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Distribution characteristics of indoor air pollutants in large-scale exhibitions in Shanghai and its
health risk assessment ZHANG Liping, NI Jun, ZHENG Yiming, ZHANG Lijun, DING Yichen, ZHANG
Lin, CHEN Jian (Division of Public Health Service and Safety Assessment, Shanghai Municipal
Center for Disease Control and Prevention, Shanghai 200336, China)

Abstract:

[Background] The main sources of indoor pollution in exhibition halls are exhibition materials
and exhibits. Especially in large exhibitions where there are numerous and varied exhibition
materials and insufficient time for volatilization, the indoor air pollution may post potential
health risks to the large number of participants.

[Objective] This study investigates the indoor air pollution status of large-scale exhibitions and
the health risks of employees, aiming to provide a scientific basis for the improvement of indoor
air quality of large-scale exhibitions and the formulation of effective control measures.

[Methods] Formaldehyde, benzene, toluene, xylene, ammonia, and total volatile organic
compounds (TVOC) were monitored in 9 exhibition halls of a large-scale exhibition center in
Shanghai from July to September in 2019 and 2020 respectively, and evaluated in accordance
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with Hygienic indicators and limits for public places (GB 37488—2019). The health risk assessment model of the U.S. Environmental
Protection Agency was used to perform health risk assessment of employees. In addition, the monitoring results in different ventilation
conditions and of different exhibits were analyzed and compared.

[Results] The overall qualified rate of indoor air in the selected large exhibition center in Shanghai was 96.3% (182/189). The unqualified
indoor air pollutants included formaldehyde (98.4% qualified), ammonia (99.5% qualified), and TVOC (98.4% qualified). In the “fresh
air+doors open” mode, the M (Pss, Ps5) concentrations of the four indoor air pollutants were 0.041 (0.033, 0.047), 0.028 (ND, 0.039), 0.006
(ND, 0.020), and 0.100 (0.062, 0.190) mg-m?, respectively; in the "fresh air+return air+doors closed” mode, the concentrations of the four
indoor air pollutants were 0.050 (0.038, 0.063), 0.040 (0.035, 0.070), 0.019 (ND, 0.028), and 0.155 (0.095, 0.253) mg-m>, respectively.
The concentrations of above four indoor air pollutants in the mode of “fresh air+doors open” were all lower than those in the mode of
“fresh air+return air+doors closed”. The concentrations of toluene and xylene were lower than the limits of detection, and showed no
differences between different ventilation modes (P>0.05). As to the results in different exhibition halls, the formaldehyde concentration
in exhibition halls displaying clothing and footwear [0.087 (0.079, 0.091) mg-m] was higher than that in exhibition halls displaying games
and animation derivative products [0.053 (0.045, 0.057) mg-m?] (Z=-5.45, P<0.001). There was no difference in the concentrations of
ammonia, benzene, toluene, xylene, and TVOC in the exhibition halls of different exhibits (P>0.05). The results of health risk assessment of
staff in the exhibition center showed that the carcinogenic risks of males and females were 4.2x10®° and 3.8x10” respectively, indicating an
acceptable level and a low risk. The total hazard indexes for males and females were 0.0250 and 0.0219 respectively, both indicating a low risk.

[Conclusion] This study shows that some indoor air pollutants in the selected large-scale exhibition center exceed the national standards.
Ventilation mode and exhibit type have an impact on indoor air pollutant concentration. Both the carcinogenic and non-carcinogenic risks
of employees are at acceptable levels.

Keywords: exhibition hall; indoor air; pollutant; health risk

WAL ALRETEZUEREDNE, HRKEA,
EATSRESRRBYEXY, FERKLESE
TENESERLRE, BEHME. ARERTFHRFT,
RTINS HE, AEERSHENEBAERAS
MEEME, BXAME RBRIZERNEIEARE, H
EAERNIRETARESTTHE, BAE, ULRRA
MBERREEAT SR, BRIRSERTRKF
MIEERZ >, MXFIZFF Ml A B ZFH5EY)
PREBRRNLRIERAFRIR D RARX BT ARE RS
ERTUSRYIKTFAREN, FHEITMLABTR
MRBEXRITN, hit—PRERIENTUREM
HIEME X DAEBERIRHE MR,

1 ME5REE
1.1 Y5NBdjElFNiEtR
HRIRSENSTRIEFRETHEMM, KIEWL
FHSRYIBESNIELA MRS Y, KRE
20194, 2020 FHNE ZF (7—9 8) #HIXN EBEXK
BISRAOH 9N EIEHTIEN, NIsIREIE P,
XK. BE, Z_BR, a2ELXEENY (total volatile
organic compounds, TVOC) . &M EBIEWEEEBIE
H#Y 10:00—12:00 X3 BIEFHITIE Mo
1.2 %=
GB/T 18204.6—2013 { N HEIZFA B AR L F
6505 : BEMMIAFE) © #IE . BUEE IR
>1000m* FUIZFRF B 3 M RER, EB(DAERAK
PFMEARTSHREEIEES]) ©#IE : 20 000730000 m?

BE 2 MRIEFESR. AFHENFMEEESNEFER
B194992.7 5 m?, GB/T 18204.6—2013 %1 (2[R I 3
REAFBAENTE, FAttAXENSBEE (D
RERARIGFMEANTSRREERES) #HERIRE
PN EIER BRERFEREN 1.5m, EERETT
EEMEXDO, BEEIEEARTF0.5m,
1.3 EEMAEFIFNIRE

¥R HE GB/T 18204.2—2014 A HEIFFR P AR 5
5 B 28D WFEEER) U ERENEASSISRY)
R, X BX ZHX fflitvoc, XiFaiHAE
EREITRERFSRAE, FEARWUELL0.5Lmin®
MEXREE, RESMK 0L ; S ARBCELL0.5 Lmin? 7
EXEF, RESMHK20L; X BR. ZRHEXREERE
BLO.5SLmin® REREE, RESMR20L ; TVOC A Tenax
TARFELL0SLmin REXREE, RESME10L ; Hi
FREENBRENASE. FRLLEEDFINNRE. &
BTN, BRAAMEN - EHAESEEIEEDBIXT A,
R, ZHXE TVoCHRERE (BIF | RE) #1714
Mo EAEE. & TVOC. F. BR, ZEEKQERDHH
0.0055. 0.017. 0.0056. 0.0056. 0.011. 0.011mg-m?, &
8 GB 37488—2019 { A 17 B AR MPREE R
XTME L5 RFITIFN
1.4 BREEH

BREdIZNNE W A RFHTIIZRE, AIBDH
ASHRK=EBSENNRRINE, REFRENET
AXTER, KFITHE, S0 = FRIE F B R A AL WA
FEEMHANE . HFRINAREIKEES >80%, EE

www.jeom.org



#5-455J2 3 &% | Journal of Environmental and Occupational Medicine | 2021, 38(5) 491

M E AR AT BB IR E <20%.
1.5 BEEXPLITE(GIEDR

EAEZEENERIFPEERNITHERFREM
WA RBERTEG, ZERGERNED  EBUE
JX B A2 0 25 KU B 1 Ao
1.5.1 FBUENXBLIT(E

Rua=Mcoi /M’ ko (1)

(1) X R NETSEYNEERE ; mo HE
SRYIMBFIREE, mgkghd?; m'w NISRYIN
SEZFE, mgkgdl

Mepi = pxVigxteo/ (Mewxtar) (2)

(2) XH  p ATEMKRE, mgm?; Vi HIFIK
I, m*d? ; teo NBRBIFEETE] d ; mew ATRER
ANKE, kg ; ta NEGFIBE], do

Ru= 2 Rua (3)

(3) AP : R AZTFRNERE S EEHE.

L Ru<1 AEENXPLEN, Ru=>1AREXERK,
1.5.2 BUEMXKIT(E

Rer = Mepi X fsg (4)

(4) IH RN BTTEMBRENG ; meo H75
LYNBETFHEES, mgkgld®; fe ARIERRAF,
(mg-kg™d?) %o

Rrcr= Y Rer (5)

(5) XH © Rk NZTSRMAIBUE S X B,

*E?E EPA?E%E@?&EMB@, Ricr > 1><10"‘?9T%_m5ﬁ,
Ricr 1T 1x10°~1x10* AR, Rrcr <1x10° AT RS,
153 M@ EEH SHREAEEFRERFER
BRI EIRE S EBRORBIETEAR ST
RRXU ST, SRMIRE (o) REMREN R ALEIT;
BEEFEERBEFRIPEBNSEXNREERALUE
FERHHEED, SRFEBMANRNERF (f) 9
59 4.6x102%, 2.7x10? (mg-kg™-d™) * ; EREE, 2K, HZK,
“HEANMASZSESEFE (m'w) H2x107% 4x10°,
8x107% 2x10”mg-kg™d™ ; R BEIFLAT A (te) RE A
TE40h (38N 1.667d). BFEITIE3SE. TIEFEMR
30 FiHE, AHFZTEN 1750d ; —EFIYEFE] (ty) BUR
FABRHIE S o, AHFREN70 % RE I 25550d ;
RIE(PEABZRESHFM (RAL)) " HEHT
XA B M. ZEIREAREN 6730 57.5kg, MIRER
£H18.1. 14.6m>d”
1.6 HitESR

KA SPSS 21.0 HITEIBL 1T 79 . K FH Shapiro-
Wilk 10 38 A ST #UIR IV ES M HITIR R, #UEEIFE

ST, RAFME M) B DU (P, Prs)
R, FLRIEIELER A Mann-Whitney U050, 10307KE
a=0.05, it T2 RIRBIHNEIR R T 5 A1 HIRRY
B8, YA HRAY 1/2 K&,

2 2
2.1 ERERERENR

RSN B BEARBESBHROLENTSEETE
# )9 96.3% (182/189) , ERTSMEXIEHMER I
K1 FEMNEEEN8.4%, RAEN0.16 mgm?,
EIVEPRER 1.6 (% ; RNE1EZERN99.5%, mABEN
0.22mg:m?, BIEREN 1113 ; TVOCHERER
98.4%, B A{E0.976 mg:m?, BARERMEMN 1.615 ;
K. BE, ZBEREEEYN100%, RAELRITE
PRIEAY 15%~35%o

£1 2019—2020 L5 AR RIEERNTSSEMEN
#£8 (n=189)

Table 1 Indoor air pollutant concentrations in a large exhibition
center in Shanghai, 2019-2020 (n=189)

O FRERE/ (mg:m”)

PRIE A2 % M Pss, Pss 28
=212 <0.10 186 98.4 0.045 0.037, 0.057 ND~0.16
= <0.20 188 99.5 0.037 0.034, 0.060 ND~0.22
x <0.20 189 100.0 ND ND, 0.0076 ND~0.039
2P <0.11 189 100.0 ND ND, ND ND~0.039
THX <0.11 189 100.0 ND ND, ND ND~0.017
TVOC <0.60 186 98.4 0.149 0.076, 0.242 ND~0.976
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Table 2 Indoor air pollutant concentrations in exhibition halls
with different ventilation modes

I (Unit) : mg:m?

X+ EIR + BRI X+ FRIE]
kT (n=126) (n=63) z P
Pys M Pss Pas M Pss
22F2Y 0.038 0.050 0.063 0.033 0.041 0.047 -4.07 <0.001
= 0.035 0.040 0.070 ND 0.028 0.039 -6.58 <0.001
x ND 0.019 0.028 ND 0.006 0.020 -3.55 <0.001
22513 ND ND ND ND ND ND -1.20 0.232
i =2PS ND ND ND ND ND ND -0.68 0.496

TVOC 0.095 0.155 0.253 0.062 0.100 0.1950 -2.30 0.021

GEIND @ ki H,

www.jeom.org



492 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(5)

2.3 FRRENERNDRYIRELR

AREE. EXEIENFRIRES T, sh8F1n
@M RIE (Z=-5.45, P<0.001) , &. . BF. _H
ETIVOCEAREREBEANAKREEREAITER
X (¥39P>0.05)0 H1ZK 3,

K3 FARRREEZENTRSRYRERE
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