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Indoor air quality in classrooms of primary and secondary schools during autumn and winter in Hangzhou/YING Xiao *,
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[Abstract] Objective To understand indoor air quality in middle and primary schools of Hangzhou in autumn and winter
seasons, and to provide references of promoting indoor air quality of schools. Methods Totally 33 classrooms of 11 schools in ur-
ban area were selected into study during Sept.2018 to Jan.2019. Daily measurements of PM2.5 and CO, were performed in selected
classes during school working time by air quality monitors. Totally, monitoring data of 35 964 hours were analyzed using univariate
and multiplicity analysis for PM2.5 and CO, level, variability and possible influence factors. Results In autumn and winter, hour-
ly average values of classroom PM2.5 and CO, concentration level in Hangzhou were between 35.30 to 74.65 pg/m’ and between
949.17 to 2 029.98 mg/m’, respectively. The concentration levels of PM2.5 and CO, were higher with the temperature ( F =
1 412.84, 775.66, P<0.01). No statistical significance was be found for the difference of PM2.5 concentration among monitoring
times. Wave changes in CO, were observed with time variation PM2.5 and CO, concentration level of 68.42% monitoring times was
complied with standards. School type and temperature correlated with PM2.5 concentration level. The PM2.5 concentration level in
senior high school was higher than that in junior high school, while the value in primary school was the minimum(B=0.44, P<
0.01). And the PM2.5 concentration increased with the temperature decreased(B8=38.31, P<0.01). School type, temperature and
monitoring time correlated with CO, concentration level. CO, concentration increased with the increase of grade, decrease in temper-
ature and later time during the day(8=213.64, 162.38, P<0.01). The CO, concentration level in later monitoring time was lower
than that in earlier monitoring time(8=-16.28, P<0.01). Conclusion Classroom CO, concentration level in Hangzhou was closed
to that in European schools, while PM2.5 concentration level was much higher. Comparing with other cities in China, classroom
PM2.5 and CO, concentration level in Hangzhou is better. The results highlighted that school location, design and routine manage-
ment should be advanced consideration for good air quality in classroom.

[Key words] Air pollution, indoor; Public health; Organization and administration; Environmental monitoring; Seasons

[EERA] DIR(1982- ) %, WLt A, Wit EBMAF2 A T
A AR,
DOI: 10.16835/j.cnki.1000-9817.2020.05.035



766 P E AR A 2020 455 A4S 41 B 5 Chin J Sch Health,May 2020, Vol.41,No.5

H TR D AR IR 1 A2 BRRA T AR AE | A0 IF 0 R 55
RSN K, W AR S 2 B G Y R
SRR DA ARG N E B, H O — R
K2 1/3 WIS RIAE B Bt 2= 25 AT H A
HAAEBR(EEE 2E 2R ST AR A TR
HUNER B = 2 R, 2% T 2018 /- 9 A &
2019 4 1 A XFHTM AT 11 Fr /Nt 33 [ ER=E
S ST T 25 SRR AN T

1 X&57H*
1.1 % KUEEE TS, IFERNE R &
() JEN R BEBBTM 7T X 4 T/ 4 BT HRoRn 3
Hidlgt 33 [ LR S AR LA I B4, IR N
2 AEPR AR ERY PM2.5 FI CO, B AR Rk i
VE UL a4
1.2 Z#*x EHSMENE ™ EE U-MINI-205 %
PR S S A I ASGIE AT ARG, PM2.5 T CO, Ji R AR R
e B R 23 51 0~ 400 peg/m® F1 0~8 000 mg/
m® RGN 1 pg/m® F2 mg/m®, AR LR
BN O S B RACNR 7, B S s BREUEE 1
U BN AT 08T

HR A A AL 2 1 SRR JF ML R 7,00, ¢
HLEFE] R 22:00,2018 4F 9 H 2 2019 4 1 H Wi ELE M
DB A 35 964 h, il 2 B (B8] {457 1E 5 B 15 B0

2 J R SR AU I 3 S P A AR ) (JGI/T
309—2013) " ¥s PM2.5 /]Nif S 2 e AR FR R > 75
pe/m’ ESCHATFERIE, ST/ ERHE A
PAFRY (GB/T 17226—2017) ) 454 €O, Bk

TR B A B8 €O, /DN Bt SF 249 5 o A R vk B >
2 000 mg/m’ & A ARFFEIRUE,

1.3 it a3® R SAS 9.1 HEATSEH 200 Hr,
FHY B R e AR e, AR 40 (8] (%) B AR FH O 2541
M, 38 A — R PR AR T (GLM) Zr M2 i 26 5 | 9
VOTRRE IS A] Be 45 R X PM2.5 1 CO, Ji i A R vk i
AT

2 H#R

21 AREMNFREAMBEZAAETHE 9 H
Z 1 H WA PM2.5 i R R 4 R
36.64,49.15,56.29,57.58 F1 74.13 wg/m’, 22 %4 4iit
FRI(F=1412.84,P<0.01) ; BE&E H iy 22 8 L7+
(P EI<0.05) . 9,10 A AR ZEA 44 2 % -1
PM2.5 i ABIREZ S ASRITFE L (P EH<
0.01) ; AW HL B A B, 20 % 71 PM2.5 Jo st (A FRk i
SEIE T S/NESPI R, 11,12 F1 1 J ARSI
M- PM2.5 /K- 7 BG4 L,

WL 5 A~ H N #UE T3 CO, ot it (R BRI B2 43
W1 162.48,1 189.83,1 305.99,1 643.27 F1 1 754.78
mg/m’ AN A Z B 2EF A= EL(F =
775.66,P<0.01) ; £ S 10 22 s 247 5% it FE ¥4 i B 14 = 1
2 EFHER(PE<0.05) , E—H A2
¥ CO, Brar AR B 22 S A Gt L (P H <
0.01) ; IR LA R B, 15 10 Adh Serh 2z a2 58
Gt OO, Hp 2R WA S = E L (P EY<
0.05) ;9 HEIwIh>m i >/NEp s, 11 A ZRAE
1 H B SPIhs/ N, Wk 1,

xR 1 WMNTAEEINEREZRBHE PM2.5 F CO, REFFRRELER (¥)

B 9 A (n=17469) 10 A (n=6342) 11 A (n=8126) 12 A (n=7510) 1 A(n=6517)

j; ) PM2.5/ CO,/ PM2.5/ CO,/ PM2.5/ CO,/ PM2.5/ €O,/ PM2.5/ €O,/

> ]

*E (pgem™)  (mgem™)  (pgem™®) (mg-m™  (pgrm?) (mgem™)  (pgem?) (mgem?)  (pgem?)  (mgem?)
INE 36.35 949.21 50.58 1 042.24 56.39 1 101.68 57.52 1217.89 73.37 1 253.39
wh 35.30 1 453.28 45.46 1266.31 56.37 1 370.45 57.54 1812.84 74.65 1977.13
i 38.60 1 032.35 52.10 1245.70 56.13 1 430.55 57.68 1 876.88 74.34 2 029.98
Fig 25.32 313.48 46.47 232.16 0.04 308.89 0.01 409.52 0.96 328.08
PH <0.01 <0.01 <0.01 <0.01 0.96 <0.01 0.99 <0.01 0.38 <0.01

22 AREAMNFRARANEAKEZARTILE A
WNF WIS R, R PM2.5 i e AR R A
BT A WA A 0 sl ka3, (EAS TR e B 22 1] O[] 2 A
SR ZIE N ZER TG R, W 1,

3 B E CO, T ARFH B BERT A] 2 30
AR SRS, /N2 2 BOR B I B0 I T 25, 490 v AN
o T R R A G v R A e R g 0tk
Ao 3 BERABTEL CO, B ARRIRE 22 55946 51t
75 (P HY<0.05) , Y LL/NERAR

23 BERARELSRESH U= PM2.5
1 CO, BT B /N I Ry 1 AR 0 — M 4R
PEBIRL 3BT 22 B2 Ty (B ™ A g 52 e, 4R
PR K 9,10, 11,12 A1 1 A 5B IE A FEL
B 1,2,3,4,5 AT, PM2.5 B R TRk B 5 oA
FAY FERTRIEA O Ik R FE R R R PM2.5
R RUR B , CO, R R BUR I 524 A
FERTRIE KT BEAT 56 ARk iy  FER R R CO,
Jo i AR 2 0 R 5 B BB B, O, T S R LU B



R A T A2 2020 4 5 A58 41 %5 5 Chin J Sch Health,May 2020, Vol.41,No.5 767

i, W2,

70~

Gt
BH4E

=N
S
I

Jo AR B /(g m?)
W
?

40 L L L | L | | | | | | | |
7:00  9:00  11:00  13:00 15:00 17:00  19:00
B B

B 1 MmMTHAREBZRAERRBE PM2.5 REFTRIRE

| J
21:00

2000.00—

1800.00

1600.00

m)

£ 1400.00—

1200.00—

VR JE/(mg

% 1000.00

800.00}- o~

—a— Y

Joi AR A

600.00—

I}

400.00—

200.00—

| | | | | | | | |
07:00 9:00 11:00 13:00 15:00
B

B2 MMTAREEZFKEARMERHE CO, REGRKE

I I R B
17:00 19:00 21:00

F2 MMTHRNEREE PM2.5 A
CO, FREEFRIREZNEZE S (n=35964)

FAsR A BH(BAH 95%CI) PR o PE
PM2.5 &S 0.44(0.05~0.84) 0.20 219 0.03
FELTRE 8.31(8.08~8.53) 0.12  72.16 <0.01
i Bt -0.07(-0.14~0.01) 004 -1.76  0.08
€O, EREM 213.64(203.34~223.95) 526 40.64 <0.01
JEATRIE  162.38(156.49~168.27)  3.01 54.03  <0.01
i B -16.28(-18.26~14.30)  1.01 -16.12 <0.01

24 FEZAZIEFRM A 35964 h {1 NI EE
#E PM2.5 Fl CO, [t fe ARk BE A 65 b 1fE 1Y LU 481
B 79.22% 1 85.61% ,68.42% Wyt By ¥ % PM2.5 Fi
CO, Ji AR B A5 S bR

9 A Z=UAE 1 A BRI/ N2 0z PM2.5 il CO,
Jo o A R B 34 25 A B oE Y BB 4 A 93.19%
83.59% ,71.92% ,53.33% 1 38.28% , H 452 U 22 1 bl
FHIEVSFEEE G, 1% Eb 451 34 3% 37 B I ( Cochran-Armit-
age BAHHR L, P (15 <0.01) . [Fl— H 4 A [A] Fe 8
SR E 2SR A R Z I LB A AR ] — AR

ek B/ hsprds g (P {E$4<0.05) , WL 3,

£3 RMNTARLEERERAGBEZTSHREAGRELE %

2EAE 9 A 10 A 11 A 12 A 1A
2K (n=7469) (n=6342) (n=8 126) (n=7 510) (n=6 517)
I 97.97 85.06 75.98 64.16 53.09
EuLs 87.22 84.01 71.55 50.36 30.58
L 95.41 81.62 68.43 46.05 31.45

Z 18 -3.77 -2.93 -6.05 -12.73 -14.55
P i <0.01 <0.01 <0.01 <0.01 <0.01

3 2RO R B B 2 R i A% R A ) 2
S G (P {EY<0.01) , HIEATE 9.00 42
LARREAR, W BeAS [ S 24 A A R LA
ERWHE G E L (P E%<0.05) , HEEA K/
HAM R, WWE 3,

90.00
e
—a—
—— ik
80.00
< 7000
&
© 60.00-
50.00/
| | | |
40.00 TR

Y I O Y R Y N
7:00 9:00 11:00  13:00 15:00 17:00 19:00
I B

B3 MMTAREEZRARNRYEEZTSRESER

3 itig

MLAFE SR, F [ K0 40 M IX 55 56 R S0 &, 51l A
IR V5 e PM2.5 AR ZUSC T 1 COo, T &
FNE SRR AR R TEAR T R AR 5% 5 B
IRFERRAE T XS G2, FE X RK A Y IE AR
H/NEHE PM2.5 F CO, o i (A BV B AR 1b 17 150 i2F
TH53HT , A BRI DA X,

S ESMHACF RS R B, ABSE CO, iR
W B 55 2 IR 4 S 3T /N AR R (R R T A i A
B VEHEF SR g NeE IE F AR FHEUE o, ik
FRME s PM2.5 R (R AR e 3 o s T I A2 5
T B R B AR S AT RIS A
UM T H/NERE PM2.5 FiT CO, T f (A BRI 3 A 6 45
IR B G h 68.42%

PM2.5 JF AR MR B — IR PR U S i AN K AN ]
RANERE 2 M 22 F G2 8 S A A 2 Rl 2
REE PM2.5 S4Bl A FEV8 TR B B 75, 5 3R 1 2R



768 P E AR A 2020 455 A4S 41 B 5 Chin J Sch Health,May 2020, Vol.41,No.5

B RS AR B (FER A PM2.S )
PERELE PM2.5 BRZ = NG Y IR (A HLE B0 K 9
U FRY 2B I, 22 A 1 2 A 0k ) ks AR
YITEETE) R A, 52 2= Sh A B h PM2.5 Jit i (A
VB (R S MR
HE CO, FUmiRFIR R 32 AN IAEE 52 /)N
(RS & ST R /RIANE SN SN RN [ RN - 93
PR R B AR R R DA 2 AR g 4 SR A E
SET L, B RRIER RN, MR = N
T B 2 A ek 1 0 3 R, PR )R SR R] 4 i P
NGNS R = NG SN, 3 E N CO, BT AR
BT o AR BRA T PR B O, eE s e B
1E40~50 N, /Nf— M AE 30~45 N B ENARZ
A CO, W2 hap g T UREF S I 8] 5 /N A g
5~10 min, CO, SFUHOW 51U 1 ; A 52 I 2 0 =
CO, B RFRMR BE 2 /NG . i o i B o3 A
KL, HEN CO, TRk A b 52 A AE B
A, P2 FE 9.00, 1400, 1900 H B 5 3k 04| 78
12:00,17.00 H I 4 /NFTE 10.00, 14.00 H 9%
I, 11:00—12.00 BEA FFE,17.00 J5 WAL, $8m
PREH R T30 10 25 8 A Gl A= N Co, i
AR B A, 1T RS R T XOR R BTG B
1 CO, THiE
HEZENTZTEA RAGE M0 224 SRR,
IRET S AR R MR ERTFENER
T AL L B A W E AT R G D, B
SE R PR IE B Tl X R 1 2838 T I Y X %
SRR, B 2 A I 1, B I 5 UE BH T L AN A8
TGS AN PM2.5 B EZORIENY . K, ek &
RN R 25 A Y M SR A XU, F B
FI T 2R 2030 % A 3068 XU 00 ke 13 114 1) 0 7 3l 1T
FUR/IN, b0 0] i = AUGE R S, FRIR, #
% B B AR FE 2 R A TR AR R
Af BE R AT 4 1 T o 38 A, B 2 A R U I B, ke
B CO, MIRFZE 25 B U 5 IR i AT = 8 =
/0 Bk A AR R 2, kO U P 1 TR TR, I
Hb TERUE 2 N S AR U R G, MR SR
DUES X 2 == 38 K B3 B AT o AT 48 A R T L
EENSTEUGE,

A RN TR B X VT X AR R R R LT S
5RO RT3

4 BEH

[1] IOAR R,XAVIER Q,JOHN W, et al. How to protect school children
from the neurodevelopmental harms of air pollution by interventions in
the school environment in the urban context[ J].Environ Int, 2018,
121:199-206.DOI:10.1016/j.envint.2018.08.063.

[2] IVAN M L,ZARKO M S,MILENA V J,et al.Impact of CO, concen-
tration on indoor air quality and correlation with relative humidity and
indoor air temperature in school buildings in Serbia[ J].Thermal Sci,
2016,20(suppl 1) :S297-S307.

(3] JEA3i, 9BARA, BB, A5 2 A 5 N s RS0t A A S X
SRATL] R SUIAREE A4, 2017,36(12) :35-37.

(4] AR5 S g i, 2 5 MACR IR S W b i JGI/T 309—
2013 S].Abat .t EES Tl H A, 2013.

(5] DAEMIHIAETZE S S Z R S PP REERS
TUEESR GB/T 17226—2017[ S ALET [ bRife it , 2017,

(6] T3S, 2, Ry, 4 S A AR A (PM2.5) 15 Qe BLIR |
FERIEARGARE] 1] RIH 254 ,2016,46(2) :1-7.

(7] RMg, SCImE. = N PM2.5 MR BERRME RIS [ T]. H% 5 = 1,
2014,28(6) :726-730.

[8] DAISEY J M,ANGELL W J,APTE M G.Indoor air quality, ventilation
and health symptoms in schools: an analysis of existing information
[J].Indoor Air,2003,13(1) :53-64.

[9] RADHA G,MUKESH K.Indoor-outdoor concentrations of RSPM in
classroom of a naturally ventilated school building near an urban traffic
roadway[ J]. Atmosp Environ,2009,43(38) :6026—-6038.

[10] GRIFFITHS M,EFTEKHARI M.Control of CO, in a naturally ventila-
ted classroom[ J].Energ Build,2008,40(4) :556-560.

[11] = KT 8 Fr/h g2 i s A BRI A [ 1] FERb B oe
B 2R ,2017,4(16) :333-334.

[12] NIKOLAOS B, MARGARITA N A, VASILIKI D A, et al.Indoor air
quality and thermal conditions in a primary school with a green roof
system[ J ] . Atmosphere ,2018,9:75-88.DOI ; 10.3390/ atmos90200
75.

[13] M=, o, ol 2 A FF P b = = N5
D5 2 B (0] R0 2 367 R, 2019, 248 111 - 113. DOIL: 10.
13905/j.cnki.dwjz.2019.02.031.

[14] 5kBL, B &, BUAERSRE, S5 N 3L BT % A2 P PM2.5 5 kP &
HA AR SE] ) ] IR R TR ,2014,31(12) :1082-1084.

[15] BREZ , 0 3% 4, 45 7 BT A Sk 3 07 58 9 25 X PM2.5 YR B2 3
[ J]. AERFST,2014,43(1) : 146-148

[16] XUSER, Fif2x e, XUH AR TR 27 A el st 2 2 P 25 1] 28 A BT o o3
Bi[J].7 16 T.,2015,42(9) : 160-162

[17] CYRYS J,PITZ M, BISCHOF W, et al. Relationship between indoor
and outdoor levels of fine particle mass, particle number concentrations
and black smoke under different ventilation conditions[ J].J Exp Ana-
ly Environ Epidemiol ,2004,14(4) .275-283.

(18] ABEWI, K IEE, 32 H [, 55, 4 P Al W A UKL 45 % 0F 50 IR
[J].WEi# 2515 ,2004,34(4) :32-36

Wr#m B A - 2019-12-19; & [E] B #1: 2020-02-18



