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Determination of nine novel brominated flame retardants in milk by atmospheric pressure gas
chromatography-triple quadrupole mass spectrometry
YANG Runhui', NIU Yumin®, XING Yangz, SHAO Bing"2
(1. College of Veterinary Medicine, China Agricultural University, Beijing 100193, China;
2. Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning, Beijing Center

for Disease Prevention and Control, Beijing 100013, China)

Abstract: Objective A method was developed for the simultaneous determination of nine novel brominated fire
retardants (NBFRs) in milk by atmospheric pressure gas chromatography-tandem mass spectrometry (APGC-MS/MS) ,
and the extraction solvent and clean-up method were optimized. Methods The freeze-dried milk samples were extracted
by hexane/dichloromethane (1:1, V/V), cleaned up by GPC and further degreased by sulfuric acid, and then analyzed by
Multi-selected reaction monitoring(MRM ) mode. Results The result showed that there were good linear relationships for
the target compounds in a certain concentration range, with their correlation coefficients (R*) no less than 0.99. The
limits of detection and the limits of quantification (LOQs) were 0. 000 2-0. 098 4 pg/L (fw) and 0. 000 5-0.295 2 pe/L
(fw) , respectively. The spiked recoveries were 73.94%-116. 98% with RSD not more than 19.30% using blank milk.
The method has been successfully applied to 22 milk samples. Among them, PBT, PBEB, EH-TBB, BTBPE and DBDPE
were the major contaminants with the detection rates of 86.36%, 100.00%, 54.55%, 50.00% and 54.55%,
respectively. The concentrations were 0. 001-0. 20 pwg/L (fw), < LOQ-0. 06 pg/L (fw), <LOQ-0. 11 pg/L (fw) and < LOQ-
0. 85 pg/L. (fw) , respectively. Conclusion The method was sensitive, precise and accurate, and can be used for the
simultaneous determination of 9 NBFRs in milk.
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YR AL BH 24 5] ( Brominated flame retardant, BFR)
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NBFRs) s A7 BR A7 B2 BF 50K W], NBFRs HAT 5
LBFRs AH B4 A= 9 52 B O B B 3 3% 12 I 4 23401
£30, 0F B8 4> NBFRs i H A 40 TR
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2 (98%) S AL 45 AN JC /K i 2 M P 1 24 42 P Ak~ 3 511
AR wl A RS 60(0. 063 ~ 0. 100 mm ) F 72 [ 24
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W A R BT e 0 B B RE 3R L, AR AR
TR VKA (=80 °C) HhJACE 24 h LUK IEAE S5 ) S 4 45
TR R A B T 12 B R TR0 (R T L
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FUF TR (A 24 h) o K OR T 00 BE 5 BF S A
R, B 4 % 5 A | B S T, AR TR VK AR
(-80 C) T RAF

HEMIARI 0. 4 g AFWR TR, 5 2 A AR B R
HIREHS RFERHIRAE IS MRS E 11 mL
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T V5 R0 A AR AT AR 4 1 B B, 2 BUA ) OR IE
Cbe/ A B BECL: 1, V/V) U BEFE Ty 5 51 3
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TARZET,100 uL E KL EE 4t APGC-MS/MS
7E .
1.2.2  SAHEE—F TS &

SRS SR A% FE S DB-5SMS B 404 (43
FEC(15 m X 0.25 mm, 0. 10 wm) 5§ % — B G HURL Y
TR A (29 0.4 m) ; HEAE TR O 280 °CH 20
HEAR T E A 3 mL/min; FERE TSRS 5 XA
B 25 1R T 3R Ik i AS 43 T R R 5 R R ARRR
M1 pL. B FHRFEFEE S 90 °C, - FF 1 min,
FELL 40 °C/min FFHE 2= 140 °C, 48R )5 LL 5 °C/min FF
IR 2 200 °C, FLL 10 °C/min FHREZE 300 °C, &5 LA
40 ‘C/min J+ iR & 335 CHEHF 5 min; % 1R F
390 °C, i B A0 HE L AR R RS R B, i 4
K 250,250 1 350 mL/min.

JE i S5 A : APGC HL S TR AE B P55 5 L S T iR
HLA 3.5 nA. BRI 150 °CL 3 R 390 °C,
R B A HE L AR WO, T4 B R 250,
250 1 350 mL/min; 2 52 b W5 A 28 (Multi-selected
reaction monitoring, MRM ) £ 538 .
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Table 1  Mass spectrometric parameters for the target compounds
M W 2 K (SRS FR) PREE]/min BB T/(m/z) TET/(mz)  PHERK CV./V  CE./eV
261.4° -Br 45
TH I YK (2,3,5,6-Tetrabromo-p-xylene, pTBX) 7.15 421.5 101.7 *B: 50 45
327.1 -Br 60
Ty (P br i :, PBT 9.78 487.2 60
TR H 2 (Pentabromotoluene ) 246.6 Br 60
486.3" -CH 40
TR 27 (1,2,3,4,5-Pentabromo-6-ethylbenzene, PBEB) 10.47 501.3 3 50
405.4 -CH,Br 45
o 470.3" —Br 50
NTR 2 (Hexabromobenzene, HBB) 12.30 551.1 60
391.4 -Br, 55
2- - DU R T R 42047 -C,H BrO 20
OB O - RO R 16.39 4383 ,HBr s
(2-Ethylhexyl-2,3,4,5-tetrabromobenzoate , EH-TBB) 313.5 -C,H, Br,0 20
NI - IR 104.8" -C,,H,,Cl,B 20
NERE_R-— 2 T%ﬁ _ 16.22 539.4 CioflpCLBr, =g
(Hexachlorocyclopentadienyl-dibromocyclooctane, DBHCTD) 140.9 -C H,CLBr, 15
1,2-%0(2,4,6-= R IKEIL) 2% 358.5" -C.H,Br,0 15
u PR 4 19.38 687.1 02”0 35
(1,2-Bis(2,4,6-tribromo phenoxy)ethane, BTBPE) 249.5 -C,H Br,0 35
wf%%%ﬁ%l%hkH‘%%((Tetrabromophenyl) 18.97 691.0 440.4" —CzclzBrz 5 10
hexachloronorbornene , HCTBPH ) ' ' 215.7 -C,Cl,Br, 60
TR IR O 1,2-Bis(Pentabromophenyl) 23.07 498.4 259.9" -Br, 15 50
ethane , DBDPE) ) 970.9 486.5 —-C,H,Br. 60
T FOR TR T CV. R R HE L LR s CE. FE Rl A it
200
— A
180 - B
33 C
160 - D
140 E o
<120 &
Frol 7 i &
100 - % =
X 0 MR E
B g 7 - H m -+l =
&5 ——é 5 X X & = N Hl= =
= W \ \: = T n= \=FI— RN — RS
:é :\ 7 NS — NS s N — N =77 = N = :\ E?f N
o E N E N 2N BN BN B b BN BN BN
ENIEAN EINIEN BN E =N BN BN
=N BAN BANS BN BN EBARE BN BN BN
"ENEINIENIENENENEN Y I
o Bzl BN BN BN BNl BN 700N BN BZ0N
& & @‘3’ & & Q»C&o &@ @fo @0&
A P & $ N

WA E CRE RN EE(3:2, V/V) s B/ G BE (11, v/V) s CoH R A BE (11, V/V) 5
D 1E CBETHER (3:1, V/V);EIE e/ S B BEC1:1, V/V)

L3

Figure 1

2 ¢ HPERERE A 10 ¢ TEAKBRIR 4N . 2 )5 R H BE R

FEXTFE i FE AT H AR 3, S T 30 mL IE C b/ T

e (121, V/V)IRA W WG AL RE BAE R )5 BAE.

60 mL IF L ke/ G e (1: 1, V/V)IRE R,

VR AT 2 R W AR & 2 mL, Z 5 H R B (G

BN AR ) 2T, 100 pl IE © kG, it
APGC-MS/MS il 2 .

GPC J2 FI| FH 43 - 0 Jt B ¢ B8 15 W0 49 4 7 K /1
BHDBENEAR BYE T Ko+, 8w R
JiEHERT LAY H AR ¥ 5 B8 W5 43 85 . 1 56 DA K il A
BN AR (10 me/L) #E47T WSE 86, i 2h A £ 18 &
BEARCBECL:1, V/V) Ji#h 4. 7 mL/min, §f 2 7% 0L
T R X B AR AP et (] BB T 0~ 10 min 4%
PR, WO B Ay 3 2 A B AR AL A W0 i TE

e PONER A A R/ E P LS E YU A

Effect of solvent on extraction efficiency of target compounds

YU E E 20 min, ZE b LB E GPC i £ B N
10 ~ 20 min. 20 ~ 25 min & /P65 e AR s 1) .

HARE A P 8 IR A & 2 s, 9 Flt H AR d i
I i 2 M AR v Ak S DGR AR T 33. 72%, 1 GPC
b PR ISR T RT#E, R 58. 62% ~ 98. 33%, {HJE,
IR GPC H AL B BT 6126 Ry 29. 63% ~ 87. 59%.
PHLIH i — 25 25 SR MR I 1) R I SR, B Bl ol FH v
TR .GPC Ak FLHT AW G R . GPC &b 35 fm A ¥
W R v AL RO . B R R W], GPC b E L mA
R R AE — 25 B M 1 A5 SR A A HG R T A R Ry
-59.20% ~ 28. 11%, I§ Wi () 2 % % 4 80. 02%, & T
A 4 o A B SR (65. 91% I 53. 41%) , IF HLIH S g
I R ORE WE R R DU SR, N 84.949% ~
124.22%.
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Figure 2 Recoveries of NBFRs using different purification methods

2.3 Ik EE
2.3.1 FEMERRSLELR
HTHAWRRESR, %0 — R AT H S,
Hbrfb & & A RV RR BE R 45025, Ol 1 M i Ak 2
b R v A A R B R B AR, A S5 SR T RRUE IRl &R
AR BRI o BC B AR L& W R IR A B
WE T AER , W B~ 0.05.0.1,0.5.1.5.10 Al
50 pg/L, AL R NARWE N 5 ng/Lo L& Fh B n
A& W R N 0 D e 1B 22 b 5 AR R B (g /L, )

Zx bR E M L T AT R Lt Oy B R T E AR R
(R?) & R Bon 25 HR AL ek 2 s B9 23S
Bl NI 42 B4, R 359>0. 99, 25 4R W5 FF 5 U
P i 5, 28 ok i A B de A AE AL AR AT B A
Hﬁ(Signal/Noise, S/N) 43 =10 F1=3 09 01 45 U /&
&, BP R 7 809 € B FR (Limit of quantitation, LOQ)#/
# PR (Limits of detection, LOD) , 13 2 7~ , 9 Ff
NBFRs 7EA-WEES 1 LOQ 24 0. 0005~ 0. 2952 pe/L
(fw),LOD 4 0. 000 2 ~ 0. 098 4 wg/L(fw)

#2 ASREE YRR e AR e R B [ R RORG %

Table 2 Linear range, coefficient of determination, limits of quantification, recovery, and precision of the target compounds

Sy LML/ (pg/L) R K PR/ (pg/L) FE R/ (pg/L) I i A< / % i 5 B / %

pTBX 0.05~50 0.9953 0.000 3 0.001 0 84.61~109.48 6.84~17.16
PBT 0.05~50 0.994 2 0.000 2 0.000 5 74.54~85.94 7.93~17.33
PBEB 0.05~50 0.997 1 0.000 2 0.000 5 87.34~94.17 8.31~18.68
HBB 0.05~50 0.992 0 0.004 0 0.0120 84.93~105.49 2.13~12.05
EH-TBB 0.05~50 0.9953 0.0120 0.036 0 93.54~97.13 12.88~19.12
DBHCTD 0.05~50 0.9951 0.098 4 0.2952 85.65~116.98 2.43~18.64
BTBPE 0.05~50 0.9959 0.010 6 0.0318 84.11~109.78 7.15~9.14

HCTBPH 0.05~50 0.993 6 0.018 4 0.0552 73.94~112.6 11.31~19.30
DBDPE 0.05~50 0.998 7 0.046 1 0.138 3 100.61~105.59 3.22~15.84

O3 BHE 2 FH AR S I AR P s 3 AR
[Fi] e B 10 TR 5 s 1 VS VR PEAG % O T i LR
BN MR E 6 A FAT, LB TR & .
i e BE 43 5 5 I8 LOQ B9 2.5 A1 10 fi5 4k FE IR n, 5K
W25 ANk 2 Fron , 9 B NBFRs (9 i A% [B] 0 5
73.94% ~ 116. 98% , A XF 5 #E f 22 (RSD) A K T
19. 309% , & 1IZ 7 125 1 E A J32 FI0RS 9% B2 40 e o
AT ISR
2.4 SEBRAE SR

A2 i TIT I ST AN ] it R 22 A 9 2 A
WHRE S o N ST A O Ik 8 A A BT AR 5 RE L
i) NBFRs. [ 3 J@/R T 52 FR (No. 10) FI % iz VT B A
i (50 wg/L) [ #L8 APGC-MS 3% [/ . 2F W5 ke &

t B ARG YU BE KO Ik 3 s . FE AR Y
4 95 # & B, PBT. PBEB. EH-TBB. BTBPE Al
DBDPE J& = 2 135 Je vy, HoA 3253 5 oy 86.36% .
100. 00% .54. 55% .50. 00% H1 54. 55% , & Ji 35 [l 43
W2 0.001 ~0. 20 wg/L(fw) .<LOQ ~ 0. 15 pg/L(fw) |
<LOQ ~ 0.06 pg/L(fw) . <LOQ ~ 0. 11 pg/L(fw) Fl
<LOQ ~ 0. 85 pwg/L(fw) . It HBB 7 5 {3 HE A h
AR KL v B <LOQ pg/L (fw) , 1ff pTBX .
DBHCTD Ml HCTBPH 7£ Ir 5 FEAS Fp ¥ A5 1 o

3 it
ASCHEEST T E SR B 9 Fl NBFRs 5% B
B B B RTRORE €63 - R B S . R T AR RE S &
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3 A WHE S P 9 B NBFRs B3 JE (pg/L fw)
Table 3 Concentration of 9 NBFRs in real milk samples (pg/L fw)
pTBX PBT PBEB HBB EH-TBB DBHCTD BTBPE HCTBPH DBDPE

GM 0.001 0.01 0.04 0.01 0.03 0.21 0.03 0.04 0.16

AM 0.001 0.04 0.05 0.01 0.03 0.21 0.03 0.04 0.22
range ND  0.001-020  <LOQ~0.15 <L0Q  <LOQ~0.06 ND <L0Q~0.11 ND <L00Q~0.85
DR/ % 0.00 86.36 100.00 22.73 54.55 0.00 50.00 0.00 54.55

TEND FORMET 7 A8 B 5 < LOQ R AR T 05 1 58 B 5 M FOR JLAT -39 (8 s AM FOR S HOF 29 B s DR oA R

100 pTBX 1.08¢7
| Vi
0 e % T T T
10 20
100 PBT s
< % V 7.45¢
0 ‘ ‘
10 20
100 PBEB 2.47¢°
°\° % ’L/ €
0 T T T —T
10 20
HBB s
°\‘31003 7 1.33¢
0 ‘ —_— ‘
10 20
.,\\°
2 100 EH-TBB 1.78¢7
T % I
® 0 ; L ;
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