o5 29 445 12 1) 7 iy #l 2
ENVIRONMENTAL SCIENCE

Vol.29, No. 12
Dec. ,2008

IERmRENEZEEZERI VOCKREREHZFEYFIEF

wiln, AREE, Bl AR

(bt R 2B Rl 5 TR 2% e, PREE R 5 ¥ Yedas il B K A& 330 %5, Jb st 100871)

FHE K25 [ EPA HEREIY TO14/15 J5¥E 8 S 40 W T AL BUTT 5o/ 2 25 9 40 B 22 0000 1 25 SORE b, 45 31 82 A HE R B WL
(VOGS IR BE 7K ST B A BSCREAIE , 0 He A m] B G 25 ) L3 g e I 3 W 00dEAT 7 R0 45 SRR M, N R VOCs IREE & T =
Ah B B R T B A, T AR S E R VOCs SRS 32.8% . N AN VOCs 4L, S 0 2R R T B
P R — U B A iR BEAR S, 52 3 = AMIE R 52 MK, 5 A IR Z U R ot B i) = SR T8O R AL /T 2 M i = N /=5
AN BE LGP 3IE 4350 4 65.8 FH 105, 7] U 5 PN T 399 B0 2.02 x 107° AR B0, T = AR IR FEAR TAL I R, 3 3 Fhdy
FUATResk A=A, 1, 3-T MR M RS E 4 MR = N A R LI KRR 1 x 107° IRREAE XS A, ~F
BIRBSAE 4 1.3x 1077 6.4x 107°2 5. 1x 107 F1 3.3 x 107, /NEZESb 2 P LB F I R FE KB I 1 x 1070 i
ik URSAE 24 ~ 30 £ . PR T A A B0 Ik, (B R A 55 S0k, 723 A S LT % b o SR HEIR FE 13 ~ 72 £,

KR R MEA N WA AN AT FEY I e KU

PESES X511 XEIRIRTE: A XEHS:0250-3301(2008)12-3326-05

Identification of Air Toxics from Indoor and Outdoor Measurements of Volatile

Organic Compounds in One Elementary School in Beijing
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(State Joint Key Laboratory of Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering, Peking
University, Beijing 100871, China)

Abstract: Concentrations and characteristics of 82 volatile organic compounds ( VOCs) were measured in indoor and outdoor air in one
elementary school of Beijing by method TO14/15 recommended by USEPA in 2007 summer. And the toxic VOCs for children” s health were
identified. The study illuminates that the concentration level of total VOCs were higher in indoor air than in outdoor air. Alkanes were most
abundant VOCs species accounting for 32.8% of total measured VOCs on average. The chemical speciation of VOCs in indoor air was similar
to the outdoor; and the dominant species were isopentanes benzene, toluene, propanal, propene and dichloromethane. In the indoor airs
m/ p-dichlorobenzene and cyclohexane likely came from indoor sources, proved by the indoor/outdoor concentration ratios of p-dichlorobenzene
(65.8) and cyclohexane(10.5), and the large distance between the concentrations of m-dichlorobenzene in indoor air(2.02 x 107°) and
outdoor(lower than the detected limitDair. 1, 3-butadiene, chloride vinyl, benzene and chloromethane, whose average cancer risk values were
1.3x107°, 6.4x 107, 5.1 x 107® and 3.3 x 107 respectively, exceeded the cancer risk value 1 x 107° in all samples sites. The
cumulative cancer risk in indoor air, outdoor air and children house were 24-39 times bigger than 1 x 107°. Acrolein was the only non-
carcinogenic hazardous species which exceeded its benchmark concentration by 13-72 times in all sites.

Key words: VOC; indoor air; outdoor air; toxic compounds; cancer risk

1990 436 I 2 A CCAM M UE T 188 Bl BHRMRBEE MR K L Rl , JLSERE AR 8 K 2 MU AEAR

HEA FHATT 4 (HAP), 16 166 Fi A HLY;
1996 4F- 3% [H EPA“ [ 5 K 8 ME VAL "(NATA) #iTA
33 M E Y A N L e I A, I 16 B R
VOCs. #8493 VOCs 10 3k WP E | v A0 168 ARz ke AN
AT 72 2 2, 2 | I g A5 0 Boeglin a2 i
FRAT W 25 2 790 T 1996 41 56 ] B &5 22 8
M 92 AN EL P E RO, I VOCs HESCS K i 4
RRYGE NI Wb FR 48 LA B Ik P i i 2 Ta) B AT AR B )
FHOCHE WFFCER I, AR R W5 it AR EL R 4t
3 M ML AEAE A, 5 & 1 it vl R P AR et
JUEE RIS 5y T, 0% 1A, U RAE N

VB BN R Y O SN Rk R T U DI

SR HH TG S I ELAR G R B, e RS Gt i
el R3O ()RR B2 A ASHIF 73 8 b T Tl 4 H 4
FNAETRIIN AR by LI b g, B A 5 N AN AR VOCs
(IR JEE 7K T« AR 0 T e 1 2 R, R 0 e i 3
e AU 0 Al B0 A7 55 KU FE VR 2 1Y vocs Pt
R REUE PE vOoCs 1 B0 XS AT E 30 VOCs
AL

ek B #3:2007-12-27; 21T B #1: 2008-02-04
EETIR: [HEK ARFAESIUH (405750590
R B 11982 ~ ), 2, WL AE , B0 5T 5 11 KA R
PEA NI, E-mail: victoriahs @ gmail . com
* JEIRIKER A, E-mail: mshao@ pku. edu. cn



12 34 POLAE RN N AE VOC R R AT 2 5 3 3327

1 #MR57%E

1.1 CRFERS L

326 B AL T T A A S A D 27 A I
FHNKNE AL TN R0, %N RAE A T 1Y
FRDOIBEN A, BEKLY 8§ m, %4 6 m K
RS LA 3 I IE R GAK 2 1.5 m), KAL)
W ATE ARG CRAER I 6 H 12 Hy 19 H
13:00 ~ 16:00, 6 H 15 H 22 1 08:00 ~ 11:00, 6 H
13 H. 14 H. 20 H. 21 H 08:00 ~ 11:00 F1 13:00 ~
16:00. A% i 2 SUE H Al B0 VE R R FL A1 3.2
L ANGEER G CSUMMAD W B, A PR I 1 P s i 4 18
mL/min, KAER 24 3 h, 5700 Na, SO, B 2B AT
P ubsh, 6 H 12 HEFM 2l A/ 22 i 3 7 R
F TR I SRAY 7 1 R AR LB iR = AR 3 A
1 R RN FERIF I RAE
1.2 trrik

4 56 [ B0 08 JR 4147 1K TO14/15 J715, X ANER
ENTE AR R PR 46 -GCMS & 48 (Entech 7100 Ti
Wi R4, Entech Instruments, Inc., Simi Valley, CA;
GC> Hewlett Packard 5973; MS, Hewlett Packard 6890)
HEAT 3 HT B LA 5 55 7 R X CSIVD SR AR 3
P, AHFEHE 30 ~ 230 u.

SIM A5 K 22 HIE H b ik & A A 9 (NMHCs )
M7 IER I R LE 0.009 x 107° ~ 0.040 x 10~° (A FH
S R EDIERIELA, K4 S 8 A LA Covoe) W)
B 7 A I BRAE T 0.040 x 1077, B 4 e A T
g T EELLAN, % ovocs 4L7r TAEIIZE R* > 0.986,
DR B CRSDOE T 209% . A 77 v B R AT 5 45 4%
GCMS [ Ebxf 45 5 Rt BERFERIELE GeMs 1351
(1) 2 O BE 0 CMEKD F1 A S50 T 2 1k CMTBED fhi 22
BN, CFE ST RE N I R S T 1 (MACRD H —
S A 25 (B ] 2 B2 90 Pl Y 5 SR AP 25 U o T ) o
()45 FHRLA AT 58, PR I S DA I O 25 50K s AHERE
Al GCMS 23 BT SR IR TE AN 52 48, WUR e
1.3 A EAFWRIUN A 5 X8 51k

AR B0 ) TR Al SO ) B R RS R]D, KRS
PR () FLAR SRR AN ) 6 T B0 5, 45 21
T A ATCRE A Dy % B AR () I R R
AN T BEIA 21 22 7K 1, DR b 300 ok 50 XU >R if o2 3
e T v 52 R, O ) bEAAN R S0 9 I A 1
PE S0 KRS VPN A LK S AT 2%  BR B2 S AR K
SOOI 9 45 RN K i g Sk, AR e 1 G e v
DR S B, I o 4 B ) PR AR R, X b 2 85

DRI 22 3 3 R N AR e 96 =5 g P P R R 2 Tk A T
eV e R A VR R

I B i 28 IR B CCAAD T8 SEBURY)E BN
FREEPRE WU iy 17 10 1 73 22— (1 x 107 DIk
JEE O I BHEAT P R HEVE R I, 1 x 107 B N PRAl
RSPl KU PR Wi S8 . A 90 R e i
IR F3 ] A v S5 3200 B/ 22 S A A VOCs W)l ik
170120 Boe MR ELAG S, BIF vOC IR K58 82 3fe LA Fh
VOC. ¥ 5 A7 AR AR . A KU 1 1 x 107 VOCs
FEAECIAEEIR B 1 0 N AR B B AT 16 3 1K 4 o, 7l
e S5 31 SR BT KU -

R¢ = cyoei x UR,

CR. = D) Rq

K, Re, HEE @ B voc W i I g E XURS: Ccancer
risk )5 eyoe; N5 i Bl VOC WS R AEE UL B2, A7
N opg/m’s UR, N5 ¢ A vOC 4 ot (1 B A7 X {8
Cunit risk), FLA7 K Cug/m® ) ™15 CR. A B2 BV E LB
(cumulative cancer risk), 55 T~ hE RS L 1 x 107°
(K] VOCs e MR 2 A

B AT B AT F W BN N 2 B E
Py, AT - S SR 2R S0 2 P 1 151 ek B
I AT XIS 82, A S50 4 J0 FR U A B 00 490 o £
AR 2 AR A 3 LE PG AR B0 vocs AT
TP, RIIAEEM T 5 BE e B2 (W LUl 7 1.0 LA BT
VOCs HEN R 0 T N KA Je BA7 f&8 3, [RIFE w20
73 2] A7 $8 8 Crotal hazard index), X 1 /2 PP Al 52
— WX AR AR T

HR; = cyoci/ e
THI = > HR,

A, HR, A2 i B voc 5 (K A7 L Chazard
ratio)» cyoc, A9 A5 i P VOC W I A58 R 58 5 AT
Hepg/m's ey N 0 B VOC W T KR HE K RE
(benchmark concentration) s 507 4« pg/m’® s THI 4 0
F 484 Ctotal hazard index), 55 TA FH WL 1.0 1Y)
FU A F LA

VAR rp SO W 1 B IR B 25 0 A B0 AT
AT HYIOEEHE IR B oK B 2 1 BPA™ LI M AR SR
PREE A HEAT 3 DAL 70 2 % CCOEHHAD™ " () $0 403
Je Caldwell 25 HH SCHIF ST . =l S0 7 35 40 01 Jik v
W FE R B2 WIS (RICO™, 22 2 52 /KF-(RELM
BLE Caldwell 55" BFF ST A5-9 JiE . AT rp e i v
JEEYRUAR Ay 2 e 1) 22 42 7K1 BRIV AR T 77 A 18 37 11
IR SR AT [R) P Aol AE AN (5] B4k e v A AN [R] (1 2



3328 7N 58

AEV LIS S U U O T (R ELA D SRR
2 #ZR5WE

2.1 dERUT RS VOCs #eBE 7K1 R SCREAE

TE/N SRRl R 86 A VOCs, XTHi b 82
FRLL oy AT T 5 AT, SRR 11 P A2 9 B
FERE 8 Rl AR 33 B EAE AN COVOC) 18
Pl  HoA A 5 3 /N N (B S =AM RS g
VOCs W FE 735l 45 (43.36 + 19.47) x 107° F1(32.55 +
13.78) x 107°, = NI JE = T =AML A8 3 )7 L
F KA A b 22 7 BOR, ~F H BE R (63.99 +
36.29) x 107°.

0 NG N T8 SN T N SN T AV <N
OVOC I PS54 FR 43 B0 & 5379 249 (10.80 + 6.20) x
107°.(3.94 + 1.29) x 107°(5.66 + 3.39) x 107°+
(5.48+3.04) x 107 F1(4.91 +1.72) x 107°, EHN 7
R (14.04 £9.31) x 107°.(3.43 £ 1.23) x
107°.(6.31 £4.77) x 107~ (13.48 + 10.39) x 10~ ° I
(4.83£2.33) x 1077 % N A0S o I8 R0 UG 4 40
A i v AR AR S, S BB S VOCs
SRFE) 32.8% A1 10.0% , A5 FHIEC(17.4%)
RIZC16.8% ) OVOC(15.1% ) & & Jii v, (H = 4
RIET 8= GLI XX TR, 2 m T &R
(14.6% ) A1 OVOCC11.2%) . AR5, Fed 45 4
FERYF T YR D, B LT SR RS
W

1 Fos A N AN AR, IE T he = T
Bt S e R HOR T T R S R e A
NS R E R, AN SR IE T S R R
IR, AR BN (3.47 £2.97) x 1077, T =
PR SR L ) SRR O KoK T = Ak
FE, 53 51 4 (6.10 + 6.36) x 10774 (2.02 + 6.39) x
107 Ff1C1.21 £ 0.69) x 1077, J& & Wl b ik = W 4k
VOCs 41 BRI 5 72 5l 1) = PR 3%

2.2 EWNINKEXT L

VOCs K5 T2 P Y5 HE B L i sk o
) R LA K 5% s i s ) Al s AN HE R CIn ) A
W T UERNLBh 4 NS WA RS e w82
Bl VOCs V5 B P, HEBR AR FEAR T4 I R (o # F, v1
FT 56 T VOCs 1% RIS ARk B LU AE Cln i 2 B
D HARYI A IG5 58 1 Bt AE B A e
1 07 AR KA ovoc By, 48 KR A M il
/AN LUAR A B2 3 1.0, 022 SR A 90 1) 3 &
T AR B, mTHEN L I HE RO 2 = ANE . 2

R & 29 4%
7] 3 EN
25 I

E2 Y- I—
]
1 St i 3 I
REEE ]
I |
RThe ]
ETH
pi 3 I
0 1 2 3 4 5 6
F22
EfgE ot
WEC ]
[} —
Z ]
L
5F ) I
BT 1
Bl ]
ET% _ _ 1 | | |
0 1 2 3 4 5 6
R HX 1070
E1 deEHENEERIMNREREDM
Fig.1 Dominant species on concentration of indoor and outdoor air
in one elementary school
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Fig.2  Indoor/outdoor concentration ratio of alkanes, alkenes, aromaticss halogen compounds and OVOCs
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