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SURVEY ON ASSOCIATION BETWEEN INDOOR AIR QUALITY OF DWELLINGS
AND CHILDREN'S ALLERGIC DISEASES IN URBAN REGIONS OF CHINA
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In the present study, questionnaire surveys and field measurements were carried out in urban areas of China to clarify the
association between children’s allergic diseases and indoor environment. From this study, it was revealed that several questionnaire
items regarding indoor air quality were associated with some children’s allergic diseases. It was also suggested that VOCs and PMz5
are major factors of children’s allergic diseases in China. By comparing with a previous study in Japan, it was found that the

prevalence rates of children’s allergic diseases and indoor concentrations of airborne fungi and TVOC in Japan were higher than in

China.
Keywords : Allergic diseases, Indoor environment, Questionnaire survey, Field measurement
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Fig.1 Target cities and climatic division

Phase 1 Questionnaire surveys

Date : 2012.11, 2013.5

Number of distributions : n=929
Number of respondents : n=916
Targets of questionnaire surveys :

[Questionnaire items]
Children’s allergic diseases and
indoor environment

4th or 5t grade children

v

Chose samples of Phase2

Phase 2 Field surveys

Date : 2013.1 ~ 2014.1
Number of targets :

n=68 (winter) , n=59 (summer)

[Field survey items]
Temperature, RH, HR,
CO,,PM, 5, fungi and VOCs

Fig.2 Outline of this study

Table 1 Distributions and respondents of questionnaires
. Num. of Num. of Response

City Areas distribution |respondents| rate(%)
Harbin North Sever cold zone 140 127 90.7
—Beliing | cities |Cold zone 154 154 100
Dalian 120 120 100
Shanghai 205 205 100
Waen [0l [0 [ o0
Changsha 140 140 100
Total 929 916 98.6

Table 2 Questionnaire items

Personal . . ) .
attribute Sex, Birth order, Type of infantile feeding

Children's allergic diseases, Doctor diagnosed allergic
Health . L -
condition symptoms in the past, Health conditions of famillies,

Sleeping condition

Surrounding

environment |residence

Location of residence, Something located around

Dwelling Area of rooms

performance

Age of building, Duration of residence, Total floor area,

Material of window sash

Wall and floor finishing materials, Type of window,

Type of heating and cooling equipment, Operation

Dwelling period of heating equipment in living room, Existence of

equipment ventilating equipment, Operation period of ventilating
equipment

Indoor Feel damp or dry, Existence of visible mold and vapor

environment |condensation

Occupant
behavior

Pet ownership, Frequency of using vacuum cleaner, Use
of insecticide, Existence of smokers

Table 3 Prevalence rates of children’s allergic diseases determined by questionnaire surveys

Children's Allergic diseases

Continuous cough  Continuous sputum Wheezing Bronchial L H.ay. fever (inc. Asthma (presently) One or more allergic

hypersensitivity similar symptoms) symptoms at present
N % N % N % N % N % N % N %
China: all resarch cities (N=916) 29 3.2% 16 1.7% 36 3.9% 73 8.0% 321 35.0% 22 2.4% 361 39.4%
China: North cities (N=401) 7 1.7% 8 2.0% 14 3.5% 20 5.0% 110 27.4% 6 1.5% 124 30.9%
China: South cities (N=515) 22 4.3% 8 1.6% 22 4.3% 53 10.3% 211 41.0% 16 3.1% 237  46.0%
Japan: Yoshino® (N=1846) 45 2.4% 28 1.5% 101 5.5% 230 12.5% 1083 58.7% 100 5.4% 1129 61.2%
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Table 4 Summary of multivariable logistic regression analysis
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Table 412 3 FEIRICOWT, AFHAEM, 0H, O 9@y
DHIHRERZ F L O TRT, RIITBHA LI W EOFRA] &,

All cities North cities South cities
Tt 5 Bronchial Hay fever At Iealst one Bronchial Hay fever At Iealst one Bronchial Hay fever At Iealst one
ems E4) JeYET allergic SN allergic SN allergic
hypersens- | (inc. similar hypersens- | (inc. similar hypersens- | (inc. similar
itivity symptoms) symptom at itivity symptoms) symptom at itivity symptoms) sympiom at
present present present
Forced
) . 2.19* 1.37 145 2.07 0.82 0.94 3.01* 1.55 1.741
?nr:mo ’ Existence of visible mold Yes/No (1.024.73) |(0.84-2.23) [(0.902.33) [(0.56-7.65) |(0.39-1.69) [(0.47-1.88) [(1.11-8.14) |(0.82-2.91) |(0.96-3.14)
" . 4.57*
Renovation of kitchen and bathroom Yes /No
Replacing of wall material and wallpaper
Replacing of floor board Yes /No (21.7137-6 37)
Factors of . o .
chemical Painting of wall and floor Yes /No (21-3246-4 34) (21‘3246_4 34) (21'4171_5 49)
effect B e N S
Odor of new building materials Feel / 258" 258 7.58"
Don'tfeel (1.37-4.84) ((1.33-4.80) [(1.30-44.20)
Existence of emitting Living room | Yes /No 246" 3.02*
chemicals such as 9 (1.12-5.39) (1.12-8.18)
aromatic substance Child room
Main road
Something Factory
located P " p
around Garbage incinerating facilities
residence . . 2.81* 3.35% 2.16*
High-voltage line Yes /No (1.23-6.41) (1.19-9.37) |(1.04-4.46)
3-5 years/ 3.80*
>10 years (1.16-12.41)
Age of building
5-10 years / 2.39*
Forward >oyears | — | o (1.08-5.29)
selection Duration of residence <1 year/ 10.25 9.05"
method Since born (2.29-45.81) |(1.82-45.06)
Dwelling Total floor area
performance | Area of living room
Type of window
Material of window sash
Ui
Wall finishing materials |v!ng room
Child room
- . Living room
Floor finishing materials
Child room
Type of heating Child room
equipment
Dwelling Operation period of "
equipment heating equipment Child room
Existence of cooling equipment Yes /No 2.08* 2.03* 5.79** 3.24*
in child's room (1.17-3.69) |(1.15-3.56) (1.74-19.21) |(1.18-8.86)
Pet ownership Yes / No ?1.4132—8 18)
Occupant Frequency of washing bedding
behavior Use of insecticide in closet
i
Ownership of TV Hng oom
Child room

Upper stage: Adjusted odds ratio, Lower stage: 95% confidence interval. Adjustment factors: Sex, Type of infantile feeding, Existence of smokers, Resarch cities. p-value 1: p<0.1, *: p<0.05, **: p<0.01
Each model: x2 test p<0.05, Hosmer-Lemeshow test p>0.05, Precision ratio 61.9%~94.9%
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Table 5 Outline of field measurements

Winter Summer
2013.1-2013.3
Date 2013.12-2014.1 2013.7-2013.10
Num. n=68 n=59
of Harbin (10), Beijing (10), Dalian (10), Beijing (10), Dalian (10),
targets Shanghai (21), Wuhan (7), Changsha (10) Shanghai (19), Wuhan (10), Changsha (10)

ITemperaure and RH (Living room, Child room, Outdoor)

Meas- [|CO (Living room) VOCs (Living room, Child room)

ured |SVOC indust (Living room, Child room) Airborne fungi  (Living room, Child room, Outdoor)
Items lIFungi in dust (Living room, Child room) Adherent fungi  (Living room, Child room)

PM, 5 (Living room, Child room, Outdoor)
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Airborne fungus concentration [CFU/m?]
(1) Airborne fungi in summer
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Fig.3 Comparisons between case group and control group (all data of 6 cities)



RIER 7458

100 A——O0—— oy 100 fg 100 - o—
e o g_ s L & &~
90 Ao 90 90 & o
80 20 measurement limit 80 o0 80 f
- - p — : -
T 70 8 oo I 6570[CFU/m?] T 70 P 286030g/ml| 70 g <0.001
= ° = = 17a36lug/ml| Z =P
x ‘60 ¥ p<0.001 £ 60 € 60 &
g% 00 g g g
° 50 2100 ecoe © o 50 o 50
Z o N £ Z 4.0 | E |
§ 40 Al N=18, MED.460.0 8 § 40 § 0
S 30 g 0O Control 5 O North cities 5 30 O North cities 5 30 O North cities
o Py N=16, MED.515.0 o N=40, MED.902.5 o 20 N=34, MED.65.5 o 2 N=56, MED.60.0
20 Ae AOutdoor O South cities O South cities i O South cities
10}, Q% N=17, MED.362.0 N=77, MED.310.0 10 N=76, MED.336.5 10 § N=76, MED.260.6
0 - : 0 o©
0 500 1000 1500 0 2000 4000 6000 0 500 1000 1500 0 200 400 600 800 1000

TVOC concentration [pg/m?]

Fig.4 TVOC in winter
(Wuhan and Changsha)

—7" (38M #1:5¢ Tegaderm-Film) % A\ TIRMEIZ T35 S THEL
7oo HEEOE:#EIZIE DG18 Bl v iz, PMzs{%‘%f‘_ LA oo -
TrYE=H— (TSIH:E DustTrak) % iz,
42 H—RBELAVIFO—LBEOREHROLE
ATk, WEHEB D bREERERE & KPP E R
(TVOC ), PMas#EIZOWT, @EREZ R LI R ORIER
RAE77, Figd |2, F—Af#EL ar b — L HOENREL LD
AKIREICEA LT, 2EMTONEREREELDLDOERT,
ks, I TCIRER &R OBIEMZ KT, T TollE
ERKPICEENTND, b, MalifBIEC T, /v
XZ A RY v 7 ED Mann-Whitney @ U REIC LV RFTL, A

FRERM p<0.05 L2 -72 % D& A ERIREENED S D &k

L7z,
(1) BEHER®HERRE
AR 3y hu— VRIS BRE R R IE TR O b o Tz,

K H OHR1E 1000 CFU/m3 Z77 L TR Y, 1000 CFU/m3 Z @i L 7=
FEEEZRENE VL BT 9, r— ARk 2 b r— LEEEITK 25%
DEED 1000 CFU/m? 28l LT\ o, £7-, SAKEENENRE
EXD @B AR iz, - T, A bENICHRA LI

WEENENREICH L CXENTH LI, F—AfE - =2 b

2 — AREFOBNEEICENRD Doz EHITE 5,
(2) ZHATVOC EE

TVOC IZBILTH, 7r— AR« 2 b — VRERNC B A 2

ROLNIeh ol MPEOHRIIEEFBHEOEEBEMTH D

4mpwm%mbfﬁw AR 3 b r— VRIS 30% 0
EEA 400 pg/m? % il LTz, 728, FElOEE & BTl
T EC D o T AVKPRE ORIE % i L TR Y, Figd (22 OH|
ERER A R, R & R T, Mo#HTIZ L TR DY i R
<, PEHEUL EOEED 400 ng/ms Z#EiE LT, 72, BNRE
IR EE L RIRRE OB AR L TR Y, TVOC EEICHE L THIAR
O TVOC NENPREICH L TR TH D Z L BH#HEHITE 5,
(3) ZHAPM,simfE

PMos JEEEICBILTH, Zr—ARE - av b o — LRERICEAE 2
FEATRD DR T, KPR OBITPEICET 5 KRR h OB
¥ (75 ugims) ZRLTW5, 7—Aff - 2 ho— Uil c =R
TR T0% DEENREELEZ BB L TRV, %1(&%? 1 90%LA
Lmﬂﬁbfwtoitﬂi%WkEW%ﬁz EHEIEWITRD D
T, IR - TVOC IR & RO M 28 LTz,

Airborne fungus concentration [CFU/m3]

(1) Airborne fungi in summer

PM2.5 concentration [ug/m?]
(3) PMy25 in winter

TVOC concentration [ug/mq]
(2) TVOC in winter

Fig.5 Comparisons between northern cities and southern cities

43 JEMEEMOBERERDOLE

Ak, PTEOEETIE Y — AR - 2> b o — LRI EH
HOREZIRD T, AIAKBEICL > TENREN B X2

EINTVDZERGhotz, £ 2 CIE L MEBICAHIERO 24D
HOHNTZ LIZFER L, A6 & o 2 Mk ORRE 7 & HRERE O
ZECBED RO D E G L, i, BRI S
TIE 4.2 Hi L AEO FIE TR LT,

Fig.5 (ZALES & mEB o> 2 HhIs D SEPN I O FLiis B 2 7R, 728,
COREES AL Iy bu— A ESITTICERL TN D, B
H DV B L EE O PERE BT oW TR, dEEAHEE LY b AEIC
RENE, ZAUIEOFERNIH LY bRV & &bt LT
WRVN, — T, AHID TVOC B & PMas ik O HIERE RO

T, EEOIFNIHE Y bABICRENE S, HElOAREENIL
HEDBEmNZEERIEL TS, (o THEOIITERIZS W T
TVOC (VOCs) & PMos N7 LA X — MR BOARERICEEL KT
LTNWDZENRREBIND,

2o

5. BADETRAZE YLD
51 HBEOHME

e L2 B X, 7 UAX—IREOFRERE, HARLPEO®
U7 CHIE LI R LA EERE Ch D, EEEE L LEmE
WEEIZOWTIE, Table 6 12T X IWCHEOLAHHELE B ARDL
WIFAAE, FEOEMTEE S B AOMRY - POFEE L 2k Lz,
2B, AARORPEIIZFETEELEENLTWDR, EEFXDE
WIEEEEPICHE Lz, £72, AR & PEOFEA N REEOLFE
BICREREVTES, Rx REROEENREENL TV D, B
HEr 2B BT OV TIE 4.2 i & RO FETHRE LI,
52 FULX—HEEOAEEDLEFER
Table 3 [ZR L7=27 LAX—MRBDODAEIEREL RS &
7 LR —MRE (BFE) ] Oo#G

, M s no
SEPE O 80.9%~46.0%2%F LT

Table 6 Comparisons with previous surveys in Japan

Surveys

China Japan

Winter surveys

(2013.1-2013.3, 2013.12-2014.1) Winter surveys (2008.12-2009.2, 2010.2)

Rainy season surveys (2009.7-2009.8)

Summer surveys (2013.8-2013.10) |5 j1umn surveys (2008.11, 2010.10-2010.11)

ltems

Airborne fungi, I/O rate of airborne fungi, Fungi in dust

Formaldehyde, Acetaldehyde, TVOC, SVOC in dust (DBP, DEHP)
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Percentile rank [%]

® China (winter)

O Japan (winter)
N=32, MED.580.0

N=130, MED.162.5
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Fig.6 Airborne fungi (left:

4000 6000

Percentile rank [%]
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N=117, MED.460.0

N=48, MED.555.0
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N=84, MED.400.0
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Table 7 Summary of comparisons between surveys in China and Japan
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Fig.8 TVOC (left: winter, right: summer)
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ATV AREME D BETE 220,

53 FHEREEDOLEKHER

Fig.6 (CTZIMFE AR O Wi HE R A ond, BARK BT P EA X

O HAEEICREN G, —FTHAMRE - B & hEEH oI
AEEIRO LT, ﬂ*rf‘@/}?%f“é’m LTW5b, F1g7 RV

WEEEIREE /O DR R Z R D &, AARLHIITEAH LY &
VO EEBNEFEICKRE W, —J5, AAMEREH - B9 & o= = 2 ik
THEABICAROFBUO LAREND, FRETOTRE 1L
FTHY, EPHLOLLANROEERRKENZ ENIND, Z OB
EODAMCENTEHRENRBIREZ R T AROEETDOH N, FEO
FELYEEICEDEFEA~OFBIREVEHREND,
54 TVOC REOD KR

Fig.8 12 TVOC i D il R & v 3, [ O I% A AR D
FEAE 400 pg/m3 27 LTV 5 Dw#ﬂw%ﬁﬁ%f%aﬁwﬁﬂ#
EHEY bARICRENEV, BE B EEZ i L EEoR&ICK
TAEWVERZT SV, BEBEEL T OEEILA RO
*Ei@%%gﬁﬁ< AROHFNHE LY bHREENENZ L0

5, RHIROKEERT L 7 LAX—MEER & OBREME L 8EDbILD
5.5 HEBZEROBIE

Table 7 2T X TOHKERE ~T, L LB ORET, 15
PRENAARETETREE, L, BROFBFRICH N
ERGDD, ZOWEFERIL, AROFRFELY &7 L
PWROATERDENZ L ELF/LTVARY, Z OB S
JERDAEDTRCEBNITE DD TiEARVD, BHER LI OMLEY
BOWEDENE, ARBOFERDOEO—FERNTHLEHEZ LN
%

6. F&OH

FEBMTSICEWNTHEM LZT o — P B L OEMOPFERR L,
AARTHEN L7 EATHEDOR R & OLBIC LY, LT O R 257,
D P EETE CEAERICHIEGER S Y, MEOLAI LY b,

Winter Summer
. a . Japan a . a
China Japan U-test China . U-test China Japan (autumn) U-test
(rainy season )
ltems Units No.  Median No.  Median (p-value) No.  Median No.  Median (p-value) No. Median No.  Median (p-value)
Airborne fungi (CFUIm®)
Total 130 162.5 32 580.0 0.000 *** 117 460.0 48 555.0 0.224 117 460.0 84 400.0 0.740
Cladosporium 130 40.0 32 325 0.344 117 240.0 48 185.0 0.631 17 240.0 84 100.0  0.000 ***
Aspergillus 130 40.0 32 107.5 0.005 ** 117 40.0 48 10.0  0.000 *** 17 40.0 84 95.0 0.000 ***
Penicillium 130 30.0 32 225 0.293 117 70.0 48 25.0 0.000 *** 117 70.0 84 10.0 0.000 ***
I/O rate of airborne fungi (-)
Total 130 0.7 32 15.6  0.000 *** 117 0.4 48 0.6 0.001 ** 117 0.4 84 0.8 0.000 ***
Cladosporium 130 0.5 32 3.6 0.001* 117 04 48 05 0312 117 0.4 84 0.4 0.476
Aspergillus 130 0.5 32 17.8  0.000 *** 17 0.6 48 10.0 0.014* 17 0.6 84 3.0 0.000 ***
Penicillium 130 0.9 32 5.0 0.036* 17 0.5 48 1.5 0.000 *** 117 0.5 84 05 0.89%4
Fungi in dust (CFU/mg)
Total 131 66.0 45 154 0.081 7 116 61.5 48 63.2 0.849 116 61.5 84 106.4 0.083 t
VOCs (ug/m?®)
Formaldehyde 103 10.3 125 12.0 0.310 117 28.8 92 259 0470 17 28.8 68 14.0  0.000 ***
Acetaldehyde 103 8.3 125 44.0 0.000 *** 17 13.7 92 8.9 0.000 *** 17 13.7 68 37.5 0.000 ***
TVOC 110 212.0 125 267.8 0.005 ** 116 69.0 92 228.5 0.000 *** 116 69.0 68 255.0 0.000 ***
SVOC in dust (Hg/g)
DBP 129 423.9 48 480.0 0.376 107 179.0 47 890.0 0.000 *** 107 179.0 - -
DEHP 129 752.1 48  1300.0 0.002 ** 107 252.0 47 2200.0  0.000 *** 107 252.0 - -

#Mann-Whitney U test.
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In the last decades, prevalence of children’s allergic diseases has been increasing worldwide. Indoor environment is considered
to be a possible cause for the children’s allergic diseases. In our previous study, questionnaire surveys and field measurements
were carried out in Japan to clarify the association between children’s allergic diseases and indoor environmental factors. In
the present study, almost the same surveys and measurements were carried out in urban areas of China, and the differences
between Japan and China were discussed.

The target cities were Harbin, Beijing, Dalian, Shanghai, Wuhan and Changsha. The target subjects were 4th or 5th grade
pupils of primary schools, which were the same as the previous study in Japan. The questionnaire surveys were done with
cooperation of one or two schools in each city, and the questionnaires were distributed from teachers to pupils. The
questionnaire items were about personal attribute, health condition, surrounding environment, dwelling performance,
dwelling equipment, indoor environment and occupant behavior. Those were answered by the pupils’ parents. The numbers of
distributions and respondents were 929 and 916 respectively. From this questionnaire surveys, it was found that the rate of
children having “one or more allergic symptoms at present” was 39.4% in all 6 cities total. The rate of southern 3 cities total
was approx. 15% higher than that of northern 3 cities total (southern cities: 46.0%, northern cities: 30.9%). In detail, the
prevalence rates of continuous sputum, bronchial hypersensitivity, hay fever (incl. similar symptoms) and asthma of the
southern cities were twice as much as those of the northern cities. By multivariable logistic regression analysis, it was
revealed that several questionnaire items relating to indoor air quality, e.g. “odor of new building materials” and “visible
mold”, were associated with some children’s allergic diseases.

The field measurements were done in both winter and summer. Approx. 10 dwellings, which were selected from the dwellings
of the questionnaire survey respondents, were measured in each city. The half of the dwellings was the case group in which a
child with allergic diseases lived, and the other half was the control group in which no child with allergic diseases lived. The
measured items were indoor temperature, humidity, COs, fungi, VOCs and PM2s. From the field measurements, it was found
that there were no differences in concentrations of airborne fungi, TVOCs and PMzs between the case group and the control
group. The reason was because indoor concentrations much depended on outdoor concentrations due to big air change rates by
air leakage or natural ventilation. On the other hand, there were the differences in indoor concentrations of TVOC and PMa5
between the southern cities and the northern cities. The concentrations in the southern cities were significantly higher than
those in the northern cities, and this fact corresponded to that the prevalence rates in the southern cities were higher than the
northern cities. Thus, it was suggested that VOCs and PMzs are major factors of children’s allergic diseases in China.

The results were compared with the previous study in Japan. It was found that the prevalence rates of children’s allergic
diseases in Japan were higher than those in China, although selection bias might have some influence. Furthermore, it was
found that the indoor concentrations of airborne fungi and TVOC in Japan were higher than those in China. These facts

seemed to be consistent with each other.

(2017 4F 6 H 20 HE A8, 2017 4F 12 H 4 HERHPUE)
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