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Abstract In this paper, non-target screening of organic pollutants in the atmosphere sample was
carried out by gas chromatography-quadrupole time-of-flight mass spectrometry (GC-QTOF/MS)
and the identified characteristic pollutants were semi-quantitatively analyzed. Based on high
resolution mass spectrometry and NIST mass spectrometry database, 139 pollutants were identified,

mainly by polycyclic aromatic hydrocarbons (PAHs) and their derivatives, phthalic acid esters
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(PAEs). In addition, a variety of unregulated heterocyclic compounds were also found, such as
benzothiazole, tetramethylpiperidinone, 1-methyl-2-pyrrolidone, xanthene and so on. The semi-
quantitative concentration of these organic pollutants was 288 ng'm™, in which the concentration of
16 routinely monitored PAHs was 18.1 ng-m™, only accounting for 6.28% of the total concentration.
The concentration of PAEs was 44.6 ng'm™, and the concentration of DBP was the highest
(14.8 ng'm™). The concentration of heterocyclic compounds mainly containing nitrogen, oxygen and
sulfur was 47.9 ng'-m, in which the concentration of benzothiazole was the highest (9.51 ng'm™),
followed by 1-methyl-2-pyrrolidone, tetramethylpiperidone, nicotine and dibenzofuran, with
concentrations of 9.22, 8.78, 5.11 and 4.15 ng'm, respectively. In this study, the advantages of high
resolution mass spectrometry in unknown screening were demonstrated, and the semi-quantitative
analysis of identified potential characteristic pollutants in the atmosphere was conducted. The results
were benefited for the risk management and control of potential pollutants in the future.

Keywords atmosphere, non-target screening, gas chromatography-quadrupole time of flight

mass spectrometry, semi-quantitative analysis.

RAABE P AFAE G K N JSTE s U 7= A 09 BT Je gt 2, Bl n 2 3855 42 (PAHs) . 2 SR
(PCBs) . fAHLEA 2] (OCPs) 4%, 3X 4675 ey 23 %F NARM R ™= A= — 2 1 £ 3% . BT, B AN ST 322
AT KA MR e ) 5 e BE /K | AR A AR AR K ke 5 gt b7 45 5 T . 51 41, Miina 2550 460 2] 3th mh g 2
A H PAHs, PCBs LA}z OCPs {3 54350 11—18, 77—93 . 77—140 ng-m; Miglioranza %5 §f
1B T B AR AE B A B JE RS PCBs M 278 — 2K fisk (PBDEs) 144 B 43 %1 24 25 pg'm™ Fil 1.9 pg'm>;
Vuong 5 & I E KA SR Z 0518 SRR Z IR 1 -0k 43108 18.3 pgrm™ 1 13.2 pgrm ™.
SR RSP AELEVF Z B TE A MG Yo, B alii) 35648 2 BAn b &9 e & dr, Jeikiisl R0k
TRTE A T A E TS Y, X Loy A R AEXT A DL A 25 P05 i ol o 7™ o A Jl e~ DR ot 4] A S22
F 0 PRSPV 07 A 1 A B AT S Y R X R R AR R Y [ A

Ak, Bl A ML o3 B T AN ) &, UL AT [R] 3% (TOF) F1#L3E B (Orbitrap) ()12
L, SR AR RE S AR TS e U B T BRSO L B A R SOk R E T L K s g
Yy AR AR 5 A 5T, 41 40 Dominguez 5515 5% F GC-Orbitrap/MS X J& 7K 78 ML 15 Y ¥y HEAT AR FE bR 0
2, 5 1 PCBs. PBDEs Hl 4% Hi 71 55 £ # AL 4 ; Backe 551" fifi /] LC-QTOF/MS #LJj1] H F- A= 7K
82 LAWY, AU4E 2- BT E-1,3- 2K T EmE | APIEEIR = T W AN 2 BEF IR = T J 45 2475 L d); Wang 25017
FIH GC-QTOF/MS H51 i At 5t 55 K Ab 31 ) B Kk v 52 Fha] 5875 ey, R 2AFEZ5Y) . B2 hal A
RELBA TR A5 G AR, IR G AR R A V5 B W i AR AR I A T AR 2 T, (HAEXT D, T Mazur 461
DL RE A ] 422 PP Al RSP B 2 L 40 K W R TR ( PAEs) A1V il e 55 75 YL ¥ 5 Cheng %51 Il i GC-
TOF/MS i i 1 36 50 PM, s A i v 17 B B £k 40008 A 18 b 28 2 F B ik 40008 5 Zhang 5580 (i ] GC-
QTOF/MS = # A5 i 1E 1T KA ik i B . 75 S 7K (HCB) 1 PBDEs 4 105 Fl 58 A M A HLT5 L 45
Yang 552U I GC-QTOF/MS fifi#r t 36 4 T M KA A9 PAHS, SedE b S 4238 Z 8 05 R i HE 1 &%
187 FlAT LTS L. RO, N 32 e AR HE RS0 T G 7 A 7 T 7 1 FH VT ik A 2 S A AR 75 e B
X

AR SCRAE T b mt 4 25 55 585 ) (] 1 20— OURE i, 1) AS0RA 60335 - PO A FF %A 7 B (1] B2 33% ( GC-QTOF/
MS) Xt KA A LTS Yy A T AR SR AR T A, IR TF 2 T, H R R 5 H T BB AF 7E 1 — SE S
BORTER A T8 F15 0, 5 IR A2 1 53 A 5 1 %) S RN P8 XU DA B B R S

1 #MBLE5 7 (Materials and methods)
1.1 FEAREE

A SCAE AL T A DY PRI A S R TR R A Z 55 3 KA Y B —BE i, i 3 s UK AR AR
(SIBATA HV-700F ) [&] iof e 82 S A RN UKL A5 RE i, 1308 I & 700 L-min!, SRAERF[R] 24 h. RAEEZ AT, BE
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Bk v 7k (PUF) 56 F in 3 5 77) 4% BU{ ( DIONEX ASE 300) 25 $2 775 ¥k, 3% 385 21 4 % % ( GFF) 1 450°C K52
4 h. SRAELFRRE i R TE AR B AT SR TR UKAB VR VR IR A, S50 5 HT
1.2 R K AEHE

Sea R IR N . A B IE OB AR FR I, KT Honeywell(Morristown, NJ) A w]. 3 F
[R] 13 2 #5 1E 9 51 77 3F (Phenanthrene-D10) | 71 t£ (Pyrene-D10) 157 J& ( Phenacene-D12) M\ AccuStandard
Inc.(New Haven, CT, USA )2\ &) 43K
1.3 HEAATAREE

¥ PUF 5 GFF A0, IS ER/E C e (v/v, 1 DRI IR 100°C, JE S 1500 psi, i
POV B ] 5 min, #0AS2E BUAT (] 8 min, AR A UG 20 2 Y. USCAR 380 1) 2 BBOIR 1 FH e 2 2 e (SO 4 &2
1—2 mL, A 10 mL 1E & % AW £ 1 mL, i3 022 wm A 38 5 5 55 % 2 vERE /NI, IR A 3 #b
PAHs B[R RbrifEYI T, AL HT.
1.4 AUER5rHT

R i SO @35 - PO AR A AT I ) 55 23 B BT 3 {1 (Agilent 7890B, 7250 GC-QTOF/MS) 73 #r, (1% 4%
4:: Agilent 7890B, HHEE 2 R HP-5MS UI(15 mx0.25 mm IDx0.25 pum) {4 3#%4E:, Hif 0504 1.0 mL-min ™' £l
1.2 mL-min™', ANt aE, SRR 1L, THEREF M 60°C A FE 1 min, 40°C min™ £ 120°C,
FELL 5C min™" (YHERTEE 310°C; #UN AR Bk 251 Agilent 7250, SR I H 7~ HL 25 (BD A AR 25K
P, B VR IR B 280°C, TUMFTIRLEE 2 150°C, 44 0 5 spectra-s™, % 43R 3 min, J & 45 4 Yo ]
N 45—550 amu.
1.5 B fgbT

D3t 55 40 3 Ao R S AT A AT, L — 2 6 1 R A0 T MR A R AT T BE O A, TR LR
NIST %4 P #E 47 A R 00 38 V. A SCHE e i 8 43 3% o 3% 50408 e 6 &% 1200 Z Fi ik &4, £2 0
PAHs SCHATAEY) . PCBs. 4 24545 (R4 R 3 fa Bl 5 1 b 28 4 0 8 R AT 1 (B il R A 25 58 B3 43 1
S R AT BTS2 30 ) (SANTE/12682/2019) P2 58 & i A B4 R« /D AFEAE 2 ANV RE BA5 1
JoT 15 A -, o R R i 25 /T 5x10°°, £ B IR 22 /8 T 0.15 min, VG LA 40 KT 75%. XF T
NIST 48 122 (i A 45 5%, Gl DCBCAS 43, P R 8 40, RS 0 0 i B0 25 L 0 i PR R Rk 0 5 Yk L 0 1Y) EE (L
G5 BHHTHOIE. J5 SCRBH b &3k T 9050 = 25 3.

FET NG 3 B R AR ) 0T A 4 Xo) i, AR AR N 5 AR A AR ) B ) W TR R LR A T
SR, 15 B VR

2 725 535018 (Results and discussion)
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[i] 260 . 4H-FF % [DEF] 447, 2 BRI5H A7 4 4 LA Rt O,
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FHIEZE | 7-H 2RI [a] BUAE. BLAh, TR0 S 1 iR s
HBALE YA I E . AT | 2K I s A 1 RESH BT R4 0 25 2

1. Fig.1 Screening results for suspicious items

in the sample
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Table 1 Heterocyclic compounds identified in the sample and semi-quantitative concentration

Kul TR KB CASE BT TR R mn C KB )

Semi-quantitative

Species Structure Name CAS number Formula Structure  Retention time .
concentration
N,
HEFEN 91-22-5 CoH,N ©/\j 650 0.38
=
1-H LSk 1721-93-3 CoHoN [::CJN 7.69 1.14
25-—HUEME 00 035 CHN S 338 0.87
s Z N g #
Mg | 9.07
A .
L S
24600 75 g CeH N 9 3.71 157
I
N
BT 54-11-5 CioHN, w7 | 778 5.11
=
S
S 95-16-9 C,H,NS ();/P 6.04 9.51
s 2-HEREAT S/
—_— [ ) - 615-22-5 CsH,NS, O:]\/P_S 12.4 0.63 103
N S’
SEEARER  26172-55-4  C,H,CINOS Cl_ﬂ/g 5.95 0.14
0
AR 92-83-1 C3H,0 ‘ O 13.1 2.06
0
[ — L O
A %
» o~ BRI g e C12HeO; 208 0.02
— Q i 248
F
(0]
DEFRILIGRT  87-41-2 CsHeO, @:(/O 7.79 0.40
s CHIEMEG  132-65-0 CioHgS Q_\O 15.4 0.49
BEWk {j\ o S 0.68
N\ 2,7- " HI 10
Sy S117198 CH)5S 19.3 0.19

O,
SHIEURN 132-649  CHO @_\O 108 415
O
k% (PR 0
7 AR Y 17092-92-1 C, H,40, 04% 11.1 0.89
o7)

i
7
1-FE3E-2ntpng N
872-50-4 CH,NO 4.01 9.22
K o
(6]
ES @ P 9.45
HN Af b — )t
?Bz:_ﬂglﬁﬂﬁ 85-41-6 C4H{NO, ©E§NH 9.67 0.23
O
H
s HN -
IR 2K O DU ALORERT  826-36-8 CoH,,NO 477 8.78
1,2-—%-3H- R
o NZ S AN 0
= ) 124-=FM 930-33-6 C,H:N;0 HN Y 4.18 1.41
HN—N 3.1 \—/
Z N N
g NJ 1-F L PRmERE  696-11-7 CsHgN,0, /K 3.33 0.14
X N
(6] h (6]
0 (2 o
P ATeS (/ \N MR 209866-92-2  Cy6H 3NO; 12.9 0.57
F O OH

O
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PAEs 454K — H iz — T g (DBP) . 4B —H iz —H g (DMP) | 487& —H iz — 5% T fi§ (DIBP)
PR HIR —(2-2. ) ) ik (DEHP) K 4878 — H iz T K ik (BBP) %% 10 Fh. fE R — 288 WAy 88 74, &
175 58 T R85 v 2 b N SISl B 7 A= DR R B S o), 461 a5 | ke A 9 e & o e R I R U 1) S R,
DBP J& i WA R A LIRIE B, it AvER 2z, BA A FH B . Mg e S S sk 2L Tl DIBP H
TR/, BULEC 2% FA/E DBP A2, eAb, FEkE S 2R 5 B R = T g (TBP) | #
R = (2-F A %) ik (TCPP) | B FR = 7515 (TPP) %5 8 A OPEs. OPEs e H.BH A5 5 14 ¥ 577 (1) Iy B, Herp
TPP BN 72 TG i PR B BE AR, A o 8 ACH At 1% BELIA 57

BRUA W2 A0, B SR R R | BRI ST L SRR | el T 2,6-— 5%
BRI WAEE Y . N ET U EA S A S T A 4 SR B g RE A A MUK A B U )
T B e s FLRR I KU (A5 DG

FE S U H KR PAHS AT A= 40, A ot 2 EORS iff R 1 K0TS 1, B A WL SR B R S b 15 A e
MBSO e 2 A1 R[] 3 SR AR sl eI 8] 2 J o AN [l B3 1) WY SR IROCAG 28 A A o i 4 (i K1, WT LU
RS AR AR A 1A F EEUR B 28 (L-F E250R 2-H1 3£ 28) . 2 A H SR BUR B 28 L1 Fl, A e K
() 755 A3 BT 5 2 TP A B 8 i, A S ol 2 R S B, (ELZE LA B ) £ 1 04 3R B T BB AE AE L
MR TR 43 SR A, T Al B O 22 B B v A I DARIIE . 3 A F R BUR A0 2877 Ae A TR A 1 0, 480
TR VT RD | R B8 P8 B0 S50, w12 H ORI T A A 400 50 v 0 B o 33 08 2 =2 ARG T B89 1,4,6-
—FELZERN 2,3,6-— HI L ZE. sk S5 0 J5 1010 2205 Ye i i U0 FVECE R I i R it T R S

<10 AR5

@ 6.988 Methylnaphthalene

= 3F | B

2 5L | 7257

S % | 13413

0L ?8_'8_.‘,‘, N 88 _;f?ﬁjﬂ““:ﬁ"f 93489627 10069 10614 | n3zg 1771, 12293 12738 1.13“562 14.024 14363 14.795

7.0 75 8.0 85 9.0 95 100 105 110 115 120 125 13.0 135 140 145

X10° - t/min

B 2 FUREIRAR (35

2 Dimethylnaphthalene

£ 3r 8736 D

3 % = s34 | 8,).9]59)54 10,568

L 8550 Il 9348 943 } 4 )

7003 733377998075 L A /I é 9034 10,066 1042640, i 240 11305 11857 12266 12.678 13366 13.925 ) 4s
- I e e e = ay - Ny ==
7.0 7.5 8.0 85 9.0 95 100 105 110 115 120 125 13.0 135 14.0 145

X105 /min I ERUR B3

" Trimethylnaphthalene

£ 3 b1

z 2 11023 113925

© ot 8.647 10518 -} TLO6T 15 143 5

0l67597054 7506 8078 8364 4 9072 9634 10229 AM M A 12502 12850514013 41913 782 14,107 14609
7.0 7.5 8.0 85 9.0 95 100 105 110 11.5 120 125 13.0 135 14.0 145
t/min

B2 RSP e EEZR A R
(A: 2-FI3E2% B - BE2E; C:2,6- I 3ESE, 2,7- I EZE, D: 13- 24 B 1L,6- B F: 1,4- 525 G: 1,5- 3 H: 1,4.6-
SR 1:2,3,6- L2 1. 2,3,5- = L)
Fig.2 Methylnaphthalene chromatogram identified in the sample
(A: 2-methylnaphthalene, B: 1-methylnaphthalene, C: 2,6-dimethylnaphthalene/2,7-dimethylnaphthalene, D: 1,3-dimethylnaphthalene, E: 1,6-
dimethylnaphthalene, F: 1,4-dimethylnaphthalene, G: 1,5-dimethylnaphthalene, H: 1,4,6-trimethylnaphthalene, I: 2,3,6-trimethylnaphthalene, J:
2,3,5-trimethylnaphthalene)

2.2 RENW AR

RHE 157 43 BRI T 1 i SR TR R A 1 B T A BILTS e, T RO I 2 A T
Yy B Bh A T EL 2 M 8 R R S RS 2 AL A W 15 B 5 NIST J5 i B0 e 0k 17 %t
Lo, FERGIH 139 g A ys ge gy, Foh A 61 Ry AR = o0 BT BOUE 1R 22 A1 X e A 5 PAHs K
HAprA: Yy, ¥EI5) A LA B AR SE, LASR M [ed] B 2RI [ed,jk] 86 9-Z5 . 1-FP 22 5L R
DY FH LR IE P | 2,6- KU T k-4l ik 2 iy 45 LR %) Y5 e )

F BT RARE S R B A e 2 | e | WEMYE | RIS | IS | WRIESS | w2 Rt
WSS 10 2RI HLTG Y. e 2R T 5 R, DUFSEEUR O 32, A TS 680 3 AN H A &
PR WERSSPL Y 3 Bl Horp 2-F BRI TR IR S — Rl A BB AR 25 28 B 7], S0 KRB 5 v il — 52 Y &



12 34 RERYE: 2T GC-QTOF/MS HY KRS P HLI5 Yy 1) A1 807 I 2 K 2 58 it AT 3703

IR S TR ) 2RIk R Rk PN, T 28 A I AR A U IR AR | I A G Y,
FEBENE It — 2B AR W 2 S R I .
23 EmST

15 YR ) AT RS 55 Mk B L AR G, AR SCGE AL U N 3 Bl R R R AEY T, TR R
FE A R A LTS G AT B o Hr . DRI A LA SR S 288 ng-m?, i 1 5 Y 4%
LAY (47.9 ngm?), o5 2K 16.6%. BARIZIRL AP ik B W3 1, ik s i sy
() A EMR S (10.3 ng'm ™), i B2 IRL S 21.5%, HUKEMIE25(9.45 ng'm™), MEREZ(9.07 ng'm™)
FUEBEZ (8.78 ng'm™), 435l i B ZFRAL A WY 19.7%. 18.9% Fi1 18.3%. Xf T BAANTG YLy, Ve ¥ f e 1Y)
A EME (9.51 ng-m ) 5 LU 1-F JE-2 MERE Bl . DU R SRR BERA | JE TR R IEmg, R 4
99.22. 878, 5.11, 415 ng'm™.

PAEs 2} 5 5 N 44.7 ng-m>, (5 B K 15.5%, FHrb ok B 5 = (19 DBP(14.8 ng-m™), ik J&
DMP #il DIBP, #¢ J& 43 5l & 9.58 ng-m™ il 8.68 ng-m*, = & 43 % i YPAEs ¥ & i 33.1%. 21.5% #ll
19.4%. OPEs [ & H VW B4 1.07 ng'm, (7 BA ALY BE 1Y 0.4%, FLrh @R — 5 Ik (TOP) ¥ B i i
(0.44 ng'm™), & Y OPEs ¥ J& i) 40.7%, A% SCHR B A e B 5 5T 2L K S W0RL Y 1 SOPEs [AE - 24k
(0.36—1.07)ng-m 6% 7K F—F .

Xt U 1 22 Ff PAHS, 2258 BB R 20.7 ng-m, b A HLY) LR BEE (1 7.2%. F RLIEIIAY 16 Ff
PAHs SR 18.1 ng-m >, %M EAR T SCHRHRE 9 Jb mt i B 1 ]S s PAHSs W& (147—157 ) ng-m *BY,
W& e T B s 2 W1 [E) Y JPAHS ¥ (4.8+2.7 ) ng-mF2,

ik 22 3R 35 08 77 2 ) (MPAHS) (9 8 10.9 ng'm™, (5 23 5 BAT A= W25 19 59.8%, 7] ] 24 &
>oPAHs W& B 1 —2F:, 55 SCHRARE (9 88 g B B R 77 38 K 28 o i —380(35.5%—67.3%) ), BRI B AT/
WK AR ZA. BT MPAHs Z A1, 9-25 Tl i Ve B o 2.47 ng-m™, 5 JLRER 25 1 v B 7K 7 AH Y
(2.28 ng'm™), {H PR B 56 B BB A 19 77 4 1l & ELAT B AR Pk 5 2 0, BRI s R i B A 5
S UHBURL ) 255 B4, ATTHE A AR IR A58 B b, i B K A 5 3

Btz Ab, 0 R AR TS Y ke B LI 3, NON- T 66 T B e 1)~ o8 Fe v 3 A v (12.5 ngrm ),
HR N WO, K, A SRR R & 2,6- AT SEIEER, 2 e B E ok 115, 7.57,
439,347 ng'm”.

Semi-quantitative concentration/(ng-m™)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Compounds name

B3 AEa AR IR TS R B E B
(1—17 3R NN-Z TP B, Z R 2l R0, N EERR I IR L 2,6- AU T HRTR | 2-Z O s . 2 15 T BERSTRING . —
SRR, BERR (2)-11- T DUMRER . fe  AKIRIEC G, HAETTIRERNT, HHOR-2,4- — S aURis | BB | BEcie | SO /RA . —EHE)
Fig.3 Semi-quantitative concentration of some characteristic pollutants in the sample
(1—17 represent N,N-dibutylformamide. 2-ethoxyethanol. diphenyl sulfone. isopropyl myristate. 2,6-ditertbutylp-benzoquinone. 2-
ethylhexanol, 2-butoxyethyl acetate., benzophenone. (Z)-11-tetradecen-1-olacetate, squalene. n-hexyl salicylate, methacrylic anhydride. 2,4-

toluene diisocyanate. dichlorvos. diethyltoluamide. isophorone. diphenyl ether respectively.)
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3

40 %

25 AR, KAH FL A 16 A PAHs AYHEEE (18.1 ng-m™) (W /5 MM B Y 6.28%, HAE N ik fE7E
KR HAR A ) 8975 5, TR AR AT BRECE (948 2 B AR dE AT o0, B AR 15 G KRS
T B RIS R

3 4518 (Conclusion)

ARHFFEAE B GC-QTOF/MS X KA RE 5 w1 A9 A HLTS Ye A7 A E SLAR O 2, JF X SRL0 A R AiE ¥ e
Y T2 M. R S P IR 139 Fa LTS G, XI5 YL UL PAHSs M AT AEY) . PAEs M &,
UL AR R4 22 i R 51 A M A W B 22 A 2SR A ), A0 O Y R BE TR | 1-FF R S ek | 1 -2 mik g
BERR | 2-FFBR LR I e A .l e a5 SR R U A LTS Y R R 288 ngom ?, JE RKAUH M
W% 16 Fl PAHs ¥R FE Y 15 4% (18.1 ng'm™), M 22 L5915 PAEs B it =1, 70 32 47.9 ng'm™
M1 44.7 ng-m>, &7 BVREE R 16.6% F1 15.5%. 0 X KRR S HE4 T AR SR 1 2 B2 i AT, R T 5
I3 BT AR AR AR S e iR ) S g p s B R AR E, A e KA A HLTE e TR B T A
FAR S, R IE IS YRS L, X FRE i A7 76 B 58 20T B8 15 ), J5 00K Sl ol IR RE & EL
TGRS | RO €0 - i o P S S T B LA KR R R oA BN LA U, DA T S 4 i b SR ERUOR A R v A
SIS ESSY
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