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Abstract ; ,To investigate the characteristics of atmospheric volatile organic compound ( VOCs) pollution and promote VOCs pollution prevention and control in indusirial areas,
in December 2020, VOCs samples collected using Summa Canisters at three observation sites were used to study the characteristics of VOCs pollution and source apportionment
and to conduct a health risk assessment in large integrated industrial areas and surrounding urban areas in southwest China. The results showed that the mean ¢( TVOCs) at
site A and site B in an industrial area and at a third urban site were 105.25 x 107°, 222,92 x 10™°, and 82.87 x 10 ~°, respectively. Monochloromethane,,
dichloromethane, acetone, ethanol, and ethane were the species with higher volume fractions at the three sites. Aromatic hydrocarbons and OVOCs had a large contribution to
the ozone formation potential (OFP), with a cumulative contribution of more than 50% , and the main reactive species were methyl methacrylate, toluene, p-xylene, and o-
xylene; the secondary organic aerosol formation potential (SOAP) of aromatic hydrocarbons contributed more than 80% , with the main active species being toluene, p-xylene,
and o-xylene. The results of PMF source analysis showed six main sources of VOCs, in the descending order of the petrochemical industry (21.83% ), industrial waste
incineration (18.6% ), pharmaceutical manufacturing (16.99% ), fossil fuel combustion (16.03% ), motor vehicle exhaust (14.23%), and chemical manufacturing
(12.32%). The mean values of the hazard index (HI) of site A and site B in the industrial area and in the urban site were 0.55, 0.68, and 0.41, respectively, and the
mean lifetime cancer risk (LCR) values were 6.71 x10 ™%, 6,72 x10™® | and 6. 58 x 10 =, respectively. Both HI and LCR in industrial areas were larger than those in
urban areas. The quantitative assessment of risk sources showed that motor vehicle exhaust and fossil fuel combustion contributed relatively high carcinogenic risks.

Key words: volatile organic compounds ( VOCs) ; pollution characteristics; source apportionment; health risk ; industrial area

Bt TR [ 22 9% i e A S AU T Tk AR 1Y) WEI R G0 , 253 VOCs PFk (filan 1,3-T —
e, KEvs e H 2 RATIB M E G5 xr . 8 W, WA O RR A ) 2 3 808 AT s
i 3 T b X ) A R ER B AR R A ok T RN KM, vOCs T A HLER ALY . 5 AL
AR, 0 H R & A WL (volatile organic EYRNE EACE W 7 A ) RS AN AR IR B A X
compounds, VOCs) 1E N KGR AEw EE MW
JREH SRRSOV EES 538 AT wmam. 2021-05- 17; #3TEI; 2021-07-05
JEEAR(0,) Fl KA WL IR (secondary organic HE&WAH: B % & o & iF & 3T H (2019YFC0214405,

2019YFC0214401 )

acrosol, SOA) M2k BUALAH TEMTTART ), Jifihs  (FEWAL FBO99S ) U UL, TR, ERIGT NS
YLBHYA , E-mail; lilingbryant@ 163. com

"_‘L’ﬁﬂ:ﬁﬁ%:é EU% VOCs T ﬁ% /K\ él I k }\’M: ILD m]_ '_Q J]:{]‘ ﬂ:ﬂ « A{EVEH, E-mail; zhang_dan_8888@ 126. com



134 RN PURIH ORI LR

Toll X 3 X8 KA, VOGs 75 YLk B Ad Bl XU PEAG 103

G0 E BB AR Sl 2 2R A B fik 4 SR

(oG 7= A T T I I B RN PR M 2% 1 I A AR R
G681 R, VOCs 24 AE | Fe IR R JHL it e IR
J7 T RIFFEXT T VOCs R v A BHURT LR A\ AR A B ik
FREEA HEWE X

i VOCs 5ER KA E S 15 3 A H 2515 3] 56
0, U HIE VOCs fE MR 2 5 — %ﬁﬂﬂc%—fiﬁ

A RIS B (O, A1 PM,, ), HETISR &

T3 1 DX T I A 3 RS BR B5 n] “1. Li
SR IE R, T HERL 09 VOCs J2 Hh [ B K
NNTR, b5 AOMTRI 50% LI . 2011 ~2018 4FEHH
Tl VOCs B HE R 5 52 B A0 1 K ka3, M 2011
AERY8 777 ki BEANF] 2018 4FE (Y12 446 ki, AFHyHE K
RHS5.2% . An AFEN TEFE R Tk X i
VOCs B9 3% 2 I % B, % Tl X ¢ (TVOCs) -
43.5x107°,VOCs A E W BN AL,
@(TVOCs ) FHLH IR i 1 RARAHFE AL Shao %1
SEHAL TR X T T VOCs 75 Ye 54T 1 5k I8 4 F
I, 55 REH o(TVOCs) H 34. 4 x 10 7, FehuTol i
%I/J?%n/%’r |1 IR BTk ) VOCs| ﬁthﬂim; 2@5
TVpCs i 51. 26%,,@#71%@115%114 441;5
34.08% . IJJU: VOCs HERUB A S0 M&fi%}?ﬁ
%Eglﬁﬂmﬁﬁ%%ﬁnﬁiﬁaﬁywks
VETE BB M R T PPAY. Hu S VO 25 %

aHE@TIyEWﬁH%ﬁkmzwnm@aﬁ,

Erﬁﬂ’]ﬂ?ﬂﬁ%?ﬁ%ﬁﬂh Tl X 3R VOCsRTE
fiiffaﬁ(hazard index, HI: 1. 06) H & /& F 4k 17
X (HI:0.96). Zheng 2" (IBF5E1TAL T 4L Tl
Pel X VOCs fat 5 AR , & LTI RE AN 1,3- T 4@ 4
S B f i 1 16 XU e (hazard ratio, HR:22. 8)
FNEEE KU (lifetime cancer risk, LCR:6.7 x 10 7%).
Hsu %% % oy [ 5 7 v 8 R B 254 ol IX A F 52
KL, VOCs 5 i 2o RS 3223 R TR 5E XY T
IR, 5 HAAG B % VOCs A, 20k A A%
BMIRBGEHE R0 R T 20T e 1988 AE XUR: (LCR 1 4. 1
x107° ~5.5x107%).

Tl X R Tl A i S HERC VOCs 5
BT — RV PREE AL 2 ). Sy i3 26 [m] A 1Y)
A ROEEE A s T Tl X KSR VOCs 4143 F
VGG, X FHl 2 VOCs B #8028 SC 2L,
HATE N T VOCs 5T 32 B4 v e i DIk,
W M X VOCs 75 YLk Kok I 457 T i 52 2 5
R EERE SR Tl VOCs BYHER & & oAk =,
HATEr %t Tl X K VOCs BIBFFEska . AT
figp Tl XK J) 301 XSRS, VOCs 15 L AFAE B £ e XL
5 RO, AT A v ] 74 g 3 DX ) — > B 25

A Talk X R S 3 W X R AE /Y VOCs #E b, 430 T
VOCs 15 JR-E, A1 PMF 52584 3 25 5 00 0 38 55 ]
PR HERTE B0 W7 Sk U R VOCs IR B AR i 56
HEEYEYI R LA ATAE VOCs 8 HE XU RN , LA N
Tl X VOCs 175 44 B A St R # K 4.

1 HESH®

11 UL s o5 TS [

A ST LAV I B IX B KA ZE A Tl X AR b5
X4 i Tk X5 AUk 73. 6 km?, B LIZEA
6T (B2l 3 AR AR ARG AL 1558 ) . AT,
HARL BTRETR . BERIA 4 Fe & i b Tl
H AT Tk X A Ak 225 5, A4k 164 5, K
HRRRTATI 9 R WAL 7 K KA T AT
W26 5, BEEGITE 1258, KA 7 5%, @%EDEIUM
F HUEE L 65 &, Tl ¥ %(hiﬁﬁﬁﬂk)%
%, Bl 5K é‘unﬁnﬂkz %, ﬁ%»:/}?j;zfﬁik
3 K. ARIEA R L 5 E A HIJkD;’a\jsr’TA F
mﬁ@%4$ﬁnTﬂLﬁ@ﬁLﬂM@ﬁﬁ?
B PR, 0 g

¢6ﬁﬁﬁ<#ﬂﬂﬂﬁ 2020 4F 12 H 17 ~23- H =i
V17 d. 1T DR S 2 A, 1
AR T T Z 2 (T X A 1) A T
IR ARIE A X (F X)), 4PIEACHE £ T 1, Jil 0 R % 4%
A48 . SRR Al AL R Al 55—
Sl AT T X — B2 ( Tk IX B ), o T4E
WRAEX (A X)), REIZ S FAERFEX,H
RN 5 ke I8 PN 531 G 488 2 1 15 24 1 i AR T2
Al SRS, A T HEFE Tl X KI5 Y HE o A i
DX IR, 7 2 Tl X 24 10 km &b (9115 X [R] B¢
BEE T 1AM A5, F i = 2 DL R IRk X

Rl

S @ TRKAK
D @LlXBAL

T e

7 A: HEE R X

B: B2y, RKSIT

C: LT

> D: H4i{k T

0 4 E: BrbhRY BB

By 4 F: et ig

G: K

Bl RERMMIURRESRTE
Fig. 1 Schematic diagram of sampling sites and standard

zoning of the industrial area



104 wooom B % 43 %
HE. 1.3 O, F1 SOA /i #I5
1.2 W5 k5 i EAAIE OFP fX 3% VOCs W Fh e e £E = b 2544 T % 0,

1.2.1 FESCRES

AWFFE R 3.2 L R HTRELE 10 A 1A% 75 30
(Entech, 2 SRAERITZS . I IS HERCE AT
F €S1200 Z 51 PR3 18 ( Entech, 2% ) &) 3 R kR, R
FEGGE R 4 mLemin ™", BEUCRFERFZE 12 h. 3 0
TS 5 R VR AR 2 AN, B TR RN (R 45 R 4R 1
ANFE i, ELAR B SRAERT ] A 08 100 ~ 2000 (&[] )
20:00 ~08:00 (RLIE]) ), 3 AW ok o 6] 45 k17 2R
FE. HIHERFER VOCs FEM T 2% HJ 759-2015
(IRBE2s R ¥R AR WL I RERAEE /S -
Figi ) R US EPA HEZERY TO-15 48T 7k, %
%5 GC-MS/FID ( (3% ik B F ) 70 B R4 %
RS VOCs fb & Wi 47 e M e s o AT, o0 b 1T
109 F VOCs, Ho L & T 29 Ak | 11 Filiks | 1
Flbde (2B | 18 FhJ5 ke | 36 Fhpa {13 Fi
OVOCs Fl 1 FGLALY ( —BiALBl). #E 5 E % 1
FIHFREESHERE | 25 ENTECH7200CTSEC2 TRV 4 £ 48

iIEFL#/\éJ\*ﬁ%é}E i 1 Dean- switth Hhy L ﬁ]ﬁﬂﬁ

A, ﬁﬁ%lﬁllﬂﬁ%ﬁmﬁf 17 ey T B ,E\EF‘Z,
k' Uaﬁnzﬁf FID A0 2% _FAG T, E% Eﬁﬂ:
A%f MS Kl B 1 Kol FID (a5 E;b DB-

x0. 05 mm X 0. 05spm , MS @%H?@JDB 624, 60 m
%0.25 mmxl 4 m FMS FH%ET”(SCAN)E‘%‘E% -

¥, E*T%/—\%EE@%{%W’ F 1) T MS PR AT,
s bR
1.2.2 ﬁﬁ”%ﬂ 5k

I F AR A FH A P o 2 R R 3 KL R
e M E R RS, A TR R ISR T T, &
THE 10 DNIRIFES A0 1 A IR P 70 1 = 26 A
BOIFTESEE T E 24 b, WL ECSHE , LA
PRAAS I E] H bRk & Py sl KT 5 24 BR (MDL) .

AR GC-MS/FID %M FilE ﬁ%ﬁﬂﬁ/ﬁﬁﬁ ,FESY
HrEE S RT T X GC-MS/FID &G0z PIR ST A,

TFE AT ESR B AR LA T AL, XT84 VOCs
Yl , VOCs & & IARIE TAERRZER FH 6 ANk BE A
RA PR B HARP B R85 A 1, 2,
5,10, 15 H120 nmol-mol =", 4% ¥ic WA e 2 51 &5 v
BESEATINE , At i e il AL BR &R (0, 0) , 1%
FRRE R FR o 1h £ i AH C R (R ) ¥l it 0.99.

FHAR R B 8] 1, 0 1T AR i, 0 vk Hh R A LA
0.03 ~2.46 pg-m . SrHrd B EE Mg 10 4SHE
ME 1 AFESEATRE 2 A KT 10% . 1Ak,
FHIEAE A S 10% BYIRI P AT BURE I 7 235 3 1Y) A
X 25 AR KT 25% .

A B R R TR, LA CRAEFE O, fﬁﬂﬁ%ﬂ/ﬂiqﬂﬂ’]ﬁ
B VOCs YR xSl (1) TR
OFP, = [VOC], x MIR, (1)
A1, OFP, 2 VOCs ¥ F i 19 OFP fH, pg-m™;
[VOCT, A¥Fh i B IE, pg-m ™5 MIR, N
VOCs Y i 1 $5c 38 &5 5N 3% M, MIR, (A
Carter 2" 5.
SOAP Jrik e 9 & FH TAL AR VOCs Fli 2
Xt SOA JE J i sk >, ml il i 45X (2) i
(i
SOAP, = FAC x [VOC]./(1 = F,.) (2)
A, SOAP; Wy Fl i 19 SOA A LI 3, g em
F R 0 25 RO B8, % 5 FAQ;@ SOA
77 R A, pgeng L F,, Bl FAG iyl %
Grosjean %! 24]@; ﬂ‘%f“% %GA%EXE'J i ﬁ'% i
1.4 PMFHUE
;mnmxﬁmn¥qmﬂ% eI R
WA SZ PR S PR M2 B P R
BRI VOCs 5535 e R A A7 23— P
ﬂL%Tﬁ§%ﬁ$ﬁﬁuwﬁmﬁﬁﬁfﬁﬁ%
(i xk)%ﬂl?%ﬁ}‘@(k XJ)

= Zg'k kaj+e" (3)

s, xE%L¢#m¢%,¢%ﬁmkﬁ:&%%
ABER Rk AHIREY TR s £, S5 kAR
4%%%%&;%%ﬁ§ﬁm PMF A7 3o

Fi /N = T J5 /MK E bR BB Q K45t B 743 A
R ERR
Q—ZZ— (4)

X, UU%/I\friztxﬂPﬂ/\%ﬁE@Mﬁ%ﬁ.

PMF BRI R T i ABEEUT VOCs PR AR5
B, BT HREET R VOCs Py it 4 Hi B (MDL) PA K
AN E BE (Une) , AN Bl i 552 (5) AdE=(6)
AT

Une, = (5/6) x MDL, (C, < MDL,) (5)
Unc, = ./(EF, x C)> + (0.5 x MDL,)>  (6)
(C, > MDL,)

K, Une, i VOCs PRl i B9 A 2 B MDL,
VOCs ¥ifh i (ORI FR ; EF, i VOCs #fh @ fiR 22
O3B, % 5 €, VOCs WiFh i BUIRFR Y55

PMF i ELEFTIEE VOCs YRR F /3 5O A1
T FEAE A SO, AR Firie VOCs P () I 7 25



134 RN PURIH ORI LR

Tolk X 3 XIS, VOCs 15 YL Rk K i 3E XU PEAit 105

VE R 2 01 HLZH 73 vk B A 110 J ), e A SR e B 1
334> VOCs ¥ 2 Hiz 5. R4 VOCs MR H
(S/N) BUfIC T4 B ( BDL) (9% ol H 4325
strong(S/N >2) ,week (0.2 <S/N <2) fl bad(S/N <
0.2). MUKEIA 4 ~8 SHMLIN T Hi: & e 1
6 KPRy %8, Ak WA T 1Y) 2% VOCs )
P BEAH G R (R? ) KT 0.6, Irik WAl sk 22 1E 2
IAREENT -5 ~5 ZH. B TREAECE A X 5
BB AE RATAE— € R LB E 1, DR
AF5E P Tl DCRIULIN 328 553 Jo] 321 YR 0 5 A Y
fif b2t SR AR 45 G AT IR, DLW O A B 45 2R 0% AT
HEME.
1.5 RS Il 5 vk

NEREE TSR 3 Fhimie ol A | 5
AR BRI 28 i AR KR, VOCs 2258 1 52
A I FEARRETE TPl T 5 AR A G
FREXUSS:. F) FH 16 35 46 %0 (hazard index HI)%I]%(EEJB?
SiE XUBS: (lifetime cancer risk, LCR) ﬂéﬂ:’ﬁfj\ﬁi
WA VOCs Y AEEUR AU XU .

luc,,.;xETxEFxED 1

> 363 x AT, x 24 U RIG/ [ r

LCIl{*E; ¢ /x ET x EF x ED IUR ,.--(8,.
365 x AT, x 24 X,‘ &
T, ¢ A VOCs. B’JITF‘F’@@/ZU“ Mg m1; ET jﬂ

gﬁ@'ﬂﬂﬁ] hed U4 85 EF HR I gd ‘,.f-

Uiy 2505 D ﬁ%%%ﬁﬂfk, ,Exfﬁjy 20,
AT, FUAT 43 50 s e RS0 7 FH 1 e e
a, WUESM R 25 F170; RIC WS HWRE  pg-m ™
TUR g B0 % A KUK, wg-m >, REC Fil TUR Y HUE
2 E EPA ZEAE B RGPS HH .

2 HR5WE

2.1 VOCs 75 YL4HF
2.1.1 VOCs b4 0 FFIE
S A E] Tl X A STV X B sSe(TVOCs)

BIE 00 105. 25 x 10 71222, 92 x 10 ™7, 1T X 5
e(TVOCs) 1A K 82.87 x 1077, TolLIX A AT
X 845 VOCs 21404 BRI 1 O« s AR > A
12 >0VO0Cs > ke > fikd > Huke, TolkIX B A4
VOCs R EHE T . )i A0 > OVOCs > fekd
> RS > R > Huke. X 3 AN A VOCs 21
SRR BOR KN, Tl X B A o (K AR KR) Al
©(OVOCs) 5331124 108. 55 x 10 ~° 1 69. 38 x 10~ , it
KFTAIX A £5(38.23 x 10 F121.08 x 10~ )%IJFE
X (23,74 x 10 °F1 21. 68 x 10 %) , 1M 3 WL 5 437
Bk | Tk B B R R B B X . T
AZIX B a5 A A A B 2 s A T2 Al BR
2yl s Ak T2 A HER Y VOCs FRAE T Yoy 32 22
FRACIER OVOCs, L Tk X B s KA VOCs 121%\
SYRUAT REZ SR A VOCs HERU S MR

Tl X A TAVIX B T 512&#%:\%&#
Z T 10 (9 VOEs ¥ M B A TVOCs ﬁ:}‘jﬂjj\]
43.69%. 67./4% F1 45. 3% , 3 >k E#ZIS%%%MF
ZHT 10 (9 VOCs Py RS A — %Eﬁﬁm e
ke, P Z BRI 20 (3 1) . Tl KA SRSy
ok IR R B U B
TVOCs 535, 10. 14%, 7.44% F14.8% . Tl IXB
SRS B T b SO
fiil, t5 TVO@s 43904 21. 66%., 12.05% F18.79% . T.
X2 Al SRR BCHEA4 1T 3 1) VOCs P —3,
Horp— G H B A S bt 2R R T Tl HEAIR , £k
ol | EHIE | SIS A BRI S T Y
%F&#%Eﬁ&%%ﬂ:iﬁﬂi*ﬂﬁﬁlfﬁﬂl KA+
A3z, D HER, BT, PLah 4 R AR AR I IR
Yrhe = RN T E WFH Fb T DXl WA DX 1R
BB R R R £ e M 2 ke, i
TVOCs 435149 10. 51%. 7. 5% F15. 13% . ZESEHAE
RIS TR VRS RIS ] T R 2 T AR AT
b RS CBERY FEEORYR, BN F2BRIE Tk
AR R LB 7 R S HERR.

£1 34NN S o VOCs) HEZ BT 10 VOCs #Fh
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Fig. 3 Volume fraction and contributions of VOCs species for each factor at three observation sites
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Fig. 5 Lifelong cancer risk caused by human inhalation of VOCs at three observation sites
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