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Abstract: Objective To compare personal exposure to air particulate matter (PM,s) by three commuting modes under different
levels of ambient PM,s. Furthermore, PM,5 concentrations at three places in subway station were compared. Methods A route
at urban area in Beijing was chosen. Personal PM,s exposures by three commuting modes including walking, bus and subway
were measured at the same time by using portable PM,5s monitors, between December 30, 2015 and January 4, 2016. PM,s
concentrations at three places in subway station, including security checkpoint, platform and subway car were measured and
compared. Results During the same study period, means of personal PM,s exposures were 219.34 pe/m?®, 209.61 pweg/m* and
167.56 pg/m? for walking, bus and subway respectively. Further comparison showed that subway commuter had higher exposure
compared with walker and bus commuter under low ambient PM,5 concentration (<60 pg/m?); While subway commuter had the
lowest exposure under high ambient PM,s concentration (>100 wg/m?). During the study period, means of PM,5 concentrations
were 196.90 pg/m®, 170.20 pg/m®, 136.82 pg/m® at platform, security checkpoint and subway car respectively. Conclusion
Commuters using three transport modes have different personal PM,s exposure under different ambient PM,s concentrations.
These results will be helpful for citizens to choose commuting mode scientifically.

Key words: PM,s; Personal exposure; Commuting mode; Transportation

REEFMHUM(ZMNZER <25 um BT £ ARFECEMNEZERRZ . AHRERK

W, P ) REEARDHTHNEE SRY EEXR,E  MAWTEREENHITRELR, BHBENTRER
SV NELREOIEEZN, K] P, ERSMA  BREM MRS KT PM,s REMIEMNABNRER
VRS PIERES, M ASBBEERERAE K. BRRINA, BEEFAEIEREFFRA 24 h T
DETHBXEEMEANEZRER. RITRERARR  PIREKTE, EREWREF 1 HNESRESRERMX
BE, K5 PM,s RIS ABEROATIR (OIME EEFMEE  HNEXMERY. FHEEH, ERTHRBABASRS
BTRANBEENRRRE, BRERANERE AREBREMAANXIES. BRARE, LR
DOI:10.16241/j.cnki.1001-5914.2016.08.001 RS XA FITBENN 8254 87 min®!, F UL BN T2
ESTR ERAANZESEAFA YOS heErEe TR P REFLERY . BEMRBLIEXLITH
&N S (GUBTLS* 228) AR ME PM,; REKEHN—MRIEZMEER",E

EBEEN FRIR(1992-), 5, M HARE, NENESERRMAFR. i e ; . s
BIRESE :IBES,E-mail :lotus321321@126.com E X\- Ia Eﬁﬁ EP §W tH f-_l'fj_ Et iq.%gg 7.qu E"J Eﬂk %’ HFI]




52 45 M——www.52jiance.cn

- 660 - RS REZRE 2016 £ 8 B 33 55 8 Bl J Environ Health, August 2016, Vol.33, No.8

EAR—H, EEBHARP, K[ P KEHABE
100 wg/m’, MFEER 733 H & HIPM,s KERSHIE
5L, EH EREZEAREAEKRS P, KERSHIIFE
TEELITARN, BRIBEXANRISRKFENARE LT
HIVE PM,s NMARBRIEM R T 2B R . A TES[E)F]
ZFiEFER M, R ERIF AR HABHITHER
RBHITAN, MRS REBAERE R R ER
EERIEARRIE. BREARER, HERIEER PM,;
RESTHEIMREFERAS. BEEHIKRIHA
& PM,s i52IKIET, Bl — 3B HIT AN F =Y
MEREKFEBLEREGE—TSHAR. Elt, €5
BRI R AM AR, FIERDHEKIER ST 5
NREMFLME 3 MESHOHITHR, EITARH
17730 PMys NMARE KT R EFERIRR T, CARR Joip
mEREFREENHITANREHR—ENSERKIE.

1 M#EHEE

1.1 X8 LD-6S SINRERSERLEE M L(ILRE
MEIFBEREERLE), AEHER PV, BN, 7]
BASERY &R PM,; iR E, FEEB T TRIZERIE. X
BRI R BLE 5 0.001 mg/m?, MESEEF 0.001~
1.000 mg/m’, MEEE H+10% , EEMIRE<2%. F
FERED 2 L/min,

1.2 R#¥H*

1.21 ST AREMME%E PV, MERERE &
METEH 2015 £ 12 B30 B—2016 £ 1 B4 B, #
6 d, T8 HLEF 9:00—11:00 #HITREF, HITHRE AL
RAZRINIEREBIE, 224 5.6 km, EFEX—
BEMMRBET AZ(717 B)Fibik(4 SL)B/LF
MR EE L, PTEE IR F . IMZBR LB R L TS
L ERFRMEREENHITERL. SMHITAR
B2 BREARET -8B HTERENE. B8
FHEH,ERNNE—ERt%, D3RS IT. R
ARFEFMFMHOHITERE, EPRLARENEE
BEFERE. PITEAFTERRRE, ARARMK 1~2 1
BRE(EH 1.7, MBERMN 1~7 MBEE(CFED
54N, AE S AR E)1ER, EeTEb . REEL S
MEX, B EHHENER— N EKEE. B
MRBERIAMIERHHENIEAFBRER PM,, 10
BIBEREINKS PM,, iRE

1.2.2 MIBRIEAAREMIER PV, iKERE BT
— S HRTE—HITAX THAREMENMREKE,
EREMBX—HITARXARRNR, WigkkE.
ZIATERAMAF M RBKEHITELE SIS
., MEmedE A 2015 € 12 B31 H—20165F 1848,
FEHTF 14:00—16:00 #HITRE., DRATEL U4
BMFEMA 3 E, BEBET 818, KELFIEE

FITE BRI, T RO E b X P SR PR Y B E L
B FERBENFRLIE 10 S, ANBELIHIE EE,
MMEET —BAENBELHIATE, RAESENE
N, BRWCR—NMEYREME. 3 AR FRREN,
HE/RER.

1.3 REES ASXNER,BENEEAESN
RERFHITRE. RE3 GNEFITNE, BER
M, HERMNBZEFERENRRRER, RATF
B, 53 aNSBSNFETNESRR— X, FRER
ME, SRNEET, FBA—AH, AR SFKL, S
HITHNENEBEER 2 AT, BUERARIA R
M ESMRRREISR IR M.

14 FHFEHE BEBBENBEICRMAE P KE
BESATEN, SENTEPUK . FIH, AR
HEHEMETAASMHRARMUEN MEREK
., R SPSS 20.0 #{THRIT DT, BEIEFRHILE

3R K 3 Kruskal-Walls #8358, 19 XUMAE 38 , #8318 7K
53 0.05,
2 £ B

21 3MEITAN P MERBKELRR AHR
BN 6 d PARRHITAR PMs MEREXKER
R 1. EARERE,PM,; REKFHEMNBEEIRK(8~
840 pg/m®) , MARFIREIES H17 219.34.209.61
167.56 pg/m’, 2K EE 3 #H1THC PM,, REKE
B9 R $RER IR
®1 AEHTAHR PM,s MEREKE(ug/m®)
HITAR HARD) RIME BAE Fs M

P17 428 8 840  219.34+248.83 154.0
"R 285 11 710 209.61+201.80 151.0
bk 310 13 501 167.56£98.07  151.0

S BT PM. RERIREAR.
EARMAEL: 6 d BFEENERE], AR SR
LR MM S AR KRS PM,s iR EAKIR J3 42.60.
146.246.217.29 pg/m’, BEE|ERIRETREN 3 F
HITA XM NMEREBEKEZEEZN, R RESXFET
3EEMARBKEMELE . ERS PM, iREM(<
60 ng/m*) B9 3 d H7, SRAL I X H1THY PM,; MAREEIR
ERE;EXS P, RERS(>100 pg/m’)RY 3 d H,
BN NMRERE. WFK2.
22 AREKXS P RETHABHITARMRE
KE ATHE-—THMABKRS PV RE T, HITH
RNEMREBEER, BEMRE <60 pym® 9 3 d FiE
MRE>100 we/m® B9 3 d D RIHITHHT. ZHKS PM,;
RE <60 pg/m’ B, el i $kH PM,; MEAREKES
FTRARE, XRRXRESTZIT.ERYIERITEER
X (P<0.05); HKRS PM,; iKE>100 pwg/m® B, A it



52 45 M——www.52jiance.cn

MBS HEZE 2016 F8 B2 33 £ 8 8 ] Environ Health, August 2016, Vol.33, No.8 .+ 661 -

% PM,s MAREKEBERTFEITMRARE, =
SERITEEN(P<0.05)., WFE3.
®2 WREESAREBHITAR PM; MIRE

IKFEEEER(pg/m®)
BEA BNRE HITARX HERER)” M
12830H 42 G2 75 13.0"
N 43 34.0
gk 15 64.0
12831 H 60 £1T 69 68.0°
N 26 72.5"
gk 14 89.0
1B 1H 146 $1T 71 169.0"
NR 56 192.0°
ek 68 116.0
1B2H 246 $17 75 365.0"
NR 50 366.0"
HoEk 73 191.0
1B3H 217 £17 69 733.0
NR 48 614.5"
HoEk 72 301.0
1B 4H 29 217 69 11.0"
N 62 35:5¢
gk 68 63.0

Er BOHES P, RENEARR. " SHELLEER, P<0.05;° 52
R EEER, P<0.05.
"3 AEKEEIIKRS PM RETEHITARNNMRE

IKFLERR(pug/m®)

ERE  HBITAR BEERRN) s M
<60 $17 213 31.89+29.76 14.0%
YN 131 41.90+20.70 39.0"

¥k 97 69.96+20.87 65.0
>100 $17 215 405.05+230.32 360.0"
N 154 352.27£175.11 354.5"

£k 213 212.00+86.48 193.0

E BT PV, RERRAS. * SR, P0.05; 52
REEER, P<0.05.

23 HWHIERAREMIER PMs MAREIRE  M5NER
Bt EXIG & LTI EREAL P, iREMIED B R
196.90.170.20.136.82 pg/m’. iE &Y PM,s 5
BRENETF 50 pg/m’, IKEPAIE R 222.5 pg/m’, &
FLRAFERA, BLZEL PM,; REFEKESTF
ZFRA,EZERIBRITFEEXN(P<0.05)., k4.

x4 WHEARENME PMs MEREXKE(pg/m’)
e HFRRCD) &RIME EXE Xt M

k=313 550 19 318 170.20+86.23  201.0"
o= 488 51 326 196.90+73.30  222.5"
% 517 23 267 136.82+62.13  147.0

Er BOWEY PM RENEERL. " SEBALLLR, P<0.05;° 5
HA LR, P<0.05.

DA NTE B EMEIE,BREE 4 X9, 158 PM,;
RENSTERLANERA, ZRVELZITFENX
(P<0.05), MF+ES5.

x5 HREESAMETEMUE PM,; MARE

IKFEEEER(pg/m®)
BEA = BRI M
12831 H Zia 102 80.0"
ha 83 147.0°
%8 103 90.0
1B 1H kg 123 206.0°
ha 95 225.0"
%8 103 206.0
1B2H g i 110 263.0"
ha 101 287.0"
=7 104 190.0
1B3H kg i 110 234.0"
e 108 232.0"
%8 103 147.0
1B 4H =i 105 48.0
e 101 86.0"
=7 104 52.0

Er BT P OREMHEERE. " SERALLE, P<0.05;° 5
hA IR, P<0.05.

3 ®

BEEMNERRE, HEILL AW TELFTE 5 E
REBERB, K8 P RELRE K", AR TN
HABJBY KRS PM,s KERE, KRNI 1.2.6 XAY
RS PM,s iRERIE, KRBT 60 pgm’; B 3.4.5K
PM,; RE#BIT 100 pg/m®, EHEE 4.5 Xi#Bid 200
pg/m’. A BKS PV, iREBHEZHRERK, Aot
ARARKBERKA THITAIXN PV, MEREKFE
IR TR,

M3 FHAREBITARMLERERT N, EREM
RS PV RET, ARAHITARNREKERE. &
RS PM,s REREEF( <60 ng/m®), Tk HITH
PM,s MAREIRERS(69.96 pngm’), EIRZTRAL N
REMP 1T, HPM; MEAREBERE S5 R 41.90.
31.89 pg/m*, MAEKXRS PM,;s iKERSE(>100 pg/m?),
Tk A 3 MHTAXPMREREN—F, H
FEKERBUITHELARN 50%, RETTERTIT
BEERETIIRTER, MARFENFERLIA, I
BRESHHFRMETIFEANEAR, ALLFHESZ KS PM,;
ISREMIRK,EE XS P, iSENMNE, ZTML
RENR PM,s iRERE EH, MmN EFLEE. It
SN PITNAREYETHEREASR, EBRFHN
Ve &M, ALLTEKRS PM,s iKERE MERE tH1K;
AL T T, AEAWNE, Fit EISRIFES MmN



52 45 M——www.52jiance.cn

+ 662 - RERREE 2016 F8 BE 33 E5 8 #1 ] Environ Health, August 2016, Vol.33, No.8

BN, BY BEHERE, ALBENFETNARE, it
%%Eﬁﬁh‘a AN REANR. S SRANRERSNETS.
BRZEEILRHFTHHENTEETSEERRAR
ﬁ%—ﬁ&ﬂ’ﬂf‘—“"‘ FREE"HHRARER, 1T PM,;
BKER 415 pg/m®, ARFEH 41.6 ng/m’, AR EA
IEﬂE"JHi" PM, s KRBT 75 po/m’, ZERSKHFR
BEARA—N, HRBPERSEABETELTERLAREN
MEREKFELBEEER. Yan ENIERMARE
W, 217. AREMMBERBKESFIHR 26.7.32.9.
56.9 pg/m’, SRMEFE 1.6 RWNELEREER—
B, RS ESRERNREAENER. BhE—
LEHARSEXARERAREE, NERE R BHITH
—INAE R, RLIMBMREBKEEKXRS PV, i RE
RARAT, BDEA R 150 we/m® EE#BiT 200 pwg/m!™; &
EaltHR LM, PM,; FHIREKFN 35.0 wg/m?,
FEIRARS PM,s KFERAMAREE T RREERRM. BXLE
WS R A SIERARE, Fib . FREIZTARE, B
RENARE, AEMRERSEAMRERITLEER
58, X thiiBRSEM EARY MK PM,, REBIHERE MR,
EﬂﬂiﬂZEB'JAMSPMNE EMETREREATILR.
EARELI, EMBIEANAREULE, MK
PM,s MR BKEBFAE. St FEMAMELL, k8
MREKERS, SEMEEMIARER -, &
Ak PV, REBEBLENBE, BSfKERIEEER.
Lt PM, s iRE S HMESHRIGMNBREHNBX K
MRERFMBIELZRAA T T —F, hE 0 Tit
TIE, T EREEME, BXEF, Bt it
B9 PM, REERIMMERE, SEREXWERK,H
BERRK;EBMERR, BRI 8RXEE,BFE
AR RER ISR IRENIIFESHE, BRIGE PV iKER
2, BEARNMETF 50 pym®, EISENEZEBITI00 pg/m’,
RRWEMERRE, HITETIEE SENR PM,, RE
KESTFH L, AESRRERN, MXEEIN, Tt
BIGE T REFERINABRIPER. LI, G880
BIRE PM,s N S UG BN IR & X 0E, A EIR it
U NER BN A LR, F2HEDEFEK,
KEAMREFEBREYE, TERAEERXRHERHBR
L, JERARBREEEX 2 KNS P, RESR, R
BEEEHARRNE XS PM,; 53 RA FTHHEITARIE
REKE. ROMRENEEPERZE, AREER. &
LT ER, AEARBEAXNEHITNEE—EE
5, AR KRS PM,; iR ERERT B TILIRK, L5 R ] BE
M—EMRE. BMAMHEEN SR IERE , 57 FH

18] 45 B MM 8] _E4F 9:00—11:00) A PM, s ik FE K
HABHE, ALERASZEAKREM,

LR EFTR, S K5 PM, iKEREAT( <60 pg/m?),
FMBEMNNMEBKESTLTNRLR; HKS
PM, ;s iR EHR S (>100 wg/m®), Fit kR EKERT
TITHNRAR. A THLERHITIEFRR PM,; &
B, PV, iSETENEEREMEHIT, PM,, 5
BB BENMEERIANELERSITREAR . HE
IHEH PMs RESTFEFRAMTE A, AL iSRS
B89 PM,s NMEREBAREER.

SE R

[1] Farmer SA, Nelin TD, Falvo MJ, et al. Ambient and household air
pollution : complex triggers of disease[J] Am J Physiol Heart Circ
Physiol,2014,307:467-476.

[2] Peters A, Klot S, Heier M, et al. Exposure to traffic and the onset of
myocardial infarction[ J ]. N Engl J Med, 2004,351:1721-1730.

[3] Adams HS, Nieuwenhuijsen MJ, Colvile RN, et al. Fine particle
(PM,s) personal exposure levels in transport microenvironments,
London,UK[ J 1. Sci Total Environ, 2001,279:29-44.

[4] Ministry of Environmental Protection of the People’s Republic of
China.Chinese Crowd Behavior Patterns of Environmental Exposure
Study Report (Adult Volumes)[ M ].China Environmental Science
Press, 2013.

[5] HuangJ, Deng FR, Wu SW.et al. Comparisons of personal exposure
to PM,s and CO by different commuting modes in Beijing,China[J].
Sci Total Environ, 2012,425:52-59.

[6] Suarez L, Mesias S, Iqlesias V, et al. Personal exposure to particulate
matter in commuters using different transport ~ modes (bus, bicycle, car
and subway) in an assigned route in downtown Santiago, Chile[J].
Environ Sci Process Impacts, 2014,16:1309-1317.

[7] Vania M,Teresa M.Luis M.et al.Factors controlling air quality in
different European subway systems[ J ].Environ Res,2016,146:35-46.

[8] ZERREF BAMBE GHE. F AR MM ERIMT R RSTAYIS R
WEL)] MRS RS, 2013, 30(2):160-161.

[9] BERIAFRNE.F ARMEKIMER PM, PM,s.CO, i5HK
ERLI] FRTIZ, 2014,32(5): 120-124.

[10] ESHWLETEFR E2013 FILRT PMys AT S
IEE4R.2015,70(1):110-120.

[11] ZERFEEERFHFABHTAR P MRERERZ D
EZE[J 1R E.2015,34(8): 1408-1416.

[12] Yan CQ.Zheng M.Yang QY.et al.Commuter exposure to particulate
matter and particle —bound PAHs in three transportation modes in
Beijing,China[ J ].Environ Pollution,2015,204:199-206.

[13] Angeliki K, Mar V, Xavier Q, et al. Assessment of personal exposure
to particulate air pollution during commuting in European cities:
recommendations and policy implications [J]. Sei Total Environ,
2014, 490:785-797.

[14] Tsai DH, Wu YH, Chan CC. Comparisons of commuter’s exposure to
particulate matters while using different transportation modes[ J]. Sci
Total Environ, 2008,405:71-77.

[15] Vania M, Teresa M, Maria CM, et al. Exposure to airborne particulate
matter in the subway system [J]. Sci Total Environ, 2015, 511:711-
722

IKFEEEA:2016-04-29 H{E4R4E : ETIIE



