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Abstract: To meet the need for the simultaneous determination of three brominated flame retardants
in soil, namely tetrabromobisphenol A—-bis (2, 3-dibromo-2-methylpropyl ether) (TBBPA-DBMPE ) ,
decabromodiphenyl ethane (DBDPE), and hexabromocyclododecane (HBCD) , this study compared
the extraction efficiencies of accelerated solvent extraction and ultrasonic extraction, optimized the
extraction solvent and purification conditions of the composite silica—gel column, and further opti-
mized the chromatographic and mass spectrometric parameters based on the separation performance
and mass spectrometric responses of the target analytes, thereby developing an ultra-performance liq-
uid chromatography—tandem triple-quadrupole mass spectrometry (UPLC—MS/MS) method for the de-
termination of TBBPA-DBMPE, DBDPE, and the three major diastereoisomers of HBCD in soil. In
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the concentration range of 2-500 ng-mL™ for TBBPA-DBMPE and HBCD and 10-2 500 ng-mL™" for
DBDPE, the linearity exhibited correlation coefficients (7)>0. 999. When the soil sample mass was
20 g and injection volume 5 pL, the detection limits of the method were 0. 004—0. 02 ng-¢™, and
the quantitation limits were 0. 02—0. 05 ng-g™'. At the spiked levels of 0. 1, 0.5, and 1.0 ng-g" for
TBBPA-DBMPE and HBCD, and 1, 5, and 10 ng-g"' for DBDPE, the recoveries of TBBPA-
DBMPE, DBDPE, and HBCD were 103%-114%, 103%-118%, and 73.3%-118%, respectively,
with relative standard deviations of 7. 1%-7. 9%, 5.7%-9.7%, and 5. 8%-16%, respectively. The
proposed method was used to analyze four surface-soil samples collected around a brominated flame-
retardant production enterprise in Shandong Province. The concentrations were <0. 05-16 ng-g™' for
TBBPA-DBMPE, 52-85 ng-g”' for DBDPE, and 24.4-120.4 ng-g"' for HBCD. This method is
sensitive and reproducible, and suitable for the quantitative trace analysis of brominated flame retar-
dants in environmental soil samples.

Key words: brominated flame retardants; soil; TBBPA-DBMPE; DBDPE; HBCD; UPLC-MS/
MS

TRARBH AR R PR R i, LU M) I Z R T B 7 BT . G805 . SRR AR o
TREY, UBREAPEHAREXES . SR, SR RBRFI R AR at: . EE RS ESENE, &
P2 AR AL E I R RE R SO NI BOE AR K R BN, ZBE NN T RE . 2
TRIEIR BRI ST 5t (HBCD) AN (B af /R BEAN ) B R G o Bl B 15 SE IR FRBHI 5 B
I, DU A R (2, 3-R-2-HIEEPYIE) ik (TBBPA-DBMPE, Fi&h4% “HIL/GJREE", B DR
HBCD Wi R AR S IE AR AR TR, IR 2K 268 (DBDPE ) HAE AR ik i B AR 78
o T PPRHBEAR A 25 Hp 2

TBBPA-DBMPE
1,1' -(Isopropylidene)bis|3,5-dibromo-4-(2,3-dibromo-2-methylpropoxy)benzene]
CAS No. 97416-84-7 Molecular fomular C__H_,Br,O

Crcip) et )

Molecular weight 971.67 Boiling point (685.3 + 55.0) C
1 TBBPA-DBMPE 43 145 ARk 5
Fig. 1 Molecular structure and physicochemical property of TBBPA-DBMPE
TBBPA-DBMPE. DBDPE FI HBCD )& T B A% . s /K EAALIS e, ST AL &
P /TN 2 R S 13RS VTV 2L /s e €W\ 12 s R T S o 7 S 7 s o w2 11759 3 | S AL ) [ 3
WOTREFEDL SN . iERS I R o IR BEBCIRIE . E A 5T & B TBBPA-DBMPE HA5 A= 5l 25 4 RS it
PR sEm, AH B X — i B IRARBE AR ) BRI 23 B 7 VA i R S I R, AR - RS IR A T rp ) M
WA, JLIEZS 9 5 DBDPE 76 R IEAGTA Y ARG iR B POl 8 L 2 BT, ZobiR s iR 5 T dg
FEAE R H R AR, IR G SRS XS 51 & " Bk, @ —Fhaeig e |
AN %E PR E5 5t TBBPA-DBMPE . DBDPE 5 HBCD (48T 5, % TR SR AR R0 R 5 o % 5 7003
FRBH AR PR R AP A 2 8L
Bt - R TR R ARBEIR R BT, B AT P AN T T A G AL SRR R I AR R
TERTARFEATT , DI RIAEE . & IRER U8 P BUS e PRI Be, A i R ) 24t
BB E AR 2 )28 SRR, UAREGREIEAVUR ZAR LT N 9. AR
TV 700 AR B - A €2 1 — ot i 6 - 438 vp ) 2 VR OR ik . «-HBCD RPN A SEAT R0, RiHi%
FAR g 2en] T 2 28RBS G [) 25  br . SR, Bl B AL SR IR AR BHLA R 32 2145 4%, TBBPA-
DBMPE I DBDPE %575 AR 5 1R ARBHAA A B3 S AT 2 57, %1%F TBBPA-DBMPE . DBDPE K«
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B y-HBCD = 3= Z2 LR S A 4 ) [] 25 73 471 J7 15 AT5 R DL . TBBPA-DBMPE. DBDPE. HBCD =
FHEALPE AR ZES:, NEE TR TPk . DBDPE £ % HA M @G-S/ 47", HBCD £%
FH e v RSO £ i — B JBC T % (UPLC-MS/MS) il €5 i TBBPA-DBMPE 73 -8 K . MFIZESEAR, 76
SABCATE SRR SR T 5 & A IR A, R o LIS =28 H bR ) R0 i e = . A2
T, T RSEAFHEESE (APCL) i) UPLC-MS/MS RE % HL 6 5 1R 5 f@ ) 31, A TBBPA-DBMPE %5 751R
R SR H PRSI0 ) 3 A AR B

&3 HBCD JJ3 5% ¥ 5 TBBPA-DBMPE . DBDPE 25805 il RELEAE 72 | A FH FI R FEAL B 5200 X
AL EIRAE , 43 R FHAS ] T 15 0 7 AN IORE Sl AR 3 st Ta) AR T 6] H bR - ) i B
Phas. PR, AR ERRT R B HBCD =Fp 22 9EX M 4494k . DBDPE 2 TBBPA-DBMPE, 37
THETIEE R R, A AL APCI R UPLC-MS/MS A i [F) 4743 71, LLSEE =28 H bk
PSR, b, A SETE R, BRI 5 K IR AR BRI IR ER B AR T R XUS: T
PR AR S

1 K3aERsy

1.1 E5E&

TSQ Altis Plus & B 80RAH f6 3 — B 156 = T DU ARAT it il (SE[E 88k C i /RBHE A F]), MESS5/02 43 Hr K
S (M-3R 2 PR 5T 5 ( E#E) AR AT, R-300 H2SHedk 8 A (B L5 FF A ), MGS-2200%
WA (H A AR AL 2tk NS4t ) . T-E S0 bl (e D & B /REE2 | ), VORTEX-5 gl iR 21X (1
I AR DR AS 8 ) 1 A PR A @), KH-700DE #7535 ve 2% (Rl R A1 E RS A R A ),
SCIENTZ-10N/C & R FHLCT I Z R TR &R AR A, Flex—HPSE JII# i HI A B (b 551
BEM SR AR A H]) o
1.2 #ME5iEF

TBBPA-DBMPE brifi ity (]~ AR FEAZHRFIAR A H]), DBDPE, "C,,-DBDPE, a-HBCD, B-HBCD,
y-HBCD. "C,,—y-HBCD bRUEFE (IR B RWSLI %), HPLCKIEC K . AW k. Wi, ZHE (78
Merck A W)), WREREE . 4rHrai oK ERER AN . 25~50 H 4 #rati A omd ([ 25 £ B =R A AR A ) |
300~400 H 43 el P PEaERE . 40~60 H ikl 1 (L2 e A B IR A IR 20 7)), N-Z M BEAL bt
fill- — 2 M FEFE LT Y (HLB) b AR (GE R Waters 24 7)) o
1.3 BKREH RiRE L

TBBPA-DBMPE frif it FH VY S, LA 1 000 mg- L7 bRifERE 2, H ZHERRERL 10 mg- 17!
Frifefdi ¥ . DBDPE. “C,~-DBDPE. a-HBCD. B-HBCD. y-HBCD. “C,,~y-HBCD brif i 2 5 H
B% 10 mg* L' briEfd .

11 FH 2 J T A0 o v B B b TRV, Hovb TBBPA-DBMPE . «-HBCD . B-HBCD. y-HBCD ¥ )&
BEEES 2. 10, 50, 100, 200, 500 ng-mL™", DBDPE ¥ EEREEESF 5410, 50, 250, 500, 1000,
2 500 ng-mL™", Hr[E{7 2 M ¥R “C,,-DBDPE ¥ ¥ 500 ng-mL™", "“C,—y-HBCD ¢ J¥ 50 ng*mL™", A5
F3K15 TBBPA-DBMPE [EIf; Z k5, % €3 TBBPA-DBMPE &5 DBDPE ¥ A st . sattb &4, H
Sy, HORM “C,~DBDPE %} TBBPA-DBMPE HRE AL FEFYL 2573 b Re A T4 IE . LA H ARtk
B 5 065 B BRI B e RN T AR LR T R 1S, A5 3 H bRAb S brif th 28 J R TS
1.4 TEERHFEH

TR SCREE T I AR IR AR AL =, R gl L, i BRI LA TR S5
b h E, B RE R 2, BRI, pHENT8.0~8.52 0, REHESEE
0. 3%~1. 0%, B RFEELE 10 m JEH Y REE 0~20 cm F 2 TR 4N TR, IREEBEZ1 kg T3,
FENBHAR I . B0 = G a8 60 B iR 17
1.5 TIEHEMBILERE

of b P A BRI 50 RSO Fh A B VA IIFR IR . R AR AR 2 ¢ 38T 50 mL 3%
EEOE Y, IINENSIZMFR 10 ng “C,,—y-HBCD. 100 ng °C,,-DBDPE, FHAFISELIEEREMNA 10 mL
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E O S s (AR 1 2 1), AR 30 min J5 2 500 romin™ &0 10 min, A HUAHEE N [BE
P, NS mLIRBUARIESE LR TR, SIFMRKIREOR, MASIKAEE 1 mL, MR FIREE. i
TR 20 ¢ 13 E F =M, MAFNZEPFR 10 ng "C,,—y-HBCD, 100 ng "C,,-DBDPE, RFERIZE4
PRGN 2 g i dE FIR A 5], BNE0.3 g HLB LM RH O A A B b, I ikt 4200
HLB H T 2B R it N IS A 0 20 At DABRARR oy S X PO oo IS G2 A0 BRI iy, 58 A e RcAE
MR b fE . RBUAFI A IE O be/ W EE(1 2 1), 100 °C, HS11.0x107 Pa(1 500 psi), Ml
5 min, FFSEICL0 min, MPPE70%, FAKIT120s, PEER2IK, JEZEHK4A % 1 mL,

i A SRR A B, BEEERNTE (K 30 em, N4 22 mm) B F 2] ERRIRAEI 2 o FE/K T
BREN . 2 g PERERS . 10 g TRTERERS . 2 o P PERERR . 2 ¢ TOKBRIREN . 5 g 9emb, FI30 mLIECkeiffk,
FH60 mLIF O/ AR (1 DVeRE, KR 1 mL, H 1 mLIECAEBE3 R, BRkGEEinT,
200 nLZIEEE, @ 10 min J53EF 700 E o
1.6 L=/ ixE

WA TS 53 85 R ] Agilent Eclipse Zorbax C,,(1. 8 wm, 2. 1 mmx100 mm) A 3%4E, FEEL 40 °C. i3l
A K2 mmol - L™ ZBREKIEW, WahHB AHEE, 0.3 mL-min™'. SEEERIAEFW T : 1~3 min,
40%~75% B; 3~5 min, 75%~85% B; 5~10 min, 85% B; 10~12 min, 85%~100% B; 12~19 min, 100% B;
19~20 min, 10% B, PEAEEFLS WL,

JFREREIN S APCLE, 7 A, 2RI (MRM)ARER, 518 TRBORTT 60 wA, B T1%
BR300 °C, TRALIRSE 275 °C, 550 Arb, SEI10 Arb, WRFHS0 Arb, 15 T HbRMEEY
BB TR, REAERE(CE) . B TR AEEHUE (RF lens) . FEREINE) (Dwell time ) FIXT B G407 25 bR

#1 Hixb BB 2%

Table 1 Mass spectrometry parameters of the target compounds

Compound Precursor ion Q1(m/z) ~ Product ion Q3 (m/z) CE/V RF lens /V. Dwell time/ms Internal standard
TBBPA-DBMPE 923.7 708. 6/80. 8" 26/28 97 18 C,,~DBDPE
DBDPE 908. 3 748. 4/486. 5 30/37 133 18 C,,-DBDPE
a-HBCD 640. 5 78. 8/80. 8 19 60 18 “C,,~y-HBCD
B-HBCD 640. 5 78. 8/80. 8 19 60 18 C,,~y-HBCD
v-HBCD 640. 5 78. 8/80. 8" 19 60 18 C,~y-HBCD
C,,~y-HBCD 652.5 78.8 19 60 18 -
"C,,-DBDPE 920. 3 762. 4 30 133 18 -

*qualifier ion

1.7 RERIESREES

AT G YA S, e ECR ISR, A AT Cby S R (L s DIEEFNE B 2~3
YR, A8 S SR RS AR S e . R RE S (124 B8 1 MRS AKE, JEREHLIE N 1 AN BATRE
WHEERFEARE, A SRR . BE 3 MNREKTE . 34 PATI A A I TINbR L5
(TBBPA-DBMPE FIHBCD 0.1, 0.5, 1ng-g', DBDPE A1, 5. 10ng-g"), FELI7 1 Ml S FA %
brifEfw 22 (RSD)

2 GRS

2.1 TEHRENEGFRL

At R S B AR A AOIR SR, Hgs T kR R AR EORD N s 70 A B 7 i B SR AR
IbR Il 2 R F )6 22 N ARAS IE S5 1138, Hvb TBBPA-DBMPE F1 DBDPE L. “C,,-DBDPE £ 1E, HBCD
SRR, PC,—y-HBCD A IE . Z5 SRR, A FIZEBUEAT T 54 B ARL & Wi IR [l UeR
87.0%~118%, FHXTHRUEM 224 6. 6%~14%; 75 ZEHUERAE T 54 B ARG P 8 s B i 284 66. 9%~
84. 9%, FHRMHRUEM 224 5. 9%~14%(#£2) . TBBPA-DBMPE . DBDPE I HBCD Bi/K k5%, 55 M4
BT R P e R T 25 45 o 8 7 AR B T2 SR s AV F RIS TR S T ORI, o 3B FLRR P R K
SRR ST 5 AR 00 S RE AR 5 IR 85 50 5 B 658 v T BB R ) S ] 84 5 RS I SRk 148
Wk FIFLERSE M ABIE , 32 B bRire L T 0 R RS TR . Sl AE U B, I R 3
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HOuk TBBPA-DBMPE S5 iR R SR AL 5y R B HS B i B SR ORI A B ISR, AR
RN AR A L3R s U7 i
Fe2 B ASORU I R LR hbRIa e

Table 2 Spiked recoveries of the target compounds obtained by ultrasonic and accelerated solvent extraction

Compound Spiked level/(ng-g™) Internal standard Ultrasonic extraction Accelerated solvent extraction
recovery+=RSD/% recovery=RSD/%
a-HBCD 0.5 C,,~y-HBCD 72. 8+14 87.0+14
B-HBCD 0.5 C,,~y-HBCD 70.15.9 96. 113
v-HBCD 0.5 C,,~y-HBCD 84.9+9. 1 114+6. 6
TBBPA-DBMPE 0.5 "C,,-DBDPE 67.8+8.9 103+7.7
DBDPE 5.0 "C,,~DBDPE 66.9+7. 8 118+6.7

Fpitt— B ASRBCSCR ,, T IE Oy & (1 D) ECKENERN( 2 1) . ZEH YRR 1)
3FMARIE RAENEIE FIARBOR IRBOER (£3) . 250 E0), R Bk 3 F2EBUA I R Hbrfb &
W IR DS 2855 5014 87%~120% . 78%~130% Fll 84%~120%., 1F Cubwie ks, MEMARMRIEIER, 4
SR GGAR ML 43 B SER 70, RHRARBE RN B A B s e, $RBUR b H3EA MU I 2R, M
B A P B L s AR 2 TR RS, R AR P A i AR AR BELAZR R I e R AR . — U R e et 3 40 F
Y THAR R EAERE JT, & EPA 3545A NG A BUT 1R SF bR 7 25 A% IR, ELE SARAIG,
TEZE BN WG FEAR R, ARG 2R - 0kr P IR B RE 1455 . PRI A sl eV 7], R AUmIn 1358
FYUR S Wi EsE, $RBcSERfae, HAESR S E LA B, A5 S 80 RARRE i
WEIREE A, HNIRSEMRBIEHBRAGE, SRS ME R, RFHH™E, Hik4%5 %
FEOT . DRI IR B H eIk AR R L FE PR ROV, A1) 952-2018 (HIEFIDIB) 290 Kk
M S S - R i) R IE b/ — S BV S XU 3R S I AR REBGA /. Rk, A
7T IE e/ — & BE (1 0 DAEARBUAF,

223 DRV R 3 R R R I bRl

Table 3 Spiked recoveries of the target compounds obtained using three solvent systems in accelerated solvent extraction

Spiked level/ n-Hexane/dichloromethane n-Hexane/acetone(1 : 1), Dichloromethane/acetone
Compound e Internal standard
(ng-g™) (1:1), Recovery=RSD/% Recovery+RSD/% (1:1), Recovery=RSD/%

TBBPA-DBMPE 0.5 C,,-DBDPE 100+7. 7 110£16 120£16
DBDPE 5.0 "C,,-DBDPE 1206. 7 96. 0+10 110£3.5
a-HBCD 0.5 C,,~y-HBCD 87.0+14 90. 0+8.7 120+22
B-HBCD 0.5 C,,~y-HBCD 96. 0+13 78.0+9.7 84.0+11
v-HBCD 0.5 C,,~y-HBCD 110+6. 6 130+16 11014

2.2 EAERMESHLERFZGMRL

B ARERAEH 30 mLIE kel fba EAE, DOEC K/ W HE(L 0 1) APEMR, WE 40~100 mLE
[l N I PE BRI Ve I 2. BB 20T UL, BEEDERCARRUE N, & Birb 5P sl 2 Sk 2 E
FHEa T Faniad, Her, p-HBCD MIBEiac HAl B brpus A G . 276 5 Bk S B R peii
RORAEFRI AT, 60 mLYEHIE C Tl 2 H A AL Belii 225K, RIHAS B 7 e B AR AR 4 60 mL.
2.3 WBHEBEIBERHMRL

KL E 6 MR EEREE (2. 10, 50, 100, 200, 500 ng-mL™") ) TBBPA-DBMPE 7E 2 mmol - L' ffk
KA R - . 2 mmol - L7 ALK - EE . 2 mmol - L ZTREKIET -2 . 2 mmol - L7 Z K
- 4 P s AR R R IS A . ZERIEOR, 7E 2 mmol - L LR E K - W BE I 3 AH &5 4
T, 6/MBEEEVREE TBBPA-DBMPE (19 5t i 1 AR e iy, HR A4 R T B0 T iy 17 o] 38 S Bk R 1) 2435
I AAH AT R T H L B RCR SR T S A I R AR ) Ak

PL2 mmol - L LR E/KIE R - HRE A aNAH , #E— Ak 7 WAH (405 55 4 LI SE B TBBPA-DBMPE |
DBDPE LI a-HBCD . B-HBCD . y-HBCD =Fp Rtk 5. 78 “1. 67 FimiliAisr & &0 F Hinfb &
W) - E I 3 PR
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1004 1004
80-| x 804
: T
2 .S
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<]
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04 0+
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&2 HbMOE YT S b r i RIse i

Fig. 2 Elution volumes of the solvents for the target compounds in the silica column

2.4 IR EERL 100

W 32K HARH MRM AR S 1, RBFSE | TRTASDREE
16 APCLGUE F B FIF RS FAIF o o T |
W0 R A B bR B TR T e, S
FEIL T8 TR ER T B T, e 9
REARIE | WETE R VR R TR G R T R 2 20 Ilﬁggm I
P£55 ¥, TBBPA-DBMPE 7E2 3 ik T3R5 0 : : : A
B ) B B - m/z 923,75 F-BS T-HIRILE SR R, i a 2 memin 10 “
HEFEE S T4 m/z 708.6. 80.8. 842. 4, E3  HEMEY0R S TR

Fig. 3 Total ion chromatogram of the target compounds

161. 8, 493. 84, Hih m/z 708. 6 Wi N7 5% & H A2 E
PERCUF, TR e & ST, miz 80. 8VEEEE T, XHESCHR H IKHRIE TBBPA-DBMPE A4 48 [ e I 25
F%F. DBDPE I HBCD NS5 A bR i By A1 2 A K I 2850 0 2 FRAE S 75, &GS SHE 1. B
TafENG, - iibniiEeg . BT REESERELE TIESH. b5, TBBPA-DBMPE, DBDPE
FIHBCD PR G S B A 1 . B FURSE N APCHE, A FHRissl, s R
HLTE 60 WA, B TALHIEREE 300 °C, HALIEIE 275 °C, 50 Arb, HHBI10 Arh, WRFS0 Arb.

EaREE R, APCI 1 TR AEHS 36 i TBBPA-DBMPE . DBDPE A HBCD ) i i, X5 3
K EH AT A ¢ . TBBPA-DBMPE 70 K . ARVESS, 78 HUWE S v g U5 b 0 38 AR AR
APCT JF 3 H 2 JRO R A R U B S T e, RS B F e RS (R sk s AL S s 71k, I
FF TBBPA-DBMPE K435 E Wi . DBDPE 5 TBBPA-DBMPE Y BtAHIT, LAFE £ % HI A M fa it - it 1t
R, (H 25 o e B VA U B RBERME SRRt S 2 R R G, b v B IR O 1 Ak
B B AL, AEXH A GEAE . BERE LR EORE . HBCD WIFE SR 451 T 5 & AR P HE R S f
ek, SRS -FE o B T 25 2 BT R SER A A o FEAS R SR ), AL Z R, APCLIE UPLC-
MS/MS BE BT 3 Gt SR £ i o il FF A 1T B8 6 ok ) PSS A FD S Al e Ak, SCRE I I (035 40 i3 AT 1S 2 7%
WM SEE 3 25 H bR e sl ks, 1R i T2 58 1 TBBPA-DBMPE . DBDPE F1 HBCD ) [H] 25 5347
2.5 ZMEE. KHRSEE TR

FKHANbREE R, LLEWY SN EE RS, WEm A R ARPRE T RIS . h
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H brtb & nAeEbRiE 2 536 H M (TBBPA-DBMPE I HBCD 24 2~500 ng*mL™", DBDPE * 10~2 500 ng-mL™)

WHARIIFHEMH LR, HEREABAT0.999, FHHIZITERELT L E BOPTELR ., 48 D50

Fb b 3 0 10 B A6 R R A E 2 R o A4S PR (LOD) s E 2 TR (LOQ) LAFREZ I B4 dh AL 44

RE , RWUGES N H AR S i sl B2 7K P 5 J7 ik R (MDL) #J7 i€ & F IR (MQL) Dz A+

bR, R, b WAV IS AT AR RS (I 45 SRR, R R R
PERERR S pL B, & HERMEE W LOD 470. 08~0. 30 ng-mL™", LOQ #0.30~1.0ng-mL™"; MDL%

0.004~0.02 ng* g™, MQL>/0.02~0.05 ng* g (F£4), REBSIH & T IFAE S IR EIRARRH AR A I 75K

F4 HEMEAWWKIBR . & TIRADIFRENTEER

Table 4  Detection limits, quantification limits and spiked recoveries of the target compounds

Compound LOD/(ng'mL™") LOQ/(ng-mL™") MDL/(ng-g™") MQL/(ng-g™") Spiked/(ng-g™") Recovery/% RSD/%
TBBPA-DBMPE 0.10 0.40 0.02 0.05 0.1, 0.5, 1.0 114, 103, 105 7.9, 7.5, 7.1
DBDPE 0.30 1.0 0.02 0.05 1, 5, 10 118, 118, 103 9.7, 5.7, 7.5
a-HBCD 0.08 0.30 0. 009 0.03 0.1, 0.5, 1.0 87.6, 87.0, 83.2 16, 16, 8.5
B-HBCD 0.10 0. 40 0. 008 0.03 0.1, 0.5, 1.0 73.3, 96.1, 98.4 12, 14, 15
v-HBCD 0.20 0.50 0. 004 0.02 0.1, 0.5, 1.0 118, 114, 106 7.0, 5.8, 5.8

2.6 FHiXHERE

VR T T e, LLZS 8 AR SO B AT 3 AN IR E AT I IR Il WA SE 5 . TBBPA-
DBMPE HIHBCD =R SR MibR/KFE40. 1. 0.5, 1.0ng g, DBDPEMIFRAFHR1. 5. 10ng-g",
BB RE 3N PATHE . HERRFREL 20 ¢ 25 1 LIRSS, 32 “1.57 IRV FIAERSRAF R ARG
FEGAE S BRI AN . DUNBRIEICR BN 7 ik e, LLRSD IR iR S R, 25 R0%E 4,

S5A H b & AE 3 A IR K F T B Il 4 73. 3%~118%, RSD A5, 7%~16%., H:H1, TBBPA-
DBMPEZEO0. 1, 0.5, 1.0 ng-g' 3 M NMIFRAE T B9 IR 550024 114% . 103% F1 105%, RSD 4 7. 1%~
7.9%, FWHIEAWF I LR ROk, SR PC,-DBDPE BEA TR RS 1 0] FR AR B 1) 2 S
J#. DBDPETE 1. 5. 10 ng-g"' 3/ MMbR/KF T 0 [l fie 255551k 118%. 118% Fl1 103%, RSD 4 5. 7%~
9.7%, 7£0.1. 0.5, 1.0 ng-g' 3N MFRKFE T, HBCD () FMfdk 15 2 H 73. 3%~118%, RSD 7 5. 8%~
16%, 3PP FAIRI R TFE—EZE S : «-HBCD 483, 2%~87. 6%, B-HBCD 4 73. 3%~98. 4%, y-HBCD
H3106%~118%. «. B. y-HBCD A AEXTWL M, 23 )44 2 25 55 vl B8 P B E A2 A RO O PR 58 &
VeliAT A, BIE 28T UL, B-HBCD BB H AL T o-HBCD Al y-HBCD 3R 5, PIITEO. 1 ng- g™
MbRoKF T RBLRARRICE s BEE PRI, BICRSE S % 96. 1%F198. 4%, LA, ANlE] HBCD
SRR PRAE WA A6, 35— 0 1% 53 BT v i e 15 B O N W REAFAE 25 57, 1 R AR WT RE Rt Il fSc 28 77 A 5
BAETE, LR ZERIFRFNITIEX & HBCD S kB ko SRR . 454 54 B sk S WA m
FRACE R B Il R PELE R, AT A RO ROERR R, vl e R S R 2 TR BELR 0 A ik
T RE &R
2.7 LRSI

SR AR 1R LU 2R TR AR BRI A 7= Al J&1 320 4 1y 3R S ET T , 255 N8 5 R . FEILARRE
BRFAE P2 Al B L R A ] S i R 438, BRAES: 3 TBBPA-DBMPEAR T U7k & & FRRAM, HAx
H i) se ol 2k . Hf TBBPA-DBMPE i &5 &2 16 ng-¢™', DBDPE R 485 ng-¢, S HBCD
Wi M 120, 4 ngeg”', HH y-HBCD 5 L 85%. 1K J5 1 RENS A 5 VAN 1 33 p 7 2R 8 AR BHLR 50 F
T PR IRARBH AR ) RS IR A7 T O

#5 bR HERE SR B A iR)E

Table 5 Concentrations of the target compounds in the environmental soil samples

Content/(ng-g™")

Soil sample
TBBPA-DBMPE DBDPE a-HBCD B-HBCD y-HBCD > HBCD
Sample 1 16 78 4.1 3.2 110 117.3
Sample 2 11 85 5.9 4.5 110 120. 4
Sample 3 <0. 05" 52 3.1 6.6 58 67.7
Sample 4 3.3 73 1.6 1.8 21 24.4

* <0. 05 indicates that the content of TBBPA-DBMPE was below the MQL(0. 05 ng-g™")
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3 &

ARG EENT T 48 AR A5 TBBPA-DBMPE . DBDPE . HBCD B IS IE R LB - A R
b —UPLC-MS/MS [R5 ik o SR IE Cobd/ @ H Bl AV R T E FIASE, At
Hvr) TBBPA-DBMPE . DBDPE FIHBCD; R & S EEBAELE & 1E O bt/ S e Belt, IR
BUE . APCIE UPLC-MS/MS R i i i i & s 1R AXBH A5 TBBPA-DBMPE #1 DBDPE, |25 HBCD
b AR R

T2 % & 5F, TBBPA-DBMPE & HBCD fE 2~500 ng*mL™", DBDPE 7£ 10~2 500 ng*mL ™" J{i [l
WM R TF, HERBIIKRT 0.999, UHESE R 20 g, RAEIFEFN200 wl, JEEEE N5 WL,
JriEAE R 47 0. 004~0. 02 ng-g ™' 3FHREMFRAKE T, & BAREE W IMER R A 73. 3%~118%,
RSD 41 5. 7%~16%, FWHZJ7 ik B ARF O WERE, 1T T 558 588 & 4 TBBPA-DBMPE . DBDPE
T HBCD P RS I = o
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