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Abstract: To %tudy the composition characteristics aind smrrces.ﬂf volatile organic compounds (VOC%) in Shijiazhuang City, three
nationalf coritrol points: were selected to conduct VOCs sa-mphng and analysis from March 2017 to January 2018. The correlation of
VOCs thiough combination with meteorological and ground-level O; data, and the sources of VOCs were analyzed by positive matrix
factorization (PMF). To quantify the pollution period of O, in summer, its temporal sequence characteristics were studied by wavelet
analysis. During the sampling period, the average concentration of ambient total VOCs (TVOCs) was (137.23 +64.62) pg-m .
Haloalkanes were the most dominant VOC compounds, accounting for 31. 77% of total VOCs mass, followed by aromatic (30.97% )
and oxygenated VOCs ( OVOCs, 23.76% ). The seasonal variation in VOC concentration followed the trend in winter (187.7
pgem ) >autumn (146.8 pwg-m ) >spring (133.24 pg-m ™) > summer (107.1 pg-m ™) ; the concentration of VOCs shows a
trend of increasing gradient from west to east. The O, concentration correlated negatively with VOCs and NO,, and positively with
temperature,, sunshine duration, wind speed, and visibility. Changes in meteorological elements were concerned before the occurrence
of ozone pollution in summer, especially in 4-5 days in June and 7-8 days during July to August after the occurrence of increasing
temperature. Finally six potential sources of VOCs were quantified by the PMF model, including from gasoline emissions (24.78% ) ,
diesel vehicle emissions (24.69% ) , solvent usage (18.64% ), the chemical industry (11.87% ), regional background (10.84% ),
and the pharmaceutical industry (9.17% ). Ozone formation potential (OFP) contribution of emission sources of gasoline and diesel
vehicles (54.98% ) was over half of the total contribution. Meanwhile, these findings illustrated that control of vehicle emissions and
industrial sources would be an important way to reduce VOCs concentrations and improve air quality in Shijiazhuang.

Key words: volatile organic compounds ( VOCs ) ; ozone; ozone formation potential ( OFP); wavelet analysis; positive matrix
factorization (PMF) ; Shijiazhuang
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Table 1 ~ Statistics of sampling time

EmGE) FE REEHMI(A-H)

& 03-11  03-12  03-13  03-14 03-15

06-05  06-06  06-07  06-08 06-09

=2 07-03  07-04 07-05 07-06 07-7

2017 08-01  08-02  08-03  08-04 08-05
* 09-15  09-16  09-20  09-21 09-22

10-19  10-20  10-23  10-24 10-25

% 12-20  12-21 12-22 12-23 12-24

2018 01-15s  01-16 01-18 01-19 01-20

BORE i 400 mL S NARH 50 mL $HA =208 B
vk 45 1Y ( ENTECH7200, USA) , & N i 7K | & 4E
Wedd 5 FHE A GIE- TSI FH AL (GC-MS QP-

DURRAT B EAG . (3% (VF-624ms, 60 m x 0. 25
mm x 1.4 pm, Agilent, USA) F2 7 FHE : R EFH) R IR
JE(50%C )5 min JGLAS °C +min ~' FFE 150°C 5 FR{HF
7 min J5 L 10 °C +min ™' FFZ 200°C , 25 10 min. 2%
S (He) Wii# A 1 mL-min~'. JEi3%4 0 0RE R
230°C , B TURIRE Ky 250°C , FHIE T =R SIM, =il
Bl ok 35 ~300 u''7.

{8 145 4E S ( EPA TO15, Linde , Germany ) X} 64
T EBR VOCs (3% 2) F1 4 FhNARPI#EATACHE ST, B
B AR Ve 2 At PR L SCRR [ 17 . dRe e, e
T 61 F VOCs, 3 A~ 8 B 14 6404,
RS 81.47%. 0, NO, , PM, JHI CO Bl AT
F ] AT Wt 2 A B B (hitp :// www.. enemc.
en/), m%ﬂﬂ%ﬂéﬂ??ﬁ%&lﬂ%ﬁ%%{w JﬁiE’Jm

2010 PLUS, Shimadzu, Japan) i (L i EEREFT 4385, ) RBTHE ‘ e P
®2 WRUWME VOCs k| ' #’ 1
Table 2 VOC compounds observed in this study == i
s i il [¢ 11 e
Bk (4) ECKE SOk, 22 4- =T R MESE ) ‘ ¥ 7
Hite (2) PR 3T - : ol €
- ﬂ%(m) R - MU IR - IR xuﬁ 4 a)é._ttﬁx 43,5 S HIEAN,2 45000
ﬂﬁﬁﬁﬁm%(dvocs)(lo) Tﬁ%%ﬂ#ﬂi:ﬁj .EF‘ TM LR LR TS . Vfl’ftﬂ/i\ﬂﬁl Eﬁ%jﬁﬂ’gﬁﬂﬁﬂ 2-C R | 1 A4- :%xfﬂ*ﬁl
' — g mw;@x& ST R ;Lm%‘ Y S HLt “Reg Lt
ﬁmém) a7 e 100 <) N L N W P AT ’%LE%E 1 SELBEL 1,124 &

j‘t%_ '/ @
@ vafeakE (o)

P | kil A zﬂ{ﬁaﬁ IR Pﬂ;ﬂlk’*iﬂll R

WM TRLN | e Jiﬁ,z SR -1, 2- R SR 13- 1,3
giﬁ}?ﬁ ‘qmil IJ*H/\:?_;J:"—A i

PRI (6) U 4B - GUE M- 1,2 4- S SURIACE
GG ZHemR

1.3 e S RaE

VOCs KA, R- TEAL ¥4 BH Tk 45 43 K <o
BRFASGHEA T PEAG . SUMMA 422 76 115 FE A
b RZGEMEESREE, XA S TR R, K1
Frfase TH . B Th, W R Ge 2 ). ¥ Bk 1000k 46 1S3
50 mL [ 4-J5 SRR AR oAl A AR AL
FiL IR AR S S TR AR A L. T
Ve 58— HE R 5 D Je X LS I O TR A TG
A RV LA T 2 I 0 P L B R A
e SRR T SRR AL T

VOCs RAfid B v P TSL 50 2= 25 1 s i as
FOVATRE S ORI, SRR B0 . B AT R,
JE <83 kPa, T HR 46 AN 2 101 kPa, 7 BEA%
/N W L1l

H

X{l

F o= Y, (1)
o F O R R, O R X, Y, 3 kR
R AR (19 IR S HE R ) (kPa) .

FEREVREE S 20T, 22531 6 VR i S HE R £k
H AR AH Rz PR 9 R X B 18 22 ( RSD) AN & T
30% ; AT FE AR 2 d AT — U i il £ ] A
(AT, PRUEHE I 5 235 R 55900 s e 8 R X6T g 2
AT 30% .
1.4 SEAERHS /NS

OFP A [zt O, — A= it b VOCs B’ﬁaﬁfiﬁ}t

FREE, Mt e HOCHETS YLl S| Efh, — ol it
j(ia E }iﬁ {ﬁ @ ( maximum incremental reacthlty,
MIR) & VOCs H 9 Ffrifk B ok oAk, HoAd 28 =X
~F[10] .
M[

i, (2)
K, OFP, WA i MR O, A B (pg-m ™) ;
MIR, R4 @ DFp i R3O, SO H A iR 5
(LA 0,/VOCs iT, g-g™") , RHISCHK[ 20 ] A9 MIR %X
fH; VOCs, b ¥ BE 25 P 58 0 A 9 Bl i vk
(pg=m ™) 5 M, Fl M, 5350k (i) F1 O, BOARXS 23

OFP, = MIR,-[VOCs, ] -




5328 EZN

i

B 41 %

T

IINBE G T (wavelet analysis ) S H AT B 48451 3 22
RS HEIIRE R AR i [R] 7 91 (2 @5k | RN
P BEALYE K SRR P8, B 22 )2 U AS AR ) 40 Hr
TPk HT B R 15 Y it 18] e 51 1 22 4 2
AL S, W5 Qe AR R S, S/ NI
(continuous wavelet transform , CWT) Fl/NJE 7 22 )2
2R N 2 N R BOT 5 EAE b 5
AR TSR E O, B TR RUE Y J 1.

Wia.b) =tal [ fop(=L)a (3)
(a, b eR,a#0)
Var(a) = f” | W,(a,b) | 2db (4)

L, W, (a,b) R/NEAEREEG F(1) I E
i AT A5 s T R ()

o D Vs Var (o) AN R

GRlILENIERIIRS 258 [} b
1.5 _YOCs RGN 1% ) o

/i PyE 5/0/model (U. S. EPA))/ ﬁ%ﬁgﬁ
VOCs EPNEWWEI’J/G /F?&f@vkiﬁ PMF"I‘%FU

—ﬂiﬁéﬁﬁﬁnnqﬁ{? /J?‘ﬁaﬁl(p)ﬂ VOCs %ﬂ‘ﬂ’]
ﬁt ﬁﬂu?““}
: X = Zghfkj +e; “(.“5")-?-.’

=, X jﬂ%z/l\VOCs ﬁéunqj] YIFh B EE s g, R
gﬁt/l\ﬁénnqjgﬁk/\/ﬁ PR BTHR; £, 5 kS
YeParh j YR B e NS AR j R R
RZE.

PMF 1277 i A% b 7 235 A1 o i B2 e G X 1o
(AN BE R . Wb i B S AR TR T
() I7 A I FREA T AN B H 5 P I TG
BIR A P o B2 B 172 At B He, O AN 5
BERLS /6 ARG BRI & T 07 646 IREI Bl A

1 € £ (Une ) ffi ] Unc /Aﬁﬁﬁ?z‘ WG TS YL PR A
TS ~7 B —is TR A, &k Q IS E

& /N[ Q (Ture)/Q ( Robust) <L5]1HisfT4s
RO BB AT IR BRI 22 IR S, fc ¢
PERE T 6 MG Y s AT, Jf e 1A AR {1 DF
f# (BS. DISP & BS-DISP).

2 HFR5IHE

2.1 VOCs A B2 7K B H A A R AiE

XF 61 Fi VOCs, ek 4 F i ke 21 757?5
J 10 B AR 20 Al K AUERIR 10 Pl
6 il . 8 F OVOGs Iz |1 Fh & B Ak 4 it £ éﬂ“\ ﬁE%n
OFP 43#7. *F 3 A~ Wa il g% VOCs ¥k g %&%‘ﬂiﬁﬂj
{EALHE, LABEIA 1 ZTE 11T VOCs 1Y B A habi'(% 3.
IR IET TVOCS -5 B b (137.23 +64, 62)
wgem VIV 4 28. 99 ~ 316,87 pgem 2k
VOCs #4153 it E(R&F}J\mﬂﬁﬁﬁmﬁﬁﬁkﬂx
[(42.59/ 49179) pgrm™ 1. 3% % 42 [ (41, 32 +
28.21) wg'm™ ], OVOGs [(31.86 = 17.34)
wgem ] KEkR[ (7.38 +3. 83) png-m ] KA
[(4.99 +8.69) pg-m™>] Mk [(4.06 +3.32)
pgem ] FEALG Y[ (3.16 £3.51) pgem ] M
pAIFRL (1,67 +1.88) wg-m ™ ], Hih g fCke i
(31.77% ) 5 F4(30.97% ) F1 OVOCs (23. 76% )
Hi A K TVOCs Hfil# &, Hhik 86. 5% (£ 3).

®3 BFET VOCs MERHERH OFP Sk
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