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Determination of PBDEs in soil byhigh performance solvent extraction-solid
phase extraction
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Abstract: In order to establish a rapid and convenient method to analyze the mass proportion of 12 polybrominated diphenyl ethers
(PBDEs) in soil, the parameters of the analyzer and the sample purification process were optimized. By comparing the impact of
different instrumental parameter combinations, different solid-phase extraction columns, different activation, and elution solvent
systems, and elution solvent volumes on the recovery of 12 PBDEs, the optimal conditions were determined. Under optimal
conditions, the average recovery of 12 PBDEs ranged from 90.36% to 121.40%, and the relative standard deviations of 12 PBDEs
recovery ranged from 4.11% to 8.76%. The mass proportion of PBDEs in the soil samples of the Dongying oilfield ranged from 6.68x
107 to 105.68x107°. This method employed a C18 solid phase extraction column to replace the traditional composite silica gel column,
having the advantages of simple pretreatment and acceptable stability, and making it suitable for large scale detecting of PBDEs in soil.
Keywords: high performance solvent extraction; polybrominated diphenyl ethers; soil; gas chromatography mass spectrometry;

solid phase extraction
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1.1 B 5RF

AR5 BT A 284 Thermo-Fisher Trace 1300-
I1SQ 7000 ik X \Lab Tech HPSE-E ‘%5 5|
WAL (RE-201 Jig 5% 75 & {X . BYSXT-06 i ifi 15 i
i 2 #% . MD200-1 & W A%, [ A 26 B A
CNWBOND HC-C18 SPE [# A £ Bt A (500 mg/
6 mL) ., CNWBOND GCB/PSA SPE [# #H £ B ¥
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Table 1 The CAS numbers, abbreviations, retention times and characteristic ions of 12 PBDEs

wEY CAS 5 Y £ B8 B [B]/ min FHIEEF
2,4, 4" - =R 41318-75-6 BDE28 6.44 80, 78
2,24, 4" - DU RER K ok 5436-43-1 BDEA47 7.16 160, 80
3,3',4,4'- P0G ik 93703-48-1 BDE77 7.41 80, 78
2,2",4,4" ) 5- TR IR ik 60348-60-9 BDE99 7.83 78, 80
2,2',4,4" 6- TR R 189084-64-8 BDE100 7.68 160, 78
2,3',4,4",5- TR B R ik 446254-80-4 BDEI18 7.96 80, 78
2,27,3,3',4,4" N IREER Rk 182677-28-7 BDE128 9.27 78, 80
2,2 4,4"5,5 N IRBEAEE 68631-49-2 BDEI53 8.53 80, 78
2,244 5,6 - NTRBEAEF 207122-15-4 BDE154 8.29 160, 80
2,2',3,4,4",5" 6L RPN 207122-16-5 BDEI83 9.31 78, 80
2,3,3',4,4" 5,5 ,6-/\IREEIEEE 446255-56-7 BDE205 10.94 80, 78
2,2',3,3,4,4',5,5,6,6 -1 BIKAEE 1163-19-5 BDE209 14.87 488, 486
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1.2.1 AR

B 10 g fikE T 34 mL ZEHUEE P I ABRAE S
Ja T IRAER 2RI, AR AR AR AP B AN - A IO
AR L PR - 1E O bt TR A W, 2 BUE 1 R
11 MPa, Z£ BURLEE R 120 C, INFAET[E] 7 5 min,
AFEBUHE] R 10 min, JEARECH 3 K, BARE
64 70 s, MRBEARF Ty 60% . 2 B2 o )5 4 26 OB
%% 250 mL XG0, G e T T ke AR
B (OHE T, — IFHE S = X800 b 15 26 BOR e 4

£0.5~1.0 mL £,
1.2.2  #FPOREHL

H CNWBOND HC-C18 /)M (500 mg/6 mL)
AL FEIBOR , FARET, % 6 mL INEAA 6 mL 1EC
PE AR UM A /N 16 Al /N 5 5 W 4 5 %) 2 L
WNNA /N, FHIE O B 15 0T Y8 48 00 i, () ek
THBE — I MA/NMES 19 mL AR R 2 189N
Tl — T ot TR 5 VS VRO 22 TR 2R Tk DL/ INAE - VR B
VLR S 75 2 250 mL X046 2 0.5 mL /2
A, PG LG 7% AR G R /NI, S5 R TR R 1 358 A
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Fig.1 Standard deviation and mean values of the peaks
arearelative standard deviation (RSD) of
12 PBDEs at different instrument parameters
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Fig.3 The recovery amount of 12 PBDEs using different different static extraction time and recycle times
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B T ERASTR] /N X A O 22 TR AR ik (1) 19+ b
BOR . WE T AL R —, N T AL 7
6 mLIEC BERT 6 mL R TR , k57 4 6 mL
IECHEA 9 mL LR LR ; 2540 =, /INVKE (935 11 75 711
6 mL NERAF 6 mL Z PR LT, WPk 78 6 mL
1IEC e 9 mL IR,

A E4A T 12 # PBDEs BY e n 5% 2
Fiis o HH2E 2 AL, ANKFEFE SR A 73 Il
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Table 2 The recovery rate of 12 PBDEs under different conditions

PN MR/ %
BDE28 BDE47 BDE77 BDE100 BDE99 BDEI118 BDE154 BDE153 BDE128 BDEI83 BDE205 BDE209
— 7461 7030 2.05 6219 49.13 881 5818 11.80 137  1.98  — —
PSA T 4935 4940 1697 3556 28.41 18.17 3843 20.07 17.83 18.64  9.58 3.30
— 5811 5953 66.75 60.74 59.45 63.14 63.99 6872 79.05 80.97 51.70  28.61
c1s 8175 84.66 84.89 8253 8320 87.16 8691 9571 99.56 98.65 61.46  50.56
. — 6557 6681 70.18 6506 64.84 6567 6740 71.53 7519 8241 4777  20.40
Florisil 83.79 86.17 77.87 8239 81.47 8270 85.14 87.09 9236 97.73 73.99  34.40

T —" HARHK Y PSA Ky 2 - JHe-N-TN JE [ AH ZE BUR: | Florisil 3 4% Bk 1 AHZE BURE , C18 iy HC-C18 [ AHEEHUH: .

C18 /INFELE SR A4l & — T X 3K U R 31 4 e
AL SOR | (ER I A5 R 4 X T 55 0 1 1 g A
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PV R IR A LA F i ASTR] IE & -
PR R A5 3 VBRI £ % PR 12 ol 22 V50 B R ik
BRI 5 FiR

H &5 (a) AT, YRR BRARFLEL R 2 < 1 09 DI TR
—1E O Be iR & 3 WA R e B i R B, 12 F PBDES
14 (8] Wi 2 341 3K B 20K SF Y IR R S 100.43%
TEVERR ) AR R 2 - LI N B - IE C ke IR &
VS WA AT 4 8 2 452 O T s 700 ol P 2t A9 2 00,
BIS(b) a] %0, 24 v i 50 48 FH 8 9 mL i), 12
Flt PBDEs 9 1] g 28 12 3K 2] 225K | ~F- 34 [n] g #
99.83% ; 4k £ 3% fin & Wi %5 W FH it , 12 # PBDEs
ST 357 [ g 3 ek AL X[ ek 2 ok O S VR =
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Fig.5 Recovery of 12 PBDEs on different volume ratio of
(n-hexane) -acetone, and elution volumes
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B A 10 AR 7R QB K B ( BDE28 . BDE47
BDE77. BDE99., BDEI00, BDE118, BDEI28,
BDE154 BDE153 , BDE183) il 2 F 25 1A ik 4 ik
( BDE205 .BDE209) [ 1R & b i i W, AE T 5
W FERE BE A (5~10,10~20,20 ~50 .50 ~ 100, 100 ~
200,200 ~500 500~ 1 000, ng/mL) ( iy 10 {5
RIS ol o M, I Ay T e e TR AR BB o e vk
JE) bR 2k
PSR B AR T AR < 1.3 /N

IXEFSECT 43 510 % , DA 22 R K2 Bk R AIE 125 11 1
R FR(Y) J AR AR, LA I A o 775 V80 S5 1R
(X,ng/mL) AN, 7 bRiE 2k . 12 Fh 2R B
REEARE N AL E Ty 8 AR B 3 R 78
Xof IO Jo 9 B 0 I P 12 4 PBDEs ¥4 #5042k ik
KR HXRER Y¥IRT 0.99; L4 3 f5F1 10 f5(51
Fb ST X6 7 J Y B SR ARG T R R A 2 T R, A5
F| 12 F PBDEs {3 &% A5 th FR A & BR 43 01 4
5.00~20.00 ng/mL 1 16.77 ~66.67 ng/mL,

K312 P ZBIBORBELANE TR ARG R B A BR G R R R ] Wi R s o O 22
Table 3 The linear equation, correlation coefficient, detection limit, limit of quantitation,
recovery rate and relative standard deviation of 12 PBDEs

& RATTRE werge U R e AP
BDE28 Y=-3.55X+8.48 0.997 5.00 16.67 116.27 4.20
BDE47 Y=-0.32X+4.72 0.999 5.00 16.67 105.79 5.10
BDE77 Y=-0.83X+5.89 0.999 5.00 16.67 129.24 3.70
BDE100 Y=-0.54X+6.14 0.998 5.00 16.67 95.52 4.20
BDE99 Y=-1.90X+6.29 0.998 5.00 16.67 111.20 2.50
BDE118 Y=-3.08X+6.64 0.998 5.00 16.67 116.07 5.20
BDE154 Y=0.57X+5.29 0.999 5.00 16.67 92.92 3.70
BDE153 Y=-3.73X+6.88 0.998 5.00 16.67 115.31 5.60
BDE128 Y=3.05X+2.77 0.999 5.00 16.67 121.35 8.30
BDE183 Y=4.05X+2.57 0.999 5.00 16.67 121.35 7.70
BDE205 Y=15.52X+9.85 0.996 10.00 33.33 109.38 10.10
BDE209 Y=-36.83X+13.17 0.992 20.00 66.67 87.11 11.70
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BT SRR E I SR Lo i 254 1) S B 3R
s AR I L R0 P s o o EA T AR R, B R AR A
D3k | R R FNORS 285 B2, LA [l Wi 3R 1) °F 34
(ELFIRE R A 74 D 22 473 900 25 7 1 36 190 T 0 82 R G %
JE, PRHC10 g RIERESL (T ) 5 2 g b HIRG
Y10, R A 100 ng % R AR B A R
( BDE28., BDE47., BDE77, BDE99., BDEI00,
BDE118 . BDE128 . BDE154 . BDE153 . BDE183) #I
200 ng = AR B 5 i ( BDE205 . BDE209) , #% ik
i A TRE S A ORI 3 T, B AT 4 OCPAT
RIS, ZR R, bR O Sl )5, 13 12
it 22 T8 B 2R BE 7 34 0 Bk 18 0 R R 90. 36% ~
121.40% , 4 U 5 19 AH X A5 E I 25 0 4. 11% ~
8.76% o WA J5 ik Y B FIOKG %% 1k A 4t v A2 U
S e IR OR R K
2.5 SEBRAE I

SRR 9 AR T AR S B it G v B RT AT R
FEZRE R TR AE Y 8 A HHERE S b AT I 5E , +
R AE B INER 4 R,

4 B MR SR S R
Table 4 The detailed information of soil samples from
Dongying Shengli Oilfield
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Table 5 The mass fraction of PBDEs in soil samples from Dongying Shengli Oilfield
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