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Pollution characteristics of total volatile organic compounds in indoor air of urban residential
buildings in China DING Yang’, LI Sihang®, HAN Jinbao"* (1. College of Quality and Technical
Supervision, Hebei University, Baoding, Hebei 071000, China; 2. National and Local Joint
Engineering Research Center for Metrology Instruments and Systems, Baoding, Hebei 071002,
China)

Total volatile organic compounds (TVOCs) are the main indoor pollutants. Long-term
exposure to excessive TVOCs will cause acute and chronic adverse health effects. In order to
understand current indoor TVOCs pollution in urban residential buildings in China, we searched
related literature of indoor TVOCs in urban residential buildings published in CNKI, Wanfang, VIP,
Web of Science, and PubMed from 2000 to 2021, and analyzed the pollution characteristics and
main sources of indoor TVOCs in urban residential buildings in China. The results showed that
the average TVOCs concentration range in urban residential buildings in China was 0.18-1.45
mg-m~, which was widely distributed and exceeded the relevant national standard. The
concentrations of TVOCs in bedrooms, study rooms, and kitchens were relatively high among
different rooms. Indoor sources such as decoration materials and human activities after moving
in were the main sources of TVOCs, and the concentration of TVOCs decreased the most in 4-6
months after the completion of decoration. However, extending the vacancy time after the
completion of decoration is not the best method to effectively remove indoor TVOCs, especially
for the areas where indoor air pollutants severely exceeding the national limit, it is necessary to
control pollution sources to reduce indoor TVOCs concentration. For the study of indoor air
TVOCs, future study directions could be the ratio of indoor and outdoor TVOCs concentration
and the analysis of indoor human activities and other pollution sources.

total volatile organic compounds; indoor air; pollution characteristics; source

BBERE, HHERTYE 80%~90%H a2 EERESHNY, ALlt, W
TRRENANBRENEWMARZM, E—BERNZFER., BISVIMUKREARX
FME AL AR R MEE N1 EY(total volatile organic compounds, TVOCs) 2 &

www.jeom.org

821

LRk
Review

o0¢e

DOl 10.11836/JEOM21504

HE2WE
EXRBARNFZESREINE(41701579)
E&EEN

T¥(1995—), 5B, M4,
E-mail: dingyang0111@163.com

BIEEE
1R, E-mail: jinbaobaohan@163.com

REE#H] FFE
MR TR
IWHBAH 2021-10-17
REBH 2022-04-18

XEHRS 2095-9982(2022)07-0821-06
FESES R12
XERTER A

»31A

TH =B, 2R BERTEEERT
SAEREENNEVISRIHE D). IFR
5 ES, 2022,39(7): 821-826.

PA SRR

www.jeom.org/article/cn/10.11836/JEOM21504

Funding
This study was funded.

Correspondence to
HAN Jinbao, E-mail: jinbaobaohan@163.com

Ethics approval Not required
Competing interests None declared
Received 2021-10-17

Accepted 2022-04-18

> To cite

DING Yang, LI Sihang, HAN lJinbao. Pollution
characteristics of total volatile organic com-
pounds in indoor air of urban residential
buildings in China[J]. Journal of Environmental
and Occupational Medicine, 2022, 39(7): 821-
826.

> Link to this article
www.jeom.org/article/en/10.11836/JEOM21504


https://doi.org/10.11836/JEOM21504
mailto:dingyang0111@163.com
mailto:jinbaobaohan@163.com
www.jeom.org/article/cn/10.11836/JEOM21504
mailto:jinbaobaohan@163.com
www.jeom.org/article/en/10.11836/JEOM21504
www.jeom.org

822 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(7)
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HEFENEANENMARANNELEENLEY
B, EMERZ RO ER. KB 2. KRS
£ TVOCs REBIRBIFE T, W AKF=EEE
MHNAREREM, EEFLETY, A, fRxEE
WIFE TS TVOCs IR ERER KRR, WiREEART
SRE. RIPAGTRREGIEEEENIER.

FEELEFTHA R, KEBMARANEBEIST
FUEBRE, AMMEBEIFEEERANES, BXEK
EZERIFIET S TVOCs REFIEMNHREB RS, X
CMRESFEETEEFERNFE: —BEE XS
I T IR AR NI 2 S B FT A E B 3#1T TvOCs BYSEHIAS
M, XRARBEETF T RIMEEEER TVOCs FISE
PRk EKE, T IRITRM TVoCs iKEMR R, —
EE—EEHIT KRN RS XEMAR TR
HIFEE AL, REREE. MRELMRRNF N, B
SRR AF S 5 TVOCs FERT [a] B9 25 b F 122 LA K2
FRREZENEM, XERRE—TEZE LR T FTH
RENTR VOGS SRIZE, A ZENHIEES
TVOCs STRBIBENREIL. ENTSHEEMNREETE
T E, EA—TEHNEFRNE. ATMXLHRHIBR
ZHENRK, MZEENHIBALXMOT 2L, H
BAEBBAHARKIFRET I E— MR HHX, MK
EERIT M, SMXSERIR. £IEFF. HEKFESE
BEAE. heE 7T BEERTFEFEERFERETSS
TVOCs JSRAHE, A EE X RN A, FREX
BOIAMEM b, 847 BEERFIETS TVOCs B
RERHEREETERR,

TR F M (web of science, WOS) . FREIZNIM. 4
EW. BAEIEFESEIEEF 20002021 F£ 11 AR
FERNEXIMHAEETER TVOCs BIXEAER, 10T
EHR:TVOC"HVOC'HIEREBNKEY
(volatile organic compounds)” 2% “ &= | 75 % (air
pollution)” 8% “ = | i £ (air quality)” 1 “ £ =&
(dwellings)” 3¢ “ Z N (indoor)” 2 “ = N £ 1% (indoor
environment)” 2% “f& = (room) ” 3% “ 3R J& (source) ”,

XRPYEE X #IE P E(China) "o

HZE 2021 F£ 11 B, 20, xXEi0. B3, ¥

ENRRER, £KF 5403 BEXB AR (HFFX
2309, R 3094 iR) , HIFfTA AR ESE AR, 7L
Sk BRI % 5| X ZR 5] (science citation index, SCI)« L
f£ & 5|(engineering index, EI) . X IZ O FE B S K
FHRNER, HbR =Y. . FEEXE; AR
R AW ETIIHE, HBRDAZE. IRR. WYEFER
HZFRM RN EERE,; AR EFHIRER R
X. #XRELREDENXH, HFEEREEE T2
Bk BRETIR 48 B XERAN D HEES

BF T EEERN TVOCs IRE SN A AR
0, AERRET AL, BRI RGN 5 A
P HEEZER TVOCs MRE RN, B X X2
X5 B MR R M H 1T, mIFERRITRITHE
ESERBYIEITE 12 DB 2R T EE, FEFXA GB/T
18883 —2002 {ZEARA TSR E R E) PHME I TVOCs
WA T AR/ EAESBEIEE) #ITRR
RETFONHEHHEEERN TVOCs AKERHE( &R 1),
XEFHEFESFEREAR. £8F 14 M, &
EBEN 1249,

DMERRKRE, HEWHEEEAN TVOCG KRE
KRE(GEIRRE) I9ESEEN 0.18~1.45 mgm (3K 1),
BARTPAFIENIHHERF. FiE. Xk, S&ES
FEZEARR, BXL (EATSREINE) HRY TVOCs
REPRE0.6 mgm™), KB NKR L BEE, BE
X BRI R™E, HfP, BXK. KEMNXKEEFE
=MW TVOCs /R E ¥ B 73 5 79 (1.45£1.37) . (1.21
1.15)« (1.20£1.35) mg:m~, 23 BB 4% 2.42 fZ. 2.02 {Z
F2.00 12, MBYUYEMNEFTAREKE, ER. KiE.
KR EMN L= S {E(gross domestic product, GDP)
EZREHTHA MR ER, WA HEFT A
BXFEHFEREZMERNIFETS TVOCs RENHREZ
—o XEHEMMARILEILHMU, DFEFEIK
XKimEEEAN TVOCs KRERSNIRETTEER: —
FEEFKFELEANHX, AEEERER/N, BAL
ERFTAZBERMEEAR NTISREAFIRST
[ TVOCs RERE. B ARA, BEARE—TE
R, ERNERTRERY S—FH@E, £FKFELR
KX, T, BREFEREEKR, SHEIIMNFET
S| TvoCs RERS, MTIEZEHEIZERNIEEKRE
1 K10 ik 4h, 2010 —2019 FEHAIE), KR 1 FETHIHE
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MmEEFZER TVOCs R EIIE/9(0.56£0.11) mg:m™,
il 2000—2009 FEZERREIEH(1.08£0.11) mg:m™,
I+ ERBERHEEER TVOCs KEKFETRET
48.15%, RABZEEAT R SLERAEE —TEXE,
XA e 5 AR RMBREIRVIRES, KEME G
BTZKEHNRS, ERNTRTREUFERPNER
ERAB/X,

xR 1 EEFREBEHEEZER TVOCs RE
Table 1 Indoor TVOCs concentrations of residential buildings in
different cities of China

&2 RERIBEFREIEZER TVOCs FES

Table 2 Indoor TVOCs concentrations at different time after decoration

REIE/ (mgm™), WEESE)

170y s) XHERRIR
1~31™N8  4~61NA  7~91MA 10012108 KF121A
LB 2.64(887) 2.16(893) 1.17(362) 0.92(336) — [23]
B 0.48(40) 0.38(43) 0.32(21)  0.29(13) 0.25(13) [24]
7N 0.45(217) 0.26(224) — 0.13(246)  0.11(216) [25]
P 0.33(234) 0.26(234) 0.12(234) 0.09(234) - [26]
$8)1| 0.46(168) 0.27(174) — 0.14(191)  0.12(165) [27]
K7 092(50) 0.47(38) - - — [28]

REIE/

HRMX 5 ATE] LRl k3¢ (mgm™), xts BIRE/% XEREIR
[y 2019 21 0.590.29 47.00 [11]
s 2019 114 0.51+0.32 24.20 [13]
= 2014.5—2014.8 50 0.20+0.11 59.88 [14]

MA/RGE - 2013.5—2018.3 396 0.41+0.03 — [15]
55 2013 15 0.63+0.70 33.33 [16]
FM 2012.9—2013.12 30 1.09:1.02 69.40 [17]
I 2010—2016 22 0.18 — [18]
T 2010.3—2012.8 80 0.870.68 40.00 [19]
ARER 2007 200 0.83+1.49 38.80 [20]
Xi#  2002.5—2004.11 136 1.2041.35 — [4]
K3 2002.5—2004.11 91 1.21#1.15 — [4]
&K 2002.5—2004.11 14 1.45+1.37 — [4]
K&  2002.5—2004.11 32 1.08+0.60 — [4]

AL 2002.5—2004.11 48 0.73+0.75 — [4]

2.2 EEBTIRARREIE TVOoCs iRELFE

K2 NEEHTEEEEBEIERENEIZERN
TVOCs BREHFE, W RALRE. mRE 6 NMiH. 428
FRXBANEERRETEAENEEE, A GEF T
AP FERRZNIEIEE, B 1~3. 4~6. 7~9.
10~12 NAFATF 12 M. SYMAEARESDHE 1596.
1606, 617+ 1020, 394,

DMEREM, ERNIFIRT S TVOCs KEFEEE
SE T BYEIAYIG K AU &, HAP, HEZEI/E 4~6 D
B,Tvocs RE TRIBERAK. 4 B ZaREBIRR
LR A(IKED), BTG 4~6 NTABERERH
KtR; B 4N BRIREBIR T EN MR (NAER) , 3%
BELRE 12 MBEREMLFIREU L. &R,
KBTI ELEKNENETUBRRERENATS
B TVOCs ARE, BH A ZREFRZER TVOoCs IRERE,
BRI @Y BT ENM S, FEFTENRE, RAKE
B BIB9S, HBIERMTKISREE R/, BAL]
HAETAGHE. 2EF) =4 miEL B YYS

ROFBBI,

2.3 AR[EZFET TVOCs REYFIE

RINAFAZENHHEEWHEEEMA TVOCs B
EAHE, W& 8. MNE s M, &S B |
ML FHHEARED 5/ 280, 1317, 305 F1 1276,

MRFETUEL, EABRERRRHHMXEE
ZEAN TVOCs NET DHMEREARR, BREZIE
EETELENNKR. PHEE TR H T XL H L
FREFENSEX, WE9A, EEREE, £FES5A
1, MEERFMERFIETS TVoCs AREMNETER
Z2Z—, REMS, BEFTF Tvocs MiEL, 2RILH
WHHESFERASEAS, B REAEFERTE
=, Ak, ZEIHTHERN TVOCs REEMEZSTLS
MR, EEFENE, KNEREERS XA 1E—
EGBT B R ITRIRN, BAABEZENW TVOCs RER S,
BEF=EXERK, MEFEW TVOCs KE RAMR
FEZF, BERHFTREESL, BN EAE 4, KETE
FBRKERERKRERR, Alt, REEZARFIET
S TVOCs REHNBEHLL TFREKTE, HEEFAB 2,
2.4 ARERZE TVOCs REYFIE

NHE—FTRRBERTEERRRBE TVOCs
I, B ET RN B P REBREXN D AET.
ENE. BE. HENE, & 4+ ABRERGEERRRE
Z= TVOCs BYAHIE, MEIL . KiEF 9 Mk, BT
BNE. BE. BENELRENDF)H 736, 1657, 591 F
477, NRABILEL, FIitARIBHARBEFETS
TVOCs #BE R EREBT, BIrRREIA 77.50%. &
AREHTREZEEEZEF TVOCs IKEERKRA, B3
b AEEERNAGREBEAI, BNEFMBED TVOCSs IR
EANETRREERS. X EeHTENEMFBE
ERRBUN AR BRARE, BRERERIAT
MRBIMEIRZ T, LI, BB TvoCs RE MR
=, XA RE BB T EEPIREAR. 2T HRES
B, FELt, KERBZEMR TVOCs ;5 RN A FEM, 155
=EMNE. BEMEE.
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&3 FEAEHEEHTEEERN TVOCs $FE
Table 3 Indoor TVOCs characteristics of residential buildings in different cities of China in different seasons
5= EES = £F <tk
i HAR RENE BIRE% BB RENE BRE%  HEE ORENE BIRE%  NAR ORENE Birxms KR
SERF. BE — - - 54 0.88 — 54 0.17 — 54 0.14 = [29]
&R 200 1.55 32.50 200 1.35 46.60 200 0.92 50.00 200 0.47 45.00 [20]
N — - - 955 0.69 — — - — 955 0.32 = [30]
b= 80 0.37 11.80 108 0.60 41.30 51 0.48 5.60 67 0.37 11.80 [13]
[E]a: BAIH mgm™,
x4 KEBIBEHRRBZE TVOCs FHIE
Table 4 Indoor TVOCs characteristics of different rooms in residential buildings in different cities of China
e =T Bh= BE &5 .
WD pam RESE @y HAE RESE BhEs AR RESE ShEN WER AW hwm
b= 10 2.10 — 10 1.91 — 10 1.83 = 10 1.86 = [5]
PN= 16 0.60 41.67 44 0.59 27.27 — — — 12 0.13 42.86 [31]
I"'Z& 126 0.14 37.30 443 0.14 43,57 70 0.21 65.28 70 0.19 51.43 32]
B 234 0.35 52.14 548 2.71 61.07 234 2.12 44.16 234 1.10 38.89 [26]
L EEY 2.44 59.10 280 3.39 = 119 2.58 69.50 119 2.11 51.30 [33]
i 42 0.04 71.43 42 0.05 26.19 42 0.05 23.81 = = = [34]
= 15 0.23 13.30 22 0.34 27.30 15 0.31 26.70 15 0.18 20.00 35]
Kb 80 0.44 3.50 80 0.75 70.00 80 0.82 77.50 = = = [36]
e 76 0.48 21.10 188 0.48 20.70 21 0.52 28.60 17 0.80 57.10 [13]

[3E£]a: BN mgm™,

ERNNETSR TVOCs R K REEZRET S
YT EFRE, LB TR, B, 2B
EERN TVOCs 54, FEXW TR EHITHESR
FKHD M. BEl, BRI SRERNAREEES
FREANAE, —=FED K, BB REARAEE M) fr
ERFER TVOCs BIRRER Y, 55— RARAT,
BMTE RS REM E, EEHBE XIS RRNTTER,

FERDEF@, RIBSFFERFEUENRE, &
TVOCs BISRIER AERNBRNEINR EINTRIBEITE
M TvOoCs ERBAA/NE BERNIMEXRSEMBVKE
tb{& (/0 {B) kT Bal, ERZAENARE
— L, 130 Huang EM D MK E AL B X ENR
TVOCs BYSRIR, KILIE 2. ABEERLTEYH 1/0
INF 1, XEE /0 BNVF 1 SR EERBEEIMA
EIHHE RS ERSHVHIR, 738-1,3-T %M 1,2,4-
=S 1/0 LE P RIEK 13 F0 12, X /0 EATF 1
HERMEEREERNZERN. BREFEFEFRMN
R, BES=RNHEMTEY(GNTAIY) HELL, TvOoCs
A ER I/0 B RAXT RS, Bi/o BEFIRK,
R LIRBEEINEIT E R TVOCs =R, B, SIE
MR TR F R S EBEFTRE, BRI 1/0

WARERTF TVOCs, Ak, NERNT BEINEITE
N TVOCs RYSZMM, TVOCs BY 1I/0 BB F# —F HR.
EIRAET 5 E, B% M E K5 79 #7 (principal
component analysis, PCA) 128! | 1F & 3B [ A F 73 iR
B (positive matrix factorization, PMF) #& 8 PCA/48 X+
= B 93 1949 [(absolute principal component score),
PCA/APCS] 18 Y | % 1% B & K ¥ (conditional
probability function, CPF) E A EE NI Z S FRIEN
TR, & 5 ANFERHEEFIRTS TVOCs RE
MRS RS, EINER, TVocs BIER
ZMEAZENFMm, FEAFERBES. PR, T
ERS%, ZMEHREZ BHNERESBNER. =
B, FEEENRZEBTARMEE, TETRIFEUEE
BRMNAE, BFZERRM. B BTEHED,
XS AE R SR D AT & T, ZE RTRIREEAT BIRR SR XT KR AT LA
LEZTRHNEEN T BTG, @S EX
I AFEFMERBEBEMMENZERN TVOCs BY
RE;, BEARBNEG, ALENIAL T EA TVOCs
B9 E ERIFEM, ik, R EERMITHIZER TVOCS
BR, BEXN AREN(WRE. A BEF) . AR
B (WNMEIR. RZRR 72 E) & TVOCs SRIF#H I T#H —F

b5
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&5 EMERIFIETS TVOCs RERSRIRSD K

Table 5 Classification of pollution sources affecting indoor TVOCs concentration

HRX  HARAE O SRRRUE TSR (B B/%) SCHERRIR
Lis PMF BHNRE BER(25) TAAR(17). BERZE K (15). FRENAFI(15). Tk HEK(12). EYIBRIREIRIG(9). JER IR (7) [46]
[Eak PCA/APCS. CPF EINE DBRESR(33.1). MEHEX(25.8). TAlHEM(23.2). FAFIE L (8.1). 1EHIHEK(9.7) [47]
b= PCA ERE  IRAEN30). AMRFRKIZEHE AN 17). SEEEEIEAE10). FET(9). FREHS5) 138]
&% PCA ERIR BRMEN77). BREFRTIG). REFEM6) BRAL(S) AREARIR4) 139]

4 é:él:i/b\ pollution monitoring and purification technology. Changde: Chinese

2000 F£ES, HEXFEMA TVOCs FIHEXAFTE
THE, Z+ZERNMREAN, RERHTEFEEA
IFIETS TVoCs 2MHMEE « FIRES. 8Bin
MR E B REBSHBEFLZEKE. BX
Bfial. SIZRE. £EH R BEINREEFE X, BEAN
REHERIE I, BMNEIRZMMEHEL Tvocs B
KM, EKEBTIENENERAFREERN
TVOCs K, BHARERERERN TVOCs NRES
RN RHNBIMEENXIE., REERFE
TVOCs ARE, BEMNTEBRNTF, REFVEEBTERN
£/, HERELES X, B TvoCs BIHK. S FER
FIETES TVOCs IR, BHTE I/0 BN ERAAE
TENE S RRIRENT S B TE RN R,
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