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Abstract; In this study, volatile organic compounds ( VOCs), nitrogen oxide (NO,) and ozone
(0;) were monitored online in Handan during October 1—31, 2017, January 1—31, 2018, April
1—30, 2018, and July 1—31, 2018, respectively. Based on those data, the characteristics of VOCs
compositions, O; and NO, pollution were studied. Ozone formation potential ( OFP) was analyzed
using the Maximum Incremental Reactivity (MIR) and level of +OH radicals (L, ). Our results
showed that the average concentration of VOCs in Handan was 128.7 wg-m™, slightly lower than
other developed cities in China. VOCs concentration was the highest in winter, with an average of
151.6 wg-m~. Alkanes (49.5%) were the largest contributors, followed by alkenes (26.1%) , and
aromatic hydrocarbons (24.4%). Ethane, propane, isopentane, benzene, and toluene were the top
five species of the VOCs. It was found that the O, concentrations in summer were much higher than
those in other three seasons. Within a day, O, concentrations had a single peak during the time of
10:00—16:00. The results of OFP calculated by MIR showed that alkenes contributed43.7% to O,
generation, followed by aromatic hydrocarbons (34.4%), and alkanes (21.9% ). The results by
MIR and L, were similar that ethylene, 2-methylpentane, isoprene, 1,3,5-trimethylbenzene, 1,2,
4-trimethylbenzene, and 1,2, 3-trimethylbenzene were the major contributors t0:0; generation. It
indicates that solvent use, fuel evaporation and vehicular emissions, and industrial sources are major

sources. The variance contribution rates are 38.7%, 16.0%, and 15.1%., respectively.

Keywords: VOCs, O,, PCA, OFP, Handan.
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1 MBS 77 ( Materials and methods)
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2.1 HRHETH VOCs 75 YL AE FZH 1
2.1.1  VOCs WRBEEIKF B =75 A8 AL AR

F 1L T HBHRTE VOCs 4% 2517 1) RV B2 A 2 L R4 BV BE .t 6 1 o] DL HB¥R T VOCs 1372k
R 128.7 pg-m AR 49.5% 11805 26.1% , 5T 24.4% R R = B 5 AN RR BE 2
St Tk SISk R R AR , 0 151.6 pe-m > FKEEIR . SE MR EE R 136.0 pg-m > IR
BHZE 1205 pg-m BB R, N 106.6 pg-m > AFEILHTH VOCs ¥ JE K EA 228K, TR
AT RN A e 0 A R TR I T A A A AR X A AR ALt AT — SRR AR AE A A
IS 2 55 T e v R e e (A, o R R e IS o e FEL YR e ey ) A . I8 T 8 o R R R e g 4
1R, T SR R o o it e %ot SH s J ) S i ) AR T A Ml X BB 7 55 7 S R R B Ak T 4 AR K F
2-HRE e S ke M ke TRBE ORI 2 IRER T VOCs 1Y 247

1 URERTTER 2> VOCs Pt B2 5 AT A LA (pg-m™)

Table 1 Comparison of VOCs and main components concentration between Handan and other cities( pug-m™)

Fhk 4% spring HZ summer 7 autumn A2 winter Jem I _ PN _
spocies ( T\bﬁ%) ( *ﬁ%) ( Mﬁ?i) ( Nﬁ?ﬁ) Beijing > Shenzhen'®)  Tianjin[ ')
('this study) (this study) (this study) (this study) 2008.6—9 2010.1—11 2017.9
b 2.9 6.7 8.7 13.6 4.7 — 4.8
- Wk 2.6 6.9 6.1 8.9 5.6 8.6 2.6
EfekE 3.4 2.3 35 3.4 6.1 — 22
Ee s 20.0 11.8 6.3 5.5 6.4 6.6 0.7
) 2.2 6.1 11.0 17.3 2.0 — 3.1
s Wi 0.8 1.1 1.2 3.1 1.0 34 1.2
I-THs 0.8 0.8 0.7 1.2 4.0 — 0.7
Jigi-2- T 0.6 0.7 2.0 0.5 0.5 0.9 —
Ly 5.6 0.9 0.8 1.0 1.5 2.1 —
piS 2.1 43 55 8.4 2.9 7.8 2.8
I 2.9 5.4 7.2 8.8 7.0 4.8 4.7
it o 2.1 1.8 2.8 2.1 2.7 13.1 1.7
KM 3.9 1.8 1.6 1.6 0.2 — —
fia) /%6 — 12 L5 3.1 2.5 1.4 16.2 1.8
TVOCs 120.5 106.6 136.0 151.6 54.4

K125 T RS4R3 & U2 VOCs MR BEY H AR At 2. i 18] 1 AT UL, 2% VOCs Wk BE SR fi, - 347k
BER 47.3 pg-m” WL EITE 42.2—57.5 wg-m L MTELZE VOCs FHHEEEKFE R 152.9 pg-m™ , B R
2= VOCs IR EERY 3.2 5. B Z=HFFKZER VOCs WREEAL T & 7KK BT ASXER H, VOCs WREE Y H A2
PR SEA — B TS e B R MR B, U HAE 4 28 %] VOCs mﬁmmlﬂsiu 181.1 pg-m™, 3%
SR TAZRRBEIGIN T VOCs RHERCE , Fiin B A ZRRRE MR IREGE & ESIE AN A
T35 YL 8. 22 B3 T i 52 e B AR Ak S A8 38 e e WA Y 52 e L 7E 92 00 Znumﬁu—/\ﬂl H.Z2
i W A B 6 S R B P38 0, S A2 s I R 2R W TR, VOCs R B2 AN T R AIR A 2 B R 5, /7 5
[SiOEST=
2.1.2  VOCs Hy2H BAFAE

P2 25 T HREE T K A T RSB R VOCs BYZHBUERAE. AR 2 ] Y HEHR T VOCs 4143
7 FER BN e > > 95 T, 5 O RO T A VOCs FUZLRL— B0 455 3 | AHMER B, fEhekerh,
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2-HRE e S I | S AT e i R s D o G e B 1Y) 48.9% AR5 T ke v R I de i O )
PR AR, & BOF AR 30.5% AREE T RE 5t RN 0 IRSEETT b A o LR, D5 B he i L
BN, AT RE R TR R 2 KSR = Ik S5 A AN TR) i i

— —— £HZSpring — -8 — FZESummer —a— XZFAutumn
—e— & ZEWinter — - — fE3Annual

VOCs concentration/(ug-m=)

80 |
60 | —0<

P N *__ o
40 & o-0 0= -0 T e e-0 o-0
20 F
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oS O O O O O O O O O O o o o o o o o o o o o <o <o
S 3333333353333 3353333 33533 S
SEAA T AEEES S I daFTn s s E LA q

B 1 HEHEHT VOCs SE34 /Nt ik B nAl,

Fig.1 Hourly variation of VOCs concentration in Handan

{524 Alkanes a %12 Alkenes B 75 %% Aromatic hydrocarbons

Propotions/%

Spring Summer Autumn Winter Nanjing Zhengzhou
(this study) (this study) (this study) (this study)

B2 HREETT VOCs 45 HoA bk 7 1 % e

Fig.2¢" Comparison of VOCs composition between Handan and other cities

&2 45 TR T DU IREE B VOCs HRyR I R 10 B2 or S S e AR 2 il LB, —
AEPUZE T VOCs 1 YR Ko B o5 LIS AR, NZE AR TR, S0 F R 5 S0be it 2 e i) D 2 e
JE o LR LA i AN R AR B2 2 0 Wk o LR 2 R 2- R R I e v o Bl e, ik 35.8%.
WIS I, W o U R 12.0% ; PR 5280 0 MR B 5 EE R 3.3% AERK A 22T, R RN & dot S VAR B o
LU B e A PP 2E o3 HORAE A2 PR AUV EE o LU0 SRR 3 11.4% F1 9.0% ; U= K I R AR
B 7 LL A 5128 5.8% \5.8% F1 5.6% 5 TN BV BE (7 LUK 2.1% , &1 10 AP 23 o e f IR 4 53 1 7
B BR T I A 2 A0, ORI 5 et , R 5.3% B R IE T e S IbE N BE FIAS, 43 531)
di 5 VOCs WREE(Y 4.9% \4.6% 4.5% F1 4.0% TEFZE, S5 G2 o LU e 9 243, R 9.8% . HOE R
Lt i VOCs WRBEIY 5.8% , FRIE SR AN M, MR EE o LU0 & 5.5% F1 5.0% . 1F -+ e W i o Lt i
AU 2.6% 853 3% 2 WAMER Y AEFR KA DUZS i 10 Flhdl 4320 5 B VOCs W B 50% , T & AE

B2 [T 10 Mg A B9 E 5 R ik 64.5%.
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F 2 MBHRTT VOCs WL (5 LLAT 10 94
Table 2 Top 10 VOCs species in Handan for four seasons

# % Spring K 7 Summer #Z& Autumn 47 Winter
YRn 24 FR 4 YIRn 24 FR 4 YR 24 B 4 Y24 FR it
Species Proportion/% Species Proportion/% Species Proportion/% Species Proportion/%
b 9.8 2-HIE Yot 35.8 N0 8.1 N0 11.4
Pk 5.8 ST 12.0 o 6.4 0 9.0
ZH 5.5 S 3.3 LIS 5.3 ik 5.8
L 5.0 RN 2.3 E+ Tk 4.9 R 5.8
LR 4.6 TE Sk 2.0 ST 4.6 N 5.6
2R 4.5 VY 1.9 ke 4.5 B 3.7
E Tk 3.7 4h-2 FEHIZR 1.9 S 4.0 S b 3.6
S 3.6 IEZ$ b 1.8 E Tk 3.4 1E Tk 3.5
pRIE 954 2.8 ke 1.8 LR 3.2 E b 2.3
E+ ke 2.6 HoR 1.8 IES e 2.6 7 f 2.1

HEHETT O, PR IE R T fe i, o 21,1 pg-m™, I 3 AT LLE 1, O, ¥R BEAS (LR B PRI 254,
9:00—19: 00 ¥ B ¥ & T 20 pg-m™, 7 10: 00—16: 00 ik 2| W {5, 7 12. 00 B i B 5 i,
34.9 wg-m” =T HIGWE 65.4% ;11 20:00—K H 8:00 AY O, B MG T HIGHJE |, Hivh 5,00 ¥ i 5%
fiX, 20 10.4 pg-m™. 22 VOCs /NI AR LRI 5 O, 4H [R5 N0, AT O, 58 M v B A8 b #a A
2, P GRS 45 0, A3 TR L, PR A NO, e B 32 B I AR NO, ¥R EEAE 7. 00 35 B AE, R
50.3 pgem™ ;1400 FEEIRAR, K 16.7 ng-m™, T 52 5 F PEME =0 19 521, 16 00—20: 00 FF 4R 15 K
2200 ZJ& NO, v B PR dg | 2 KA 1] 1Y) i1 7123 v BE R (IR 22 1 IR VL2, S B8O T ) RS i e
FIAIER B NO, Nﬁlﬁﬂ%zif% VR AL B (E. T AE G IR T NO, & 5 R VOCs
RAIAEE RN AR RS O, B i1, OB AE 0700 Z HiAb T HARAKT-, Bl 5 't R B i) 34
5, AR RN T IR R T ,03/7&};‘9% B TEAE 1600 25, B IR B 055 R R AIG, S fb 2 B ik
55, 0, W& BB B AR

60 —8— NO, —@—O0; —&— VOCs 7 60

Concentration of NO, and Os/(ug-m )
Concentration of VOCs/(ug:m)

0:00  2:00 4:00  6:00 8:00 10:00  12:00 14:00 16:00 18:00  20:00

Time

B3 EZHE¥ETT NO, .0, M1 VOCs F-I4/Nikik AR fk,

Fig.3 Hourly variation of the concentration of NO,, O, and VOCs in Handan in summer

2.2 RUAA R

OFP Al Lo, #B0T LITT B — 3 X VOCs fY 5L 8 A B0 1 Ko BB IR 58— 80 Lo U T
AN VOC PFPxt H DBk 27 O AR T BTk, (H 24N % 18 5] VOCs 5 -OH [ H 5& 1 20 3 . 1 OFP
EE T SRS N (WG RN ) i T VOCs 18 Wy 4 BN 16 1 K6 O, A2 U 3 i 5% g -2 MIR
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PATE SR BRI 55 FIEMBLIENT OFP B STER R0 43.7% 34.4% 1 21.9% i te>T75 F >
Bk s MK D5 B IR FGEIERT Loy 105 B BTHRAE T3 TIE: 41.5% 36.9% Fl 21.6% , 516> 05 Tl > fe )&, Ui
I 95 B HBHRTT VOCs Xt OFP I Loy, 53 Mk K B RS P2 40, Tt 8 (14) B R X 5708

F 3T MIR AN Loy W5 PR 5 2 F 5045 B SN 16 P STk HE 44 1 10 P Fh. v LI &
RSSO AR, B BoR O 2-F B8k S5 T 1,3,5- =R 1,2,4- = HBR RN 1,2, 3-—=H
FEA T R A LAY SR . X OFP ST kA e £ 10 A AP AR U 20 2-H ke S — 0 1,3, 5-
SRR 1,2, 4- =R HOR 1,2, 3- = HIEDR al/%h-HOR DI AR - O OR ) B R o R
OFP 1 69.3%. 1%t Ly, 5THRFE A S AT 10 PP RMKRUCR 38 0 RO 1,3, 5- = IR 2-F g |
O 1,2, 4-= SR 1,2 3- = HUEOR -2-T 8 IE -+ e fR-2- T4, EATTH S 5Tk 8 60.5%. H
BERT U SRR T B 4R A 32 B FH A R A I R 5 ).

£ 3 RITEHTTERREHEA T 10 98D
Table 3 Top 10 VOCs species to OFP with MIR and L,
MIR ¥ Loyt
YR ZFR Species BTk Contribution/ % YR 2 FK Species Bilik% Contribution/ %
LA 21.4 SR 14.6
2- W 7.6 WL 8.6
Lt 6.1 1,3,5-=H %R 7.4
1,3,5- = HHR 6.1 2-FEE e hE 5.7
1,2,4-=H 5.5 o 5.4
LIES 5.0 1,2,4-ZH3IK 4.4
1,2,3- =32 4.8 1,2,3-=H3IR 3.8
[/ %o - 4.8 M52 T 45 3.8
R 4.5 1B+ 3.5
4B-— 2K 3.5 J-2-T ¥ 3.2

2.3 PCA BiAVIE N

M n=m+50(n IREAE, m MR BR TS YW B ) R AR BIRRE 1 PCA 45 5 ARG 2 PCA
D7k B R X BEEUR) 23 B VOCs HEAT 2o o307, # AR IEAE K F 1 MARifE R I 3 N7, 25 28 L3
476 4T T 1.2 A1 3 WU IEREIT 2503 N 38.7% \16.0% 1 15.1% , Fc 2 BB )5 240 69.8% , 3%
B PCA $2HUT VOCs T ZFE. BAL 3 A I EZ UM R LS, 3R] PCA &5 520
fER. 2 4 [ 2R M R 57 1 B3 AG, FoRg W g R R TS m Y,
PGP 1 @ A 0 TARE L IE T RE S5 T 08 I e A R 5 ke 5 TR 2 5 B 3 A P T e J
AR 3 ER S, S R LA VR 2 AR B IR R AR IR E R IE T % R T ke IR
Pt KORZ W), LR 2 2 Mo i & FNAZE B ACHERICE. I 3 T -2-T M 1= T @ Ai-2- T
s S5 110 2B A A o VR -2 T 5 S ORI 5 A TR e A T AL T HER, B 3 e ok Tk .

R4 AFEFZE VOCs FFAESETT
Table 4 Descriptive statistics of VOCs

VOCs Fi2 M1 M2 T3
VOCs species Factor 1 Factor 2 Factor 3
E3 — 0.89 —
5T 0.03 0.86 0.03
EThE — 0.84 —
S 0.10 0.06 0.77
EShE — 0.76 —
2-F e b 0.16 0.72 —
3-F L b 0.40 0.67 0.44

A=Y 0.06 0.49 0.08
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VOCs FiZ M1 T2 M3
VOCs species Factor 1 Factor 2 Factor 3
2-F 3 e 0.21 — 0.89
3-S5 0.07 — 0.86
IE BT 0.08 — 0.74
[k — 0.87 0.81
-2-T I 0.27 0.07 0.83
1-T W — 0.09 0.89
E-2-T ¥ — 0.12 0.82
- — 0.75 0.11
Lt 0.13 0.71 0.31
ES 0.18 — 0.91
LIES 0.71 0.19 —
4B R — 0.05 0.11
[i) /%6 — R 0.65 — —
V¥ 3 0.69 0.08 —
KL 0.13 0.56 0.82
LY GEER (N 9.00 3.65 2.08
WG 2 H 31 38.7 16.0 15.1
FithZdE 38.7 54.7 69.8

3 %51 ( Conclusion)

(1) WS E] HREE T VOCs 393 A 128.7 wg-m ™ FH L TAU R K H RYINAE KI5 AR 21548
AR R K. &2 VOCs YR e i 0 1516 peg - m™, IR BB EH T, T E 55 H
136.0 pg-m 1 120.5 pg-m™; I H MK, 7 106.6 pg-m™.

(2) VOCs HIMFFER BN Kt (49.5% ) >Id ke (26.1% ) >I5 T ke (24.4% ) ARk, 2-F B ke |
S | e FNTR e )T 24 Tk JRE AR o R I R R 2 07 A e TR Mk B o LU s R AN R AR R, &
Pt FHOR S ICE RN 2R D v B o LA e AN TR A2, B 2R 2 Ak B o R 2 K. 2- R TR ot ok
7 H e, b 35.8% R SR e RIS 6 0 AERKAC R, SR LGSR R B o bR = R N 2 4

(3) MIR B AUNE OFP Tmk R 45 oI (43.7% ) >T5 12 (34.4% ) >Iee (21.9%) , i L, it
L AT L, BTk e K B Bl £ B O 2-F ke S T 1,3,5- S EOR 1,2, 4- = FEOR
1,2,3-=H3K,

(4) PCA HERUFEHTHEART VOCs 322 IR A0 55 1 7 il A1 28 % Ry 48 R ARCHE R A B Tl v 4
TR, H7 22 5TRk R 350 R 38.7% 16.0% F1 15.1%.
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