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Abstract The ambient air samples were collected from an underground park in Beijing and the
composition of volatile organic compounds (VOCs) was determined by gas chromatography-mass
spectrometry/hydrogen flame ionization detector (GC-MSD/FID). The concentration characteristics,
composition characteristics and influencing factors of VOCs were analyzed. The sources of VOCs
were identified by diagnostic ratios and positive matrix factorization (PMF). The health risk
assessment model was used to quantitatively assess the health risks of some VOCs. The results
showed that the average concentrations of VOCs in underground park were 514.16 ug'm. Alkanes
were the main components (43.76%), followed by aromatics (28.89%) and alkenes (10.97%). The
main influence factors on VOCs in underground park included the vehicles operation condition, the
diffusion conditions and the number of vehicles entering and exiting. The cold start condition of
vehicles, frequent vehicles entering and exiting and the unfavorable diffusion conditions can lead to a
significant increase in VOCs concentration. The ratios of benzene/ethylbenzene and benzene/methyl
tert-butyl ether (MTBE) were 1.5 and 0.8, respectively, which indicated that vehicle emissions and
gasoline evaporation were the main sources of VOCs in underground park. The results of PMF
showed that the main source of VOCs in underground park was the vehicle emission (44.58%),
followed by the gasoline evaporation and the automobile interior evaporation, accounting for 24.56%
and 9.18%, respectively. The gasoline evaporation made the largest contribution during
08:00—10:00, and the vehicle emissions made the largest contribution during 16:00—18:00. The
results of health risk assessment showed that the carcinogenic risks of benzene, ethylbenzene and
MTBE reached the maximum during 16:00—18:00 under the conditions of daily and occupational
exposure. The carcinogenic risks of benzene and ethylbenzene were above the safety threshold under
the condition of occupational exposure. This study quantitatively analyzed the sources of VOCs in
the underground park, which provided the effective support for pollution assessment of the
underground park and the control of health risks to people in the underground park.

Keywords underground park, volatile organic compounds, variation characteristics, source
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1 MRLE 7 (Materials and methods)

1.1 FESCREES 5307 7k
111 FEACREE

A5 18 B 5T R — I AR N 1 2 BAEEAE N R A (K D), i R R A
1278.4 m?, HE31 48 AME 4, S RERAT 3 AbHL B AR, S5 EAMUA 1A A A SEae b a), 542
YN T3 KR G5 1k TAE, Bdh 1AL F 3 AR, AT 25 A O 5 AN AR sc 4. A5 T
2021 4E 5 A 31 H—6 H 6 HXMEAIAHEAT 7 d HELERAE, RAER I 06:00—22:00, NS #E47T 2 h
SRR RAE, RO T AR HE O SRAR S RS2, SRAE D BE B M2 1.2—1.5 m, FEACALF A4k
WP R 5 o 2 SR A St FH BELJE SRR 280 25 AORE i R AR 31 3.2 L 75 35 ( SUMMA canister) 1, SRAE S5 1)
I IDFEAE R IR T ORAE, LGRS 1 B Z AT 4007, SRAEI (B), [ C S = 423 IR B | 1
Bttt B AE B A NI 3 S P R R SR A, FErh R SR G 4 0, TERF S TR 2 AR,
KEE 7 A EE IR A, B ALERRZ R 107 XK, ik 36 I, HEH AL RN 78 Ik, TAEH
7 G v 0 V) LA S8 M A5l . S T 25 o0 DR - AN, & DR AR TR e SR, EAME
JEE AR Ry SR I 35t (2 1 IX 3 4 454 (http://www.hjhj-e.com).
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Fig.1 Schematic diagram of the park and sampling site
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ABIFFE B = 2L 47 AL (7200A, Entech Inc., USA) X ARE i HE AT F04b 31, 96/ 38 2o A €%
JE R /K MBS ARG I 5 (7890B GC/5977B MSD/FID, Agilent Inc., USA) %} VOCs ¥y #h AT #2347 . %%
AT FGGE S 400 mL A A, IR B2 BE b, FERLFE-160 °C ¥R AITTAE 10 °C iR, SR 5 fift
FH SR Tenax-TA (W 55180k H — 3% BERAE S FE—40°C 1 904 BFh 48 W5 5 F 180 °C T fift
W, Z J5 VOCs FE S FE ] -190 °C (1) = BFIEA T VR R A5 BT, FEATE = T 60 °C B4 1F T IR,
IF DA i 40 BE 2100 (99.99% ) 78 Ry 2 <0, 4843 i F M 38 43 3% %2 HP-PLOT/Q 5,315 A (30 mx0.53 mmx
40 um, Agilent Inc., USA) 43 & J& i i FID XF C2-C3 fb-& ki, HAx b &9 4 DB-1 (3% H: (60 mx
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Table 1 Species and classification of VOCs
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1.2 FrEEi S ARk

SRAEERT, IS REIY (Entech-3100D) X} R I BEHEFT 3— S IR E IETE, £/ 1 K78 A B 4i /250K
B 24 h, FENEE S AT 00, DARIIE B ARG S P AR Sl A TR s B T e S8 i, & Tt =
BAE. RAEIIN], FHASGS 0025 B IERE o5 3 0 i A< 0 35 8, DLk SR 42 11 A s e 5l L A IR A B IR
HEATSEBRAE L AR BT, e AT 28 R A, B DR IER RGEAS 23l e s e Rl ok 72 rh R AT 8 2 MK, o
PRAGIN E Ar Ak v B A0 RE X D 25 <15%. 22 il B v it e B, Dk 41 Wi 1o BRI 149 A 6 A7 7 i 2% (RSD)
¥1<30%.
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#L W K R (BTEX) Ml MTBE J2 5 [H 3 (f38 (US EPA) A1 [E B iE B S LA 23 A B9 AT
FEA ERRIG YY), X R R A B K EE. AR US EPA ZEA A5 B R 4t (Integrated Risk
Information System, IRIS) X BTEX 1 MTBE J¥ R % 5% F H & 2% 88 T B AR B0 KBS PEAL, XK &
A1 MTBE JT & P 28 8 2645 T BOS0R KU Al . 2288 W B2 BT 5 (4) B

CAXET xEFxED
EC = 4)
AT

A, BC R A B, ngm™; CA ZI5 YW, ng-m™; ET J& & F& 1 8], 45 4 X P 5520 Fn
Yan 2 WFSE, AR SCRUEE SN GO 2 #ERF RIS 10 h-d ™, H % Z &A1Y 10 min-d; EF 2%
TR, Fie [ BE 19 1E % TAERFA] 260 d-a 'Y, ED 441 2 G2 1 8], 454 C A Fo R, Bl 2 82 1%
HU10 a, HH ZERLEHL 30 a; AT J& VR RN R, 275 (b E AR R ST S D) PE (e A
LN [ PRI 438, 2013 4F ), BEHX 74.8 x 365 d x 24 h.
FEE VOCs P o WU (R) FEESUE KBS (HQ) MAR S =043 3l an (5) fir R :
R =ECXIUR; HQ = EC/ (RfC x 1000) (5

o, RJEAG B WA B0 KBS ; TUR 2 507 WA XUES, m?-pg !, £di ok [ US EPA [ IRISP™; HQ J&
Fi 2 VOCs 4 A9 I 8O KU 7T REC J2 18 M2 % W, mg-m ™, B4 5K [ US EPA Ay IRIS; B0 KUK
RALTF 1 x 10° Bk Ry & AH XS 42 4 1. BbAb, A SCHE A HI = YHQ #4720 Hr, Horp HI & JLAN 5 4 P 1)
HQ Z AL 45 HQ =k HI KT 1, W Fe/R &G 18 P 2o KUK (H AN HQ #ad 1, MR R K Wit )E &
18 B0 KU

2 45 545718 (Results and discussion)

2.1 VOCs ¥ B FZH 73 ik

WFFE I G BT T e N A2 A3 T VOCs BE L 1593 BE Ry 514.16 pgrm ™, 3t i F A i 2 53
S VOCs #e B (83.4 ngrm ™), 5K 172 SR BT T 1 1 245453 VOCs #e B (508.00 pg-m ™) AH
YR TR0 2 252423 VOCs #k B (1250.00 pg'm ) ; H B 251638 Bl K 310.60—742.69 pg-m >,
B R T T 22 5 VOCs (R AR (LT (21.4—439.1 pg'm™).

WEFE I ], Beke (43.76% ) &4 T 15 43 VOCs (1 F 24 43 (18] 2), HOR 55 42 (28.89% ) Al 2
(10.97%), HLJz(1.08%) 5 b/, HAL I % 2355 VOCs 4 3 R ik FE A — 3.

HE/ SMBAY
Bl Oxygen/sulfur containing

Alkynes, compounds,9.34%
1.08% S

i fRE

4.95%

ek
| Alkanes,
j 43.76%

HER
Aromatics,
29.89%

L
Alkenes,
10.97%

2 M FIE%3% VOCs 453 FHE
Fig.2 Composition characteristics of VOCs in underground park
W HEZ T+ R R 23500 s R (67.94 pgrm™) | 56 (57.43 ng'm™) | IE % %E(26.94 pgrm™) |
FHJEBUT BE MK (23.42 pg'm™) . £ (21.43 pgm™) . 2K (18.63 pgm™) . 1IE T HE(17.79 ug'm™) | IE U bE
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(15.74 ug-m™) | [A]/%F —F 28 (15.33 pg-m™) MM (14.97 pg-m™) . ASHFSE o 2R 3 B i, 5 LN
FA1(209.24 pg'm™®) | P = AEFEI(12.90 pg-m™) A1 IHEA(239.90 pg-m) S 45 4 A 5T R Oy
P Fh Y 25 2 — B, (AR B R/ NFEAE — 8 22 5, TTRE S5 R AR R T L SR J7 3 A 2452 42 5 R 50 A ]
X

HLE IR B (8:00—10:00) % ke (54.26%) 5 L K, HAOE 5 18 (22.16%) . % B B S5 bt R A
1 (67.01 pg'm™?), HOR K (34.85 ng'm™®) . 5 ke R IM 5 & SL AR B, i Bt VOCs ¥R % 1 B
VR A% R HE RO R A G W s B B (16:00—18:00) 42 48 (40.23%) i T i K, HoR = S /R
(32.89%) . 2 B F R Mk 32 A 157 (109.40 pg-m™), AH L 5506 B T+ 213.92%, H RS2 ML) 4 B A HE ALY
FRAE P Fhe2 33 %) BE VOCs 1] RE 32 BB S HE I 52 i s K.
22 M REZE VOCs e B M R £ 400

G IAMR], J8 5 423 VOCs H Y9 B 50 i (742.69 png-m ), A ECJE DUk BE T+ T 139.15%,
R 7B AR B e K ) — K. 25 SR B JE AR A s i (8] 3), J8) 24 R I AR N BTG s 330 T, Sk 4=
HAREL (107 %) 1 I8 3 1 i 5 8508 2 1 B AHERCRT B 24 K VOCs YR JE SURI T =0 0 S PR R s g ef
B0 oy W I B b T 45 23 N VOCs Wk B2 FHse R IS B B, 284238 53 51l 35 3] 93.92% F11 56.28%,
A B BTk AN I BRI 4 1 AR B 2 (4331128 17 RN 16 WK, Bt ] P T Je ik i RS 3L

1200.00 - e F Alkanes 250
a2 Alkenes
w7 2 Aromatics
1000.00 mm 5 /% #3 Halohydrocarbon 1200
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Fig.3 Variation characteristics of VOCs and vehicle number in underground park

H R 12235 N VOCs # B 78 JH — 35 8145 — 2516 (680.92 pgrm ™), AL A — 3401 T 67.41%. 24 K4k
A ARECRA 86 WK, Fu A —Idi2> 6 vk, H JE— 2 8 =30 1], =AM KLU R R 3. E LA K
SECENIMNE RN, Hb T ENAMNE N 0.1°C. BF5T R, 242 NAME 228/, VOCs A F]F
] 28 AN HEICA. SR DU Y R R AL 0, 2 NN ZE 1S K, A RT3 3SHe, VOCs e B BH S R AR, PRIk, AS ]
Y HUAC AR 2 R BUR M A HER Y K R R 0Tk SR, AT (45 VOCs B

WF 5% # 8], VOCs ¥ 3 522 30« B0 1) A8 Ak e i (1B 4) , die o 06 H 300 B s 06 o) B, U (M
789.29 pg-m. FESE H AT BOAE DL, W = 6 s BE VOCs Yk B J2 e i DA IS B 119 2.25 3%, 3 T R 2 Fh
T B WA T 204 T SIS 2 Sl N L AR, SR TR e N FE 4 B, RIS = oM AR AR T AR )
SR AR R P8ORS TCE S 2 SO B A — s L b, T TS g 5 AR AR SE
HehE 1A B, 3 B0 TS Y M) e BRI 25 500 VOCs #k BER> ) SRAE 7 d N, I i I IR BE VOCs ¥k 14
R R B, R BRI 448 5 s HE 445 0 VOCs ¥R BE 5% KT 1FE 8 3847 T30
2.3 VOCs HiFfHr
2.3.1  FRAEYFR A

5% 26 B, 55 I 22 (B 1 HO A vT LA R R SIS [ HECIR ™ 12 b8 N AL sl 42 B 98 R B, 383 4/ 2
AR (B/E) LAE/NT 5, R/ K (T/E) HUAE/IN T 68551 1M KL% 38 B/E {ELAT T/E {53512k 0.7 1 3,112,
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Fig.4 Diurnal variation of VOCs and vehicle number in underground park

MTBE 3 & # FI/E 730 78 & AR 4 R ASCHE RO 7R 22 40 1) AR A58 v, BAIMTBE {8 il T/MTBE {H. %>
Sk 0.8 F1 2.9, WK T % 23 N B9 HE (B (0.6 F12.1); E/MTBE {8 #1 X/MTBE {543 %14 0.5 F1 1.2, 5
QO#RIM H 1Y LLAE (0.4 F1 1.2) AHABL B9 2 B, BT slib Lz e s FR O — FP O i Joe 362 B MTBE I
KB E R D, BT B/MTBE B 4 &, HL3h 45 R ACHE 0= 32 2852 i P2 A BiF 5 b, 3 v 1Y
B/MTBE {8 (0.8) &R RS HE AT RE 21 T 1F 43N VOCs 1Y FE 2R, I3 AMNRIME R WA —E 2,

SHRAE By A HO AR HEA T /N AE 4387, B/MTBE., T/MTBE., E/MTBE., X/MTBE 4 b {8 441 25 B8t A4 ]
FRAE : B3 0 s B AL B /)N, 1T GG v e ) B e . T R PR 1 v WA ) B AL B R A i, K ML 8l 42 e )
(B VR A 1B T 45 2237, 45 A2 S IR BE T v, A R VRO &, REAE )R LB AR A A A e
N AINTARA e, 4522237 PN T S T B ARR, YT A% AV FHDRLES , Y32 R A i 2R S 4 K 5 e v e i B2, AL
B4RV I Sl e S s e Py HE R KRR, B VOCs M s T 5, RRAE ) i HE (R R 1 2 e
1, F R BE VPRI A S 23 9 VOCs 2R S5 K, T e g W st B ML s 2 2 <0 32 AR .
2.3.2  PMF KRt

A FE {4 1] EPA PMF 5.0 #5855 423 0 VOCs ¥ S il A 7 IR AT, 25 R an &l 5 s, 7 1 i
A LA W C3—C5 Kl FJ5 R DTk EUR, W RS J5 B IR IR R AR R ™ ), N 2
K A AL 4 e SHEA™, C3-C5 2kt da LUK 057 A K 2 8 T L 30 42 i SCHETC ) R 28 Ahs ) I+ 1
RIS 4 R, B 2 e ke . 58 e A MTBE BTRREEK, 3 ¥R 2 VR #5 & 1Y 7R BR
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