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Simultaneous Seperation and Determination of PCDD/Fs

PBDD/Fs PCBs and PBDEs Soil Sample
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Abstract: A sample cleanup procedure for the simultaneous determination of PCDD/Fs PBDD/Fs
PCBs and PBDEs in soil was developed. Firstly four series of halogenated organic contaminants
were separated into chlorinated ( PCBs and PCDD/Fs) and brominated ( PBDEs and PBDD/Fs)
groups with multidayer gel column containing silver nitrate silica. Florisil column was subsequently
used to separate PCBs from PCDD/Fs and PBDEs from PBDD/Fs respectively. The results indica—
ted that the four series contaminants could be completely separated. Recoveries and relative standard
deviations( RSDs) of standard-spiked samples were as follows: PCDD/Fs: 61% -83% 1.4% -
14.2%; PBDD/Fs: 71% - 110% 2.8% - 14.9%; PCBs: 68% - 92% 3.6% - 15.2%;
PBDEs: 81% -87% 10.9% —17.4% . This method was applied in the simultaneous detection of
four series of compounds in soil samples and the results were no obvious difference with that of the
reported method( the deviation of two methods was not more than 12. 5% )  which implys that the
developed method has good accuracy and reliability.
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. PBDD/Fs *7°

PBDEs. PCBs PCDD/Fs EPA1614 ° . 1668A 7 . 1613 °®
. PBDD/Fs EPA1613 .

N o

9-11

o 1668A. 1613 1614

12-14

PCDD/Fs. PBDD/Fs. PCBs  PBDEs o

1.1 N
BC, PCDD/Fs  PBDD/Fs (EDF -8999 EDF -5071) .
(EDF -5073 EDF -5999) PBDEs. PCB BDE -118 "“C, -CB - 141
“C,, -CB -208 ;. PCBs 41 (IUPAC NOs: 17. 18,
28, 31. 33, 44, 49. 52, 70. 74. 82. 87. 95. 99. 101. 105. 110, 118, 128. 132. 138. 149,
151, 153, 158, 169, 170, 171. 177. 180. 183. 187. 191, 194, 195. 199/201. 205. 206. 208.

209) PBDEs 8 (BDE -28.47. 99. 100. 153. 154. 183. 209) AccuStandard o
( N N N N N ) ( Merk  Germany) .
(70 ~230 Aldrich  USA)  Florisil( 60 ~ 100 Merk Germany)
24 h o 12h 180 C 5 ho Florisil 24h 135%C 24 h,
- ( HRGC — HRMS Trace GC 2000 and Finnigan MAT 95 XP
Thermo ) - ( Agilent 7890A GC connected to an Agilent 5975C MS) ;
( Fisher Scientific ) ( Heidolph ) o
1.2
PCDD/Fs  PBDD/Fs EPA1613 HRGC - HRMS EI* SIM
R=10 000 :
PCDD/Fs: DB -5MS (60 mx0.25 mmi.d.  0.25 pum J&W Scientific CA) o :
120 C 20 °C /min 160 C 7.5 °C /min 220 °C( 16 min) 5C/
min 235 C( 7 min) 5 °C /min 320 C( 7 min) . ;250 C;
: 250 C; : 280 C.
PBDD/Fs: DB -5MS (30 mx0.25 mmid 0.1 pm J&W Scientific CA) .
120 C 40 °C /min 160 °C 25 C /min 235 C( 2 min) 15 C /min
250 °C 10 °C /min 315 C( 4 min) . N 250 C.
PCBs  PBDEs - ( Agilent 7890A GC -5975C MS)
( SIM) . PCBs (EI) PBDEs ( NCI)
PCBs: DB - XLB (30 mx0.25 mm i d. 0.25 pm J&W Scientific CA) . : 80
C 2 min 15 C /min 160 C 3 °C /min 285 C 15 °C /min 300 °C(
5 min) . 1.2 mL/min. . 280. 300. 230 C.
PBDEs: 3~7  PBDEs 30 m DB -5MS (30 mx0.25 mm i.d.  0.25 pm J&W
Scientific CA) © 110 C 2 min 10 °C /min 180 °C( 1 min) 2 °C /min
240 C( 5 min) 2 °C /min 280 °C( 10 min) 5 C /min 305 C( 10
min) . BDE -209 DB —5ht (15 mx0.25 mmi.d 0.1 pm J&W Scientific CA) .

110 C 5 min 20 C /min 200 °C( 4.5 min) 7.5 °C /min 300 C(
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16 min) . 1.2 mL/min. N 280. 300. 250 C.
1.3
1.3.1 10 ¢ “C,, - Surrogate EDF —8999( PCDD/Fs ) \PC, -
Surrogate EDF —5071( PBDD/Fs ) .”C,, —CB —141. BDE - 118§( 1)
(DCM) - (HX) (1 :1) 48 h
1.3.2 PCBs. PBDEs. PCDD/Fs  PBDD/Fs 1 o
30¢g ( H,S0, =60 : 40) / 2 h
: lg 3z ( =9 :1).
lg 4 ( : 1 mol/L KOH =2:1).1¢g . 8¢ “2¢
~5¢g Na, SO, - 130 mL (DCM) - (HX) (2 :98) 100 mL -
(50 : 50) (PCBs  PCDD/Fs) ( PBDEs  PB-
DD/Fs) o
[(lg 8mmid): 1 g Florisily 2 ¢ Na, SO, o
35 mL - (5:95) 40 mL PCBs  PCDD/Fs
"¢, - CB -208 PCDD/Fs EDF - 5999
I(5g 12mmid): 5 g Florisils 2 g Na, S0, o
120 mL (2:098 ) 100 mL - (60 : 40)
PBDEs  PBDD/Fs PBDEs "C, - CB -208 PBDD/Fs
EDF -5073 0
' |
H’I‘Ji‘l l
L‘_'—_I HEIN PC-Surrogate MBI R R
{ PCDD/Fs+PBDDFs+PCBs+PBDESs)
Jl FEMHE 48 h (250 ml 1:1 DCM-HX) |I
|
A FEIH
130 mL DCM-HX (2:98) 100 ml DEM-HX/(50:50)
1
L]
PCBs Fil PCDDIFs 414+ | | PBDE fi PBOD/FS 1% |
l |
e ' _ s
[ PR ]D (g 8mmid) | HFHELHND (52 12mmid)
35 mL DCM=HX(5 : 95)| 40 mL DCM 120 mL DEM=HX(2  98)| 100 ml. DCM=HX(60 : 40)
i | |
e
Lrn;m H#i5 ‘ ‘ PCOD/Fs #15 | | PBDEs 15 ‘ PBDD / Fs & '1-;»_||
Eﬁ\:hn 'C PR R le-iftm ' C |1[!?-I'-j1r|:~-‘
J. ! ¢
PCBs {88417 ‘ ‘ PCDD / Fs (X3841H7 | | PBDES 128 '-rﬂ| PBDIDVFs (L8844
1 PCBs. PBDEs. PCDD/Fs  PBDD/Fs
Fig. 1  Cleanup procedure for simultaneous analysis of PCBs PBDEs PCDD/Fs and PBDD/Fs in soil sample
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2
2.1
Liu " N
- ( PCBs PCDD/Fs)
; ( PBDEs PBDD/Fs)
CB-17. CB-18 BDE -28 °
Liu " 130 mL - (2 :98)
PCBs  PCDD/Fs 100 mL - (50 : 50) PBDEs  PBDD/Fs 0
: ( PCBs. PCDD/Fs)
( PBDEs. PBDD/Fs) 0
2.2 Florisil PCBs  PCDD/Fs
Florisil PCBs  PCDD/Fs " . I
PCBs  PCDD/Fs 35 mL - (5:95) PCBs 40 mL
PCDD/Fs 0 PCBs  PCDD/Fs
2.3  Florisil PBDEs  PBDD/Fs
Ebert " PBDEs  PBDD/Fs
Florisil PBDEs
99. 5% o Florisil 11
120 mL - (2 :98) PBDEs PBDD/Fs ° Florisil PB-
DEs PBDEs o 100 mL -
(60 : 40) PBDD/Fs °
2.4
1 o
PCDD/Fs. PBDD/Fs. PCBs. PBDEs 61%~83% ~ 7T1%~110%  68% ~ 92%
81% ~ 87% o (RSD n =6) 1.4% ~14.2%  2.8% ~14.9% . 3.6% ~
15.2%  10.9%~17.4% .
1
Table 1  Spiked recoveries and relative standard deviations of compounds
Concentration ~ Recovery RSD Concentration ~ Recovery RSD
Compound B Compound ~
p/(pg=pl™)  RI% 5./ % ol(pg*ul™')  RI/% 5./ %
PBDEs( BDE - CM) CB -33 50 74 4.7
BDE -28 80 81 14.8 CB -44 50 79 5.7
BDE -47 80 86 12. 8 CB -49 50 80 5.3
BDE -99 80 86 11.9 CB -52 50 76 4.9
BDE -100 80 87 11.8 CB-70 50 84 6.1
BDE -153 80 85 12.3 CB-74 50 83 5.8
BDE - 154 80 86 11.8 CB -82 12.5 85 8.6
BDE -183 80 85 13.6 CB -87 50 85 6.4
BDE -209 800 87 17.4 CB -95 50 83 5.7
BDE -118 48 82 10.9 CB -99 50 84 6.1
BDE -28 80 81 14.8 CB -44 50 79 5.7
PBDD/Fs( "*C - Surrogate EDF —5071) CB -101 50 85 5.7
3¢ -2378-TBDF 5 110 2.8 CB -105 12.5 82 10.0
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( 1)
Concentration ~ Recovery RSD Concentration  Recovery RSD
Compound Compound
p/lpgepl™)  RI% 5. /% pl(pgsul™')  RI% 5, 1%
13C -12378-PeBDF 5 84 8.6 CB-110 50 86 6.2
13C ~23478-PeBDF 5 71 14.3 CB-118 50 85 6.0
3¢~ 123478 -HxBDF 5 98 14.9 CB-128 50 87 5.6
3¢ -12378-PeBDD 5 83 5.7 CB -132/153 75 86 5.8
PCDD/Fs( "*C - Surrogate EDF —8999) CB-138 50 87 5.5
3¢ ~2378-TCDF 20 68 3.9 CB - 149 50 87 5.9
13C - 12378 -PeCDF 520 83 9.8 CB - 151 50 86 6.9
13 -23478PeCDF 520 81 4.5 CB-158 50 84 9.3
3¢ - 123478 -HxCDF 520 69 3.8 CB - 169 50 88 7.1
13C - 123678-HxCDF 20 71 1.4 CB-170 50 88 6.1
13( -234678-HxCDF 20 70 4.4 CB-171 50 87 5.9
3¢ - 123789-HxCDF 20 73 1.6 CB-177 50 87 5.3
13C - 1234678 -HpCDF 20 66 3.0 CB -180 50 89 4.9
13C - 1234789 -HpCDF 20 65 4.4 CB-183 50 87 5.6
13C -2378-TCDD 20 67 4.5 CB -187 50 87 5.6
3¢ - 12378-PeCDD 20 80 14.2 CB-191 50 88 5.4
3¢ -123478-HxCDD 20 71 4.1 CB - 194 50 91 5.1
13C - 123678-HxCDD 20 75 2.8 CB - 195 50 90 5.0
3¢ - 1234678 HpCDD 20 66 3.0 CB -199/201 37.5 92 15.2
3¢ -0CDD 40 61 7.7 CB =205 50 91 5.4
PCBs( C - QME -01) CB -206 50 89 4.8
CB-17 12.5 70 7.6 CB -208 50 91 5.6
CB-18 50 68 3.8 CB -209 45 89 6.2
CB-28 50 75 4.7 ||®C,-CB-141 50 89 4.8
CB -31 37.5 70 3.6
2.5
. . 4
12-14 2 .
12. 5%
2
Table 2 Comparison for analytical results of the present and reference methods in soil sample
This mothod Comparison method Deviation This mothod Comparison method Deviation
Compound Compound
(ps/e) (prg/e) (%) (pg/e) (pg/e) (%)
PBDEs CB -28 168 165 1.8
BDE -28 415 432 -4.1 CB -31 201 197 2.0
BDE -47 2939 2775 5.6 CB -33 97.4 98.7 -1.3
BDE - 99 2596 2451 5.6 CB-44 569 577 -1.4
BDE - 100 226 211 6.6 CB -49 298 282 5.4
BDE - 153 974 908 6.8 CB-52 308 312 -1.3
BDE - 154 317 300 5.4 CB-70 211 201 4.7
BDE - 183 923 978 -6.0 CB-74 109 113 -3.7
BDE - 209 102636 107449 -4.7 CB-82 53.7 51.7 3.7
PBDD/Fs CB -87 86. 8 92.3 -6.3
3 7 8-TBDF 7.4 8.0 -8.1 CB -95 141 157 -11.3
1 2 3 7 8PeBDF 5.1 4.8 5.9 CB -99 75.8 73.9 2.5
2 3 4 7 8-PeBDF 5.4 5.8 -7.4 CB -101 200 206 -3.0
2 3 7 8IBDD 0.7 0.7 0.0 CB -105 90. 4 97.3 -7.6
1 2 3 7 8PeBDD 0.6 0.6 0.0 CB-110 217 204 6.0
1 2 3 4/6 7 8-HxBDD _ - - CB-118 212 215 -1.4
1 2 3 7 8 9-HxBDD - - - CB-128 - - -
PCDD/Fs CB-132/153 218 223 -2.3
2 3 7 8-TCDF 5.1 5.6 -9.8 CB -138 139 129 7.2
1 2 3 7 8PeCDF 5.9 6.5 -10.2 CB - 149 131 133 -1.5
2 3 4 7 8-PeCDF 5.5 5.4 1.8 CB -151 32.1 30.9 3.7
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( 2)
This mothod Comparison method Deviation . This mothod Comparison method Deviation
Compound Compound
(psg/g) (pg/g) (%) (pg/g) (rg/g) (%)
1 2 3 4 7 8HxCDF 5.1 5.1 0.0 CB -158 - - -
1 2 3 6 7 8-HxCDF 4.7 4.6 2.1 CB -169 - - -
2 3 4 6 7 8-HxCDF 4.5 4.3 4.4 CB -170 48.2 46.7 3.1
1 2 3 7 8 9-HxCDF 0.8 0.9 -12.5 CB -171 18.2 18.5 -1.6
1 2 3 4 6 7 8-HpCDF 14.4 13.9 3.5 CB -177 20. 1 19.8 1.5
1 2 3 4 7 8 9-HpCDF 2.1 2.1 0.0 CB -180 37.5 37.1 1.1
OCDF 9.2 10. 1 -9.8 CB -183 21.2 21.3 -0.5
2 3 7 8-ICDD 0.8 0.7 12.5 CB -187 32.2 31.9 0.9
1 2 3 7 8PeCDD 2.8 2.5 10.7 CB -191 - - -
1 2 3 4 7 8-HxCDD 2.1 2.0 4.8 CB -1%4 - - -
1 2 3 6 7 8-HxCDD 5.3 4.9 7.5 CB -195 - - -
1 2 3 7 8 9-HxCDD 5.3 5.1 3.8 CB -199/201 - - -
1 2 3 4 6 7 8HpCDD 50.6 45.4 10.3 CB -205 - - -
0CDD 539 504 6.5 CB -206 - - -
PCBs CB -208 - - -
CB-17 43 42.5 1.2 CB -209 - - -
CB-18 102 105 -2.9
3
( PCBs. PBDEs. PCDD/Fs. PBDD/Fs)
Florisil (PCBs  PCDD/Fs) . ( PBDEs
PBDD/F5s)
° PCBs. PBDEs. PCDD/Fs. PBDD/Fs
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