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PERRAL A o™ XA WA HIRS 3 (-NO,) A
P F2 5 (—OH) B e I A o | HIA R A1, 65
SONIEE VLY A EE 2 e by G Bl 161 NN R
YRS 4 e R R A,

NPstb & YIFE R I AT 52 SRR (P
A BRI ) AL il B2 (UM D6 7/ 2 HR L)
FLE T, SR E I R, — BN 4- S HE R
SE0RMHREY, &R TEIREXREENA MG LT,
P 2 OB IR AE TR B 2R DLS- A R A AR
M oA [166.4% NPsi ™. NPsf) &6t fe S BB R
I3 SERHIE: BRI 35 R %A WL (volatile organic che-
micals, VOCs)] Ll ¥ 3 H i3 («OH) 5] KAk 2
RL, 77 KNP, STk SOA™); BIFINPs /i — 1k
A2 BORT BE TR SN AORE AR B A SN (il 2 E
FEAERURLAR 40 ) LA S SO B B s N 2 5 i A
Rl Qe R AR, 3P 4R BE AT
(3-methyl-4-nitrocatechol, 3M4NC)F14-F J-5-fi 3£ 4R
2K 9 (4-methyl-5-nitrocatechol, 4MSNC)FJ ] &
K 5 4-l§ 3 ZE Wy (4-nitrophenol, 4NP)Z5 ) H 8] K
BRAEAF, ERBEEAINOY KT, BHA TS
IR Ss TT A e = R NP = IV BT E 3 [
HIEE TR, I A2 B TR H (BMANC+4MSNC)/
ANPIRFELUARIE, 3R B AE X8 B K T-30% I i AH & 1%
X i 2 05 FF AL & P (nitro  aromatic compounds,
NACs) g Tk 85 (LS F0. 13 in#0.75)"". NPsifk 2
IIHOIE 2 S, 7 I M X NPsk B 78 pg/m’~ng/m’ 6 [ 4,
J6T7 I IR A ZE R I ZR I 5 BAT W R (2 2
AL TR E A TN, SBRHRBCER E (RLFENO,
RIS R RIHER) 5 K AR A R £ 2

e 73 HE IO P 5 R B SR NP 4 TR ) 5 E
PR T Zu T B s IERE R A, Orbitrap 5
HIRTHERA X 7P NPs[F) 73 s f 4, nAe s B alr, 4R
PR Iy S 7= A TR PR R A 4 ) LR ) S A 4R (CH N O ) B
ARV, AT T 1R R 3, i e S € - DU AR -
K AT 18] 5T 1% (ultra-performance liquid chromatography-
quadrupole-time-of-flight mass spectrometry, UPLC-
QTof-MS), &&= h 2= 2 e WU A AR B (hollow
fiber liquid-phase microextraction, HF-LPME)#i A, il
SE T N RN R R A5 o ¥2,4-/2,5-/2,6- —FF 5 K )
(dinitrophenols, DNPs) I3 &, {e HLIH-725 i 25 1 [ml Jg

R 1% (Fourier transform ion cyclotron resonance

mass spectrometry, FT-ICR MS)%5 & HiIFi 5 Hi, &5 (elec-
trospray ionization, ESI-) R S 3 kg 5 (<1 ppm) 731
BEIE, WFEEF K S AR ik BB T R ORI A DL TR
Bie, BAEMEEERS, & BTA R 2] CHNO 2 1 1)
98%!"). 7RI T, Salvatierra-stamp%§ AT
KT — PR - S (liquid - chromatography-
triple quadrupole-mass spectrometry, LC-QQQ-MS)J7
%, JEiE 2 NI (multiple  reaction monitoring,
MRM)E &40 AT 1 7KK H R 2 4- 18 58 2K 15 76 3 B %
HHY). BUE BRI 2SI 5 8 e sdE o i T B
(WA PE 22 )6, Ha 1 B R SRR NP SR 5] [
ENEN L 35Tt ol

BN B SR RNPSIEAE B M £ . @
Ik HA S i 5L DU 4 (methy ] thiazolyl tetrazolium, MTT)
Rl A B, FF N IE 5 SCRUE R A (BEAS-2B)Ab #
24 WG, 2-THEOR Y . 3T ORIy F4- T oKy 1) 1 3
IR BE(1Cs0) 73 5149255 1187189 ng mL™'M™; FilFf
P b A2 4 5 B By AIDNP ) 25 1 BEAT VAL, &I
2,5-DNPEEMEsR 8, 1T 24 SipH M6 ZISHS, DNP &4
BRAK— el 1 B ML g R th
T 5B RS AR, A4 I8 A AL )i 2%
PEAE AR Y, (HERER RIS T RE R B S S
IRZNR. I8 IS 7K R G0 B A AL - FE A 2
Fa Ty IT5 R M2 JE, A-TH R QAR M eHEAIAR & 152
Wi KT A R IE I BRI AT, Bhabh, BFAES At
HAF AR IS FBE . B 45 218 (highest oc-
cupied molecular orbital, HOMO)#E = A A% A 57T
HIE (lowest unoccupied molecular orbital, LUMO)&E &
AL T RH L 05 R AN L AL S DI ZE R T TR R R, K
BLAR AL A3 B 7 O 4 5 K. R FINPst
VAL BN AT AT F], 4-A5 LK) il 75 2
KBRS AUZ R FE2AH K Bl F-2(nuclear factor erythroid
2-related factor 2, Nrf2)Fu A0 I8 B & A= 7E 40 o 7
T2 KR T AL A Y (EIENPs )k A G52k h
3% T 4 (mitochondrial reactive oxygen species,
mtROS)BUER, ZRLARTIREFET, A5 40 T
AR AR P DL b 2 T i — W R 25 1K
S HALHIRE 7T, H SRS NPs & 5 HAth 5 444
PR AR, M3-= 5 B4R ORI A12,5- -
A-THSFE KA I 2R G IR A I, X o (%) B 4 AR FH R I
H 8 1 IR e RS2 OR TR sE) 2%, kg, cu®
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TPl GRS T e 7 R I 1) KOO W i R I R B W B AR 1) s 2 5 R 1k VA

ENPs —JuiR & E &R TR KL, NPsfb2i45
ADS I NS S CE A TR IRE AN 2 Ly AN ]
R RCu™ 2By <Cu®/ 1) Bl 2 2 Wy <Cu /4T T 5 5y
<Cu”/ MR, X R E A 5 AR BT KU
Pl MR T

A X5 KA TR ) F NP R I 43 Hf A7 AE i [R] 43
PERAR (L GEIE IR AR B H N 12~24 hyR i A, e DAFH
HENPs 1B R B ST B AR RS ) 2 AT 24K
MBI, 5 SBUE K IENPsIR e, B 2R
R — AR, KA SERR SR iR A
POy OFE ) TN RS R EI XX AT FEA L,
AW UK B 5 8 KSR A E 28 RFE ST AR EE R 4t
SEHL = /NEF I [E] 23 B R, 45/ UPLC-QTof-MSAILC-
QQQ-MSHLHFIA, 8 ik |48 v i 2 FHE ) o2 12, 5
iz F A+ H0R55) &-8(cell counting kit-8, CCK-8)ik
K 10Fh L5 HA% . 25 AN AL IANPs AL S0 FE 5 4
JHO B PR BB )25 4k, R IR 4RI T NPsH IR B - 25 44 -
M- RS 1B A ORI, V-G T 2 A E I sh AR KX
HIRzh KR %,

2 RN

AHI TR FH A 28 R - T 7 AT - B 1 1 - XU
PEAS IR FERELE, X K SPM, s NP & 1 4k 2245
fiE. FREARACAME R XS AT 25 A VPAh . BFE Je il
I E LRSI IR IR AR FE L R RS KR PM, s [ 4R
G ERAERL, 3R K I UPLC-QTof-MS AR #E [ i 2

Impactor

Denuder '?i?:.
—Q

ALC-QQQ-MSHE [ & S B HIAR, X 10FINPsiZEAT 1
et EmE; 7oub3Eat Fid T CCK-8yk & NPs4H A
1, 454 Chou-Talalaylk & 18 BEM o FRB 115
i A B EAE ML, 2RI CART YRR G5
RZEE RIS E AR E S, BEWIESHS 5 H A,
ST HE T WL AR 2 ) SR NP5 Je b fd e XU RS T,
P S 1R T NP AL 2R AE - S 5 S 50- 55 PR e 87 1) 22 2
PRV AS R .

2.0 FEECRAME S HTALEE

LRSI R G TR, 28R
Ji Tk FE U 45 & Gi(versatile aerosol concentration enrich-
ment system, VACES)FIHRIE B 75 I 45 2 B (OE ) f H
(EI1). VACESTEZ M4 2 IR S 1) TAE i B K 4 Rl
BRI W Shang s A 7e 5% ki, ISR
JE I VOCsii B2 #%(Magee Scientific, 3456), Ja4id k
AR SRR 2SS ) EAR2.5 pm A LU R
WURL. RS0 £ M-S WA AR EZ 10, DO
FFIEEPM, UK B I 1Of5 BB IR 4 RO, 10 S bRk BE 1
WRAEEECT I NS.05F5 . kgt RE & ik v -4
R Ay ik, KR 4E fa I PM, 55 ANZEHUM(SKC,
225-9595), H PN 5E B 5E FvE AR K R 2R
(dimethylacetamide, DMA)F WLV, (A& 1EFEAT i
AR, AHCHZ0.22 pmid JEIE L R A 5y, mAAE
B4 W45 1% (LabTech, Flex-MVP)H —RIKAE 2 +7r 2
— VAR, A S S0 07V R R O s,
PM, SKAERTE] H 202447 HSH &8 H2H, KAFEAIE

] ex

Decision Tree

L)

Microplate reader

Filter

B 1 (MZhi#%E) VACES-OE-MS-Toxicity £ £ It R 4i R i K
Figure 1 (Color online) Schematic diagram of the VACES-OE-MS-Toxicity online coupling system.
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3 h, FLRAF1520PM, 1 i, S 18] = ild e T o e AL 3R
N R X E FE g SRR AE, A AT NPsH kA
EE[SO].

2.2 EaPUR RSB
2.2.1 UPLC-QTof-MS 3 ¥ ff] 52 4 247

A5 K FHUPLC-QTof-MSHE I 4 R (2216
6545 BN FEAT AR 7 A3 AT (B ). BES (1 mLYImA &
1000 pg/LIAR P FRY)(4-fiF 2K ) -d4) 1100 pl H BE
T T AT ISR FH L 55 £ B TR, SR E O
HLE4.0 KV, BRI E350°C. FALIE 1160 psiv %
fE L E 100 V. #5936 L/min. i & 1475
40~800 m/z(CREEH F 11 B/#p), M8 & RS+
112.9856 m/z[1) & AL IE AT LA HE, 23 B RT3k
AT 1K B TR (R B 25 <2 ppm). (i 43 B9 K Al
C18#(2.1 mm*50 mm, 1.8 um, Z4HEEEclipse Plus),
FEIR40°C, FANFH 97K (AFR)FT I BE(BAH), 96 52 e Bt
N W46 1% BAHAREES.7 min; 15.2 min T+ £ 54%3F
4EFF1 min; 7.5 minN FF £90% )5 F1#70.2 min; 1.8 min
P BB 1%. $¥EZ4Mass Hunter 1008015 %4, seiid
FEHEAT 25 AN, & LLS ppmf B & LB ShaEY
JT (40 =98 %) 1) B IR [) FHVRSAIE 25 1 Lb X S B HE

s

222 LC-QQQ-MSH# [ & & 4 #r

K 2 HEAS WU (1 1%-G6475 £ 51 = B DU AT 5 1%
I56 FHASC (B ST A7 25 458 30 %o Al 28 2K By 8 Ak B Wik A7 2
P S (B, B %1k FHZORBAX Eclipse Plus
C18( i 4E(2.1 mm=100 mm, 1.8 pm), 46 IR B & A
40°C, WhnRH4-iE5E2K13-2,3,5,6-d4, #EEA10 ppb,
LB 7K (ARE ) R FR (B A PR 66 2 0 B0 Ak R 04T 0
0.4 mL/min. BEMFEF N: W4H10% BAHORFF
0.5 min; 0.5~1 minyF+%E15%; 1~4 minF+2E60%;
4~9 minN T+ E£80%; 9~10 minHN FI E100% 4k £F
5 min; 15~16 minp4 F#[FI10%. RAMRMEB AT 2
B3 B (1 4- A 25 2R By B W 5T A B (m/z) 138 — 92 F1
138— 1085 T-Xf). FVEWAES/RTE His A R
IFHIZEPE(RT > 0.999). B A4S i FR(0.001 ng/mL) A7
FFEARAE R AR BN R (81%~106%). _EiR /3 HT R 10
NIRRTy N P HE| RSB S AL/ R S TEE S ug el N
(4-nitroguaiacol, 4NG, m/z = 168.0302). 2,6- _fiHdE-4-

FH 2L 2R W3 (2,6-dinitro-4-methylphenol, 26DN4MP,
197.0204). 5-7ij#E-2- 1 B K1) (5-nitro-2-methylphenol,
5N2MP, 152.0353). 2,4- fit§3E-1-Z5M%)(2,4-dinitro-1-
naphthol, 24DNIN, 233.0204). 4NP(138.0197). 5-fi§
FIK ¥ (5-nitrosalicylic, SNSA, 182.0095). 4-fifj 3 [a]
F %y (4-nitro-m-cresol, 4NmC, 152.0353). 2,6-— FiJ&-
4-TE HE 2K By (2,6-dimethyl-4-nitrophenol, 26DM4NP,
166.051) 4-F2F:-4'-fiEL I (4-hydroxy-4'-nitrobiphenyl,
4HANBP, 214.051). 4-fif2&-1-Z5 %) (4-nitro- 1-naphthol,
4AN1N, 188.0353)LA f&5-fiF L] Wk (5-nitroindole, 5SNI,
161.0357), XJHFTEMEES . DL EHEIRB L
AW B ZEAE 81%~106% 0 4.

2.3 CCK-8#1:scsy

Y G SRS (CCK-81%) & BEAS-2B LA B FLEY
1 10™ 40 L 1) 35 B 4 R T-96 LA, 4 FLINA100 L 5%
SERIRIE FE37°C. 5% CO,1F N 59524 h. R4
WEE S, 43 M [ R BE I R AL & P (R AR 13234
S0, IRERSE LR N0~800 uM)ALHE24~72 h. AR
W AN 1 7 3 1) 25 %o FR LRI A A B 400 A ) B A s
FEAH. fERR /MR 18] £, B FLINAN10 pL CCK-8i5f
(HAFA AL, kS0 52 h(R 7 I A i F5 S 50
5E). ff I EE AR (BioTek, 3 [F)7E450 nmik K Ab Il 1
A, 7ESigmaPlotH, AT @i Hill s 2040l & 7 FESE I
- RN it 24U A AT BT HE

24 FPEHRITH

AW FCR A EAL L S5 G001, 8 LR SR AT
AR ISR -TE TS R B ek T SMILES4wfid it
HSH I THIB R T FE. RiEx
AR, IS E MR ), EHEMRIE; BE
FHICsofH 4 —1g(1C o) PEFE AR, 1 1S Pairwise Com-
parison(FCXT R4, o = 0.05) 11 5H 51 2 7 M IR FFAH
WS e E R R RRIR BN R R 2 7 2L
SEIR, R EERBIIE PR R T ) SRR

ETRIEF@.5.0), KFFRES T EAEEHEEGE
R, W NEERE T B B R 2. §eSA
6 Rl KWy 1k & I (4HANBP, 5N2MP, 24DNIN,
4ANIN, 4NmCFI4NP)IICs, B M HE 3F HE 4T $ 15
Ve ShrUELL AL EE. 00 B V2R H 2403t i Chou-
Talalay B & 18 802 € CUE: X THE—HE(T+T,),
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TPl GRS T e 7 R I 1) KOO W i R I R B W B AR 1) s 2 5 R 1k VA

T I 7R RS AR S T B SR R AR, R A
HCI = (D/Dsy)/(D,/Ds,) T H B EHEEL, HADAID,
A R X% BN 5 20 5 A A&, Do
Do, B2 5318 B S0% RSN R . Tk, ARHE ST
Bk M EAE R =25 HCL < 1P EE
F(A5SN2MP+4NmCZ 4 CI = 0.87), 24CI > 1 A5
F FH (In4HANBP+4NPZL A CI = 4.04), CI ~ 115 AN
£ (W24DNIN+H4NINAACL = 0.99). il i #2145
BV Toomp = V(UTAU/T)CUHAT R ATV, W
RAEET BV DR R IBURA R LT = YwiCd Y wia
(B E & Hw, & Bootstrap H KL 2 40.7~1.0, JEJ5 2L
PR Fo = 1.05)SEIL R 7 B R MIR IR, T A SR
HE3IK, St oW SR iZ i ENCR L £)92.4%~
106.8%, RSD < 5%, A5 CTiE ML f Pl 52 22 e A%
GuREA%18.7%, Ik XA Tk B AR AT RO SRR RV Ak
PIALE M L R G 5 3T T A EE VRV A R v A 1k

2.5 PRSI

AT 5T R FH 38 U 53 X B (CART B8 M L3
B, CAERRPEE. 53faE. SARESHANREH
FIENAZ R, BEERRIsk Level, 77 MK .
1 = O)ME NI AR &, il A2 (Gini impurity){E
N R bR HE, SR 1037 28 SUISHIE i 8 B AR R P,
IFBCE /NI R BN AR & 1) 5% (8 F rpart £
V4. 1.235230). KUBSHE 2 v B4R 2 0 59 s PR AR S
B 53 AT EEBIEAT, 0 22 5 2 1 AR A A 20% 8
G309 v WS SRy, RIS 1757 s R SR A T R 1y
PR N20%.

2.6 HAh BRI

TR EZ B (EFEPM, 5, PM,,, SO,, NO,, CO, O,
WED) SR A RGP AR FE A R s K 4R E
i DUEE D 2 L B S M ™.

3 RAENUR SRR TR 5 5 € &2
3.0 FHELIRER MR I RIS RAE
JHITUPLC-QTof-MSHE#E A1 i £, FE2(a)K FH BT

1) https://quotsoft.net/air.
2) https://rp5.ru.
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F-GtEE A BRER T A Fm/zX 6 15 FRAE 5 A
NMAGNE . B ER, CHNOZAL AW L4 Bim/ 238
KTk, Hm/zX (150~500)F1 Eim/zIX (>500) & b
P 50%, HAm/zX FOH 5 F 5 10 TR RS
NEECHNOE D THSE, W seil i & R 1 HL(H/C)
SRR T E(O/C) /i — 4k A I (E2(b)), HiLE
YRI5 DU ANSAE X Sk WA, ANHLRT . e R AT
T 35 B, 5w A T A5 TR BB X (H/C:
0~1.0; O/C: 0~0.5), X —pANRHIES H a5 iRt B
Wid: LRtk R S HEE o>, B A E R E
FREE . THEMX TR RE 2 & AR, Fko/CHF
T A FFE AR K (2 $1<0.5). T Fik4r24, E2(c)
BB T 05 & LA Y CHNOZE ffim/z-Kendrick
Jii BB [ (Kendrick mass defect, KMD) 7> fidFfE. 45 5
SR, ERNAYEM/ - KMD R A i), HAERR
JE i LL B DTk A 5 (>30%). AKMD/Am/z &} 5y
AT (E2(d)) B, HIRE A %(—0.8835) 7% /ENPAY
HEFEREN(—0.9~—1.2) i, (HERPRHEZ(2.531)FK 1A
A AT BEATAEA B R AR (SB/ 8]/ X AINPs) . 2 R 5L 2K
IR CE S5y e T LB URE A v AR (= 2 S Y= R}
557 B2 5% I FENPs L S W R BI85 S 408 5
Eb). BhAb, 383 Comptox 4 e 1 VT IE LA K B fie 1 11 73
DURD = A 45 16 1 I BT (5 & 1% 22 /h-F-0.03 - Da), Sk &
WIAT 2k, D IS SRR L B RE K 05 ik
B4y K G045 R W ES1(Rh e ARD. NG IR
AR, IR HUMAPR4E T AL(E2(e)), TEMTE
BT AFE T ALY VR BRE. &S
YIAEUMAPZ [7] 52 J 6 R X F% 43 A (UMAP2: 0~10;
UMAP1L: IEFXTFR), MAGTGE T UMAP U ) IR
I3 A FHEIENPs AL A ) G bR i £), Rl i i i o #r
P PR E IR

3.2 FHFEIRTR AY B 1R S AS AL AT

BT LC-QQQ-MSXT iR 105 £EANPstt. & 433t
1Tt 5 m i, IESE T NPstb &P R iR ). Ak
THIE R AP 5S-G W A S I8, AVERHE. A
25 1 B RNPs AL &0 5 FE90.02~6.46 ng/m”,
55 SCHR AR E B3 T RS BURL A TN PR B KT — 5K
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(a) (b)
2.5
— 150 < m/z < 500
3 2500000 AX Q5 ol N Saturated .. ..
s 5
= g %1 5leoo. Unsaturated .
= s o1
£ 5000000 t m i [ Highly unsaturated
= » b 210
= s Ml Ty
= /z <4150 o5 z ........
2500000, AW ' i o
© y i lll 1 05 Aromatic ;
- } ﬁm '
IS ﬁt&l\'rt&;ﬁw 0.0
200 400 800 0.0 0.5 ! 1.0_ 1:9
m/z (Da) O/C Atomic Ratio
(e) Peak Height (sqrt)
20| ® 250
® 500
(©) d e
C ‘
100 1500 ]
] 10
- o e
Bos 3 o ¥
1 [
a 5.1000 ¢ £ of * £
2 ] % & %
< 050 S N <
* g ) 5
2 w [+ -10
o 500 (=4
5025 %
NG
= 20
0.00 0 2
200 400 600 800 -10 -5 0 5 10 20 -10 0 10 20
m/z Slope (AKMD/Am/z) UMAP Dimension 1

B 2 AHIEEEY AR D) SRR, (a) ANFEIm/ZIE (<150, 150 < m/z < 500, >500) P B 50 T4 AE 0 AR s 1, AR &0 dHAE R

[ m/ziG I & EER TR (b) H/IC S O/CHIZE I — 40 A 5 (o) 7 IR &N 73 4 T m/z 5 KMD R IR ], o ERTE
i PEEUE R R R5% 1 73 ELBL EIBUE;: (d) AKMD/Am/z4 5341 BT B R A R AL S VI X T RRTE; (e) UMAPREZE i B,
HoAbRic 1 B ARSI L A Im/z49168.0302. 197.0204, 152.0353. 233.0204. 138.0197. 182.0095. 166.051. 214.051.
188.0353

Figure 2 Identification and cluster analysis of nitrophenols. (a) Scatter plot of molecular feature distributions across different m/z ranges (<150,
150 < m/z < 500, >500) along with doughnut charts showing the percentage distribution of each group within these m/z ranges; (b) two-dimensional
plot constructed using H/C and O/C atomic ratios; (c) scatter plot of m/z versus KMD for aromatic compounds under different groupings, among them,
the circular proportion value only shows the value above 5% percentage; (d) histogram of AKMD/Am/z slope distribution with labeled regions
corresponding to nitrophenol compounds; (¢) UMAP dimensionality reduction plot highlighting target nitrophenol compounds with m/z values of
168.0302, 197.0204, 152.0353, 233.0204, 138.0197, 182.0095, 166.051, 214.051, and 188.0353.

HANPIK S e 5 (6.46 ng/m’), FYangZ NPILZEN KANPs 515 el B /R 2 500 B 00 R B AT
B Hby X U AE((9.72+8.94) ng/m’)MiE; 4NPL (FES2.1). Ml 7T R IINPs I e AL i 72 2 B AH BB B
26DN4MP(1.03 ng/m’ )M/ B REECI R B R BH(20:00~5:00) 3 F & Bl YRHIK
FIFE 22 NV A 2.3~7 245, XAThe SR RAE D YR E L 06 (8:00~11:00) 3 i,
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Table 1 Descriptive statistics of variables during the observation period
e MIME WS CiR A AL PG PR dE R 25 PRiE IR 2

I Temp °C 152 32.5 3.4 0.28
AR SH W RH % 152 68.03 14.39 1.17
R ws m/s 152 2.83 1.07 0.09
HHARL ) PM,, pg/m’ 152 32.14 11.47 0.93
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—E AR co mg/m’ 152 0.55 0.09 0.01
AR S0, pg/m’ 152 7.25 0.92 0.07
S 0, pg/m’ 152 85.98 55.23 4.48
VIEES kel N} ANG ng/m’ 152 0.1 0.07 0.01
2,6-fiiFE-4-FFREFE)  26DN4MP ng/m’ 152 1.03 1.22 0.1

RRTEE- SIS 5NI ng/m’ 152 0.04 0.03 0
S-Fil3E-2- F SR Y 5N2MP ng/m’ 152 3.89 3.06 0.25

2,4- B HE-1-25 1) 24DNIN ng/m’ 152 0.03 0.02 0
THHERI LAY 4-THFHE R Ty 4NP ng/m’ 152 6.46 3.18 0.26
S-fE KR 5NSA ng/m’ 152 0.38 0.16 0.01
A-FiF L ) F 4NmC ng/m’ 152 3.05 1.87 0.15
2,6- HEE-A-RHORT  26DMANP ng/m’ 152 0.43 0.3 0.02

43 FE- AR FE R 4H4NBP ng/m’ 152 0.04 0.03 0

4-fiHFE-1- 25T ANIN ng/m’ 152 0.02 0.02 0
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Figure 3 (Color online) Comparison of ICs, values among nitrophenol compounds with different molecular structures. Error bar settings:

IC5y+0.11Csp.
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Figure 4 Chord diagram of temporal correlations in nitrophenol cytotoxicity. (a) The connecting lines represent correlations between nitrophenol
cytotoxicities, with black lines indicating correlations in the top 20% absolute values, and sector widths showing the normalized contribution of each
cytotoxicity to total toxicity; (b) highlighted correlations show relationships between key nitrophenol cytotoxicities and meteorological/conventional
pollution factors, with blue lines indicating negative correlations and red lines positive correlations.
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Figure 5 Comparative analysis of toxicity variations in nitrophenol compounds exhibiting top 20% correlation before and after combined toxicity
exposure. (a) Mean comparison of nitrophenol compound toxicity (top 20% correlated) and total toxicity before/after combined toxicity during the
entire observation period, with error bars representing standard deviation; (b) stacked diurnal variation plot of concentrations for nitrophenol
compounds with top 20% correlations; (c) stacked diurnal variation plot of toxicity for nitrophenol compounds with top 20% correlations before
combined toxicity; (d) stacked diurnal variation plot of toxicity for nitrophenol compounds with top 20% correlations after combined toxicity.
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Non-targeted screening and toxicity assessment of nitrophenols in
atmospheric particulate matter using high-resolution mass spectro-
metry
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HAN Sheng' & CHEN JianMin’
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Nitrophenols (NPs), as key toxic components in atmospheric fine particulate matter, exhibit poorly understood coupling mechanisms
between environmental behaviors and toxicological risks. This study established an integrated research framework from molecular
identification to toxicity assessment, combining high-time-resolution online sampling systems with high-resolution mass
spectrometry (both non-targeted and targeted analyses) and computational toxicology approaches. Non-targeted spectrometry
analysis of Shanghai PM, s during summer 2023 revealed that NPs accounted for 25% of aromatic compounds, with quantified
concentrations of 10 NPs ranging from 0.02 to 6.46 ng/m3. Monocyclic NPs showed 1-2 orders of magnitude higher abundance than
polycyclic/heterocyclic derivatives. Time-series analysis demonstrated significant clustering patterns among NPs, where outlier NP
pairs (e.g., 4H4ANBP/4ANP) exhibited distinct structure-activity relationships: m-conjugation effects, nitro-substitution, and
hydrophobic moieties collectively regulated cellular toxicity (ICsy). Notably, these structure-activity-governed NP pairs displayed
dynamic environmental responsiveness (to NO, concentration and relative humidity) primarily driven by dose-response effect. The
composite toxicity analysis demonstrated more than 50% reduction in combined toxicity compared to individual components, with
high-concentration species (e.g., 4NP, 4NmC) substantially attenuating toxic contributions from low-concentration structural analogs
(4H4NBP, SN2MP). However, when structural differences reached critical thresholds (e.g., SN2MP exhibiting one order of magnitude
lower toxicity threshold than 4NmC), molecular characteristics overrode concentration effects as the dominant risk factor. The
established dose-structure-toxicity-risk evaluation framework provides a novel methodological system for health risk assessment of
atmospheric nitrophenols.

high-resolution mass spectrometry, atmospheric particulate matter, nitrophenolic compounds, non-targeted
screening, toxicity assessment
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