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Preliminary analysis of pollution characteristics of ambient volatile
organic compounds and ozone formation potential in Yinchuan

metropolitan area
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Abstract Ambient Volatile Organic Compounds (VOCs) were measured in June and August 2019
at six sites of Yinchuan City and its surrounding areas of Ningxia Hui Autonomous Region. The
SUMMA canister sampling and GC-MS/FID coupled with a three-stage preconcentration was used to

determinate 56 kinds of VOCs. The pollution characteristics and source attribution of ambient VOCs
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in this area were investigated, and the formation potential for Ozone (O;) and Secondary Organic
Aerosols (SOA) was calculated. The results showed that the concentration and composition of
ambient VOCs at sampling sites in industrial areas, commercial/traffic/residential mixed areas, and
industrial/traffic mixed areas had similarities and specificities. Ambient Volatile Organic Compounds
concentrations in all sampling sites were affected by vehicle exhaust emissions. Short-chain alkanes
and long-chain alkanes had relatively high proportion, accounting for 30.85% —45.21% and
15.17%—48.79% of the total VOCs respectively. Alkenes had the highest proportion ( 43.77% ) at
the sampling site of Ningdong Coal Chemical Industry Zone, while alkynes and aromatics had the
highest proportion in the sampling site of Pinluo, accounting for 29.98% and 14.00% respectively.
Alkenes contributed more prominently to the Ozone Formation Potential (OFP) in each sampling site,
with a contribution rate of 23.2% —85.26%. The Secondary Organic Aerosol Formation Potential
(SOAp) in each sampling site was mainly attributed to aromatics, with contribution rate of
61.49%—89.52%.

Keywords volatile organic compounds, ambient air, ozone, secondary organic aerosols,

formation potential.

AR, R T O b T KRR 46 (ozone, O3) V5 Y IE ™ IR, JLHORTE E 2=, R U S B0
T s R A I TS G L R YA PLA (volatile organic compounds, VOCs) Fl & & L Y)
(nitrogen oxides, NO, ) 1 A2 S b J2 X it /2 5 U B JEN 2L NO, 2R A TR BB
MLEh 4 S HE RS RE , 4o ad MR B, U1 4Rk 2 [ A9 NO, V5 42tk Il B S 5% 48, 4 2015—2019 4= [ 4
SHEDROC AR HE, 42 [ 337 DT NO, AR RE LI 2015 £ 1.6% [ 2 2019 4£#Y 0.6%, {H2
BT G n) LTS R 5% i, 2019 4F 4x [E] 337 S IRTT O5-8 h AR B O 148 pg-m™, 42 2015 4F LTt
10.45%8. VOCs 1 A R 48— IR A B % I (secondary organic aerosol, SOA) A il ) B 2 AR Y 9% )12
KPF. VOCs SRIE 0012, FE 41 R FRARIEAN AN IR PR 2. KRR FEZ A, NI 324
BROBMEA RS . v R T LBl 42 R SHE . VO SRR AR & . TP HECAEY. VOCs MU 2 2%, A& 8
A S, BV BA R RS SO G Ve, R, BSR4 A A ALY TS G e B HO b 2 I v R
P B4 URN 55 3 15 iR LA T s R X

HHT, #EEMEA VY TR EEEPAERR =M K =M USSR 0% ol & SR A Hb X, 1 7Y S
X B AR DGR I AR /b, 77 B[R F 36 DX PR R = 6 A S5 B2 U, R Va0 KT & v (i S 2 R
PG, VARSI & LISK, 7 B Tl AL FEREAN WA, GEVR . B AUEAL T RSl & e ik, 51
I, S b 25 Ye ) e 7 B H 2528 H, 2015—2019 4F (7 B AE IR ) B /R, 2019 4F 4 [X T T
PM,o. PM, s 4E 3 FE 85 2015 4R35 R T 24.53%. 31.91%, 1] 2019 4F O,-8 h 4E ) Hk BE 45 2015 4F |
T+ T 5.19%(142 pgm™), 0] UL, O5 IE BN T B A9 FZ RS T5 Y 2 —B. Sy 7 i [ 5 30 1 22 SR HIL ki,
T EEE F R X I 2022 4EFTHTE 8 AR A0 AR s A e il 28 TR B PR [R] & R
BRI T L, AR T P A AT e o KT G iR B A B AR

AMFFEAERR N HB T B P 6 A~ MRSl 5 R e 14 A PR HLA LI, S B 1 R AE I (R4 A M LA
(75 LR AIE . SLAAUVE BUB B . A DL AR U 3 S VOCs W AE R IR 55, LU R R 1R T Bl 5L 4
%5 55 15 YR PR AL LS AR HiE .

1 MBS 5 (Materials and methods)

1.1 FRECREE

AT 2019456 A 12 H—17 H. 8 A 4 H—9 HAEFE AR B N xF BREE 22 S Oh ¥ L A WL
HEAT T W0 SRAE A543 S TR 1 B T B P i R T L i B L BRI L R X, P2 BRI 7 A e i
(D), ¥ KTl IX ., plk/Acil/fE BIRA XA T /ASHEIRA X (£ 1), T ARFGK T RAESA T Tk X,
KATGYIRE L. TACREE AL T T AL T I3 1 50 28 w1 P, JR 43 A A I il . il Mo . A
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il & —BE KRG A AR In T 2840 T Ak A 77 R s A7 T R e B Tolk e i FE2h0lb 28 /I, JRI IR R A K A
J7ORAN)T AT R AR R ORI SR L TR /A R A X, A SRAE SR RS A T
RIXFRG, N %R S AS 3 it i K. -2 M e R A i A F Tl /28l IR A X, — 35 B FIE 0 1
A AN I S BT SRR S TR AR AL T A B2 F N, 7 HR W RAE S TR AR R P B
il R A G [ [ KBRS DR 4 Jm) (USEPA) HEAE AR METT 4 (TO-14A1 F1 TO-151), 1| FH 75 Y5 R 42 3
e S M. RAERTH B 3hiE Y (Entech 3100; Entech Instrument Inc, California, USA) %} 75 35 f# 0F 47 Vi
Ve, SRFEMR A 42K 24 h, RAE IR 1.5 m A6 47 38 2 45 1 T WLIIBI ] 2019 4F 6., 8 H i &R AF
RO MR E U g, 6. 8 A BT IR BE 43 5 26.6°C. L 28.8°C, IR EE 43 i hy
37.9%. 40.7%, £ KAE & 6 4 T XU m LA m R PEAE AR AE b KGR 32, 8 A LAPE L XCh 3.
i DB LKA BT A1, WL [R] 25 SR A i 2 A I B 2 = KA
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Fig.1 Schematic diagram of sampling sites
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Table 1 Summary of sampling information
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IhRELX RAE R G FEA

Functional area Sampling points Latitude and longitude Sample size
T X TR 106.62 °E, 38.20 °N 12
Industrial areas T 106.26 °E, 38.37 °N 12
LA/ IR A X LB 10629 °E, 38.50 °N 12
Commercial, traffic, and residential mixed areas pNvn| 106.38 °E, 39.01 °N 12
TALASER AR X 106.50 °E, 38.96 °N 12
Industrial and traffic mixed areas gild 105.89 °E, 37.91 °N 12

T2 LI A5 R A L AR AT

Table 2 Meteorological conditions at each sampling point during the observation period

o 20194F6 H 201948 H
REEAA el = — _ _
Sampling points Project e/ IME FKMH SEEE fe/MH KA FHIE
Minimum value Maximum value Average value  Minimum value Maximum value Average value
HRE/C 19 31 26.5 19 32 27.17
TR HAAHIEBE /% 24 70 40 33 67 445
Ningdong
FFMA AR PHIEX
B/ 19 33 27.67 — — —
T HAHIEE % 26 81 4433 — — —
Yongning

ET A PN [LE[A)
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gk 2
P 5 20194FE6 20194E8 F
Sampling' p‘oims Project e/ ME TR TIH e/ ME SN I
Minimum value Maximum value Average value Minimum value Maximum value Average value
R/ C 26 32 28.67 25 34 29.5
AR L RE J0
Shanghai East Road IR % 16 42 30.83 18 59 34
e ZRER [iE
R C 20 25 22.33 — — —
ijutl:) . FXHREE /% 17 33 25.5 — — —
F 5 R [ [LE[a
R/ C 18 31 26.83 23 31 28.83
Pi:gio X/ % 28 80 4433 31 69 46.83
e [iii| =0 [iE
R C 22 32 27 21 33 29.5
R S
Qingtongsia X RE /% 32 62 42.67 21 64 375
F= 5K [liip &z [iE[

I —RFEAEEK .means data is missing.

1.2 sk

AR5 fiff FH 4 2RO 12 5K (Dean-Switch) () GC-MS/FID 4 AE iy 9, BRI 4 ARE it 3 1 T vk 4
{1 (Entech7200; Entech Instrument Inc, California, USA) #47 & 2 W 4. #E AR KA =& BFH) M1,
M2, M3 #ik, B A Y7E I R bl s R vk 4, TRl s, 7K — A A et gl 2 B M4 5 B A 2k
S NS A A3 2 48 (Trace 1300; Thermo fisher, USA) $E4T 4055 FAG I . S AH €633 P9 2 ] TG-1MS 1
TG-BOND Alumina(Na,SO,) {&# 4 43 51 %} 5 ik (C6—C12) VOCs A% 1) (C2—C6) VOCs #EF7— 2
M0 8, BEIS RARH 73 (LBE . 0. PIBE . NG TN ) 28 FID A6 - F AR i o i, e ik 2H
(B BSURAE ey B B | e J RN 5 8 ) 8 MIS AGr U - FH PN s 1 2 . A B 99 3 BRTE D' A 2 I iy v 77 1 3
151 56 FhiE KA VLY (PAMS 4141 ) b Hirfb 549.
1.3 B B Rk

AW H F PAMS b S ARG H 3215 Linde Electronics and Specialty Gases 23 7). 48 J5 15442 1 5 4
Ve E K F BRGSO 55 0 ) B SZARHE 2, ARafi i 2 2 1k [l ) A 2k SE R R B RT 99.99%,
Frf BAs A B R i 2 B ORI o O 22 259/ 10%) . RIS L SAN=10 A 7 ik i R, H
Bt Py s i BR G R 7x107°—24x107 (IR FR 3400 . Bt A o 150 B S0 00 3 5 (U RR AR 25 1 AR /D
BR2E, BUAb, 8 XS 3 B AR SR T Ak, I XA 1A T B S I R0 i TR R

2 25 54718 (Results and discussion)

2.1 WA PM,o. PM, s . O3, NO, ¥ EE K

WL P ERT] L T AR B R A5 25 U PMg. PMy 5, Oy NO, HREEZKSF- UL 2. O3 F1 NO, B B 3531
4(5.0—200.0) pg'm > F1(5.0—123.0) pg-m >, O3 (¥ B 2 30 AR = A AR H AR RRAIE, L {H s B0
15:00—18:00; 1fii NO, 7¢ H [A] ¥ A%, £ H 5 O5 M A H AR #a %, X nl &bl H 5 6 IR 58
JE R38N, AT AR BAEXTIRZE A9 NO, & AE ek, O3 IIETF I T, I 1E e SL B2 FR 5 S ik
WA, Bl 5 D' R IS5 , R NO, JEAf A2 B O3 M BURZWIFEAIN, 05 5 NO T3 O, Wk BT T
B, NO, Mt BETE R B TH 5. LA, 78] NO, Mk BE R n] BE S8R TR A2 1 A 0%, NO, 7EIR )2 KA
TR, BiE H e RZ 3T, NO, S8 A HERTS G P 0 v B2 A5 2056 B, LI 1 E], PM o FT PM, 5
A FE 43531 4 (10.0—110.0) pg-m™> F1(6.0—47.2) pg-m >, M4 FRAEHE (FREE 45 3 i br i ) (GB3095—
2012), PM,, Fl PM, s AU BE 548 40 75 G e B FRAE. — bmfE. 75 8 8 H1Y 12:00 ZE47 PM, o Fil PM, 5
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Fig.2 Time series of O3, PM,,, PM, 5 concentration levels during the observation period
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ARBFFEAE VOCs 42143 094> F-45 4 K 5 OH [ i3 (-OH) By 52 W 16 1, B 4568 56 Fl VOCs
WO LS A, 73 o sk bR (C < 4) . KEEBEIE(C > 4) | Wld . JURfns . Horh, Ja sk ot
Je L USRI LR, KBRS | Ml 05 B CRBR A ) S 36 AR 0L 1] 3 Ay LI 1) 4% SR A i 3R
235 56 FPE L A B Sk JE 7K SF (total volatile organic compounds, TVOCs), DA K 4% KA 15 TVOCs
YA S o O D 1] S 87 3 32 AT B 4 A LD 19 3 S 2 U L. 45 RAE R TVOCs ~F- 349K i 47
WA TR SRR H(89.14%107°) . K T RAE A (30.82x107°) . FHFAR IR RAE A (29.41x107°) . K ik SR kE A5,
(35.43x107°) , P2 RAE £ (20.10x107°) | T il e RAE 25 (30.63x107°) 5 Horr, TR MBEAL T IX BT 28 A v
i) VOCs st ¥ BE 7K - fc i, JolA 6 H 12 H (166.85%x107°) . 6 H 13 H (180.69x10°) . 8 F 6 H (228.93x
10°)F18 H 7 H(144.19x10°) ) TVOCs MR EE/K Fae i i, i —H 455 VOCs 5284 UG R R , 1IN
[i) 5 4 D ik e R IR o8 HE A 44.50%—60.50% ), 3 ] GBS A B UATAE XUk 32 5 XU, S BORFE 32
AR B A I A A T DR AL 4 k2w HE A 52 ).
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Fig.3 The concentration level of TVOCs at each sampling sites during the observation period and the classification

composition in the days with high TVOCs level
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7 [ 2 Toll XA i 72 RAF A5, VOCs Sk BE /K P AN i, & BRI 280 T HER VOCs 1) i B A7
FE—E 25 5 TR/ A8 38/ R A DX 1 I AR B R 1 SRAE LAY VOCs BRI BE AT AH Y, AN
KRR TVOCSs W FEFEA I K NAETE B (i 6 A 12 H—14 H A RE D REES R 6 A 15 HEY_Lifg
ARG RAE ), Hovb, KB e A5 R B e I3 110 BT Bk A5 Ay B S, 3K T B A R e e i U S HEOR %,
WML 7 B HEC S . T Tolk/aS IR A X A9 2 R0 7 i 2 SR AF A ) TVOCs W BE 22 IR 77— E 22
5, -2 SR AE 5 TVOCs MR B AL T3, T 75 4 W SR A i TVOCS e B2 AH X R, LV B 2 i R [
W4 VOCs RYHRE 5 22 A, 41 6 A 15 HBRERAY & Ho B I 498 K, 33 3 I 75 4 0ol SR AR o5 ) L REAT
TEZA AT B VOCs HERCE.

LI ) 4% S KR S 4 R A L) 0 S A RN T8 4 iR AR IR . KEE B IR TE 6 D RAE R B 23
SRR E G, 2915 TVOCs HE 9 30.85%—45.21%., 15.17%—48.79%; M I AE T 4 R AL Y
VB (N LB R, O 43.77%; BRIE L DT B IRAE ST B R S MR B (N LA, 43R 29.98% T 14.00%;
b SR AE R BB N5 B R VR o E AN .

/) ¥aklsts Short-chain alkanes [JT]]]] ¥ ‘%é&%tke Long-chain alkanes
E— #/ZAlkenes HHH ez Alkynes IR Aromatics
a. ‘"% Ningdong b. 7k*7*Yongning c. b5 % #% Shanghai East Road
3.18%  0.66% 58%
30.85% ‘-_ii// 18.63%
B 0
43.77% —— N %
i4
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21.55%
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Fig.4 Classification composition of 56 Volatile Organic Compounds at each sampling site during the observation period

ANFIFIZE VOCs A it T 45 SR 1 VOCs SR HAT 25 57, ASHIF 5% 38 120 45 RAE 50k B2 Je R -+
{3 VOCs A 53 I XT EL (] 5), #E— 204081 1 45 R AE A8 VOCs 1T BB U5 KR R R 22 5. 78 6 I RAE s,
Te e (L5 A e A K BERE ) By e K (50.43%—87.42%), Herf, 288 ke, The. S T ke A &
SEICBETE 6 A RAE S AL Fm e B K, O8E. TR%E. T RERISE T b2 Ak A1 i< (liquefied petroleum
gas, LPG) B gl 4= | 50M 42 NS00 220 2 HEC™ 2, S e 2 VM # 2 Am a1, 3k et 45k
R EE 2 S ) VOCs 1] 3432 312k B AL3h 42 B HEBUW 52 . 77 A RAE s 12 5 TVOCs 1Y F 45l
K (43.77%) , Horbr, NI R BE e ol 8 1, P 34k B2 AT LAGA 3] 30.87x107°, 3X AT BB/ FH TR AL s AL T
IR TN, A2 30 S T 0 LTS G HETC 52 . A b, P2 SRATE A SRR R R B e T
HARAE 8, SRFTHRAFZAE T LPG B8l 42 AR By 42 R ACHE RO 2 -, B R T HL3h 4 B < HE
FCAT BESEF- 2 SR AE A VOCs I — AN AERTE. 25 BITR, Tk IX | Flk/38 3 /s BRIR A X LA K Tolk /A8
IRA XL S VOCs Al fig 452 BHL 3N 42 B S 52 s A A] Tolk X BAA B S 38 vOCs 4 53 HE
FCRRAE, W77 2R SRASE o5 B S HE T T b /A2 38 /R BRI R Tl /32 38 VR A IXCRAE i i ML BN 42 2 < HE
HCRFERA WL, (B2 B T 32 Y 22 5, AN [RRAE BB VOCs 4541 53 BTk Lo 491 s A AN [
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Fig.5 The top ten Volatile Organic Compounds with the largest concentration
(a) Ningdong; (b) Yongning ; (¢) Shanghai East Road; (d) Dawukou; (e) Pingluo; (f) Qingtongxia

2.3 FHELAE

ANTRRAE 5 105 Y IR AN [R], I B TRIS YL JE HERC Y VOCs FRAEZ 43 [ 45— 22 5%, Pl VOCs ##
fiE 25 4 (8] 1 EAEL T 025 41 B VOCs (193 7 R 5. A F 5T & B, 2R/ 2K (benzene/toluene, B/T) 1Y FL{EL7E
0.5 Ze A7 if, WLEh 22 B S HE B EE 25 S VOCs R IEDN; 24 B/T HAE K T 1 0, $Eal 220 Wy 5ok
Bl EZETTERIEN; 24 B/T HUE/N T 0.3 B, Tk HEBU STlRE RN, AN 9% & R i IR B s S 2R/ i
I RF LR ANE 6 Frs, o] WA T 2R AR TR AR AT B/T FE A3 (EERTE 0.5 247, 2
X 3 AN RAE SR 25 S VOCs 32 1130 2 B S HERU 52 M K5 SF- 2 T Al R A SR F-34 B/T L
B354 0.124, 0.248, WK PN RAE 55 VOCs F2 247 Ji Bl T IR HERL 9 RZ M5 T AR SR FE 55F- 35 B/T L
BAE 1.5 7247, W T 25 R bR SR 25 b VOCs 32 21 Z2 IR B9 52 0, H: v 8l A g TS BR 68 18 5 ik 5%
K, XA BB T AR SR A R A b A AL T b A G

— 2 VOCs 214y BRI, {0 HS G A 27 i By i HEAH 22 AR K, BRI, X 2 43 [a] i) BL A nT FH R
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