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Abstract : An analytical method of polybrominated diphenyl ethers in soil samples by isotope dilution

method using gas chromatography/mass spectrometry (GC/MS)-selected ion monitoring (SIM) was

described. PBDEs in soil were extracted with soxhlet extractor and then silica and florisil solid phase

extraction (SPE) methods as purification of extract were compared. After clean-up, the extractions were

analyzed by GC/MS with SIM mode. Quantitation was performed isotope dilution method using four

C isotopically labeled PBDEs as internal standards. This developed method was validated for eight

congeners of PBDEs in the concentration range 0.04~4 ng/g in soil and the average recovery of the

analytes ranged 30.8~110.8% for florisil and 44.4~110.7% for silica, respectively. The method detection

limits of PBDEs were 0.04~0.3 ng/g.
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Table 1. Retention times (RT) and selected ions for the GC/MS-SIM analysis

Compound R.T. Selected ion (m/z)
BDE-3 4-monoBDE 13.03 2479 , 2499 ™1
4,4’-diBDE 325.8 , 327.8 N
BDE-15 i " 16.37 M™M]
4,4’-diBDE("Cyp) 3379 , 3399
BDE-28 2,4,4°-triBDE 18.64 405.8 , 407.8 ™y
2,2’ 44 -tetraBDE 483.7 , 485.7 .
BDE-47 " 20.76 M™M]
2,2’ 44 tetraBDE("°C},) 495.7 , 497.7
2,2’ 4,4°,5-pentaBDE 403.7 , 405.7 .\
BDE-99 " 22.75 [M-2Br]
2,2°,4.4°5-pentaBDE( "C)) 4158 , 417.8
BDE-154 2,2’ A4 .5,6'-hexaBDE 24.00 481.7 , 483.7 [M-2B1]*
2,2 44°,5,5 -hexaBDE 481.7 , 4837 .
BDE-153 " 24.85 [M-2Br]
22’44’55 -hexaBDE ("°Cy,) 493.7 , 495.7
BDE-183 2,2°,3,4,4°,5,6-heptaBDE 27.75 561.6 , 563.6 [M-2Br]"
phenanthrene-d;o 14.03 188

Vol.17, No.1, 2004



T
\1{0
it}
ol
\1{0
£

32

o AlF
2 1 1L A8
A Ho| 22 E=

&

A e

FIrale vl (splitless, 18 & HA)o

FAT LT 280 T,

(electron impact, EI)S A}8-3}e]

ol ALEIAte) L=zt 230 T 150 CE
AT T3 JFEAS QA AEURS A

0] 27Z (selected ion monitoring, SIM)H-S E4glor &
9 #Qlojoz MeH o]2E5S Table 19 YER)
o}

32 o

o A

3.

E<in

3.1. GC/MS0Il 2|5t PBDEs2| &0l

o220 2 7153 PBDEs? ©]AdA|= 2007071 &4
AT o] 5 BAE e 4% AFEHS
Algt=]o] lojx AF74Ae] tiFE<] PBDEs®| A
o} A4 242 Bromkal 70-5DE (BK70)9} 22 &
HEAES AHE3t F4ER BDE 47, BDE 99¢}
BDEI00S 4102 BASL* e oF 40%
o]’$e] PBDEs TF&H9] 9lo] 71538, 22 TR
BCp7t X8% PBDEsE Ag& oz FYo| 745
Ht} et AS 9t FHdA IS A
& A HAh ol wEp B dAFMz B
Aze] wet 8F wjAdFA 7Fg s HEFHT
e o]AA F 8% PBDEsE AAslgen, 594
& S A837] fEl ool dlgdhe 459
“C1-BDES AHg-3le] A3ttt

e GOMS A ZHNM ] 852 PBDEsS} 4%
9] BC,-BDEY] gt AZnEIAS Fig. 14 JERY
Atk o]59 HIFAHEYLE HEUA] FHUA T
B 2 vehld, F2 MI'F [M2Br] 27bo]29
AAIZ17E A Jeldth B3] ortho- X0 BEo]
Agkelo] JE oA A MY Btk [M2Br]" 9
2d A7 8 ZA JEde, oleld d4L {7149
27 shetEol o]t HFoA AAE 735-e
S8t} (Fig. 2)7. 3 GC ZPolMY SE3EME
BEY 9 A wet A1, X5t
g =A £EHH, 22 A A
HEo] X&d A7t o wg

9~)\ 23

2=
i

L

-

ol o

o e rr
B oop o 3

do o o

Ny
o

M 2 o i of

(

]

Y
=

o

*

o

A" TN

2 Ardxe SrFe] AFEe Fds] S
7} PBDEs ©]dAe] A#zwedoly de jEzQl
Fool2E AEste 7t o] T 50 msec E HE3}
= AdEol2AEUS AHSSitth olm) PBDEsS] &<l
7% SNHIZE 35T A3 AAE mjzol o3 HEE
Ak #1z ool B--E7b EAEH MY Es

M2Br|'S] ol @2elzEoA] F olee] o&a HuiA
7] wlsk Mlmste] 15%elel ROE Sk

—_

3.2. PBDEs2| ZakMu}

WEEFEHOY R EFE
I} HA B e 3552 A
LA YL v F2E 717 surrogate St
AREEro 24 o]l FAHES Hasleta Bt A
& & ok B Aol e 44-C,-DIBDE
mono-$}di-BDE, 2,2’ 4,4’-Ci»-tetraBDEE  tri-9}
tetra-BDE, 2,2°,4,4,5-"Cj,-pentaBDEE penta-BDE & 18]
12,2’ 4455 -"Ciy-hexaBDEE hexa-¢} hepta-BDE®]| Tf
St AT B9 WES AMEEle B4 SRS A8
a3t ol59] AP AR AEH Je
Az vEs 4SS

i
rlo
=2
i)
o

gt = Q1 2~200 ngmLE 3FH L, °]
w7} o)A HeF AL 0.9963~0.9987F LERSITE
1w 4E
440E
. 2AEE ) ere
8 150000
g 2244565
5 1m0 224455HE
<
50000 22344 56-B0E
0 — .-JLA_JL»
i T T T T T T
15 2 5
44805°C)
750000
5
& 22448HC)
224458H°C)
§ 480000
g A3,
§ om0 224455HHC)
<
150000
0L t . T : - .
15 p.ol -3
RetartionTire(ir)

Fig. 1. Total ion chromatograms of eight native BDEs
(1 pug/mL) and four labeled BDEs (5 pug/mL)
obtained by GC/MS scan mode.

Analytical Science & Technology



ZNAAZnE DT/ 5 U 34 AFEAYS ol &t EF T ETBFI} HHd oH 2] BAY 33
Abundance Scan 375 (13.029 min): PBDES-A.D 250 Abundance Scan 1614 (22.754 min): PBDES-A.D
406
44000 10000
9000
36000 8000 563
7000
28000 141 6000
5000
20000 7 4000{ 74
3000 297
12000| ¢ 115 2000 137 . J' 06 -
v I | |
220 1000
4000 “ il ‘ . L | T hm M by i MM L h“un LI .nl. [
miz--> 50 70 90 110 130 150 170 190 210 230 250  miz-> 50 100 150 200 250 300 350 400 450 500 550
Abundance Scan 800 (16.365 min): PBDES-A.D ag  Abundance Scan 1774 (24.009 min): PBDES-A.D
40000 | 484
35000 7000
30000 6000
25000 5000 643
20000 40001 74 207
15000 168 3000 242
0000 2000 143
! 76 139 219 a7, 565
5000 155 1000
L) I | 8 |
R R VM Ar— [ P N - 0
miz—> 60 100 140 180 220 260 300 miz-> 50 100 150 200 250 300 350 400 450 500 550 600 650
Abundance Scan 1091 (18'64;2”: PBDESAD sp  Abundance Scan 1878 (24.826 min): PBDES-AD
20000 5500 484
18000 5000
16000 4500
14000 4000
12000 3500
10000 139 2500{ 74 o1
8000 2000 242
6000 75 1500 141
4000 123 1000 24 37404
S R o % kb LT
Wl MAL Ll - . 0 w b bl | |
miz—> 60 100 140 180 220 260 300 340 380 miz-> 50 100 150 200 250 300 350 400 450 500 550 600 650
Abundance Scan 1361 (20.768 min): PBDES-A.D Abundance Scan 2251 (27.753 min): PBDES-A.D
18000 326 563
Ny 1600
6000 1400
1 1200
12000
10000 1000 74 721
8000 800 282
6000 600 404 485
aoc0| 78 138" 400 e
e ol B 0 Mni WA
0 N.\)llmu [ lﬂ\u\ i ‘ i ‘ L 0 ‘. l. I ‘
mz-> 50 100 150 200 250 300 350 400 450 miz—> 50 100 150 200 250 300 350 400 450 500 550 600 650 700

Fig. 2. Mass spectra of 8§ PBDE congeners
2,244’ 5-BDE ; f) 2,2°44°,5,6-BDE ; g) 2,2°,4,4°,5,5-BDE ; h) 2,2°,3,4,4’,5’,6-BDE.
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Table 2. Calibration curves, linearity and detection limits of PBDEs obtained by GC/MS-SIM mode

Compounds Equation Linear Coefficient (Rz) Detection limits (DLs), ng/g
4-monoBDE y = 1.3464x - 0.0304 0.9971 0.04
4,4’-diBDE y = 1.0709x - 0.0196 0.9987 0.04
2,4,4-triBDE y = 1.3223x - 0.0323 0.9969 0.08
2,2’ 4.4’ -tetraBDE y = 1.1037x - 0.0210 0.9982 0.08
2,2’ 4,4 5-pentaBDE y = L.1122x - 0.0336 09972 0.1
2,2’.4,4°.5,6’-hexaBDE y = 1.2924x - 0.0261 0.9964 0.1
2,2’4,4°.5,5-hexaBDE y = 1.1252x - 0.0286 0.9976 0.1
2,2°,34,4°5 6-heptaBDE y = 0.4124x - 0.0150 0.9963 0.3
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Fig. 3. Elution patterns of PBDEs on florisil and Silica
SPE, respectively, with n-hexane elution.
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Fig. 4. Total ion chromatogram of native PBDEs and
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Table 3. Recoveries of PBDEs in soil purified by
florisil and silica SPE, respectively

(n=3)
Recovery(%)
Compounds Soxhlet extraction

Florisil SPE Silica SPE
4-monoBDE 30.8+15.2 44.4+122
4,4-diBDE 98.4+3.8 96.5+1.8
2,4,4’-triBDE 106.1+7.0 101.845.1
2,2’ 44’ -tetraBDE 110.8+3.6 110.7+3.5
2,2’,44° 5-pentaBDE 100.1£2.5 99.6+0.7
2,2’,44°,5,6’-hexaBDE 99.1+0.7 93.7+0.8
2,2’,44°,5,5’-hexaBDE 95.9+5.2 96.6+2.6
2,2°3,44°,5,6-heptaBDE 102.3+8.5 109.6£3.9
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