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Abstract: The pollution characteristics and emissioffictors (EFs) of the volatile organic compounds ( VOCs) of vehicles were
investigated using.the tunnel test method on weekdays and weekends in the Wujinglu Tunnel in Tianjin, China. Gas samples in the
turmel were collected with 3.2 L stainless steel canisters and 99 VOCs species were analyzed by gas chromatography-mass spectrometry
(GC-MS). The concentration levels, variation characteristics, and EFs of the VOCs were analyzed. The ozone formation potentials
(OFPs) and secondary organic aerosol formation potentials ( SOAFPs) of the VOCs in the tunnel were calculated. Moreover, a
comparison of the study results with current literature was conducted. The total concentrations of VOCs at the inlet and midpoint are
(190.85 +51.15) wg-m ™ and (257.44 £62.02) g m~’, respectively. The total EFs are (45.12 +10.97) mg-(km-veh) =" and
the EFs for alkanes, alkenes, alkynes, aromatics, halocarbons, and oxygenated volatile organic compounds (OVOCs) are (22.79 +
7.15), (5.04 £1.20), (0.78 £0.34), (9.86 +2.81), (0.26 +0.17), and (6.25 £2.27) mg-(km-veh) ™', respectively.
They are notably smaller than the values obtained in a previous test in 2009. Isopentane, toluene, ethylene, methyl tert-butyl ether
(MTBE) , and ethane were the top five species among the VOC EFs. The ratios of methyl tert-butyl ether/benzene ( MTBE/B) and
methyl tert-butyl ether/toluene (MTBE/T) are 1. 07 and 0. 77, respectively. This implies that the contribution of evaporative emissions
from vehicles to VOCs emissions cannot be ignored. The OFPs and SOAFPs in the tunnel are (145.50 +£37.85) and (43.87 +12.75)
mg+ (km-veh) ~', respectively. Compared with the test in 2009, the OFPs and SOAFPs are 94.23% and 90.88% smaller,
respectively. The sharp decrease of the OFPs and SOAFPs is closely related to stricter emission standards and the upgrade of oil
products.

Key words: volatile organic compounds ( VOCs) ; tunnel test; secondary organic aerosol ( SOA); emission factors (EFs); ozone
formation potentials ( OFPs)
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RIS EEE A L. B AT VOCs IR E I
5 B4 MR R R ROk [(15.39 = 8.32)
pegem ] ABEL(11.69 £5.21) png-m ], L%
[(10.52 £2.94) pg-m ], IETHE[(10.13
4.86) pgem A (7.52 +2.31) wg-m ™ ];
RO BB v A 4y O R ke [(24.26 + 8.23)
pgem ] HEE[(13.07 £3.20) pg-m ], LK
[(12.60 +2.98) pgem ], IETHE[(11.02
5.48) pgem P FIA] (10.86 £4.32) pgem ], 5
Pl v 21 43 SR A3 i) o R Uk BE Y 28.95% N
27.89% . AT LAFE HH 2R FSE S0t v e A HE R . 3
W, AV AT P HE R, BN A

o
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e LR B AR, AR R R
GearAE , I [R] 28 B R A T A4 T N
A7 ik 95.96% , DA L LA b JLFR 9 %k BE 3B Y
VOCs B3 I3

&2 R TAE H 282 VOCs v BE (rp s ik iE- A
PR ) 5 40 . 42 U o B () A A8 AR . ik
WIIE], P R PR Y SRR, B N 4 O A T
33.60 ~37.53 m-s ', FEHAXERR, ASRIETB AN
AN, BEIE A A M RO A, LR 0
(15:00 ~ 18.00) 4 yii & K F H = 0% (0600 ~

09:00). VOCs ¥ & fi i o5 H BLAE 09:00 ~ 1200,
I B BRI P R AR AL . %R 00:00 ~ 03 :00
TR EIRIR D, H VOCs A%k BEA 25, 5 HoAth
WFEBCAR L, %A BEN OVOCs 5 LB Bk, 32 Rt
FRATECR RE A, 78] S R AR R i i 2, i HLAh
R B, Bl LT JCE AR 420, R4S Dong
SRV RRESY , RS AR OVOCs HERLE B E T
B R JERILE S EC T OVOCs /5 LAY T
FTAEH SRR TEH KK 7.30% ~
14.09% , {BARLFFAE S TAE H2E0L, MORTEHGR.

1(o’clock)

£2 AEBEEHIH VOCs REILE/pg-m >
Table 2 Comparison of the concentrations of VOCs with that of other studies/pg-m =3
s Jbmt g 1] AvEkRE T g 1) g 1 KHERRE
o (2000 ) (2005 ) (2005 4) (2015 %) (2017 4)
AH 992 263 955.2 87.28 190. 85
i 6171 574 2216.2 225.63 25744
200 3500 1 40
Jovocs BB W —e— Fifilt
180 - Ellwe [ #ite —w— Ml “‘N\\.
O %&% FX e 3000
160 - 38
[
v “MR\
140 | \ = 2500
v
120 - - - 36
= — = 2000 = -
& n - ”
#0100 - 4 = E
& " w1 g bl
o] il = 1500 &
S 80 \\ ] R
i - Ml
60 = = 1000
Wl Il 1
- 500
20
0 0 430
00:00~  06:00~  09:00~ 12:00~ 15:00~  18:00~ 21:00~
03:00 09:00 12:00 15:00 18:00 21:00 24:00

B2 TIEHARMEHSE VOCs #RESERE, FREBETN

Fig. 2 Net concentration of sorted VOCs, speed, and traffic flow at different time intervals on weekdays

2.2 [%iE VOCs HE A it

A E N VOCs 19 F- 3 HE R I8 n 3k 3
Fis. ARSI S 77 Fl VOCs 4143 1Y HE i K 7
(FOBRHER HE F/NFETF 0 PR, BHEE TN
(45.12 +10.97) mg-(km-%%) "', 5 2009 4 K
AT [146. 36 mg- (km+$#) ~" #4922 Fh4 G 0
ZESLAIHE, 2017 4E I 22 Fll 200 BCHE R R TR
11.35 mg- (km- %) =", HEBEFRIEREAL, KRS
] 92.24% , X FEIE i T HLEh ZEHE bR i = A
T TG B

Xif FLE A B AE 120 A B VOCs 2143
FIHERC R 7, A 7845 2 A HE R - R RE b F 41K
K. KeBEIE T VOCs HERCR F3E17 40 25, ke

Bk uR . AR AR OVOCs HHETR
T34 (22.79 £7.15) , (5.04 £1.20) . (0.78
+0.34) . (9.86 +2.81) . (0.26 £0.17) FI(6.25 +
2.27) mg-(km-55) =", 5t 2 5 Sk (50.50
15.85)% . (11.18 £2.67)% . (1.73 =0.74)% .
(21.86 +6.23)% . (0.57 +0.38)% H1(13.85 +
5.02)%. K3 X T 2 A5 42 VOCs B4
OYRIRL, MRS, B 2000 4F A 15 RS oY
Tl b (40.00% ) Mk Be ke (33.65% ) 25k, H
Mt o bR B b A T R T E AL s, S
1K 44.01% ~76.30% 5 % 2004 4] iR 45

Wl LB 25 05 B R4, 95 & ke o Fe AR T ke
1& s ke 5 HUE & L BITE 9. 48% ~ 27. 81% Al

+
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®3 AEBEMKXH VOCs HE B FICS/mg: (km-§) ~'V
Table 3 EFs for individual VOCs from different tunnel studies/mg- (km-veh) ~'
i F SRR e PR: Jmel R s R

(2000 4) (2004 ) (2009 4£) (2014 4) (2015 4) (2015 %) (2017 4F)
v 4.27+0.96  4.90£0.80 — 9.00 +0.51 52.47£6.72  1.00=0.80 2.14 £0.99
ke 2.40 £0.77 15.20 +16. 90 — 184.00 £10.71  11.8+3.48  4.80 £2.40 0.37 £0.22
T ke 4.57£0.94  5.10 £2.40 — 31.00 £1.53 4.09£1.64  7.30 £4.50 0.70 £0. 48
ET 6.56+1.96 10.30 £5. 10 — 53.00 £3. 06 4.34£0.13  10.205.90  1.96 £1.01
SIKE 12.5+4.09  41.50 +7.00 — 17.00 +1.53  17.82=11.97 2.50£1.70 6. 80 2. 36
N 9.52£3.05 14.10 £2.30 — 7.00 0. 51 4.89£3.59  1.30=1.80 2.33£0.92
2,2-ZHIET ke 1.32+0.25 1.10+0.20 — 0. 80 =0. 05 0.36+0.23  0.10£0.10 0.19 0. 07
2,3-ZHIIET ke 1.33+0.69  4.00 +0.70 — 1.50 +0. 10 5.63+£2.71  0.30£0.50 0.41 0. 16
feke  2-H AL 5.27£1.72  20.50 +3. 40 — 5.70 0. 41 4.60+2.69  0.60 +0.40 1. 66 +0. 62
ke 0.89 £0.21  4.20 +1.40 — 0.80 0. 05 0.33£0.14  0.20=0.90 0.26 +0. 11
3-H b 6.39£1.53  13.20 £2.20 — 3.60 £0.26 2.03+1.10  0.30 £0.20 1.44 £0.56
ECHE 4.18+1.56  8.10£1.50 — 2.30 £0.26 1.70£1.35  1.20 £1.50 0.92 £0. 30
2,4- N 0.44 £0.07  1.40 +0.20 — 3.00 £0. 15 0.23+0.10  0.10=0.10 0.15 £0.04
L3R Y d 2.64 £0.93 — — 0. 60 =0. 05 1.18£0.60  0.20 +0.20 0.61 0. 19
2-F 3L b — 7.30 £1.20 — 0. 60 £0. 05 1.20£0.56  0.20 0. 10 0.39 £0. 14
wose 0.98+0.13  1.10+0.20 — 2.40 0. 15 0.07+0.05  0.200.20 0. 29.40. 18
2,3- Rk 1.33£0.69  1.90 +0.40 — 0.90 =0. 05 0.86£0.55  0.10 £0. 10 =£0.21 £0. 06
3-HEC 2.9420.43  7.40 +1+10 — 2.50 0. 15 0.33+0.17  0.30=0.:20 “.“‘.-'0_5710. 16
2,2, 4-=HHEMEE  0.29£0.18 — i — 1.60 £0.10 [ 0.33 0417 0. 60 £0. 40 02683+ 0: 12
1EBEbE 1.46£0.24  4.70 +0.70 3.84 1.90£0. 104 0.85+0.42  0.20+0.20° }_}"(’)f. 42 £0/13
I FR O e 0.94 £0. 18, 3.40 £0. 50 2.81 1.10 £0,/05 0-45+0.25  0.200.20 % 0.29'+0:09
2,3,4-= P — |} 0.00£0:00 e — 0.60£0.05 |/0.160,08  0.20£0.204 0.39%0.11
o 2-HERERE | 1.05£0.29 | 3.50/+0+60 =52.88 0.90 #0405 _0.79+032+ 0.10£0.10  0.21 £0.06
3-MLak e 1.02£0.33 1/ 4. @70 807 2.65 0.90£0:05 " 0.38048  0.1020.10 0.18%0:03)
e N 1.31 0,29 #43/20'£0:80" , 2.15 0.80 0,05 0:59+0.29  0.10£0.20 ~~0.19 +0:06
ERE | 0.54+0,13| 270'+0.304" 14.79 0.60 £0.08' | 0710.20.07  0.60 £0.70+%_ 0.07 0. 02
BB - — 2410 =060 1.69 0.80'+0.05 0.05+0.04,  1.00=1.40 0. 0870. 04
s oy — | W 2020£0.50 0.89 1.80 015 — — 0.05 +0. 03
7 UIEt—m — 1 3.10£0.90 ./ — 1.90 +0. 20 — = — 0.15 +0. 08
" Py 26.23 +4.89,452. 9057 40— 16.00 +0. 51 10. 17 £1.05  4.20 +2.00 2.66 £0.55
e 22.60 3740  — 9.70 0. 46 6.79 +1.55  1.90 0. 90 1.07 £0.26
1-T 4% 8.27 +1.55 17.70 +6.30 — 2.80%0.15 0.79 +0. 13 1.20£1.10 0.21 0. 07
1,3- TN 2.56+0.38 7.80x1.70 — 0.70 +0.20 0.11£0.08  0.20=0.30 0.18 £0.07
JZ-2-T ¥ 1.61£0.38  8.50=1.90 — 1.90 0. 15 0.90£0.36  0.20£0. 10 0.24 0. 11
ke -2-T 4 1.84+£0.46  4.80 =1.00 — 1.30 £0. 10 0.49+0.14  0.10£0.10 0.19 0. 07
LI 1.61£0.38  4.60£0.70 — 0.80 0. 05 0.23+0.01  0.20=0.10 0.10 +0. 04
J-2-% 6 2.76 £0.77  8.50 +1.90 — 1.50 0. 15 0.90£0.36  0.20=0.10 0.26 0. 10
SR — — — — — 0.20 £0.20 0.08 0. 04
- 2- 13 1.59£0.43  4.80+1.00 — 0.80 +0.05 0.39£0.20  0.10=0.10 0.10 0. 04
1-C 4 — 4.50 £1.00 — 0.50 0. 05 0.30£0.14  0.10=0.10 0. 08 0. 03
B R 11.56 £3.02  10.00 +6. 20 — 7.00 £0. 51 5.06+1.51 1.50 +1.00 0.78 +0. 34
#* 12.21+3.26 18.702.60  15.55 4.60 £0.26 3.68+1.40  1.40 £0.90 2.13£0.53
oK 29.02+16.02 31.70 £5.50  21.75 11.00 +1.02 9.36+5.27  5.80£5.20 3.50 £1.07
A 5.88+1.55 8.60+3.00 5.97 2.90 =0. 20 1.32 0. 83 1.10 £1.90 0.70 0. 25
]/ %of - F R 8.95+2.38 25.30+5.40  21.06 9.00 0. 51 4.47 +1. 66 1.70 4. 20 1.49 £0.49
Ap- 2K 7.88£2.14  8.90 +1.40 7.00 3.80 £0.26 1.69£0.80  0.30=0.50 0.50 +0.22
R 4.81+1.33  1.80£0.50 — 1.10 £0.20 0.44+0.19  1.00=2.30 0.09 0. 04
SRS — 0.50 0. 10 0. 43 0.40 £0.05 0.12£0.07  0.20=0.40 0.05 +0. 02
S NAEES 1.68=0.6  1.80x0.30 1.43 1. 60 0. 10 0.33£0.11  0.20=0.20 0.11 £0.04
3-Z AR — 7.00 = 1. 40 8.25 3.90 0. 46 1.41+0.55  0.50£0.70 0.32 0. 12
4-LFEW — 3.10 £0. 70 8.56 3.10 £0.20 0.56£0.20  0.30=0.50 0. 16 0. 06
1,3,5-=H% 2.31+0.38  3.10+0.80 — 3.60 =0. 20 0.35+0.10  0.20£0.20 0.14 0. 05
2-LHEHIOR 1.09 +0. 44 — 2.48 2.50 0. 15 0.54£0.19  0.20 £0.20 0.13 £0.05
1,2,4-=H% 14.28£2.94 11.20+3.90  12.15 7.70 £0. 46 2.42+0.93  0.90 £1.00 0.51 £0.20
1,2,3-=H% — 2.70 +0. 80 3.41 4.30 £0.26 0.55+0.18  0.20=0.20 0.13 £0.04
1,3-22.% — 4.90 £0. 80 2.75 0.90 £0. 05 0.05£0.01  0.00=0.10 0.03 0. 02
1,4- 205 — 15.20£16.90  3.87 2.60 =0. 15 0.33+0.01  0.10£0.10 0.09 +0. 05
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BLBh 4 HETC VOCs 2 il 850K 3. 2004 4F T
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feld o by, AR HERUE T 76.30% , 5T
WAAT I (liquefied petroleum gas, LPG ) {575 ik [/
RSB AE—3L. 2015 4FRg a7 IR, Reke
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gx1
I)ﬁ El |:|{F'“3 r—dt.lll[14} 3@%'20} J*—J.H[l(ﬂ T'ﬂf'??“ﬂ ﬂ.}%““ 3%{%
(2000 4) (2004 ) (2009 4£) (2014 4) (2015 4) (2015 %) (2017 4F)
FE T 11 — — — — 1.22 £0.90 — 0. 00 +0. 00
SAH B — — — — 0.39 £0. 29 — 0.03 £0. 03
AR — — — — 3.76 +2.96 — 0.12 £0.07
(o 0] — — — — 0.39 +0.29 — 0.02 +0.01
1,2-Z &Nk — — — — — — 0.13 +0. 11
1,1,2- =5k — — — — 0.19 £0. 11 — 0. 00 0. 00
1,4- "5 — — — — — — 0.01 £0. 00
TR H B — — — — — — 0. 00 0. 00
L — — — — — — 0. 81 +0. 60
P — — — — — — 0.11 +0.04
I — — — — — — 0.73 +0.32
2- FH S D 0 1 — — — — — — 0.09 0. 15
IETRE — — — — 0.05 +0. 04 — 0.30 +0.27
EC — — — — — — 0.43 £0.36
0VOCs i — — — — — — 1.83 +2.06
FH 3k 2, 05 S T — — — — 0.14 +0. 14 - J_,.--o 16  £0.09
IE vk s — — — — = 030024
2- il — - — — -] —Nt ,.--'“'0. 02-+0. 02
3- 1% — — e = — 1 F |- —  / 0.02+0:01
LT S - o — — 4 1s8+0.28 —  hssx1lo
I — 1 — — 0l +0. 11 — | % 0.05'50°03
ke s 74.14 | 190. 50 ~31.70  338.60 +16.84 ,.-"' 117. 63, 34.00 Wi 22 797. 15
PR f 46.47) | 136. 70, = 36.00 £1458 g 21.07° g 8. 60 5 04 £1.20
}dzk;v' i1 11.56 , 1},@6 “ — 7.00 +0. ;fi 5406 & .50 0.7 78 19-34
e | T’&ﬁé 88. 11 :.«" 12440 " 11466 63.00£3.57 | /27,62 1410 o g1 221
At = V= & - # 6:19 — 0.26 0. 17
) oNocs = — | “-;;‘-’ 3 f e L& F s ) — 6.28%2.27
i " /| o Voces 240.28 J'49&‘. 60412000 146.36  449.00 +20. 00 160. 79 = 65. 94 58.80+50.70 45.12+10.97
~1.) J fﬁ)@i}uﬁ& Ay g A o

] o [ ik KA ki

80

60

40

A HVOCsHLAF ik /%

Gl
2000

|
2004

I
2014

0

2015

Kilt
2017

itk
2015

B3 FREBEMNXH22E VOCs Ao 3fLL

Fig. 3 Compositions of sorted VOCs based on different tunnel tests
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B 40 %

HEs A F8m, XS AR IS R —2 2014 4
TN BB oy oA ek, Hoh ke IET
. T HE R F B, 4 B oA (184.00 =

10.71), (53.00 = 3.06) 1 (31.00 + 1.53)
mg- (km-4#) =", X 3 MBS LPG XA HE R
WAHSET ) 51N LPG YR 4 1 A AR AT

x4 FERBEMKH VOCs BT 5 A HEMEF 5B TS/ mg- (km-4) -
Table 4 Top 5 EFs and percentages for individual VOCs from different tunnel studies/mg- (km-veh) !

;e (2014 4F) mFl71 (2015 4F) s8] (2015 4E) FHEE(2017 4F)
R HOwEF  EHorlE A HoH 7 dl A HoH 7 dJal A Hel A ¥ A
ke 184.00+10.71 40.98 2K  52.47+6.72 32.63 M 12.60+4.30 21.43 HkE  6.80+2.36 15.07
WETH 53.00+3.06 11.80 Sk 17.82+11.97 11.08  HZE  12.10+3.90 20.58  HIE 3.49 1. 06 7.73
ST 31.00+1.53 6.90 TA%E  11.80+3.48 7.34 ETHE 8.70+3.10 14.80 24 2.66+0.55 5.90
Sk 17.00+1.53  3.79  Z4E 1017 +1.05  6.33 NS 5.70 £2.50 9.69 MTBE 2.57+1.20 5.70
ZHE 16.00 £1.51 3.56  WZR 9.36+5.27 5.82  SHpki  5.60 +2.10 9.52 Kkt 2.13£0.99 4.72
Bt 301. 00 67.04 Bt 101. 62 63.20 &It 44.70 76.02 Bt 17.65 39.12
HABKIRIE 5 F S ERESNYRAE IR FOYERR. HAMERE N VOCs B OFPs Fil SOAFPs

AARETEA . e S R, T b S
I G2 R HE IR R A 45| X R W R%IHE N %
BAKE 1 = ZE PRI 4, 5 ZE MR 3R e kA i B
(FRIMEE 5 Ll 93.67% ) #H—2. (E15 =T 2,
MTBE {1 9 S A 500 FH A 4 s 2 e (E 5 0k
DRI CO HEML, lﬁxmé%ﬁiuﬁf?h
@%%ﬁh®$%m¢ TUWﬁm@ %ﬁmﬁ
0. BTG, MTBE (0 HER I Tty ﬁFﬁﬁfﬂ?E’J
(5.73 + 1%W,Lm?ﬁﬁﬁﬂﬁ#%
~0.98701). Zhang 5 WA B0 A
T%%%(W%&)ﬁ?%ﬂT%%@
(mmymmw@%ﬂﬁ41~66ﬂo7~f3
JEljJﬂ: Schauer DS R PLsh 4 R AR R 45 R
(7504 0.5 A o. 1) Jf-44 i MTBE/B, MTBE/T
EbAELA 1 1T RE RS X 70 42 28 Kk HEOR R SHEIUY
EFRIYEEIE. Yao 255 I 45 48 454k 5T 2011
~2013 4EV5 GBS, MTBE/B . MTBE/T H{H 43 51 H
0.41 F10.21, F&L 2015 4F R R348 19 HLAE 2
Wk 0.38 A1 00.17"%, 2 % % i MTBE/B,
MTBE/T 4 e {H 43 %)} 1.07 F1 0.77, MTBE/B
MTBE/T WAERIHE K, F Wbl & 130 2 HE R HE Y
TN 2 L HEO VOCs (5T iik i & A ] 240
2.3 BEIEN VOCs B s #Of A LS
VoS e A B TR

FIH MIR ZEGEA SOA 7735834373154 OFPs
Fl SOAFPs, 503 5 Frox. MIR R R H
Carter™ RO 2E S AR T OFPs S04 T 74
FRL oy, AL bk 20 Fh MG HE 11 F U 1 A O
FIE16 Fl, X012 5 B OVOCs 12 Fft; SOA =3¢
FZEORT IR Grosjean 2513 AUIREE 5, MK
FERAZBCR A B TR A AR, At
T 24 Fh4H 7019 SOAFPs, f04 11 Fhdkeks . 13

Sy 51°h (145,50 +37.85) mg- (km- m)
+12.75) mg- (km##) ~' £ ]
M4 iLLLE ﬁ&lﬁ@ﬂE%ﬁﬁm
H, A 58 OFPs i‘}“iﬂjﬁﬂ: (LT 42004 4T
MU pot4 4RSS r‘ﬁ?“” “%w%“s fy
85.42% | 93¢37% . 85.5% . 68.229% Al 22 38%
tnm9¢%$“ﬂ% ST, A 1793, 1200
(H w@nﬁMm9$@¢MQ%)ﬁﬁ1%Fﬁ

LF1(43. 87

73%%7\5@’0 HE AR R B K 15 A 4
0200 g ] 4 G0 T 2 B R L3 7 HE

7L VOCs Tl 20 9 OFP RIMIK BF, 245 . il/%f-—
FROR | O | D9 A0 5 G be X 28 B B O, A A
kAR KAYZH Sy, 5 B OFPs B 70% LA |, 2
OFP H K, 55 OFPs iY 16.21% , H: EF 5 S HERL
HFH 5. 89%.

H 2 M RRIE SOAFPs 5 HAMIR T AR HE, 2 B
FHIE 2004 A7 2014 AT R
%W% () 87.23% . 91.41% . 82.77% .
mm%ﬂijuﬁﬁﬁﬁﬂmimﬁﬁﬁﬁ
SOAFPs 19 95.42% , B | [a]/%F-— B R
XF SOA LR STk k. X EE 2000 4F R (i,
ZE9L SOAFPs M\ 481. 12 mg- (km-%) ~' 4% 43. 87

_\_. 17]

mg - (km- %) -t REIEIA 90. 88% , L RS FHIE N
SOA FITTHREIL T 90.31% , X 5 FBRICHER

AT/ X - R R RIE T A G
WIHTSCHT R, OFPs F1 SOAFPs B8 5 VOCs HY
oy Ko BE ARG G, U H M O T e i A2
fb. XFF OFPs K, Mke MIR RER &, A5
K BRI P R N 20% R 5%, mT LI
TR 0, AR, [V bR vERG I s e A
HFEAL 14% , RAETEARMTE VOCs # R T FEAS B
b, AE & HE R R R TR L A T Y 4
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12141618, 0100 AE A1 409% ~96.31%. FAENT 2009 4 114.66 mg- (km-#) ' B & (9.81 +
OFPs il SOAFPs ¥ A 8 Kz m, HHEHE FH  2.81) mg- (km-%) ~'.
£5 AEAREMNIMREERERN O REGNSBEREREBRCEY /mg (km- ) !
Table 5 OFPs and SOAFPs for individual VOCs from different tunnel studies/mg+ (km+veh) ~!
WA ‘ai%“[”? r“d»l\l““? xmiw? r“d»l\l“"? ﬁeifi?”? f&i&“*? K
(2000 4E) (2004 4E) (2009 4E) (2014 4F) (2015 4F) (2015 4E) (2017 4F)
P 90.95 230. 18 27.11 258.33 86. 35 34.91 27.25 £9.51
ik 442. 67 1304. 48 — 367. 15 214.76 84.21 51.65 +12.52
OFPs B 10.98 9.50 — 6. 65 4.81 1.43 0.74 £0.32
IR 453.34 651. 87 663. 57 404. 05 148.99 66. 90 47.71 £16.75
ARk — — — — 0.18 — 0.05 £0.04
0VOCs — — — — 2.74 — 18.10 £7.35
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