2 S LY
#Fd & 4 iR ki
“HETELSRBREEH SCIENCE CHINA PRESS
CrossMark

& click for updates

SRR B 2 SO R AL B
L TR T B SN E A s e s
AR, ELRDY, st e, #48L, Charles J. Weschler'™, k&% -3
1. HERFRFIREEHISET, JLat 100084
2. WHH IR TRl 2 2 S SRR E, M 510640
3. BEREE N RN SR T E SR E, LA 100084
4, Q6T T RAAHUE S 2=, Jbat 100081

5. Environmental and Occupational Health Sciences Institute, Rutgers University, New Jersey 08854, USA
* KA, E-mail: zhangyp@tsinghua.edu.cn

2026-04-18 Wik, 2026-07-07 f&1u], 2026-07-08 57, 2026-07-09 LK itk ¢
[ % # A& (2024 YFC3810400, 2023YFC3806100), [EFR [ AR A34:(52378102) , Y HGH HLAR S hk T Rl 2 4 [ o 5 5280 % TP e 4
(2024KA02)FHp [ S 4t (gt T AR I Hh Ol N 2 513 4 (CSCEC-PT-013) ¥ Bf

*ﬁ]g RENENZARERTE T HERER FEAZARELH R EEATIRR TN, — 7@, ¥ &

G EEATBZEH T IFGEENUFE . KFH R KNVEL R LA P (volatile organic compounds, VOCs) 8 H 7k
L?ﬁﬁ—/}fi@i, BHEEHEEAMB Y RN RRAE, 57— 7 E, 16 UPMysFIPM o KRB AR 7T 3
ZANBARNBSEHNEFANER, BRHAZFHNLRREZALEMAT, FFZEAREAE GRETaEAT. B
TRFER BIAHEAZARTETARR, XA LA ENE AR EGR I T B A F & B N 4ME X
MABEEEHARXANGRAELEH#ATT RARE, WEGHE: (1) ETHEAZRFENER A FE LT
BRWILE NG, ERTEAIBFEATARERITNEEATOIFENERESR; 2) & %TEP{JﬁﬂVOCSE’ﬁ%&—
HNEAER | RBBEREES BN RENE 7R R ELREEZHINE, 3) ETLERI T, KRBT HEN
VOCsHEHEXMBERETMNAR; @) MNBTEZAEMZENER RERERITHETZE, uﬁ%ﬁﬁéﬁéw Wi
EEHKE, 5) REFFAERE T ERNNELENNETETRY, HETEZTRERANHELKERME,
O NBT L AARERVZATAMEMAMEM IR FWNA. RATE, TAARNELETIENATANE
H, AZAZARERTNEEMTOFERET RAENEAIE.

Kkl ENZARE, EAEANALES, PMys, FLEH, =S84, KR HAHE

20254, FRETEAK =R a8 CEUMN TAEHR BFEIERIEY, BTG 3R T SA R A ERE
) hEER iR 4 EFIE . R B ENRHE AERTAI, fufiﬂéﬁu\ﬂ@kx@]rﬁﬂﬁﬁﬁ
U REFEE R ENEZE . ENESR FE T N ARG G IR A« IR R . AR
it (indoor air quality, IAQ){’Ej{IEf M Jo5 (2 A B 22 A RS INEHE. —J7TH, B AR I e %=
SRR G R, RS OO i WL B R, Kam NEdbr . Tk B b (g
15 Y LA Eﬁ?ﬁi’%ﬁﬁ AN80%LA L Ay HS (I FE = PN B gl Iz, b —Se Bl LR | RSEEUEY
if, ENSEIE G YR FEEIKT00R T AL F AT LAV S P (volatile organic compounds,
FET, AEFR A BERE (PR o B0 RS AR VOCs). 5T, @R REMEME HEEN

SIS e, HOCsE, MR, & N TR B E N LTI, BlaEER

Wang H, Zhuang W, Xiong J, et al. Quantitative pre- evaluatlon and control of indoor air quality in the building engineering design stage (in Chinese). Chin
Sci Bull, doi: 10.1360/CSB-2026-0527

© 2026 (PEFE) Jebrk www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2026-0527&domain=pdf&date_stamp=2026-10-9
emailto:zhangyp@tsinghua.edu.cn
https://doi.org/10.1360/CSB-2026-0527
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2026-0527

N I

VOCs{5 41 T R IR, TTHkAR1KL90% A L, H RO
K. wwE, RENTES NS TREITHE
FEEET SO, BRI Y (TPM, 5 |
REA)H B FUENESEHEAE N, ALl 5N
TGYTE I E 2R AT g2 ieah, NS shn it
IV ABE BT WA EENE G FMW
V5 YLl i 5 N S S Y R IR R PR, LA
il A R B AT UL A s T SR B B g,
SEPRIB AT T A IR Bt T

1RGN TR 2 N 2 B RETEIR TN Ul o 3 T
G il An o R g A0 TR = PN BRI U e 45 il b
) (GB 50325)R9RGHl ganie, 2R & I3 N 2= Ui A
ARG HEATIR B, X s Jo 45 i 7 R ALFE S
FEBT HAES), i HAELABECRIE RS e, Hoolk
gy, TR BULHH B, 2 N2 Uil F 2 R E KA
ebnifE (A2 UBTEARIE ) (GB/T 18883)HEATITA,
RGNS RATRBRIS,  TTREWS S SR BB AR |
FHRVN AT AT A 2 T7 H N, AR AER E o1
FEFR. LIRPIRPEOL, ARME LA 5% e i o
SR PTEEDR. BE NS EERER 2 TR
TR B S PR A Be 2 /i, i i 1 5 sk T
TiSE B N s R R RO, e b
AR [ R R A O B 19 2 R B A

ENEEE NN GO IIE Gl SUREE L7/ N EL I NG
(RN -t - i B AR, s E NS G
PRk . BN ISP EE | N RTRER KT S
RS (P, 2005 Yy 4 i R A e R A T &
TR CRREORBL: . MORBRE | HEiRE) . 2%
Fa Pl R EAERL R E AR, Wi AR KA
WS I . KRR 2T, HATEX X —420
PRSI B 9 A HSERS L, Sl ATl P Rl
A BEXTAS [F] 42 i SR s (A AT Bh e . BB, =R
A S BOR T 1) YR ROR | 45 AR e 5 22
Pealas AT A, SCE TR B E N A SR
HAEATITE.
1 SN RBUTEENE STk

AL PR BRI VOCS TR 4 197 8 47 1 [l 1t
SR EE R (Blue Angel)Wn AR, FEHARRIN-Z
X FE—4]13E“One label says more than one thousand
words”, B A — MRk T FTE M S, B
2[5 RN 36 EARGR T T 2 AR TS Qe bm i A

2

OGRS - TRAAGER GOEBER o

T S ~

=wEm’  =n ., BB ‘gm

R ORE l N I ol
TrR I = | =one

1 (R () 2 N 28 TS S TR B A 18 4] i R mT 42
%

Figure 1 (Color online) The “flow” of pollutants from source to
humans and possible control points
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Figure 2 (Color online) An approach framework in quantitative pre-evaluation and control of indoor origin air pollutants
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Figure 3 (Color online) Schematic showing the mass transfer of
emissions from a material slab in a chamber or room
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Figure 4 (Color online) Guidelines for selecting air purification equipment
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eSS, mi/h,
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ACH(h YL J RUATR V(m?®), IR ()35 J s
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(coefficient of economic benefit, CEB)MZiE I +5
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_ EB _ HB+ESB
CEB=tc="©tc >

A, EBRATHIES, T0/AE; CCHZBFUN, JT/4F; HB
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FETizdEbR, M TS T AR E NS
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Indoor air quality (IAQ) is a basic requirement for achieving “quality homes” and an essential indicator of healthy,
sustainable, and low-carbon buildings. As people spend most of their time indoors, exposure to pollutants released from
building materials, furnishings, occupant activities, and infiltrated outdoor air has become a major environmental health
concern worldwide. Conventional IAQ management mainly relies on post-construction inspection and remediation after
building completion, making pollution control costly and often ineffective because potential problems cannot be identified
during the design process. Consequently, increasing attention has been directed toward quantitative pre-evaluation and
control of TAQ at the building engineering design stage. Specifically, evaluating the emission rates and indoor
concentrations of volatile organic compounds (VOCs), such as formaldehyde and benzene, under given environmental
conditions provides a scientific basis for determining the selection and quantity of materials; in parallel, assessing the
infiltration rate of outdoor pollutants, including PM,s and PM,,, through ventilation and air leakage supports the
determination of required fresh air filtration or air purification loads, thereby guiding the selection of low-noise and energy-
efficient air-cleaning systems. This approach facilitates proactive prevention of indoor air pollution while enabling
coordinated optimization of indoor air quality and investment efficiency. This paper systematically reviews recent
advances in quantitative pre-evaluation and control of TAQ, with particular emphasis on the research outcomes and
practical experience of the authors’ team. Specifically, it (1) presents the theoretical framework for quantitative pre-
evaluation and control of IAQ at the design stage based on a comprehensive understanding of pollutant transport from
source to human exposure; (2) summarizes the emission mechanisms and models of VOCs from indoor materials, along
with rapid methods for determining key parameters and their dependence on temperature and humidity; (3) develops
generalized predictive correlations for VOC emission rates and cumulative emissions using dimensionless analysis; (4)
introduces methods for air purification system selection and coverage estimation, together with energy-efficient IAQ
control strategies; (5) identifies priority indoor pollutants based on disease burden and determines their concentration
thresholds using net economic benefits; and (6) highlights the application of these approaches in IAQ-related standards and
engineering practices. Overall, the studies reviewed here illustrate the development of a systematic framework for design-
stage IAQ management that integrates pollutant emission characterization, concentration prediction, exposure assessment,
and engineering decision-making, bridging theoretical development and engineering application. These advances provide a
scientific foundation for future developments in health-oriented building design and life-cycle IAQ management and offer
important technical support for the development of “quality homes”.

indoor air quality, volatile organic compounds, PM, 5, source control, air purification, disease burden
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