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Recovery) EF &N 02 FALGH tho] 4172 PCBY §]—r%8 247y F AA ZErtE Y
ZHoA 619 ~96.0%, 704 ~ 79.0%92™, Asd AP A= 718 ~ 1045%, 613 ~
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Abstract : The elution patterns of seventeen 2,3,7,8-substituted PCDDs/Fs and 12 dioxin-like PCBs were
studied by both manual open columns and automatic parallel LC columns in cleanup procedure.
PCDDs/Fs and non-ortho-PCBs from other mono-ortho-PCBs were separated on automatic LC column,
whereas they were not separated on an open manual column. The elution study on two cleanup methods
was carried out using the PAR solution of unlabeled congeners and checked the recovery of each
congener. Total recoveries of cleanup fractionation were ranged between 61.9 ~ 96.0% for PCDDs/Fs
and 70.4 ~ 79.0% for PCBs by manual open columns and 71.8 ~ 104.5% for PCDDs/Fs and 61.3 ~
120.3% for PCBs by automatic parallel LC columns, respectively. Unfortunately, #169-HxCB and
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1,2,3,7,8-PeCDD were not separated on DB-5MS capillary column. The ions of 1,2,3,7,8-PeCDD were
selected at M/M+2 instead of M+2/M+4 suggested by EPA method 1613. It is possible to discriminate
1,2,3,7,8-PeCDD and PCB #169 in HRGC/HRMS analysis.

Key words : PCDDs/Fs, dioxin-like PCBs, manual open columns, automatic parallel LC columns, HRGC/HRMS
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-spike 25 ul 16813 CSS (40 ng/fml)

-spike 10 uL BBA-CSS (1000 ng/mL)

-treated with 2N HCI (5 hr)
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<Manual open celumns>

H,S0, treatment

-spike 10 ul 1613LCS (100~200 ngéml)
-spike 10 ul BBA-LCS (1000 ngfmL)

<Automatic parallel LC columns>

‘ Multi-layer Silica gel Calumn ‘

‘ Multi-layer Silica gel Column ‘

‘ -eluted with 100 mL Hx

-eluted with 80 mL Hx
(5 mLimin}

‘ Alurnina Column (6 g) ‘

‘ Alumina Column (12.5 ) |

Fig. 1. Analytical
dioxin-like PCBs in fly ash.

-eluted with B0 mL DCM-Hx
(10 mL/min) (E1)
Carbon Colurmn

-eluted with 80 mL DCM-Hx(50:50)

-eluted with 100 mL Hx
(120 mL fraction test, F1)

-eluted with 30 mL Hx-DCM (50:50)

(B0 mL fraction test, F2)

(10 mbimin) (E2)

(2:08)

-eluted with 12 mL EtAC benz(50:50)

{10 mbmin) (E3)

-eluted with 10 mL Hx (10 mL/min)

-eluted with 40 mL toluene
(5 mLinin) (E4)

- spike 2 uL BBA-IS (5000 ngfml)
- spike & uL 1613ISS (200 ngfmL)
HRGC/HRMS analysis

procedures

of PCDDs/PCDFs

and

Table 1. The experimental conditions of HRGC/HRMS
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o} B Ao x] AR-E EA417]7]E Agilent 6890 7]1A| =
ZulETIYE (Palo Alto, CA, USA)S} JeolAl2] MStation
IMS-700D 1135 & #E-4]7] (Akishima, Tokyo, Japan
y7h AN = FHlE ARSIt ZHE tho] A4l
4802 SupelcoAl (Bellefonte, PA, USA)S] =4 Z
219] SP-2331 7 J&W ScientificAl (Palo Alto, CA, USA)
AF2] H=Z42 DBSMS &8 g7t =AY e
AHEEIR e, PCBRF #Alol= J&W  ScientificARS]
DB-1& ARSI tho] &4l PCBE #43t7] st
HRGC/HRMS EXZ71L Table 13} 2t}
3. &1 ¢ mE
3.1. M8 Z&olAMel PCDDs/Fs X ClOI%
Aln} RAIEH PCBs2l S£I1H
A& ZholAY £&9ES & 1752 PCDDs/Fs
9} 12%2] PCBY] PAR EF§d 02 ZARIY =Y ol
o th3t WHO-TEFZ T 552 Table 20 Atk A7t

GC

Injection mode
Injector Temp.
Carrier gas
Column

Temp. program

splitless

DB-1 : 280 C, DB-5MS : 290 C, SP-2331 : 250 C

He, 1 mL/min (DB-1, DB-5MS), 1.2 mL/min (SP-2331)

DB-1 : 100% dimethylpolysiloxane

60 m(length) X 0.25 mm (I.D) X 0.25 pum (film thickness)

DB-5MS : 5% phenylmethylpolysiloxane

60 m(length) x 0.32 mm (I.D) X 0.25 pum (film thickness)

SP-2331 : cyanopropyl polysiloxane

60 m(length) x 0.32 mm (I.D) X 0.2 um (film thickness)

: 100 C (1 min)-20 ‘C/min-200 C (2 min)-5 C/min-250 C
(5 min)-5 C/min-310 C (3 min)

DB-5MS : 160 C (1.0 min)-5 C/min-200 C (2 min)-5 C/min-220 C

(15 min)-5 ‘C/min-235 C (5 min)-5 ‘C/min-310 C (3 min)

SP-2331 : 100 C (1.0 min)-20 ‘C/min-200 ‘C-2.0 C/min-250 C (29 min)

DB-1

MS

Tonization mode
Detection mode
Ionization voltage
Ionization current
Accel. voltage
Resolution

Electron impact (EI)

Selected ion monitoring (SIM)

38 eV
500 pA
10 kV
10,000
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Table 2. Specification of PAR solution and WHO-TEF values
Conc. Conc.
PCDD/F congener TEF PCB congener TEF
(ng/mL) (ng/mL)

Dibenzo-p-dioxins Non-ortho CBs
2,3,7,8-TCDD 40 1 3,3°,4,4’-TCB (#77) 2000 0.0001
1,2,3,7,8-PeCDD 200 1 3,4,4°,5-TCB (#381) 2000 0.0001
1,2,3,4,7,8-HxCDD 200 0.1 3,3°,4,4°,5-PeCB (#126) 2000 0.1
1,2,3,6,7,8-HxCDD 200 0.1 3,3°,4,4°,5,5- HxCB (#169) 2000 0.01
1,2,3,7,8,9-HxCDD 200 0.1
1,2,3,4,6,7,8-HpCDD 200 0.01
OCDD 400 0.0001 Mono-ortho CBs
Dibenzofurans 2,3,3°,4,4’-PeCB (#105) 2000 0.0001
2,3,7,8-TCDF 40 0.1 2,3,4,4’ 5-PeCB (#114) 2000 0.0005
1,2,3,7,8-PeCDF 200 0.05 2,3°,4,4’,5-PeCB (#118) 2000 0.0001
2,3,4,7,8-PeCDF 200 0.5 2°,3,4,4’,5- PeCB (#123) 2000 0.0001
1,2,3,4,7,8-HxCDF 200 0.1 2,3,3’,4,4’,5-HxCB (#156) 2000 0.0005
1,2,3,6,7,8-HxCDF 200 0.1 2,3,3°,4,4’,5’-HxCB (#157) 2000 0.0005
1,2,3,7,8,9-HxCDF 200 0.1 2,3°.4,4°,5,5’-HxCB (#167) 2000 0.00001
2,3,4,6,7,8-HxCDF 200 0.1 2,3,3°,4,4°,5,5-HpCB (#189) 2000 0.0001
1,2,3,4,6,7,8-HpCDF 200 0.01
1,2,3.4,7,8,9-HpCDF 200 0.01
OCDF 400 0.0001
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Hth ZF 120 mLe] XS AMES Al 120X ¥
AF 100 mLellA 2,3°,44°,5,5-HxCB (#167)7} 7F% HA]
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=27t %7}*—‘8}@@ &g 2,378 TCDDY 744 t©&
FWA 7P AshA F2tE o]
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Table 3. Recovery of each fraction obtained by manual
alumina column

Recovery (%)

Compound

F1-3 F1-4 F2-1 F2-2 Total
3,3°,4,4°-TCB (#77) - - 671 46 717
3,4,4°5-TCB (#81) - - 750 29 780
3,3°,4,4°,5-PeCB (#126) - - 674 35 710
3,3°,4,4°,5,5- HxCB (#169) - - 746 29 775
2,3,3’,4,4’-PeCB (#105) - - 710 14 724
2,34.4,5-PeCB (#114) - - 718 09 727
2,3’,4,4°,5-PeCB (#118) - - 745 1.1 755
2°,3,4,4°,5- PeCB (#123) - - 696 08 704
2,3,3’,4,4’ 5-HxCB (#156) - - 779 11 790
2,3,3°,4,4’,5’-HxCB (#157) - - 759 13 772
2,3’.4,4°,5,5-HxCB (#167) 27 64 692 0.7 79.0
2334455 -HpCB (#189) - 24 693 10 726
2,3,7,8-TCDD - - 165 592 757
1,2,3,7,8-PeCDD - - 725 83 808
1,2,3,4,7,8-HxCDD - - 715 72 787
1,2,3,6,7,8-HxCDD - - 752 72 823
1,2,3,7,8,9-HxCDD - - 632 105 737
1,2,3,4,6,7,8-HpCDD - - 838 89 927
OCDD - - 823 121 945
2,3,7,8-TCDF - - 715 183 89.8
1,2,3,7,8-PeCDF - - 707 119 826
2,3,4,7,8-PeCDF - - 747 88 835
1,2,3,4,7,8-HxCDF - - 722 80 802
1,2,3,6,7,8-HxCDF - - 744 72 816
1,2,3,7,8,9-HxCDF - - 50.8 155 66.3
2,3,4,6,7,8-HXCDF - - 702 9.7 799
1,2,3,4,6,7,8-HpCDF - - 563 56 619
1,2,3.4,7,8,9-HpCDF - - 627 127 755
OCDF - - 852 10.8 96.0

Table 4= AE3t HAE FuZHE dojzl PARS| F
3482 Yehd Aotk Fig. 29 b= dFvv 29
EDY e 23 (E2E3EH) S ZHE o)zl PCDDy/
Fs¢} PCBY] &ZH®& Yepd Zojth &Frjy 244
o =gk 298, vyv) &4 60 mLoN=
mono-ortho-PCB % #114,#118,#123-PeCB/#167-HxCB/#-
189-HpCB7} 50%°)3 &&=om S A7) 3
weo 2 ZFE tEE2r a4k (50:50, v,v) 80 mL
A A3 =59 Ukt 3 mono-ortho- PCB
% UM A| #105-PeCB, #156-HxCB, #157-HxCBE T+

OE 234k (50:50, v,v) Sdoll Lo

A

4

oé.‘

—=— Non-ortho CBs —®— Mono-ortho CBs (1) Mono-ortho CBs (2)
—w—T4CDD P5CDD/H6CDD —<— H7CDD/O8CDD
T4CDF/P5CDF/H6CDF(*)/08CDF —#— H6CDF(**)/H7CDF

90

80
0] @
60
50;

40 +

Recovery (%)

30

20

Recovery (%)

Mono-ortho CBs(1) : #105-PeCB/#156-HxCB/#157-HxCB
H6CDF(*):1,2,3,4,7,8-/1,2,3,6,7,8-/2,3,4,6,7,8-HxCDF

Mono-ortho CBs(2) : #114-PeCB/#118-PeCB/#123-PeCB/#167-HxCB/#189-HpCB
H6CDF(**):1,2,3,7,8,9-HxCDF

Fig. 2. Elution patterns of PCDDs/Fs and dioxin-like PCBs.
(a) Manual alumina column, (b) Automatic parallel
LC columns.

PCDDs/Fs$} non-ortho-PCB&}= #8]7} 73kt 1
Hu 498 ZoA gz EF49 40 mLs &
#% A7 429 non-ortho PCBS} PCDDs/FsFH7} 2]
f=vo] FAEr ZHME PCDDs/Fs¢t non-ortho-
PCBY] #& 871535t Fig 2649k 2o] 17%9]
PCDDs/FsT9} 12%9] PCBRE 4% ¢F0|v 243
A3 Ao gFey 9 S48 2hE AR &%
Heo] g3 o2 s Ho FIUh %
U ZEd A= PCDDs/Fs9t 12Z¢] PCB7} <] H|&=3t
2704 &&= B87} BrFssAT A5t FAE
Z3 o= mono-orthoPCBE T30l W} dg3F &
ZHE HoA FEo| 71531 PCDDs/Fs 2 non-
ortho PCBo}= &418] £/} 7I5atdith v 3L
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Table 4. Recovery of each fraction obtained by automatic parallel LC columns

Recovery (%)

Compound

El E2 E3 E4 Total
33°,4,4-TCB(#77) 02 0.1 03 60.7 61.3
34,4’ 5-TCB(#81) 02 0.1 02 64.0 64.5
33°4,4",5-PeCB(#126) - - 05 108.2 108.7
33°4,4,5,5-HxCB(#169) - - - 1203 120.3
2,33’ 44 -PeCB(#105) 2.8 89.7 02 03 929
2,344’ ,5-PeCB(#114) 99.9 152 05 04 116.0
2,344 ,5-PeCB(#118) 93.7 19.6 02 0.1 113.6
2’344 ,5-PeCB(#123) 78.7 143 02 04 93.6
2,33’ 4.4’ 5-HxCB(#156) 283 61.7 02 2.0 92.1
233’44 ,5-HxCB(#157) 163 66.7 02 50 882
23,4455 -HxCB(#167) 97.8 54 02 0.1 103.5
2,33’ 44’55 -HpCB(#189) 580 21.0 - 53 843
2,3,7,8-TCDD - - - 71.8 71.8
1,2,3,7,8-PcCDD - - - 100.4 100.4
1,2,3,4,7,8-HxCDD - - - 87.0 87.0
1,2,3,6,7,8-HxCDD - : - 88.1 88.1
1,2,3,7,89-HxCDD - . - 817 817
1,2,3,4,6,7,8-HpCDD y - - 104.5 104.5
0CDD & - - 100.2 100.2
2,3,7,8-TCDF - - - 101.2 101.2
1,2,3,7,8-PecCDF g - - 91.8 91.8
2,34,7,8-PeCDF i . - 89.2 89.2
1,2,3,4,7,8-HxCDF - . - 86.4 86.4
1,2,3,6,7,8-HxCDF - . - 89.2 89.2
1,2,3,7,89-HxCDF - - - 719 719
2,34,6,7,8-HxCDF - - - 872 872
1,2,3,4,6,7,8-HpCDF - - 72,0 72,0
1,2,3,4,7,8,9-HpCDF - - - 84.6 84.6
OCDF - - - 103.8 103.8

PCBF9 #2|7} das 29 4 Ao Aol 4 & 4Fvu 293 A AAE dH BFolA
FHAE & F YU 9re 1,2,3,7,8-PeCDDE non-ortho PCB % HxCBO|

3.2. HRGC/HRMSO| 2fst &2

PARYE AR AagE GCZHAdAM “cgEs=d
EFEF 9 BEE A7 (retention time)S S <
7Fsstdon Zdore] §&-A= Window defining
solution®] HAlof| oJs] w]a] 12+l c}. Window defin-
ing solution2 GCZHA A&} vix|ute)] &&5+=
o] SAR 7 o] 3AA L] £AE AT F de &Y
oz =4 To|FAlR7 ]9 o] dAArt 23}
Aol Zye] BYAT F£§ Slo] shsdith g,

_1
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Fig. 3. The SIM chromatogram of PeCDD in standard
mixtures after eluting the manual alumina column.
(@) SP-2331 column, (b) DB-5MS column.
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Fig. 5. The chromatograms of PeCDD extracted from fly
ash on DB-5MS column obtained by (a) EPA
1613 method and (b) changing m/z types.
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