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Abstract

This study systematically assessed the pollution characteristics, environmental effects, and health
risks of atmospheric VOCs in a typical industrial park in Xinjiang. The results show that the annual
average concentration of TVOCs was (103.6 + 92.6) ng/m3, with the highestlevels in summer. OVOCs
were the dominant components throughout the year (accounting for 43.5%). The annual average
OFP of VOCs was 3.81 pg/m3, with propylene and acetone being the major contributing species; the
annual average SOAFP was 0.056 ng/ms3, with benzene and toluene contributing up to 81.0%. Ben-
zene, toluene, and n-hexane were identified as key precursors for the coordinated control of O3 and
PM:zs. Health risk assessment indicated a low non-carcinogenic risk from VOCs, but potential car-
cinogenic risks were identified for species such as naphthalene and benzene, which should be pri-
oritized for control. This research provides a scientific basis for the coordinated control of VOCs and
targeted management of key species in industrial parks.
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1. 518

Y KM W14 (Volatile Organic Compounds, VOCS), J& 4578 % 5 5N 25 5 4% K 1A MUK 22 5 )
FR[L]o AE KA AR — S B RRESTT R, AU N B A BB, 17 LA S 5L (Os) Fl
TIRA WL IR (Secondary Organic Aerosols, SOA) ) 5 ZRi4AY, XIS A M5 Y B AT B B 5t
BR[2]-[4] B3 E Ak AL S BERE itk Tk IR o A VOCSs HERU EZRE > —, 35Tk
8 HTTHR S IA 46% [5]. JLHRTE Tl X, JEIECNEF, VOCs MHRRE R Aok, X
KAIR BTN 100 i B A A T E b [4] [6] [7]. ST ik, &A1 2R T s, K=M. 5=
FARELEUE RIS X [ TS VOCs 15 JAFAE  SRIFARHT S PR 55 0 FE A 72 [8]-[10] - SR, % T~ PE M X,
oL I TR T R RS A N B Tk [E X VOCs 15 Yt Fe AT 55 . HrasiE N “ 2902 i
Syt IO X, R T AR A IR, G AL . 5 B T A X ) Tl el X
FUBCAN K, RKAST5 Je vl it b 2 I, G SR ARG RS f kA, TS 2 R AH OG I VOCs
T YT 9T 2 OCE BE[4] [11] [12]. HEAHDCHEFE R, TokIE X (1) VOCs 20 A B A B & AT AR AE A 21 AR
Rt . Bt A6 TR X DA E3E R B HI(OVOCS) Mk 3, A Ak hel X B4R . e i 55 & 42
P VOCs 1 SLAEAE B 45 (OFP) Rl VA BIL/AU I I A2 s 35 (SOARP) DK 47 i ik PR AN R 858 2 A 22 57
MANF[13]-[16]. MEAh, TolkFE X VOCSs X A A {5 i Al So A 8o ) 7w, R R EGER, 1,3-T
T EARSEYIR[LT]-[19]. Rk, AT DA 3R R R Tk R XA T R, BT 2024 FRE A
K VOCs WillHdE, RS HIR K HSARHE. R RS SOA s %, 1TA5H
XFIREE 2 ST B I AR R T FERZ A, LADNZIX 38 VOCs 5 5L 4 W R 45 ) Jo N T (g BR AR 3 $2 (1L Rl 2
A -
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2. 5 HZE
2.1. HREEHASKERGIR

AT 15 R A 7 e B A IR T A SR b e [X A D T B o 20l DXL T3 S XU R
[, RE TAHOERMT, B BT B2 o alk, 52 fmZ ML T3 . e DX AL py fii
TRPETEARK, XFAEK, EFERATR, RAOURERELIRFMNIENERLE, WY
PO S A B EEE

FERTFE DN, AR A 7 AR T XUR R el X D e X, 3Rk #% 7 Zdill, A 7 10 3AkE
FAECREE AL DUHATH Sl X VOCs B A5 Jerk T K 2% 18] 43 A R o

2.2. MM E] S¥AERIR

WO E] Ry 2024 4= 3 H % 2025 4 2 A, #EH#HEAEGB~5 H). B (6~8 A). #K(9~11 H). %(12~2 A)IY
AN R 3.2 THIUKS 25 B BEAT ENTECH B0 RAF 2R G 77 2R, B s 04 ORI (8] 24 /N, SR
FESZ N 0~3 Ik, At 24 . HIRBHERFES 225 4, b 7ASE 4 Blilld. 2 MidE. 9 fos &
Fe. 36 Pl fUE. 10 Flt OVOCs (& BE ) [ L E5AE N 1) 65 B VOCs .

2.3. VOCs A #7735 5 BT HsTE

VOCs Ff it AT IRIRIR AR 5, #E N2 AR SAH IS - BUEECHI(GC-MS, 24, 7890B-5977A)%)
WMo SAMTITIES IR (RS2SR RN R E HERFEI AR (3l - BHEE) (HI 759-2023) [20]. KA
BT, 8 ZGE R PAMS H1 TO-15 ARl % GC-MS R8T % AR (2, 5, 10, 15, 20, 40 ppbv), Frf
H bRt & W0 R A B 284 5 REUR) K T4 T 0.990. FE{LVRE S 20 HT AT, A8 ] 20 ppbv AR AR HEAT 5
PEREUE Y573 JE 43 BT AR HR A5 2L 2 VR P 5 FE VM 1 i 22 7 +30% LA P 1) 5 48 2R« BL3% 25 L FE il (R 41 UK)
(ARSI &6 RIS T 7B PR . RS R B FUR S 2 N TRt AR P S R HE R 1

OVOCs K H 75 HERAFEN € K7 ERA — € B RBRTE . OVOCs 18 B A BORR M HAL B RN
TR, 5y R BERE AR N B B S P LA 22 P R R A ROBE o A B TR R B 58 R B 75 5% VOCs, OVOCs
TEGE T AP AR e IR 22« JRHRAR /WS, AT RETERLIN [A] P HH 0B 2 VR R 1%, S80I e 451
ffi. HridFEd, OVOCs Ml FrER: A iHE & 20 ppbv, I E T [ 7E 82.7%~109%.

2.4. OFP, SOAFP it+E 753k
R BB (OFP) R A f KM & I MEPEIE(MIR)HHE[21], AU R
OFP, =VOCs, x MIR, (1)
X, OFP AMIF I i R A A I H (ugm®); VOCs, AWM VOCs ki IR (ng/m®); MIR, A
K e MiEYE R B, HUE SR Carter BEHTH) MIR #3JV[22] .
TR UV I 0 H (SOAFP) SR FI VA Ik AR B R B0 (FAC) [23] [2414i5E, AT
SOAFP, =VOC,, x FAC, . )
VOCs, =VOCs;o x (1~ Fyoer ) ©)
X, SOAFP AWIFP i 1 A WL A e 35 (ng/m®);s VOCs,, AWIF! i IRT46 R (ng/m®); FAC, N

Yokd i AR SOA MR E(%): VOCS, DM I ISR FE (ng/m®):  Foe YIFIT 25 ORI ot K BE
BHrt(%). HA, FAC, IR, MHUE, 21 Grosjean 25 K J& S0 SCHIE 7t 1) 5256 24 [23]-[25] -

DOI: 10.12677/aep.2026.162013 116 N RI R Y


https://doi.org/10.12677/aep.2026.162013

LHF &%

25 BRNEHEEE(HIL. LCR)

RS EPA HEFE IR N 3 A% fel e XS A A 204 [26] o A BS08 ARG A B0 KU, 7353 Y& 5 4 2 (H1)
A 350 AU (LCR) VRN [26] -
_Cuoes XETXEFXED 1

HI X — (@)
365x AT, , x24 Rfc
LCR:CVOCSXETXEFXEDX”JR 5)
365x AT, x24

K, Coocs NIFP R E (ng/m®);s ET KZREEIR], HUE 8 h-d-1 [27]; EF NERERAZE, HUE N 260
d-a-1[28]; ED AN#EEEFFEENK, HUE A 30a[28]; AT, A1 AT, NAEEUE/EH ME0E 7E A e, BUE
3N 25a M 70 a[29]; Rfc NS HIKRE (ug/md); IUR AL KK (ng/m3). Herr, Rfc Al IUR HEX
{E >R 22 [E EPA 12 %1{H[30] [31]-

2 HI> 1A AR IESUE KRS : 24 LCR > 1 x 1078 I\ g FEAE T 7E B0 KUK .

3. &R5118
3.1. VOCs REKFSFHTIFE
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Figure 1. Trend chart of daily average concentration of TVOCs in ambient air of an industrial park in a city of Xinjiang
production and construction corps in 2024

1.2024 FEFHEEARET LTI ERXFERE S Fh TVOCs BEERELT LB E

H 1 1 Rrn, fE 2024 AEFOMLINATE], Tl X RS St TVOCs MK B 4(103.6 + 92.6) pug/m?,
WRIEVEHTE 2.3~846.4 pg/m® 2 i), TVOCs k& R B M ER, RIN: HZE(179.3 £ 112.4 pg/m®) >
FZ(111.9 + 58.9 pg/md®) > KZE(54.2 + 3.6 pg/m?) > XZE(27.2 + 7.2 pg/m®)iX Al RS IR 1 SHHE R RN .
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filtn, HEEmR O T R W RIREH SR 5B RS, ORI E I BRI B
N2 KRR Z, HEBOE IR E s MERERE. HBIRIS MR, 492, VOCs MR A &L
), HERCIE SR KRS, BRI R ERAK T & 2~ 5 2Bl fEaR 7 ol b X RECB I, LR
MR X 5 TVOCs (156 R. BB 2 a1 %0, Z TokfE X PP AL RO . 18] 3 R T TVOCs ik 5
T PR AL R (r=0.62, P =0.0013). 4] 4 7R TVOCs ik 5 X RS LHLEM XX R, HA
2% (r=0.23,P=0.287). [4] 5 /R TVOCs ¥ E 5 XN R I A AHRER, (HA R (r=-0.40, P =0.053).
SRS BRAE T R, TVkFEIX TVOCs W S I 0% (25T 2 72 R S 3 S i85 R AL
o BA A BT B, K12 Tl el X, p i B 42 ) P HE S AR A P R L KA Bk B A R I R 2R

Figure 2. Wind rose diagram of an industrial park in a City of Xinjiang production and construction corps in 2024
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Figure 3. Correlation analysis between daily average TVOCs concentration and daily average temperature in an industrial
park of a city of Xinjiang production and construction corps in 2024
3. 2024 FEFHBERAE S T EXH B FH TVOCs iRE S BFIREMEX S
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Figure 4. Correlation analysis between daily average TVOCs concentration and daily average wind speed in

an industrial park of a city of Xinjiang production and construction corps in 2024
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Figure 5. Correlation analysis between daily average TVOCs concentration and daily average relative humidity in an

industrial park of a city of Xinjiang production and construction corps in 2024
[ 5. 2024 FFE B RAR T T EXA HF TVOCs iKE S B EHHEINEERE X S
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Figure 6. Trend chart of average TVOCs concentration and composition changes in ambient air across
different seasons in an industrial park of a city of Xinjiang production and construction corps in 2024
& 6. 2024 FEHBRAX T U EXTRFEHIMEZ S H TVOCs FIRE KB ST LESE

I 6 mIa, MK E, OVOCs &a i FEMA S, T3 ik 43.5%, HChHAE
(13.5%) 75 7 )& (13.0%) « S5t 2 (7.6%) Rl 22.(3.7%) « Z= 11 484K |-, OVOCs AN A ZETT i LI # =1, B (59.4%)
K (50.3%) P =B i 1= TR (31.8%) . 4(32.6%)F 11 Fifet(9.1%) H(9.0%). 4(11.3%)ZF 15 i by
KGR R (11.1%); 75 &R A KCRIITER(17.0%) FK(17.9%). %(13.0%) =5 5 b m. Ak
S HTR W, OVOCs /2%t [X VOCs 15 Y E A 5y . HAEZMZ, OVOCs HA R Z4IRIFEE, BE
AISRVE T NGB 0 — R EEEHE, WA KA ek 1k 05 & RS a5 A ) B

5 H A TV FE X AR EG (% 1), ZTk[E X TVOCSs 4359 5 5 Hofh Tk e X A Z AN K, {HZ% Tk [
(X 2H 73 ¥ B 5 H At Tl el R B 2 ek, HiZ Dok X VOCs 4L/ # l3t As b 5 kb 4k T [X
VOCs [ 220 7y B A —51[19].

Table 1. VOCs concentration levels in the industrial park compared with other urban industrial parks
F 1 TWEXS5EMEH T EX VOCs iREKFE

- _TVOCs bk Y HER AR OVOCs it
WK ug/m? i EL/% 5 EL/o% i EL/% i EL/% i EL/%
2022 148.3 26.6 3.1 8.2 16.0 45.0 [29]

/ 89.3 423 6.8 28.1 4.2 18.6 [32]
2020 1101 333 3.7 29.6 215 / [33]
2020 95.8 35.1 48 234 236 / [33]
2022 345 61.05 16.42 17.02 / / [34]
2024 103.6 76 37 13.0 135 435 EN TN

3.2. VOCs RFHEREH T
[E X VOCs 114 OFP 7y 3.81 ug/m3. B 7 w51, eI SR, W . 1Bk

DOI: 10.12677/aep.2026.162013 120 IR R AT IR


https://doi.org/10.12677/aep.2026.162013

LR CIRBE WA SO 2K USRI B SRUT JEmEAN A M 8 /2 %) OFP smkHE4 §T 10 Hff . 1X
SRR IL R R TR X OFP [ EZRYE, HA k. WERSA 0 otik e v, XSyl 2
AT FIFFAE R [13] o X Eepfh— @ R BE BB R T 1% Tl XA B s Ak T RHAE, 540 TAH
FRIHEIBCIR A fa SR 58 1 10 A

5 HZE(BIT) LU 4 B T 925 IR 85 VOCs (R IE, — M N: M BIT<0.2 i, FEZEFE
RURRIF M 4 BIT 78 0.5 Zi i, HLEhEHSGEEMECK: 24 BIT > 1 I, BRSIETTIRECK, Rl BIT
£ 1.5~2.2 WSEHEIN: 24 BIT N 2.5 B, AW %R [35]. HIRI KA Ak, S OH H ik
b, KRS FEmEK, e, SRASEKE AR s E, BN, 808 BIT JHaE.
Z G X BIT 54 4.6, W Aw e, BRAEE A0 I8 M LR B, 3R UIZ Tl el X B 52 21 AR HhHE BT #2
Gb, BAFTEE NS E R .

PR A
HH BRI T Rk
=R R
FS
RN
H 2R
LR s
BT
P
P
0 5 10 15 20
OFP (pg/m3)
Figure 7. Top 10 VOCs species contributing to OFP
B 7. %t OFP STEKHEE AT 10 B9 VOCs 4
3.3. ZRANSBREMBE I
~ 40 -
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%_20—
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Figure 8. Top 9 VOCs species contributing to SOAFP
8. Xt SOAFP TIEkHE& AT 9 B VOCs 7
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6t AT B I A RS SR VOCs F BALHE 25 FhaET5 30 S0 55 T MR o il iot A I 2
FRBUEALF T A, [H X 435 SOAFP 4 0.056 pg/m®. H ] 8 T 1, ZXAIFI 2% E SOAFP (¥4t £ 5 Tk,
LG EIA 81.0%, X 5 E P %%&Iﬂk&ﬁﬁﬁéﬁi@*ﬁ[%lo

REERTAPIRBIZRET, 2K L TaR - ZHE,

B - “HZE. OB 22K SOAFP BTk K 6

AFp, Rt vimkiEd 99%. ﬁ%%%ﬁl%ﬂﬂﬂﬁ@wiﬁ%ﬂh BFIFRRI S0 [37]. 2K HZRANIE Cbe A I 2
OFP i1 SOAFP [ BERTIAY, RN B RN 2K R HERE H12 S Os A1 PMys B3 [H] 76 BRI BN T .
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Figure 9. Hazard index of different VOCs species
9. I[E VOCs ¥t Eia#
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Figure 10. Carcinogenic risk of different VOCs species

10. A~[E VOCs ¥ Bz MU

DOI: 10.12677/aep.2026.162013 122

ORI R UY


https://doi.org/10.12677/aep.2026.162013

LHF &%

AHEFE M 1) VOCs PFid, AFYIRER S IE Okt H Lk 19 4 VOCs ¥l & T3 E 3
B EPAA A TA FEERIS YY), K& k. —&H k. X% 11 Mk R TE0ERY R, Bk
LI 9 AT 10,

B 9 mI I, 18 NMEEEA FEHIWA HI ETEE N 1.17 x 1075~0.28, /N T HI F A 4252 KUK KT (HI
<1), BEEATE Tl X TAE BN S8 I RN X 8 S A ) VOCs T 51 A = 3500 18 P Ak i 1) XU e A1« MK
AR, W K. ZEETTREY R HI &y, 40704 0.28. 0.074 F1 0.044.

H 10 AT 40, 11 AMSUEYF K LCR (IR 1.27 x 109~1.61 x 1075, XueMpfpdizs. K. ALk
P ARG 7 EPA R H AT 32 MK K F(LCR < 1 x 1079), T EPA #&H 2 XK K F(LCR <
1x 1074, F W P9 1% Dol e X 315523 S VOCs AR E IS0 KUK o TS Gerst A AR B S £
FERAE, 2K, K. SRR SAER SED A AT iz Tk e X AR Je 4% H b

4, gig

AHFTE R G AT T TR A g 1 s S R Tl e XA BS o VOCs 175 G441, % VOCs 2H 43 %t
LA A (OFP) AN — Yk A WL/ T A BB S (SO AFP) I BTk, 1A% JH 2 B Ao A A2 i B IR B2
M, ARG BWT:

(1) Tk e X AR5 2SS 7 TVOCs IR FEVE A 2.3~846.4 ng/m®, 4F3JIR I H(103.6 + 92.6) pg/md.
TVOCs WK JEIZ=TT AR RE R 2, IR IOy B3 HE KE £ZF. N EE, OVOCs
RAEFEEFASER Y 435%), K ELEKEERTAE, HBARH RS FKE X AR

(2) X VOCs 143 OFP Jy 3.81 pg/m3. Wi W, IEcki. CRROMmER. FR, Ao K.
VUSRI BEU T SRR U I I 2 0) OFP TTmRHEA 1T 10 4 Fh. Forh UM PR SE2H 73 M DTk el

(3) [ X1 SOAFP y 0.056 pg/m3. AN FI L 7 X — YA WL VA AR BT 5 (SOAFP) Y 4 %) = &
TUERE, P H AL 81.0%. KEERTIAM At — B R0, K. BR[O ZHOR, S-SRI, M2
B Z RN M) Bt DTl IS 99%, eI SR AL TERL S VA RISy . EAERRE, R H
ZRANIE CUbE [F] i 2 LA AR U 34 (OFP) 5 SOAFP (1 B T A4y, DR ke 42 ) FLHETBOR i A SRR PMas
NGREREEAP S S 788 e

@ TALFEX Py 18 N #A F#H i VOCs ZF 1 HIE, /T HI A 4232 KK T (HI < 1), R H
VOCs 5l IEm 12 M B WU AR 11 DM EURYIFIN LCR E %, K. S LAY Sk 1
EPA 2 H ] 3252 WK K F-(LCR < 1 x 10°%), KT EPA & H AR K T-(LCR < 1 x 107%), & BUL
AP Z Tl X PR 2 S VOCs AAAETRAE B0 AR . MR EEH RS, 25, K. S MmN Sk
SR AR A iZ Tl DX AR 20 8 4% B A

SE

[l #EVz, R8I, KE-—, & 8T RIS R A DTS GAFIE S 585 e R R XU PP 9], RS
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