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Characteristics and source apportionment of ambient volatile
organic compounds in Taian

LI Kai' PAN Ning' MEI Rubo' WANG Yujun®*

(1. Taian Eco-environmental Monitoring Center of Shandong Province, Taian, 271000, China; 2. College of Resources and

Environment, Shandong Agricultural University, Taian, 271000, China)

Abstract Ambient volatile organic compounds (VOCs) were monitored in Taian, Shandong
Province, China in 2018. The VOC pollution characteristics, ozone generation potential (OFP),
characteristic pollutants ratios and source apportionment conducted based on PMF were
comprehensively analyzed. The results showed that the average concentration of VOCs was
(16.57£7.99) x10°° during the observation and VOCs was dominated by OVOCs (41.9%), alkane
(30.8%), aromatics (19.5%), alkene (7.8%). Aromatics, occupying 41.9%, made the greatest
contribution to OFP, which were followed by OVOCs (35.5%), alkene (18.5%), alkane (10.5%). The
source apportionment results of the PMF model showed six main sources of VOCs, namely LPG and
solvent volatilization sources (40.2%), OVOCs sources (17.8%), motor vehicle emissions (17.4%),
industrial emissions (11.8%), plant emissions (10.5%) and power plant emissions (2.3%). Overall, the
concentration of ambient VOCs in Taian was strongly influenced by LPG and solvent volatilization,
and the control of VOCs emitted from LPG and solvent volatilization should be strengthened to
reduce the concentration of VOCs in Taian, further reducing the generation of ozone.
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UEILAR, AR (05) B . EA 28 S i ) BB R R, o Ui 3 R i X, K = A
X L Oy 4 5 Y i i bs KBS LB 25T PM, " 3L BIFSE W, #8 & MR A B (VOCs) A 15 2£ 4k
LIS F SR A (NO) KA A=A RN, P2 A YAk 05, Jefb~A A0 25 0 2R 05 (R L,
YEK O TEFTAYI I VOCs BRI 245 1) 12 KTk

VOCs Fi2E B L2 R A VOCs 124 K2R 6 Pt ASHI ], B 55 VOCs 4 2H A AN 5K 5 4% AF X 42
il O3 15 Y At 7~ B A AU KA TS Y Y BB LA T 223 ). H Al P 5CTF VOCs 1Y WEIN AR 9% 32 224
HAEA T = A UNT 90 BRIE = AP0 O R AR X 1 AR 2 A DG B B SR AR A, X AR
WFoE 2, $rra i X VOCs R 5 R C3—C5 Mukeke . P . T-2- T M . i)/ — H R0 FE R 4% 32
BREONIR A B TV AR . &SR0 K B 15 T KR VOCs s kst 5 4 1 A= B o2 ko w85
TR TS AL, SRS K IR TR, C2—C4 2 BEIR e MIZE Rt BRI A i stk R
R, VOCs EZORIEFHLEH ZEHER . T2 2 R A 57 5 .

BT AL IR R 2 IR, —m R, & F R /NI . 2016—2017 47, 284
O F K 8 h FIHRBE /54 197 pg-m™ 1 210 pg-m™>, 7628 43 IHER 55 A AEE—107. RAE N TR
M BT IR S 25 e T g SRR Y VOCs 1975 Y IR O 5 X 28 42 T SR BGE Y
i il A 23 R e LA R L

A GEAE Z8 2T 3 DX 7 — A XN 3l 8, SR FHAE WL 2k, 32 2 X ol o KA 1 VOCs R4 7 W,
A3 BT R BERRAE, 31 RRAF HLAE AT AL A0 Hr X VOCs FEAT SR IR AT, 61 INF P A G B 4802 Js 3, LA 3B
HFELETH RIS VOCs Fl O 15 Y5 iRl S 4.

1 g@%}'ﬁﬁ?ﬁ(]ﬂxperiments and methods)

L1 FEECRES

AYALIE R 2018 4F 6 A 1 H—7 A 11 H, Al LR N 28 % B Z2 K H VOCs 115 Y . W
T b 2537 T 28 22 T 2R 1L XA 1L R L D 1 2 B E R BE A (36.18°N, 117.11°E), 12 WL 15 2 7% 22 11T Y
FEl 4 0, ) i B AR A3 T4k, RIS A A B A A T . Tk X Rl DR B DX, 2 TR f 3 T o
S, LI A B A A 1 IR
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Fig.1 Location of the monitoring site
NMHCs (100 >k H] Hy rp U RE 27 B AR A BRI 58 b0/ 4 & 19 GC-FID-VOCs 78 £k X 24 h
TS W, SRAERT [E] 43RO 1 h, B @3RS OV-130 m A K x 0.32 mm B 4% x 1.0 um J&
JE); RAERT, AT RAEZE DL 50 mL-min™ A9 0K PR5 AR MR 45 2 1 B —80 °C IR A8 T, SR 5 TR
FHE 100 °C FEATHUBEFT, 1495 6 ming [FF 2L 5 mL-min™ B9 N, 3305 A9 RE 5k A GC B 40145 (4,
FEAE TP AT A3 B, H IR I A TR EE FH S & 220 €, DL 60 mL min”' 2K 10 min DAY 5% B 5 (0154
BRI THEAN T : BRI R—60 °C, 144 3 min; D) 12 °C-min™' FHEZE-20 °C; L1 6 C-min”' THEZ 30 C;
LA 10 Comin™ FHEE 170 °C, PR¥F 2 min; FID A5 I &5 0935 B A 250 C, Aas3eAa il 2] 51 Fhdy i, Horp
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5 27 Pk . 9 Bl R AN 15 5 A kel BRI 25 A5 4 (OVOCs) PRI R IR A 2, 4- i 5 i
(DNPH) 7 A AR A R e /N SR AR, F 2 h SREE 1 /NRES, ISR S AR (233 (HPLC) Jr vk A i, St
K 15 Ff OVOCs.

R T AR E W8I KA B A S R AT SE M, GC-FID-VOCs 7528 Wa il A 45 2 d % J1 25 [ 35 BN 7] 1
Linde SPECTRA Environmental Gases #RESRIEAT 5 A HE, A HERT A 56 R B 7E 0.992—0.995; [A]H,
R T A — S WL Y VOCs W 0 S8 A 451 2%, 8 SR A IR B A5 1) T o 12 22 JIEL 7 I A PR M P e £ 2%
T LB AP AARR], B 2 d B 1 RO 6 R AR 4R 45 5 =0 S0 AE (i 4 2 d R A7 il 2R A v,
20 MEEL S BT — AR HEIT 2 (A1 B2 A, 31> B AR S 00 DN 25 2R 500 4 vk B (A X D 22.<3 0%~ 17,
4 VOCs UL A1, [ Bk Wi 2R 385 23 4 FR i CO.L SO, Fl NO, 25350, Wil {3 #8345 FH FE Bk KRB
NCIBE Y IONSEsipusse il LIS
1.2 VOCs fb2#id PEPEM

ANTE3E T H KA VOCs RIS 5, VOCs H 45 4143 1 e B /K S A A 24 36 MR ], XK 05 4=
B DTRRLAT 25 5. B4R AR OV 3 (OFP) 2 FH e K o i I 176 1 7 s PA 4 & A WL & P i e A2
B, Ak A L AEUE st B v B AL G i SR, A O

OFP, = [VOCs;] x MIR,; (1
A1, OFP, N2 i 4~ VOCs W) Fh i) 48 A= OB, ng-m 5 [VOCs;] R Fh i PR i & BE, pgrm s
MIR,; } VOCs 55 i B e R i 52y b R4 A BUZR B, RTAE SCRR [19] il
1.3 IECHIFEH A (PMF) 200

1E A HE BE R 53 BB Y (positive matrix factorization, PMF) 1 & 52 PRI AR $i K B 8] 37 51 1) 32 4
{2 2] 3 B AR AT VOCs SRIEF#AT. PMF 180 R h i 3 AR A 208

P
Xij:Zk:lgikf}(j+eij (2)

A, X AR i Fin el j BRI, X107 p s R IR AR ; gy 9 ER & SSRIERS S i A A9 5Tk
i, %s fiy HE kAU A B A 5 L, %s e REARER 22, PMF B 3 SR H AR R O /)
A2 B bR e O 5 LN

.. 2
0= 37 (%] @

A, n AFEARAEL, m AYIFIAEG wy FoFEAS PR A0 E Pk AR3E PMF5.0 18 G075 20K, AN
T JE TR A 50N

5 4)
“MDL (C <MDL)

{ V(CxRSDY +(0.5xMDL)> (C >MDL)
unc. =
6

A, une. FORFEA AN AN E 5 C FoRAEA TR 1 5 RSD R/ AR XA 14 fiv 225 MDL 7R
Rt FR.

2 75 53718 (Results and discussion )

2.1 R VOCs Mk B K- Ko 41 B RFAIE

WL S 1) R AR AR 1 h, VOCs ¥R FEF- IR (16.57+7.99)< 10 (R ERS340) . py 2 1 7] i1, WL 15
6] VOCs ¥ B 7K - 2 9 1 i FR R (3.18+2.09)x 1070 FIA i (2.02+1.27)x107°, H N PA%E (1.71+£1.41)%
107, L (1.39+0.61)x107° Fl T K (0.92+0.88)x10°°. FH & 2 AT LLF H, FEAS I3 [H] VOCs U K41 7k
JEMRFAR N : OVOCs(41.9%)> BEkz (30.8%)> 35742 (19.5%) > M ke (7.8%).
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Fig.2 Concentration ratio of VOCs components
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Table 1 Concentrations and OFP of main VOCs species during the observation period
PR B R
535 Average concentration OFP
Serial number w5y HUE(>107) oy HE/(ug-m™)
Species Value Species Value
1 R 3.18+2.09 FH 40.34426.52
2 PR 2.02+1.27 &/ - PR 20.51+14.96
3 e 1.71£1.41 T 17.87+7.90
4 L 1.39+0.61 S 15.44+14.10
5 THe 0.92+0.88 8] — 23K 14.59+11.71
6 Hop 0.88+0.67 LIF S 14.52+10.96
7 SEE 0.81+0.43 a3 12.10+8.01
8 KL 0.72+1.13 1E 11.90+7.36
9 I 0.62+0.41 THE 10.74+2.46
10 PN 0.60+0.39 [i8] - FF 2 R 10.01£7.20
11 TEE 0.56+0.13 £B- R 8.54+8.36
12 M 0.53+0.33 1,2,4-=HI3K 7.86+4.77
13 ST ke 0.50:£0.44 1,3,5- =3 7.7746.62
14 ST 0.48+0.44 PORA: TS 7.76+5.27
15 T 0.47+0.33 R -2-18 45 6.15+3.47
16 LR 0.33+0.30 N 5.83+5.59
17 =kt 0.32+0.13 KN 5.7749.12
18 e 0.31£0.27 W-2-"T 45 5.62+3.80
19 [ /Xef - — o 0.28+0.20 7 F g 5.2842.75
20 P 0.27+0.14 TR 5.0242.57
ovocC
FHER ] - . s
Aromatics m
19.5%
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H T VOCs 2 I 1) A [ F Ak 24 36 PR ) 22 5, T30 VOCs 4143k B 1) H AR AR 4 AE i AS ], 43
VOCs ¥ H AR AE R 3 HoR IR T Bz —. & 3 4 Tl s RS P kel ke, 9 &
1 OVOCs 1Y H Z8fb#a . fikes . F5 /1 OVOCs H 28 Akt 3 ds g — B, A 52 301 1) v 1 KA il 72
FRAEAE 5 DR Sk e e A 7 A ) N S35 3, ek i s X L 3 2 R S HE O AE:, TR) At i R i, RN
VOCs W8 A K X iitag, 25T, AR F 15 G i85, R e R R AR R PR S5, K
SOk RO TG R R B, 2 FE— 2 Y VOCs, & AR SH VOCs MR BE T . SR, I ke -1k
BT W E TSR RRIE, X FERER A T ALY S HER S s B E B DT R 2, 7R 1 R R A K FH
FR ARG, S s HE R B RGN, 7RI IR BIEAE, 16:00 LAUG B A 16 P S R ), Lk R bkt
TR
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Fig.3 Daily variation characteristics of VOCs components

XFFRE R, B TRty A T S A R T 3, s A T AR, 2 A8 R IS ), 7R 06:00
PRUEAA, B K BH R ST 1G5, DA 2 SO T FE RS N, Wk BE S BB AIS, 76 17:00 LA, oAbk R NI AR 457 1k
I BE A T PN 22 38 M e 0 2R, 5 G VA B S B BR . D5 A I I OVOCs AR - Jot Je A it g 8 LA
BB B 5, 55 AR AE P A BT W B TR (R A, U BH D5 A IR R RO IR T AL G HE AL, 38 52 55 ) 45
S AR ARl HE 0 52 OVOCs & W ¥k B2 85, B S S SR 55 T %, B S 2218 46 T, TR IEF
12:00 e A7 & AR PR T Bk B B 1%, 00 J5 SCHREE AR T — E4ERF R, UEITBR SR H — W HE A, ik 5T
FIR A B0 DX A5 R 3R 0 Al A S 5
2.2 KA VOCs R AAUE S A RHE

B2 S 9 VOCs 4143 B4k 2 SO 1 PR [, X O BT B It AN [R], R KR 05 Bk K
VOCs P Bl , X il 22 A3 000 D8 HEF i 15 it 5 SCEE oL ply 8 1m0, ORI st XU 00 () FE R (40.34+
26.52) pg'm | [H]/XF-ZH2K (20.51414.96) pg-m ™, L (17.87+7.90) pg-m >, FIE "4 (15.44+14.10) pg'm™
FlE] — K (14.59+11.71) pg-m™ J& OFP {H i = 1) 5 F VOCs #yFh. i l&l 4 A7 %0, WL ) K< VOCs
DU K2 % OFP BTk R . 75 /18 (35.6%) > OVOCs(35.5%) > M k& (18.5%) > BEkd (10.5%). ki ks
LAY VOCs MR (5 Fu i s, 04k 2% RO 6 PG, 06T OFP (14 BT sk /N~ 270 s ha v S5t 80 04 1) Wk B8
IKP-d i, HE A (R R B SUEE AL 2 I R TG PR, X OFP (O STk B A, S8 — M 5 B R A 3% s 4k
JIC, W BHAE P50 KA Oy 1A LA B #E TR J5 B AR OVOC Y /K-l R A AR JvE VB A s
PRIt 4 1 0% A7 J2 FT OVOC IHE IR AR 45 il 28 28 i1 5L 46015 Yo 1) S B
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Fig.4 Contribution of VOCs components to OFP

2.3 ZRETH VOCs K IF Al
2.3.1  HARVYRRRRAE LA S B

VOCs #4143, 5-OH HA MR 1 3 5 4 B R AR TS G2 22 (8] 7 FU AR, AT LA S e HOR JERRAE . e
TEXE h FEORIETHLEh R RARSHE . OB AR YRR A&, TEKE (n-pentane) F1RE AT (i-
pentane) ELA ARG Py BEAAb 22 0T, 5 506 /B 86 Joe A T AT 25 0 W R IR, 4 U ARLYE R 0.82—
0.89 I, A Y8 hy R AR HERL, HLAETE Ry 2.20—3.80 B, SR E M HLBh 4 B <, HIETE FIAE 1.50—3.00
F A W AR VR HE A, LA S FEIAE 1.80—4.60 B M #RBHE &, UAR TS Bl KT 4.60 1 Ry HAd 5. 5] 5(a)
a3 25 T 5 I BE AE G E AN [R) R B A £, R R0 A5 S 8 e RN OE 186t Y B AR RS 43 43 A A
1.80—4.60 Z [0], FRIANLS) 4 RS WA VI HEBOR AR K #o0 FoAT STmk /R, 1 R AR S HEBOW 1K
Pt 1) SR R TR /D, e P R IR A STmR. A AR LUAE T 20 B AT LA HS S5 Be R TE G 1 LGB
BORATEL, SEBERE SBE AR IR 5 2%, AN R B — R U, RRAE AR TC I AR A 1 A A R I

i ® Wind direction/(°)
r i / 360
5 2'1/ P %0.056
- . R=0.73
3 / ;151 X

270

i-pentane/( X 107%)
Benzene/( X 107%)
o

—
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o 1 1
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Fig.5 Characteristic ratios of typical species

7 AR AR R T R VOCs H1XT O3 A2 hl 57 ik e KB P Fl, 2K (benzene) 5 H 2K (toluene) A9 HE{H
(B/T) ¥ FHA W7 5 A S 26 PR AR R, 28/ F 2R (E RN KT 0.20 B, 1B R U8 ok Tl #5500, 130 42
AN 0.50—0.60, BABEIE N 1.50—2.20, A=Yy SR Bl LI 29 2,50, H K] 5(b) 435l 45 th 1 28 /H
FA A LB LR, 7T LB H R H 2 FU 0 A 7R 0.20—2.20 2 18], R IAMLSH 42 B S MR BEIR X HoA ot
BRAE I, 2R PEAULA 1 LB 0.56, S5HL8 %2 R SCHRRC LU AR, i — 25 R WIHL S 42 )8 SCHE O UL 2
KA VOCs H1 O A EZ Tk, B/T MUMEA H 32 B HR IR B 5200, 38 32 2R E A2, R
b2 TG R T2, B/T BE AR T 5 806 /AE I e th 5 4 4385 55— D7 T B/T A {EL A2 XU ] 52 i 44
R, VAR X b A v 1 PR R B, R T e W A% i ox LA A S

25 b, WL S A F T PO £, VOCs (IR BE Dl 52 4%, RRAIE T Y P 199 L A0 181 4R 43 1, 3 B
FEIE LA VS JC TR E 0 0 AT 1 75 G R IR, 5 225 PMIF RS RL AT (9 285 SR 0E 4 7 40 B EDIE.

232 PMF MR T
BE X 554 VOCs Bt , 328 BT S W5 $5 715 1 55 A0 W 0 45030 A X 52 3% VOCs 4 Ff i A %] PMF 4%
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By [ WL Y COL NO, Hl SO, Bl N AT, 5 B U HERCIR, e I HUN 6 N7, 22K
TR TR R AN AL 6 BT,

100 OVOCsjE OVOCs source

Percentage/%

Percentage/%

Percentage/%

100

50

Percentage/%

&
!
o
=
g
=
Q
=R
2
z
2.
é.

i

=5

=

gl

=

100 ML ZEHEiL Vehicle emission

501

Percentage/%

1001 HEY1iE Plant sources

501

Percentage/%

i

n-Heptane |

ane
one B
ane
ane
S0,
Co
Cco, b

s =2 8 2=

Ethylene |,
Ethane |
Propylene
Propane :
Isobu
Bu
n-Bu
Isopen
n-Pen
Isopren
n-Hexane F
Benzene £
2-Methylhexane
Toloene [
Ethylbenzene F
m/p-Xylene E,
Styrene [
o-Xylene £
n-Nonane
Formaldehyde F
Acetaldehyde [
Acrolein

2-Methylpentane -

3-Methylpentane £~

Methylcyclopentane F
1,2,4-Trimethylbenzen
1,2,3-Trimethylbenzen

B 6 XL E KR VOCs JE AL S

Fig.6 Source composition spectrum of VOCs species during observation period

S PR ZERPIEN S OVOCs BT (5 (9 F 43 Lu B e, IR 25 )92 OVOCs .
5 RN TR, C2—Ca Bk R b ke A A g 48, C2—C4 Jis 1 Tl 1 2 LPG R 77 45 % 1) G )
Ft2200 [t , 5 25 IR I3 4 LPG FE I & 8. 26 =250 1 BA S 4401 CO Ak, Tl ket &
A HERCR R Y CO, 2R 2 Tl A be it 2 rb 5 22 A AR AE 8 75 "), SO 2 B 05 2 Tl . 55 0
KN F HAT E 531 SO,, BT W HERCK R SO, Ik, H5 IE 28 IR 7 I3 A e ) HEL. 26 L2 F AR
P o3 R R R RS, AR Z ARRAE LGB 2t S ke L TE e . RN R Y R R IR ARG ML B 4
AR, H C8—C10 Feld s 54l & sh L HRHUR AR FR 50, PRI, B 1M 28 R 3 S 48 VA 42 55 4
MR RIALSN A HE L. 5SS T I DL 3 43 o S 8 0, IR o %) S e s SRR A R VR T A
AL, S AMLEh A R R S HE— 5 HER, (R 7 S5 HL8h 4 R A C R H B VOCs ) ot ik
FRHBAN g, PRHORE SIS PR SO AR P HE IR

& 7 2y PMF fi# A1t 6 28 VOCs HE 5 7R WL I 51 [R5 VOCs 19 AHXS BTk 4 8, 7T LU i, WL
8] VOCs f5 K 1 HEHCIR Jy LPG Al 7 #5 & IR (40.2%), H WK 435l OVOCs Y8 (17.8%). ML 3l 4= HEJiK
(17.4%). Tl HE (11.8%). FHPITE (10.5%) FTHL ) HERL (2.3%). PRI, 45 A58 T Tl 35 790 HE i 2
Pl 42 2¢ T H 2= VOCs 15 YL i 3 12
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LPGANYHI 1% SR

LPG and solvent volatilization source

= N

TolkHER

Industrial emission

N\
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LT HER
Power plant emission
OVOCsij&
HLEhZEHE i OVOCs source
Motor vehicle emission HE¥pE Plant source

B 7 LI HA [E] A [ JEHE RO VOCs 1 BTiikR

Fig.7 Contribution rate of emissions from different sources to VOCs during the observation period

3 2512 (Conclusion)

()WL ] VOCs #e B2 ¥ {H 2 (16.57£7.99)x107°, H:if OVOCs 5 Hedw i 4 41.9%, Beke i A
30.8%, F5 77 IE K 19.5%, M iE R 7.8%. bild . 75 &M OVOCs H AR fbila 345y — 5k, B 2 B[R]
F R AR A AR AL R AR, 10 45 4 32 S0 AE W0 U8 HE S 5 @ 52 ), 78 F1 R M B0 T B 3 4R T A AR AR RRAE
VOCs ¥ v -5 8 /K P d5e s BRI S RO RIS L TN L DA e . LT RN T . SOOI 487 ] X< VOCs Uk
J%F OFP BTk R F 4. 55 & 48 > OVOCs > Midd > Sk, Hop S | (Rl - K O/ I
FillE] — 2R J& OFP ZK~F-fi =i ) 5 VOCs 4y F.

(2) W &5 VOCs Fe U5 A At 285 1 S 7, SO0 34 18] 28 42 77 VOCs e K I HERCIE  LPG FNEs 77 #5 &
(40.2%), HAK 53512 OVOCs 5 (17.8%). AL ZEHERL (17.4%). T HER (11.8%). HPIE (10.5%) FIHE
] HERR (2.3%). B, # i) LPG RS 4% & R il 28 % 2% VOCs Fl O; 15 YL i H 2R 12
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