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Abstract

At present, more and more attention has been paid to indoor particulate matter pollution, while
outdoor fog and haze will seriously affect indoor air quality. In order to study the correlation and
influencing factors of indoor and outdoor particulate matter concentration of severe cold areas in
summer, a total of 110 households in four types of buildings (Offices, Classrooms, Rural houses and
Urban houses) in Daqing area were measured and analysed with online monitors. The results show
that the overall air quality of Daqing area in summer is good. There is a clear linear relationship
between indoor and outdoor particles. The infiltration coefficient can be used to represent the de-
gree of their correlation. For offices and urban dwellings, the infiltration coefficients are 0.7214
and 0.7499. Due to the air exchange rate higher, the classroom and rural housing show a slightly
higher infiltration coefficient, 0.9217 and 0.9019. Therefore, about 70% of the indoor particulate
matter is from the outside for natural ventilation-based buildings in summer. There is a significant
positive correlation between indoor particulate matter concentration and indoor and outdoor
temperature and humidity (p < 0.05); however, it is still various in different types of buildings. For
01 office buildings and classrooms, the external walls are glasses, hence indoor and outdoor tem-
perature has greater impact on the indoor particulate matter concentration. While the rest of the
building with concrete wall structure is mainly affected by the relative humidity. According to the
time-activity model, the daily exposure level can be obtained. The results showed that the average
exposure was 21.63 pug/m? for the urban population. For rural people, the average exposure was
25.64 pg/m3. The potential dose of exposure between different sexes varies according to respira-
tory intensity, and the potential dose of male exposure is 1.2 times higher than that of female.
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FENIMRRIRE BIE LSRR Y B R 2R DA S B B . SRR AR SR B R b =
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PE, TERRE ™ IE X B P AME PRI ST 2R o KERTIA T BV Vas, & — LA, Ak, R
B SRE AL 44 T T o 32 BEAFAE MR B G 1] B « i R R HE R K MLl 22 250 1 KOk,
R RSB F IR AT G5 IR S B3R X bR BEBR /N s s n . 4ok T R A b X AR
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Table 1. Measured building information
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Figure 1. The average PM, 5 concentration of indoor and outdoor measuring points during the measurement period
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Figure 2. The calculation results of indoor and outdoor permeability coefficients for four types of buildings
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FEWIRFERIFZm, WATLRAXCEE S5, R B R AR A 98 R ()RR 7R 2 A BRI IR T 5 X 26 ]
R ZMEM R IR 9885, MR AE p <0.05 $LA R AA G578 X

Wi 3 fin, BEWBRYIIRE S SNSRI EE 5 N AN E 2 A7 155 35 1 IE A &P (p < 0.05),
AR FR B RS 2 A R ZE 0] S AMNIRLY) IR BT 25 N IRRIORL (R sE A 3K, ~F 35 R FRjAH DR &R
H(r)k 0.782, X 5151E RSB RA— . BIBEIENEZELMHER, WTHAEK, WEEHF
TEAR KM ZE . O K, = WAMEERIRM K —25(r=0.224, p<0.01(EM); r=0.281, p<0.01
(A1), B = WAEEM EFPIRBL(r = 0.245, p<0.01(EN); r=0.143, p<0.01 (F4h)). XPHEHR
— AR, A ANIPEEARK, = AN 22 B HAR S IR ECR, BRI VR AR X =
PN ORGSR MR o T AR SR, DAVR B L AR S W o 2, =5 N IR Ak FEE 2 L FE IR S i 25 /N (°F
¥Jr=0.062, p<0.05(EMN);r=0.062, p<0.05(E4)), ZHXEEMFMEKCEE r=0.437, p<0.01
(£W): r=0.294, p<0.01(=4)).

FE DA FE H, G TR0 FE X 28 P 0K A7 9 B2 5 el PRI AT 9 A7 FE AR DR 1) 22 S . Elbayoumi BFF 5% i B
EHN PMys RS SRR SR B = NAIR R, 2 A1 40 I R & 30 [A] 38 X2 5 R OG0 &R
[31]c AT B FE s 2 P T PR R 2 A IORL IR JBE 2 TRIANAEAE S 35 (A GV [32] o i X e I 22 e, %
F2 IR R 0 52 T Ak ) R 3, A=A RN 2 SR S AL AN [ T 85 Fromme 25 A 7E A2 00 88 8 LI 1 -5 S R PM, 5

Table 2. Contribution of indoor and outdoor particle sources in four types of buildings

2. MEEIFEASMNTRLRHI TR E

TTERZE (%)
FRHRTY E T4 PMys EHMEY) PM,s Fint Cs
EHMNE =N
TIAE 20 pg/m?® 22 pg/m® 0.7214 4.8256 79.4% 28.5%
= 21 pg/m?® 20 pg/m® 0.9199 1.6783 87.6% 12.2%
WHiE 30 pug/m?® 30 pg/m® 0.7499 6.6417 75.0% 21.1%
REAEE 34 ug/m?* 34 pg/m® 0.9019 3.0859 90.2% 9.8%
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Table 3. The correlation between indoor particulate matter concentration and influencing factors
= 3. ERFRAIRESEIWERZEEX MRS ITER

HENILEC ENIRL% 4 PMys (ug/m?) FEIMRELC EINEZ%

Pearson ¢ 0.224™ 0.088" 0.881" 0.281" -0.144™
01 2 PO 0.000 0.002 0.000 0.000 0.000
N 1192 1192 1192 1192 1192

Pearson 1 -0.053" 0.493" 0.674™ -0.056™ 0.303"
02 A G L)) 0.011 0.000 0.000 0.007 0.000
N 2344 2345 2345 2345 2344

Pearson AH < 0.090" 0.270" 0.856™ 0.035 0.113™
HO 2 PO 0.007 0.000 0.000 0.296 0.001
N 892 892 892 892 892

Pearson ¢t 0.080™ 0.501" 0.834™ 0.119™ 0.259"
E(z‘] g/zl'\f')z-f’ HL BB HEGU) 0.000 0.000 0.000 0.000 0.000
N 2704 2704 2704 2704 2704

Pearson AH < 0.129" 0.431" 0.657" 0.120" 0.260"
H2 2 PO 0.001 0.000 0.000 0.002 0.000
N 696 696 696 696 696

Pearson ¢t 0.045 0.498"™ 0.870™ 0.064™ 0.262"
H3 AP L)] 0.056 0.000 0.000 0.006 0.000
N 1823 1823 1823 1823 1823

Pearson AH < 0.245™ 0.097" 0.772" 0.143" -0.036
c 2 PO 0.000 0.000 0.000 0.000 0.121
N 1822 1822 1822 1822 1822

“FE 0.05 AKT(OU)_E B3

WP 2 [F] 2 5 FUAH 5298 R (r = —0.32, p < 0.05), MiTE R K& IX AR F 2 (A7 1E 5.3 1 IEAH =% (r = 0.24,
p < 0.05) [33]. Milner /&I 2 A SR AL FE 2 10 (19 Jse b 56 3R 02 H T 38 P R 28 4 R R SR 2 (R RIS 22 57
MENEE ST EINRE(—RREELTE), RS ESWEEHREN, MREENIRERR4]. BINE
IS R REETEFNHEE, X5 Fromme Al Milner 75845 B A — 800, BAKY, HIRE B Em
FEWAMERMEREER R, VR RET RS

35 REE

VR WAT I AT FUAEAT ELHORE S AR50 i I b AGr 45 2 ) PM s IR EZ B AT 9 N B2 PMs A2 55 KT
ERNATRHR I (R R AE R N, RN PMys R ERIRIE 5 E A PM,s iR ERONE S, A=
A I B O Ut B BIE T 0T R AR S B 2 8 KT [35] [36], PRIGE A T WF FE 45 SR K ASHERR o

o BRSO, HELLAREXOYERER, S NIEBRYRE RN, ML EaRE TR
T EANIRRY o ASCERATRE ESORFBIIA R SRNEE R B SR LA AR, 1
NN 1) - S B SR AG EER I B Fe KT, SREIHAT B2y, 18] - iEahREaan ] 3 pos, A TR
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Figure 3. The activity time of different populations in indoor and outdoor environment
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BT AMER . BOLLE TEMSEMZER, ANRAFENRZREBHREAEEAR . BEFESETA
FN R &, SR G 135 DL R @ BOR LSS TR 32 0% . R 4E 35 [ 28 1k RDA Wik 7173 2%
PRUEKE T BB N L. IRERES . W3, BES 3. RS EEST 8, Wik 4 fror. Mk
B N2 B TR A T NARAEA R 57 3o B T AP R MR, WISk 5 P AR SCIRATIR YR TAEME
FURHIE FENBE S 3T AR NBE, A AT 2 etk R SR IAE ORI TAE NS . 3T ABE B R TR
B L #AE = N, R AR (A R — 208 T, A NBER CAERS (A 4E Hh T =4 (H )57 1E), A7
TE SRR ST (8] o T 5l TABAT 157 20 ) 2 5, /NI PR 2 B AEAE B R 22 R, T AN TFEAE 70
ANBEURESHINE, SN ABESSAFEST SN,

6 I 7 IR ANBERUR R AN P38 B i AV AR R R . ST T 2 2, BRI A B
Fa R LA TR KT o 39T N B R N (AR5 22 S Pk o 6 T3 B, 3 2 & 21.63 pg/m?®,
/N R B ONTE AR E ISR, 19.09 pg/m?Pe BT IR ANBE AR B AR 58 3, PR
(Y EF AR, T 9.67 pg/h, LMEN 7.94 pg/he W FRAT AR, PR RN 25.64 pg/m’. AN
i Ti) B 11 2 i 1 O o T3 i AN o 4 AR (0] P 3y A f i K, 5 43.60 pg/h, Zettoh 35.51
pg/h, SEIT ANBE TAER [P ERI R 4.6 £ fEXRERF-FEEERRE RN, BPEN 8.90 ugh,
LN 7.32 pgh, ST AR ZERMEEN . BN RREMANEL, K T RERIRES, O
FIAL, PUATRAERD, WA SR, NN 7 RBRA RN T [37]. AR 2 6] 5 55 7%
TEFRE TP R A R R 22 7, AT S BRI T e 2 B i e A b ctemr 1.2 5. [
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Table 4. Classification of physical activity in the United States 10th edition RDA (1987)
= 4. EESETHR RDA (1987) K SI5EEN D RARHE

57 B Y 2R Eiiipy
PREIRA WESE . RHEEE R
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HEENTA, LR, TE/RKRER, R, TR ERE
Hh DL 5.6~6.4 km/h FEREATE, BRECEHIML, FLEY), WA, WEH, TMER, BE
HE B EYATE, W, TR, fTHEER, G, Bk, Bulihiek

Table 5. Respiratory rate of human body under different activities (Recommended values of Exposure Factors Handbook of

Chinese Population)

5. AFEARRNESN FTHMFRER(FEABRESHRFIESE)

IR o TE B
m3/h PRI Hett % 3] BIEED HR TGS HIKTTEZ)
) 0.372 0.444 0.558 1.488 2.232
& 0.306 0.366 0.456 1.212 1.818
Table 6. The average hourly exposure and potential dose of urban population
%= 6. WM ABINTEHREESEETIE
e il e B = B 3 3 %Zy}]%‘%éi N i S=1 ST Aok A x| B
WhEh R el ##E i (ug-h/m?) (ug/m?) BEFE (ug) SESTELE SR (ug/h)
5 379.39 9.38
TAEH LAER 845.48 21.14
& 309.45 7.74
) 5 261.70 13.09
T AR H = AME B[R] 469 23.45
b’y 213.86 10.69
) ) 444,11 7.40
TAEHTER KBRS A 1193.84 19.90
s 365.32 6.09
5 543.75 11.33
JAARAR SR (8] 1125.19 23.44
S 445.26 9.28
£ 1624.95 9.67
Gia 3633.51 21.63
i@ 1333.89 7.94
Table 7. The average hourly exposure and potential dose of rural population
F 1. RFABNREARBEESEETE
TEBNRAY TE5 B (ng-h/mr’) 1 1% e (ug/mr®) TBTEF & (ng) S8V TE 5 (ug/h)
5 1743.94 43.60
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& 2073.68 17.28
DOI: 10.12677/aep.2017.74047 355 INELORA AT


https://doi.org/10.12677/aep.2017.74047

g %

S [38] 1 A A L & ANRURLY S e ot 55 R WP 2R e H 1102 B (A R R0 LU 2 1k ST 88 o TR 1R R I T i
FEAHT, SN GE A B  2 v TAoth, X EBR A ( A B SR A 22 5 € (A [39] o 1T HL S A MR
FUOAMEML IS TR BT 2o P8, HAFAEAS RO AR TS SIS o ) 56 55 4k 5 ) 52 4 s O R i T
5 R PI ZR G o

4, 4Eig

ARG R IR TN S BEAE B E N SNUR R R 2= I, X = P S0k M09 14
FHRAE R K 3R FTT 0 M, A3 B™ JEM XA R R TUAE 2 (9B B A LK & Y BORED R 2 5 5
MR EFR R, BALSRIT:

1) VUSSR 5 A SMBUR IR B # b T — AN PR K B2 RAR AN, 418 27 pg/m®, P8
26 pg/m®, BETE AR R RUE OBRME . 17 BT AR F X IR E A ANREAT T T 5, RIAE
BLX 2 57 (p > 0.05),  HHULA H K PRI X B 444 R B e

2) JE I XT DU S A H A SMBURE VI S BEAT 181U 50 M R BRI A AU 2 TR A A 3 WS (K 2 1k
KEZ, HHHEERECRZRENTHRYER RN W TR BMITAE, B&ERHIEIK—L%, 0.7214
A1°0.7499, X T HEMAAAMELR, & B THIPRE, 8RR S, B3E 2500008 0.9217
1 0.9019.

3) = ABIKLR L 5 AN 58 N MR 2 (B AF A2 4 2 35 1 IEAH 51 (p < 0.05), (HANF]
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