDs J2 UF PBDFs i 12 2 24 2.3 J.UF 200
ng/g T -7z, MEIZHE L TiX heptaBDF DFFEHI G
Ehor (Fig. 5 . F7z, & B2 5 PCBs, PCNs
B U PCDDs/DFs BN ENTE Y, REIC Lo THHRIZ
o REWARFEMOMICE Y, REW K OER LY O
R EROREE= Y ) Y 7 OBELS s NS,

Kurunthachalam Kannan {1 (State University of New York at
Albany, KE) OBEEHERERCIUTICHELERT S, £/,
RS v 7 ThHEREMR ORI EH T 5.
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The method enables congener-specific determination not only of polychlorinated dioxins but
also of polybrominated diphenyl ethers (PBDEs), -biphenyls (PBBs), -dibenzo-p-dioxins (PBDDs)
and -dibenzofurans (PBDFs) using two dimensional high performance liquid chromatograph
(HPLC) with graphitized carbon and pyrenyl silica columns cleanup, and high resolution gas
chromatograph with high resolution mass spectrometry (HRGC/HRMS) system. Additionally,
the analytical method developed enables separation and quantification not only of PBDFs with-
out co-elution from PBDEs but also of PBDE IUPAC No. 209. The reliable analysis of PBDE-209
was operated in parallel by the HRGC/HRMS and GC with tandem mass spectrometry, because
the quantitative analysis of PBDE-209 is relatively difficult task due to liable physical properties
and high molecular weight. Calibration curves from the peak areas of PBDEs, PBBs and
PBDDs/DFs were linear with high correlation coefficients of more than 0.992 at the range from
2 to 1000 pg/pl (some congeners: 10 to 1000 pg/ul). The relative standard deviations of
PBDEs, PBBs and PBDDs/DFs by the peak areas were acceptable with a range of 2.7 to 11.2%,
2.0 to 11.7% and 5.9 to 12.5%, respectively. This analytical method could be applied to various
matrices on pine needles as passive indicator and fly ash of international calibration study.
Cdngener—speciﬁc determination of PBDEs, PBBs and PBDDs/DFs in pine needles was achieved
in this study for the first time. Risk assessment by congener-specific data of brominated/chlori-
nated dioxins and related compounds was possible to carry out using this developed method.

Keywords : polybrominated diphenyl ethers; polybrominated biphenyls; polybrominated diben-
zo-p-dioxins; polybrominated dibenzofurans; polychlorinated dioxins; congener-
specific determination.
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