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Determination of Polybrominated Diphenylethers in Soil by Solid Phase
Extraction-Liquid Chromatography Tandem Mass Spectrometry
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Abstract; Eight kinds of polybrominated diphenyl ethers (PBDEs) in soil were determined by liquid chro-
matography mass spectrometry ( LC-MS/MS) with accelerated solvent extraction ( ASE) and solid phase extraction
(SPE). The linear range of the method was 10.0 pg/L ~1 000 wg/L under optimized experimental conditions.
The method detection limits were 0. 85 wg/kg ~1.25 pg/kg . The recoveries of eight kinds of PBDEs in different
soil samples were 68.6% ~127% , the relative standard deviations (RSD) were 4.8% ~27.6% (n =4). The
method was applied to the soil samples from around the electronic waste disassembling site. The measurement
results of BDE-209 were from undetected to 16. 8 pg/kg, BDE-183 were from undetected to 5. 60 pg/kg, and
other BDES were all undetected.
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Ultimate 3000 #4 ¥ AH 5,35 4% , 35 [ Thermo 2
Al3BEH A Cig 8 3% 4 (2.1 mm x 100 mm,
2.5 um), EE Waters 2\ 7 ; Qtrap 5500 H 57 %43,
Bi APCI Y8, AB Science /A ] ; ASE —300 %k %5 7]
X, e 66 mL ZE WU, 36 [§] Dionex 23 ®]; W -
SPE12 7 -2y [ AH AL B, b 5T 34 28 B e
AR A EAHZ BN E (0.5 ¢/3 mL) : Cg SPE IH
k(200 H ~400 H) . Florisil SPE #i 4} (100 H ~
200 H) JEERE (200 H ~300 H) P4 4L (100
H ~200 H) % B E+ (100 H ~200 H) , {85
CNW A #]; fE 3 £ (100 H) , f8 E Merck 2 #] ; fif
MR8 (60 H ~100 H) , KHEMHAANR 4116 THF5E T .

8 # PBDEs & f%, 4 & BDE - 153
(20. 12 mg/L) .BDE —154(20. 16 mg/L) .BDE - 183
(19.76 mg/L) .BDE —209(197.5 mg/L) .BDE - 28
(20.05 mg/L) .BDE —47(19. 68 mg/L) .BDE — 99
(20.06 mg/L) .BDE —100(20. 16 mg/L) , %[ Ac-
custandard 2 &) ;50 mg/L [ ST C,, - BDE -
139 F1°C,, - BDE - 209 #5 ik % #i , Cambridge Tso-
tope laboratories Ins /3 &) ; G W 4% (N B L IF © %% .
F (fo ol ) R CNW &) &K (4 i) | 2
Bl KAk TARAF
1.2 MELEH

PR IS 700 A S5 < AR IOGR) Ol 1E O %t — TR TR
B W CRFRLE Ry 12 1) 5 TR ] 2 mincg i #R ]
5 min; #A AL AT ] 10 min g W45 2 50 (4 B 1]
60 s; IEFR 2 Y FEMUE S0 1,03 x 10* kPa; £ HBUR
ik 100 €1V

IS A R 0.4 mL/min; #1135 C
PR 10 pL; A A IR %08 0. 1%

2K, B N IRFL B0 0. 1% & K - I EE
o HBIEMPE O min ~2 min,@(B) 2 85% ;2 min ~
7 min, @ (B) & 85% ~ 100% ;7 min ~ 9.8 min,
©(B) X 100% ;9. 8 min ~10.0 min,o(B) %y 85% ,
10. 0 min ~13.0 min,@(B)} 85% |,

i 25 A - APCT £ 8 1 Ht B —H3 BK BT 3% 22 S i
I (MRM) #5825 077 AU (CUR) [ ) 276 kPa; i
FEHLE -4 500 Vi B 7 IR JE 300 C; mE% R
(GS1) F 41 379 kPas filf 48 S & 3 v &5 5 451 4% 15 [A]
0.5s; ADH & (EP)10 V, It 1 H JE (CXP)
13V BRI RESHILE 1,

# 1 PBDEs RiEHHSH

Table 1 Mass spectrometric parameters for
PBDEs determination
st ot 2ok %
feaw  ERCGEHEFREE S SR
BDE -28 342.9,78.9(342.9,81) -65 =70
BDE — 47 421.8,78.9(421.8,81) ~50 ~50
BDE - 100 500.7,78.9(500.7,265.7) -85,-37 -70
PBDE -99 500.7,78.9(500.7,418.8) -85, -35 -170
¢, - BDE - 590.7,78.9(590.7,81) -110 -95
139

BDE - 154 578.8,78.9(578.8,81) -75 -80
BDE - 153 578.8,78.9(578.8,498.4) -75,-37 -80
BDE - 183 658.6,78.9(658.6,498.4) 120, -44 -85
BDE -209 894.2,79(894.2,734.3) -125,-35 -85

¢, -BDE - 906.3,78.9(906.3,746.2)
209

-120,-36 -100
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VR RE DY B B RAE DR A B AN 10 d

W LR R TR RS AT, 2k 60 B fLAR T
PR3 R AL . PRI 20 g 2y SRR, ] ASE
IO B 22 O o o 2 O A WOk A, 5 E O e
Wedn 2 BRI 0.5 mL, K545 30 B9 ¥R 46 O H
1) SPE /N AL, /NFE A FT 6 2 mL W R
2 mLIEC RN fb, 7 LG AL, ORI AR . fr
YR A YR ) YR TED A R 2R U2 IS AR R S
FBE , WO A IR VR TR o 5 4 WA R ) bk v v R AL
Wedn, AT R L B, e R oy P, ER R
1O mL, It AWARH . H 0.22 pm Y PTFE £ 50
vt g, it LC - MS/MS il ¢ .
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AL

2 #EREIHR
2.1 SPE &#i#

J T AR T GPC Ak 7 =X B 5 AN L
B, ik SPE Ak Uk W 1k £ A1 GPC A [R] 1 5 57 —
A BE RS E B A LA
0 b HERE KRR L 22 ASE US|, 78 2 BOR
JWA PBDEs brift , Ff# ] SPE ¥ fk e 4, i LC -
MS/MS il £ .
2.2 SPE 3# &4 4L

% [§ 5] PBDEs + 32 BOR o &2 4% H 24 it
B2 R FHIE R 26 O i e fb . BERRREML . Cog .
FEMREE Ak B+ PR 3R 2 HLRE + 6 Fl i AH
PR, L1 1 W OR A 46, LA [a] 15 41 JE
BEXT 8 Fh PBDEs [mII 32 1 52 i, B SEORHP- 47 10 50
4, GPERFRW] ] — R, 8 Ff PBDEs 1
5 m Ar [0l e 2R 5 51 R 55.5% ~98.7% \17. 4% ~
118% .65.0% ~90.7% .69.3% ~93.5% .66.2% ~
95.0% .69.3% ~93.5% , 4 C ANE N &AL BRI,
8 Al PBDEs 2 fiy [m] ig 3 F1 i 52 45 S ) RSD %5 Ry Fa
L4 WOEATIR B KR BDE - 28 LI4NH 4 7 fl BDEs
HIAR HEM 22 1) < 14%  DNFRiE b HfEWT, X JL2E Ok}
r R G W R R B — s AR T E AR A R —
e S B B B A AR BLAE T, T PBDEs 46 & ¥ (1%
W PEAE /N, 55 ik SR T D) B ARG 55 0 C g 0 3 3
B\ ot B R T, 2 7 E I I T B A L X R AR
AL A& YA B 5 PBDEs (1914 5T AH T, ik
s R R IR B IR A 5E T 41 A SRR
LSRRI, 3 T 6 4R & BRI, 20 51k
C FIRERREE (30 2 HLRE + AR AR BE Rk Jie A rp k41
R Co AT M S A 40 L R TR B A R B B Rk £ RE
R B A e A A SR . S5 R AR, 6 A1IR G EURE X R 1Y
8 Fft PBDEs ¥ V- ¥ jin 5 [0 Wi 36 43 il hy 52.7% ~
80.9% 57.0% ~98.4% 64.1% ~ 97.8% .36.7% ~
88.4% 52.6% ~92.1% 41.8% ~78.1% , C, 3k}
H5IEY B+ A A SR R T RO ERE
B I, AT e f T T Bl R R AN R OB AN 3
SIS BN 22 B — R R, B TR A EER

o A ROR B AR C o ORHE il
8 Fl PBDEs 14 [l AH £% BUEEL
2.3 FkAeBiE

VB VS VR0 1 Y Bl AR B Bl — R B AN [+
AR IE RS TR 1.3 54T 04, LA B i 1]
FEE , BRTE E B, AT 2t Vi 85 A 8 Al s, X 07 ) i
T FRL ] 157 AL R A A B 2 Tl AR R D £, 25 R L3 2. 8
il PBDEs #57E7 W ( BDE =209 7 1 000 wg/L, Hi4x
7 % BDEs 24 100 pg/L) A 1%04 UL [8] 1, BDE - 209
i " C,, - BDE -209 f & & W 45 , H Ath PBDEs {fi
Y C,, -BDE - 139 fE 5 & AR, 45 R %K 0,8 Ff
PBDEs 7 £k 1 i [l 9 AH OC ¥ R 47, W 2 € &t 43 i
W3R o

Wk Ze R U], Yk BEAR TR 2 mL B ,59% (1)
BDE -209 AT 9k vk T &, Hax 7 Fh BDEs (1% ik 3k
WO 88% ~99% , B A& ik Uk Wi 14 AL AN
i) IS g7/ R % 07 N s [ e B SV AR
UM 5 mL 2247 B k0 il 26 2k A< 35 $1)°F- 47, PBDES
FBAE IRV R, WO E WU A & 6 mL, R T
PRAE H AR A 2 5 L, 3058 % 0.5 g ] AH A Bk
) RE 78 AT, ) AR ARl 0.5 mL, 3%
HEOMARE S VR BE G A AT R R R SR
PBDEs [ jiii th , ] %€ SPE #1X%f PBDEs [ #: 45 & .
R R K W h 7 #h PBDEs Mg hn#] 2 000 pg/L
B, FEAH AC IBOCRE s BB S 9 7 Fh PBDEs B L4,
1Ml BDE —209 7£34 i %] 10 000 wg/L i, ¥ &
A BDE -209 Wk il o 7E AR AEBCT 1515 2
8 # PBDEs B AE 290 12 pg/0.5 g,

IR PR 3 ~ 5 A5 B9 25 EIn bR Wl 22 75 vk K
R 7 U s 25 R B bR e 22 S, 45 3 J7 A
PR, 45 5 L3 2, 3% 2 AT, PBDEs (9 in #r & 4
0.5 wg/kg ~1.0 wg/kg( H:"" BDE - 209 By intrs N
1.0 pg/kg) , it i B 4 0. 85 we/kg ~1.25 pg/keg,
2.4 fEMELAEFR

BUAS [R) - S0 i BRI A 0 Ak 0 45 o i 4k 2
D5 A8 AR AN 5 B ELKOF i m bR RSG5,
£ HARAb & Wi e, A KR8 4 0,
SR W2, MR 2 AT, ANE RN 8 Ff PBDES
[ % 68.6% ~127% ,RSD Hy 4.8% ~27.6% .
2.5 EFRAFZRMNE

B4 SRR T R Y i oS S A R
A% R 12 TR R AR B, H LC - MS/MS LI E +
HEFESL 8 B PBDEs, Z5IRERW] 4 A LA S R

_ 55



W33k H3M T . BAFEE - LC - MS/MS i % + 18 v 22 7R 15 % ik 2021 4E 6 H
x2 HMEMEZMAERHR
Table 2 Standard curves and detection limits
2l / 5 FR w/ Frf 5.00 pe/k kR 20.0 we/kg
wan e I W v e
BDE -28 10 ~200 y=2.86x10 "*x-3.06 x10 ~* 0.996 0 1.01 74.1 21.3 127 13.3
BDE -47 10 ~200 y=1 82 x10 *x-4.50x10"° 0.996 6 0. 85 89.0 27.6 68.6 22.7
BDE -99 10 ~200 y=3.14 x10" Sx+2.91x10°3 0.998 3 1.09 71.1 10.4 81.3 20.6
BDE - 100 10 ~200 y=0.014x -2.78 x10 ~ 4 0.999 4 0.95 88.6 8.0 89.1 8.3
BDE - 153 10 ~200 y=6.98x10 *x-1.17 x10~? 0.999 1 1.21 75.6 7.6 92.8 5.2
BDE - 154 10 ~200 y=0.017x +0.011 0.999 4 1.15 77.2 10.8 91.4 7.2
BDE - 183 10 ~200 y=0.015x +5.46 x10 3 0.999 4 1.20 75.3 13.0 90.0 7.9
BDE -209 10 ~1 000 y=0.241x-0.119 0.999 3 1.25 80.4 15.4 103 4.8
®r o (3] &M, 4R, #hormk, 5. Wik + 1 i 22 U R 22 VR 2%
nr ik Ay LA A B EAE (). b SR BRI, 2017,33 (1) 1 121 -
z 19 126.
PRI C (4] SBAAR , oo 0O , B 24, 4. 22 IR % ik 76 9 355 v 1y 3 B
oot 56 ARG R L1 ). o K 2 4, 2019,35 (25) 1159 -
4l L2 3 164.
O AN j YUY Y [5] LIANG X W,ZHU S Z,CHEN P et al. Bioaccumulation and bio-
o2 3 4 s 6T 8910 availability of polybrominated diphenylethers ( PBDEs) in soil
1—BDE-28; 2—BDE-47; S—Bl)lct-/l?)l(l)r: 4—BDE-99; 5—1C,,~BDE-139; [J]. Environmental Pollution 2010, 158 (7) ;2387 -2392.
6—BDE-154; 7—BDE-153; 8—BDE~183; 9—BDE-209, “Cpp—~BDE-209. [6] FUTNE 3K SO . CHF 48 BF R FE 4N 20 ) 22 45 b 22 B 5% 5 T VR 3
TLI]. R R 5430 ,2017,38(10) :17 - 20.
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Fig. 1  Total ion chromatogram of mixed Y B EB/OL]. (2017 =10 —=30) [2018 —03 — 05 ]. ht-
standard solution of PBDEs tp://samr. cfda. gov. cn/WS01/CL1991/215896. html.
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B ARA
3 i
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