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'Br 1:1 o PIS Q3 m/z35 37
*cl Tl 3:1 . PIS Q3 m/z 127
LC-QQQ MS/MS  PIS 4  PISQ3m/z
LC-MS/MS  PIS N
( CPO)
2
2.1
Infinity 1290  LC-G6490A  QQQ MS/MS( Agilent ); N-EVAP-11 (
Organomation ) ( SPE) ( CNW ) ; KD300DA (
) o
N . . ( Tedia ) ( );
3- (>97%) .3 6- (>97%) 3 6- N (=99%) . (98%) .
( =98%) Sigma-Aldrich ;13 6- (>98%) .3- (>98%) .1- 3 6-
(>98%) .1 3 6 8- (>98%) .2 3 6 8- ( >98%) Wellington ;
( >98% ) (99% ); 500
mg  Oasis HLB SPE  ( Waters ); 0.22 pm PTFE ( )
( =18.2 MQ * cm Milli-Q Element Millipore ) o
2.2 -
Agilent Proshell 120 EC-C;; (100 mmx2.1 mm 2.7 pm) ; (A)-
(B); :0~5 min 5% B; 5~35 min 5% ~95% B; 35~40 min 95% B; 40~45 min 5% B.
0.2 mL/min; 10 L.
: ( ESIH : 0~5 min To waste : 5~45 min
To MS ; 350C; 12 L/min; 300°C; 16 L/min;
35 psi; 1500 V; 4000 V; 380V,
(99.999%) ; PIS Q3 m/z35.37.79.81 127 Ql m/z 100~700
50 eV; m/z 100~700,
2.3
2.3.1 CPO 17 & 20 pL
1.5 mL Agilent 100 mmol/L pH 3.0 NaH,PO,/H,PO, N
NaX +5 mmol/L. H,0, 10 U/mL CPO
(25+1) C o 0.5 mL 1.0 pmol /L. H,0, CPO
500 wmol/L 1 U/mL. 0.5 mL - (90:10
V/V) ; 2 200
wL o
2.3.2 2017 6 2 (A B)
1L o
' ; HLB 500 mL
4~6 mL/min HILB . 6 mL - (5:95 Vv/V)  HLB
8 mL 4 mL - (50:50 v/V) 40°C

~ (20:80 V/V) 1.0mL  0.22 pm PVDF .
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Fig.2 Chromatograms ( A) and mass spectra ( B) at retention time of 32.05 min in full scan mode and PIS

mode. Samples were spiked with 50 wg/L of halogenated carbazole mixtures and 50 pg/L of estrogens
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33 PIS .
Bca al 3:1 ”Br  *'Br 11 1
- QQQ
I .
CI.Br
o Br
N m/z k N Br k
'Br ”Br P 0.5 ¥Br Psi 0.5 :
P(k; N) = Cip Py (1)
ch N k o
Cl.Br o
m  Br n Cl m+n+1
PIS m/z m+n o
. PIS o
3.3.1 Q3 m/z 79
. N Br Br ” Br M.,
LC-MS/MS PIS N o N m/z k
k-1 *'Br (1<k<N) M+2k=2 N4+1 7
Br Ao A ;
P(A) =Cy'py " pyy (2)
k Br
. PIS k N Br N-k+1
N-k+1
e
p=2 _;Jr L p(a) :Ni_]’f Ly gt 2k _;Jr Lt 05" x 0.5
=N_7k+1xcf;‘ x 0.5" (3)
N=1.2.3
1, PIS Q3 m/z 81 o
1
Table 1 Theoretical isotopic abundances of brominated organics for two scan modes
B stoms number gy ool Sean Mode Mt Mea e aeana o2 i SN N
1 1:1 1 1
2 1:2:1 1:1 1:1
3 1:3:3:1 1:2:1 1:2:1
4 1:4:6:4:1 1:3:3:1 1:3:3:1
5 1:5:10:10:5:1 1:4:6:4:1 1:4:6:4:1
o Cl 3:1

¥(l ps 075 7l py  0.25. 2,
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2
Table 2 Theoretical isotopic abundances of chlorinated organics for two scan modes
Cl . PIS Q3 m/z 35 PIS Q3 m/z 37
Full Scan Mode . > s A
Cl atoms number M M2 te: M+2N M @ M+2 et M+2N2 M+2 :+: M+2N=2 : M+2N
1 3:1 3 1
2 9:6:1 3:1 3:1
3 27:27:9:1 9:6:1 9:6:1
4 81:108:54:12:1 27:27:9:1 27:27:9:1
5 243 :409:270:117:24:1 81:108:54:12:1 81:108:54:12:1
3.3.2 PIS Q3 m/z 79 o
N  Br H N  Br "Br H Cl *cl
M. PIS Q3 m/z 79 N+H N  Br
1 "Br. n *Br hoCl N+ "Br
H-h >Cl o m/z k
(1<k<N+H) n+h=k-1.
_ n o~h _N-n_n _H-h_h
P(A) = CyCypas "PsiPss D3 (4)
h=k-n-1
_ k-=n=1_N-n_n H-k+n+1_k-n-1
P(A) = C\Cy" p3 "'papss P (5)
N-n
N
N -n N -n n ~k-n=1_N-n_n _H-k+n+1_k-n-1
p, = N x P(A) = N X CyCy™ pro "PsiP3s P37 (6)
k
min( N k-1) min( N k-1) N
_ _ -n n pk-n-1_N-n_n _H-k+n+1 k-n—1
p= z p, = X CyCy " "pas "PsiD3s P37 (7)
max(0 k-H-1) max(0 k-H-1) N
N=1.2.3 H=1.2.3
30
3 N
Table 3  Theoretical isotopic abundances of organics ( contain both chloride and bromide atoms) for two scan modes
Cl y PIS Q3 m/z 79 PIS Q3 m/z 81 PIS Q3 m/z 35 PIS Q3 m/z 37
CI atoms ]l‘;u}{ SZ;:_IZM?(%_E.: M @ M+2 e M+2 @ M+4 - M i M+2 e M+2 @ M+4 :-:
number M+2N+2H M+2N+2H-2 M+2N+2H M+2N+2H-2 M+2N+2H
Br N=1 Br atoms number N=1
1 3:4:1 3:1 3:1 1:1 1:1
2 9:15:7:1 9:6:1 9:6:1 1:2:1 1:2:1
3 27:54:36:10:1 27:27:9:1 27:27:9:1 1:3:3:1 1:3:3:1
Br atoms number N=2
1 3:7:5:1 3:4:1 3:4:1 3:4:1 3:4:1
2 9:24:22:8:1 9:15:7:1 9:15:7:1 3:7:5:1 3:7:5:1
3 27:81:90:46:11:1 27:54:36:10:1 27:54:36:10:1 3:10:12:6:1 3:10:12:6:1
Br atoms number N=3
1 3:10:13:6:1 3:7:5:1 3:7:5:1 9:15:7:1 9:15:7:1
2 9:33:46:30:9:1 9:24:22:8:1 9:24:22:8:1 9:24:22:8:1 9:24:22:8:1
3 QT30 971811001465 1151 27:81:00:46:11:1  9:33:36:30:9:1  9:33:36:30:9:1
34
34.1 CPO CPO
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5 pmol/L T7 0 16 min ; 240 min
RT=5.52 min m/z=291.8. I 50 wmol/L
16 240 min RT=5.52 7.87 min m/z 291.8  417.7( 3B) .
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3C~3F o I Cl.Br
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E g1 PV 260 |39 l| 290.9 4177
2|, 16min_ | = ! E 1
E - 0 min é 20 eV 126.9 2918 _3 20 eV 11268 2909 417.7 I
= I T 1 1 gv | L o A
£ 0 4 8 12 16 Z]5ev 2918 Z[5ev 4177
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= B €(1)=50 pmol/L D m/s m/s
1S )
\ag Carbazole-1, 240 mi PIS Q3 m/z 127 Major ion fragments F PIS Q3 m/z 127 Major ion fragments
§ A oun 291.8:M-H 126.8: 1 417.7:M-H 290.9:M-HI
g 292.0 417.7 126,81
= 16 min H
iy N
; _Carbazole-1 0 min N
20 4 8 12 16 285 290 295 300 I 410 415420 425 Q O I
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3

LCMS/MS PIS

Carbazole-T

Carbazole-I,

Fig.3 Screen of iodinated carbazoles using liquid chromatography-tandem mass spectrometry ( LC-MS/MS) PIS

(A) and (B) Chromatograms analyzed in liquid chromatography-tandem mass spectrometry ( LC-MS/MS) ( ESI-) PIS Q3 m/z 127,

(C) and ( E) mass spectra analyzed in LC-MS/MS( ESI-) product ion scan mode with different collision energy; ( D) and ( F) mass
spectra analyzed in LC-MS/MS( ESI-) PIS Q3 m/z 127.

Relative abundance ( %)

Relative abundance (%)

A Reaction time=16 min <~ C 50ev " .
Cabazole-1Br Carbazole-I, § 81.0 l 126.8 RS min
Cabazole-IBr, s
Cabazole-1 g 35 eV 126.8
Carbazole-Br; 3 80.6 I ’ 2454 3725
i PIS TIC g :
- 3 = 20 eV
tdrbdzule—Br PIS Q3 m/z 127 = | 1269 246.0 372.7I
v
3 =
N PIS Q3 m/z 81 2 5oV e
l PIS Q3 m/z 79 3 ’ l
T T T T ~ 4 } . 4
0 4 8 12 16 100 200 300 400
Retention time (min) m/z
B Reaction time=240 min
Carba:ole-]z D PIS Q3 m/z 79 o
Cabazole-1Br Carbazole-I, PIS Q3 ms 81 Major ion fragments:
Cabasole-Br, 1 | Garbezole PIS Q3 ms 127 3722M-H 246.0:M-HI
A 4 Py PIS TIC S m/z 2: .0:
126.8:1 -Br
PIS Q3 m/z 127 3705 81.0:Br
372.5 H
PIS Q3 m/ 81 N
PIS Q3 m/z 79
L~
0 4 g 2 16 o
365 370 375 380
Retention time (min) m/z

4 LC-MS/MS PIS

Fig.4 Screen of mixed halogenated carbazoles using LC-MS/MS PIS
(A) and (B) Chromatograms analyzed in LC-MS/MS( ESI-) PIS Q3 m/z 79.81 and 127; ( C) mass spectra analyzed in LC—
MS/MS( ESI-) product ion scan mode with different collision energy; ( D) mass spectra analyzed in LC-MS/MS( ESI-) PIS
Q3 m/z 79.81 and 127.

Carbazole-IBr
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LC-MS/MS  PIS 4 PIS Q3 m/z
( Cl/Br+Br/T  CI/T) . CPO Br I I Br
50 1 mmol/L, 0 min ; 16 min(  4A)
240 min(  4B) 6 5 .
8 4.4,.4;Br.Br,.Br;.dBr  dBr. RT=7.25 min ( 4cC
4D) o PIS Q3 m/z 127 m/z 370.8/372.8 PIS
Q3 m/z79 81 m/z 370.8  372.8 1:1
Br I o
I o
17 19 GC-TOF MS  GC-MS Br- CPO
N Br .CI” CPO
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o Zhang " PIS
o 5 PIS Q3 m/z 79
PIS o
A Site A B Site B C  Unknow 1
~ Unknow 1 —~ 276.2 PIS Q3 m/z 79.0
8 Unknow 2 S e Q3 m/: 81 — HSQamaBLO
g PIS Q3 m/z 81 o ket A
,%:“ PIS Q3 mz 79 5 PIS Q3 m/z 79
S | PIS z =
E i A 2 Lo 265 275 285
;’, v m/z
2| PIS Q3 m/z 37 " E PIS Q3 m/z 37 " D Unknow 2
2 b Bmi3s o = PIS Q3 /s 35 N l 3526 3547 PS03 mk 79.0
L L L 1 1 1 ] 1 I 1 1 1 I ] PIS Q3 m/z 81.0
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
Retention time (min) Retention time (min) I —
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Fig.5 Screen of halogenated organic compounds in seawater samples using LC-MS/MS PIS
(A) and ( B) Chromatograms analyzed in LC-MS/MS( ESI-) PIS Q3 m/z35 37 79 and 81; ( C) and
(D) mass spectra analyzed in LC-MS/MS( ESI-) PIS Q3 m/z 35 37 79 and 81.
References
1 JIN LiJuan CHEN Bao-liang. Prog. Chem. 2017 29(9): 1093-1114

2017 29(9): 1093-1114
2 Gribble G W. Environ. Chem. 2015 12(4) : 396-405



1828 46

Katsoyiannis A Samara C. Environ. Res. 2005 97(3): 245-257

Keith L. Telliard W. Environ. Sci. Technol. 1979 13(4): 416-423

Bigot M Hawker D W Cropp R Muir D C G Jensen B Bossi R Nash S M B. Environ. Sci. Technol. 2017 51( 16) :

8944-8952

Dofour P Pirard C Charlier C. J. Chromatogr. B 2016 1036-1037: 66-75

Chi XY Liu]JY YuM Xie ZQ lJiang G B. Talanta 2017 164: 57-63

Hauler C  Vetter W. Rapid Commun Mass Spectrom. 2015 29(7): 619-628

Ubukata M Jobst K J Reiner EJ Reichenbach SE Tao QP HangJ L. WuZ P Dane AJ Cody R B. J. Chromatogr.

A 2015 1395: 152-159

10 Steen H Kuster B Fernandez M Pandey A Mann M. Anal. Chem. 2001 73(7): 1440-1448

11 Zhang X R Talley J W Boggess B Ding G Birdsell D. Environ. Sci. Technol. 2008 42( 17) : 6598-6603

12 LiuP Huang Y Q Cai W] Yuan BF Feng Y Q. Anal. Chem. 2014 86( 19): 9765-9773

13 Crevelin EJ Possato B Lopes ] LC Lopes N P Crotti A E M. Anal. Chem. 2017 89(7): 3929-3936

14 LI Huan LI ZhengKui LI Ai-Ming ZHOU Qing WANG Ying PAN Yang. Environ. Sci. 2017 38( 8): 3273-3280

2017 38(8): 3273-3280

15 DuLL XueY Xie]. Chromatographia 2018 81(5): 769-776

16 Pan Y Zhang X. Environ. Sci. Technol. 2013 47(3): 1265-1273

17 Chen Y Q Lin KD Chen D Wang K Zhou W X Wu Y Huang X W. Environ. Pollut. 2018 232: 264-273

18 LIN Shan-Shan YI Qi-Tong HONG Jiadun CHEN Meng YUAN Dong—Xing. Chinese Journal of Chromatography 2013
31( 10) : 980-988

9}

O 0 N AN

2013 31( 10) : 980-988
19 Mumbo J Lenoir D Henkelmann B Schramm K W. Environ. Sci. Pollut. Res. 2013 20( 12) : 8996-9005

Non-target Screening of Halogenated Organic Compounds Using
Liquid Chromatography—-Tandem Mass Spectrometry Precursor Ion Scan

WANG Kun' HUANG Xin-Wen® LIN Kun-De™'
'( The Fujian Provincial Key Laboratory for Coastal Ecology and Environmental Studies
Center for Marine Environmental Chemistry and Toxicology
College of the Environment and Ecology Xiamen University Xiamen 361102 China)
*( College of Environment Zhejiang University of Technology Hangzhou 310014  China)

Abstract A new analytical method based on liquid chromatography-tandem mass spectrometry ( LC-MS/MS)
precursor ion scan ( PIS) was developed for the non-target screening of halogenated organic compounds
( HOCs) . Briefly fragmented halogen ions from the precursor of HOCs could pass Q3 channels fixing at
m/z35 37 79 81 and 127 and the corresponding precursors were simultaneously recorded in Q1.
Therefore the halogenated species and molecular ions of HOCs could be inferred from the selection of Q3 and
Q1. Results showed that PIS had a higher sensitivity to HOCs when the collision energy in Q2 was set at 50
eV. Bernoulli experiment models were used to calculate theoretical isotopic abundances of HOCs. This method
was successfully applied to the screening of HOCs in laboratory reaction samples and seawater. This work
suggested that PIS was potentially an effective tool for the non-target screening of HOCs in various
environmental matrices.

Keywords Liquid chromatography-tandem mass spectrometry; Precursor ion scan; Halogenated organic

compounds; Isotopic abundance
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