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VENTILATION FOR CONTROL OF INDOOR ALR QUALITY
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Building Ventilation and Indoor Air Quality Program
University of California, Lawrence Barkeley Laboratory
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Abstract

Ventilation is widely uged to help maintain acceptable imdoor
pollutant . cancentrations. In this paper, the relationshipd +'between’
ventilation rate and indoor concentration axe examined by .the wuse cof 1 °
mass- balance models and meagsured data. It is shown that the pollutant
source strength and pollutant removal by processes other than ventdlas
tion can have a large impact on tlre indoor ctoncentration and that mlo~
tenance of a typleal ventilation rate does not ensure - an accegtable
indoor concentratiom. The importance of avolding umusually low vantila—
tion rates and of minimizing pollutant source strengths is emphasized.!

Introduction

1

Factors that affect indoor pollutant concentrations include: the
strength of iadoor pollutant sources, the outdoor concentration, venti-
fation rate, - and the rate of pollutant removal by processes other Cthan
ventflatipn.- . The purpose of this paper ig to wescribesand examite che - -
relatiogghips between vegtilatfon rate and: indoor pollutant 3'‘contentras '

tions and to discuss the impiications of these relatiommhipsaas sotc s A s
S e ca wels  aw Lpos

Mass Balance Models
Iy Saetop. Seey

Two equatlions that relate indoor pollutant concentrations and ven=
tilation rate are pregented below. -+ They:ake: based-on-a numbetr of ‘sim—TEG
plifying.assumptions includings steady-state-conditions) pepfecnly'mixed
ipndoor air, and, except where noted otherwize, notcoupling between the
ventilation rate and the pollutant:”8ource sgtrength. Despite these’
simplifications, Che equations-tcan-yield vadaablet informatida-dn - thel®
utilization of ventilation to:control 1ﬂdoorupolhnbanbwcohtenﬁtat1%%5%*
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The equations, based on a mass balance, must account  for all
significaat pollutant. . sources and removal' < methenismsa- Bquatihg {'the *
gource nterms-£o the removal terms yields an expression fof theidnddor T
conceagration £ 4 At P I e

= i

¢y =« s+arc°)/<a+x<+k+n) (1

e e




ayy 19933% A1TeTIUBIEQNE UBD (ano-a3e1d +8+2) UOTIBTFIUIA ﬁmnu.muwgwﬂ
gagsoooxd £q TrAOWIL Juejnyrod Jo @3®1 Yl IBWI §232118N0TTT HOﬁu
2y3 wWoxy vuuuuucuw *y 2an314 *xardwod u3ljo ST u0}IBIIUIDUOD m“ww w
pue . 2181 UVOFIBTFIUIA usamiaq djysuoFie[ax 3yl IFYI wuudmﬂvaﬂ 43 nuu“a
asinog Jupinyrod pus d3El UOFIBTTIUSA UIIMIDQ gupdnod ﬂMHu

ay3 JO UOFIBIIPTSUOD puUB syspom 2oUBTEq 8SBW Yl 3O uojIBUTUEXT

3
JE— )

uoTesnISI(Q

+(1) @381 UOTESTW apAyspremioy ay3i s2I1pa1 A1TRTIURIBGNS
i 2g8a100p pus A3TpIuUny 100puf Y3 P2F3E 0ST® UBd UVOTIEBTTIUIA
mwwmmﬂwu Ma =0ﬂuwwuﬂuu=oo apAyopTEmioy Sujpunoxins 343 se maucwwwwwwwww
pogworouf S[ETIeIEm SBuIpTIng wWOlJ apAyspiemioy JO 3381 - H wsu
sy3 3ey3l (1) umoys uddq 88Y 11 pue =oﬂuwuucoo¢ou.wvhsmvamahMma Mwwouum
sonpaa 031 Spual VOTIBTTIUSA -gmsfueyosW OomM3 mWO1F NS mw muo :
asinos 2pAyaplemio} a2yl pue 33El UOTIBTTIUAA 9YI UIIKIAQ  FUFT 9

: +¢ 2an81J ut umoys sF YisSuails 3DINOS uope1 pue 938l

QOﬁunuuaawaﬁ 1Te u9aMmIaq w=aam=ouww>«uamomuwmmAMWvamHMxouwwmuwoaummwuww
® Bjup ou ySnoyire yisuaals I

Mauwwwﬂv hMM =0Mumaaunu> uuswsxo Teojuryosm Aq pISNE cOﬁumu«anwouMMm
.397us 01 AT[eNIT ST uopel 3I3uA sSujuado o3 3uadefpe uusuosmwu h
ujy3aTs SuoySex I9MOT JO uogaezyanssaidap 1938213 ®© OwHM pue umwwuucAHwau
103 92303 SuyATIP 193@913 ® 998NEBD IDUIIIIITP aanjeiadma] po > T P
aouys 9oUIIAIIITP sanjpiadmey 100p3N0O-100puUF U yiga mmmouwcwuu“mwum p
uoj3IeilTIJUF PU® £17u? uopea 30 83181 YL * (%) MoT3 =u>ﬁmv=mu oy
gfujuedo aI9Yy3lo pue BIOEBID ySnoayl SujfpIInq Y3 ©IUT paixods mnw Muu:uu
1708, 24yl woijy Suyipusm® uUOpElI 39 £11easuad 03 aySnoyl ST i Hu
-u03 UOPE1 PPIBAITI YITA sSupTINg UF UOPEX JO 9DINOS Kaeuwya 4l

. +Suitdnod syyl 103 junooo® jou Op 3JA0qE pajuasaad m:oam
|w=vm ay1 ‘asaamoy €391 UOFIBITIURA 341 03 petdnod °q ueEd gjuelnITo
jeyjo sdeyiad puw*apLyapyeuio] _¢yope1 jo 8Y3i3ud138 9o1nos 3L

EUMENWUM 921IN0S queaniod mﬂmu0> 2318y UOFIBTTIURA

- *3381 UOTIBTTIUSA @Y} U0 puadap
A _ o-ajefd @ya ‘sny3 ‘pue

A7Te1suad TITA fus%oad uopex 103 §juelIsVOD  IN
awﬁunuuaounou sToF3aed -I00pUT 9YI IBYI ST 7 uojienby uy 103 uagnnowoa
jou 103083 V .uu\mmau«mumm 000°0€ 3O UOFIBIIUIDUOD aro7azed aooput Y3ty
® 103 onoM pue _ Y4 %°0=A ¢y aaal<¥ vumuuu\uuﬂoﬂuuma ocmm mo ao«uqu
—U3dTWOD uauawuumnuoovﬁﬂ Mot M|uow . 4 §°0="3 pu® .wt; g 1="A mm: m Muax
Jo SINTBA aAT8 (9) 1® 3° n:mauuwuo suojaBIJUSBIUOD BITITIL ooput
ay3 Jo uofjdouny ® BT yofym sajenotaiaed wnuonumn 03 ﬂwmuuumm aae 184l
£Lua8oid uopex 3Jo aoﬁuuwuw,wsu uo »ﬁswﬁsmvawnuv b | vnm .x a meMM&Mumﬁ%w
d ey TTZ=9Y ¢, 4 sSTT=y fL W LTET= X g =
ummmwwwwumwuw .M pue ‘4 ‘V fudFozd vopex ku ‘yopea 03 I@jyaa D _pue ‘€

4
‘y ‘9 sydfaosqns pue ‘(y-¥ /10d ut y3dua13s s01nos uopea 2yl ST "5 3A3UA

[P + 8 + 7YX )70 €L€00°0 + 10500°0)((®x + = + ) /%) + o100°0]

&) - x [+ =+ V0O + )1/ ¥s = oava

03aVd ay3 103 ‘(8) uy 3ITY3
03 I8TfUIs ‘uoyesaidxa 3yj splaff aduv[ERq FEPW VY -1Fe ayjy uy KuoaBoad
uopsa fT® woaJ £81sus wydye jo uoyssjuwa [rTIuajod ay3 eailedypuy DIV Yl
*gT9A37 Sursaom Jo sifun uy (DAYd) uoyIe1juaduod L813us wydie Teyiuaiod
2yl Aq pessaadxa Lyreasuad s} Aualoxd uopel JO UOTIBIJUIDUOD TEI0I
aya ‘ostv *SUOTILIJUIOUOD UOpPERI a0opuj uo 3dedwy 83T y3Inoayi KusBoad
uopel 103 Yi3uda138 3DINOS Y3 §3ID93Je AT1VI[D 3IB1 UOTIBITIUIA 3yJ ‘anb
-tun 87 (Au28oad uopma) sjonpoad Avdap 9ATIOBROTIPRI PAAF[-II0YSs S _UOpBI
JO UOTJIBIJUSDOUOD 3Y) PUB 23B1 UOTIBTIIUA usamIzq dIysuolieyaar ayl

*s8uIpIFNq U IIUBIBUOD UOTIDEIX
3o a%uea1 pue afewiaae 9yl Sujpaedai 835TX3 AIUTEIIIOUN I[qEIIPFIUCD ‘sNY}
‘UOTILIIUSOUOD I0OPUT JY) PUEB ‘JUSWIAOW 1B I00PUT Jo 2318ap aya ‘sadey
—ans aoopul Jo K37juenb pue 2injeu 3yl uo puadsp Lww soss9sdoad TeACWII
asay] ‘pooisiapun L1aood s} Ino-a3eTd pue uoyloEax £q [eaowWa1 JueINyIod

2218 27973aed JO UOTIDUNT 4y wn G°Q > 1233Wep 21273ied

9 #x G€°0 °1 €0°0 g93eIndTI1ed
1t %0 x 12°0 + 8%°0 sajernoriaed
11 0°1 %20+ %0 apAyapyrmioy
vt £8°0 apIXoTp uafoxiju
L 6°'0 03 91°0 apIxXoIp u230131Tu
[4 _6E°1 3pIXoFp usadoilTu
01 £9°0 + 62°1 apIxofp uadoairu
[ €1°0 + 02°0 apyxoTp uafoaayu
€1 62°0 “81'0 apTx0Tp uafoaiu
921nog 103284 (,_4) uojlieTAaq jJusIniTod
21n3819371 uojieaIdUAd vuwmcwum ¥ jus3suo)

uoy3Ideay

*30319®J UOTIRIIAU3J PUP JUBISUOH UOTIOEIY Y] 103 sanyep 1 9Tqul

*moT2q Pp9IBINQE] 3av saje[ndylaed
pus ‘apiyaprewmioy ‘op xoTp udfoxaTu 10J EINTBA PIINSEIH *AT12A7309ds8ax
f£3Tun pue 013z A[{PTIUSES? 1B J 10310BJ uoljlevizduad pur Y IJuRITUOD
uofI0Bax 9y} ‘aspIXoucuw uUOGIBD pue ‘IPIXOFP UOqIBRD ‘uopel BW YOone 5Ige]
@AFIOBIIUOU 304 *AT9at309dsax  ‘(Z1) pue () s9duai19jax woxy Z pue
poanStd uf porJyrTdwoxa ST 30983 STYl °*syi1Buaals 3oanos jueinyrod uy uoll
-BJiBA 9q 03 siwadde SUOTIBRIJUSOUOD I00PUT UT PIAIISqo s23uel IpTm Yl
Jo 9s8ned JuedTITuldys 3Isom 3yl eBIEp TRIUAWII3dX> uwo paseq *1 wuoyrienby
uy si9jomeard sSnofaEA 9yl 103 ITqBTTERAR 218 ®IEp PpIITWIT LTup

*11® 100pUT
sunyoA 3jfun 12d Sutueayd i1Fe £q 2381 TeAOW3a JueInirod = Y
pue ‘4BD3p 3ATIDROTPRA £q 3IB1 TRAOWAI JueinyTod
‘1Te 100puj swnyoa jyun I3d UOFIDEIX TEIFUIYD
pu® 899BJaIns uo 3Ino-a3eyd £Aq 2381 JRAOWSI JuBInylod = )
‘u0T3IPI1IUIOV0D JurInTIod I00pINC =’n

‘ma38£8 U0TIBT}IUaA 10 adoraaua SujyprIng
2yl sajexjauad 3Jeyl 2Jueinyrod I00pPINO IO UOTIIBIF = d
¢ (SwWnToA 100puy/93®I MOTJ ITE ‘°3°1) 9381 2FUPYIND IJ¥ = ¥
‘a1e 100puy sunyoa JFun 1a3d yiaBusiaizs adanos jJueinirod = § t313Ynm

881



tyogieo088y T0I13UC) VOTINTTOd agy *r  cKayrend

.omaynmm e ‘mnoojx pue ‘*V°M 230D ‘'V°M ‘111 open  (H1)

iye 1oopuf 3O Apnas v 3T |
. ‘ aq aousxme] ‘BTuIOIFTED 3O KayeassTun
d woxy uoyanyfod 17T aoopul
t93dy  *‘°*M°D ‘zoufpal (€1)

‘

. L9191
. ¢719¢1-141 £103810qEB7]1
.mmwmwus soeds paa]3-ouas0IdI| uanmwuo.
«i-q ‘praswyag pue ‘- i°f ‘y3aomTTTd 2R

g ‘gfuioyITBI IO
- K107B10qRT K919XIag 2OUSIIMET]
el oa s :s127e9Y 2ouds pax13-883 psjudaun
-1e *39 S°M*D ‘IoukEil (¢A9)

. +¢861 ‘OEIST o1e10d
£y1saaatunl - *£pnis PIF3 PaTT0d
Ewwm guofssjmwa 03 INP vojangrod 178 100pUI

+9867-6L6C ‘91 861 ¢ suoatAul

peaf3-se3 e woig SuUOTSS TR Jueanyrod SuTuTmWaalLP

* 80WIV *98ue1 ‘woyquy ‘-Mr9 ‘Ioukear (11)

03 onbyuyosl Q-0 ‘TTeMOTTOH pus **M°C
~gsy-LyY ‘8 7861 "ITUISIVL

e wWoaj Suofssyue 031 °NP voanyrod aT®E

‘uo1yAUT «33uea kuﬂmlmww 32 ‘'O czoufwval (01)

[eTJuspyeal uo UOTIBR[FIUSA JO g109339 Iyl °1®

) At
¢ 1-1471 A103E10qE]L Kagonaag IOUIIMBT] ¢pjuIoI T8I mwowwwwmo>maw
.wwmwwuwmmwonoaummauﬂa £37renb aye aoopul °I® 39 D ok

‘go78Aud 4aTe=eH
coLy-£9% ‘(T)sy ‘€861 "SIT R e
891 vwwmasaam e uj uoTIBIIUIDUOD 3onpoad hwuww wovuwxﬂﬂnvwm e
uwﬂwuwwm ‘uojjom IV fanoojetd jo 303733F °T® *39 N°S
‘ . : - *uol1yAUd
«zy-19% °g ‘7861 *3eUIAIUL U F 3
Ammmwawmmmaou :Suyrapon Kafyendb y«a zoopul °T1e "3

- £135TWAYD 2ATIVEBIL YITA yoeoadde
©-g  “yeukenzo (L)

, = K1o03ea0qe] Lo13Nasgd
‘4861 ‘¥8yT1-T1 A

uoime] ‘®juloyFLed IO K31s19ATu() *8I9UBITD wqm wmnwwumm=““wwuuw ©)
Mwunu uﬂm.moauauuua arqeardsai jo 101ju0) °1® "3 r

<coy-10% ‘(2)sy ‘€861
*838N0Y uﬁwﬁUﬂwmolhwumco pue TEUOFIUDAUOD uj -p2ansesw

B Jv13U3DOU0D uopey 18 319 cAcy C‘oxan (S)

gaiel UOTIEXITFIUT pue SUOT

] 2193109

S ‘uopemg ‘mTOYH201S ‘a71EWTTD PU® £ayrend uw< uoovmm :o.wwwcovwmuu

nwwmwcumunH pag 3yl jo sguypoosoad ufy paysIIqn w¢ o et )
chaa 1708 ‘wo1j uopex Fo 3Iz0dsuBil *A°Y OI3N pue M ]

v ]
-1861 48y71-1471 £103810qET £araMa9g

3D ¥ 3 T 3 T a1 3
udIME] BTUIOIT 8D 3JO hu “WHﬂ> ﬂﬂD *g8u IPT Inq 1R:4 T uap 89 uf apn HGMNE
3oanos uopel mﬁ.ﬂhn_mmﬂz AV 012N PuU® 1" HNMUO” MM NNO aezeN AMV

.., .m
£ «j01g ‘17Auz "§*0 °T3pom UOTANYIO
~ g "BL6T f901-8£-L1009-Vdd .hwwwwwn wMHMum 1003, 511 ¢ ospueivon A

17® 100pIN0-100puT 33w039 UL

— e ————————

*€861 ‘°VM ‘usmiInd ‘-unisodmds BTRIIBIEH a11sodmo)/pavoqard71aed -ajuq
9383S uo3j8uTyseM TEUOTIPUIAIIV] ,;wNa 3yl jJo sSujpesdrdag *g83onpoad
poos pasesad woi3 asearax apAyapremaog I8 39 ‘+*9'] ‘smayliey (1)

§30U13J3Y

. "860004S9Z-£00V-3Q ‘ON 39®813U0)
aopun £Basuy 3o jusmizedad °$°(l 3yl JO uOSTATQ SWOIBAS sSUIPTINg ‘Iusm
-doraAaq pue yoaessdy A8Isug Suypiing jo °91330 ‘AB1dug dyqemousy pue
U0TIBAIRBUO) 10F £IBIB1035 JuPISTESY Yl £q pa3aoddns sem ioh STYL

sjuamadpatmoundy

. *Isudewm JUITOTIJS IS0m dY) U psurvIUTEW aq A3IfLeEnb
i¥e Joopuy a7qE3dadde uURD SUOTIBIIUIIUOD 100PUT BIOJFe ATIUEITJTuldls
I8y 103983 yoes o031 UuoOTIUIIIER Y3noiya »ﬁco *U0TIRTTIUDA ueyl
13yjo sessadoad TeAOWa1 Jueanyiod 03 uWOTIURII®  S9dUBISUT Bmos uf ‘pue
sy38us13s 230anos jJuelnirod azjmjulm o3 sIz0yFe 17211dx3 Y3iTm paulqmod
9q PpInOYs SIBI  UOTIBTTIUIA MOT LfTensnun Jujpyoae Jo £S8a3wias ay3
‘snyl *#M0T ST 93e1 9%ueYOXd IYP TBTITUT 2] U3Ym UOFIBIIUIIUOD 100pUT
uo 3owdmy 931e] B @aey ATuo [{¥m apnifulTm STY3 Jo ISE9IDUT UE puE anoy
aad 28ueyd 17e Suo 3noqe ueyj s1ow £q PIEI BOTIBTIIUSA Y1 ISBIIDUT 03
Tesrioeadny A[Teisusd 3T 9jem UOTIBTTIUIA YITA paiefoosse  sgjusmaiinbax
A812ua @yl ‘uoliTppe U] *SuUOTIBIIUADUOD JueInTTod IoOpuUT MOT Aansua
Jou  S30p P31 UOTIBTFIUAA Teo7dAl ® SBujuyejuyem ‘iansmoy  ‘sy3fusals
32anos 3jupanyrod uy sSuei 981eT 2yi Jo Isnedag *K1yrenb a7e  100puy
a1qeadaooe SJujureiurrm 103 s278232138 Jo jusunodwod juejazoduy ue ‘aaoy
-939Y3 sy sajea a8ueyoxa 1je mol AT[Ensnun SUIPjOAY  *MOT SwWodaq SIIEI
23uepyoxs a7® sB L1prdeir S9SE3IIDUT UOFILIIUSIDOUOS I00pUT 24yl s3sed [P UT
‘ArTeTIURISqNS 1233Tp SdJUSUOTIETa1 PIATiap ATTEOTIA10aYl 2Yy1 3TTUH

"UOTIBITIUAA Jo 3JdedmT SY3j $IONPII UOTIBRIJUIIUGD 100pUT pue
y318uails odo1nos apdyspremaoy uaamiaq Suyrdnos syl *U0TIOERI [EBIJWIYD "
£q opAyspremioy jo TeAOWSI OU pu® ‘AITPTEUNY I00PUT JUBIBUOD B ‘uof3
—B1]UdJU0D  I00PUT 9Y3 UT 28B3ad9P B YIFm y38us13s 9dinos apAyspirmioy]
U] 95¥210UT IBSUTT B Jo suofildmnsse ud PISEq UOFIBIIUIIUOD apAyapremioy
pue 93el UOTIB[TIUSA uUIIMIAq (§) dyysuoyreraz ayqyssod ® 8 ‘¢ sandrg
UF POPNTIUI  “UOTIBIIUSIUOD IINTOSqE IYI Id27Je ATTeTIURISqNS Lvm Koyl ¥
2an31g uy umoys s® ‘ySnoyrfe ‘Irea s3ueyoxs Iye uy aJuwyd ® pue uoyieil
-u30uod uf a8ueyo v usamIaq dyysuoylefsa ay3 uo 3Iomdwy I@a13 ® aaey jou
op Ausfoiad uopea jo selea ino-sierd a9yl ‘YiZuails 201n0S UOPE1 JULISUOH
B  JO UumMOYys 39D 3Y3l 10J 93BT UOTIBTIIUSA 243l 03 ?a73Fsuas  ATydyy 87
0dVd 94l *698BSIJUT UOTIBTFIUSA UBYI IaYjo S9EsIdoxd Aq TeAowsa jo a3e1
343 SE PIFRIAIIP ST 93e1 2JUBYIXD IR 03 UOTIRIIUIOUOD 100pUT Jo KIA
-¥3718u@8 @yl ¢ 2an8T4 UT P2ILAISNTT| 13139q 918 UOTIPiIjuadIUOD J00pUT Uuf
38uey> ® pue 93e1 UOTIBTTIUSA UT aSueys ® usamyaq sdyysuoyieraa ayl

, 4 A *UOTIRIIUSOUOD I0OpUT
U0  I09332 TTBWS B 3aBY 83889901d TPAOWAI 98IY] ‘19A2MOY ‘833BI  uOT3
~®BITIUdA Y3TY IV *MOT 31® S9j®l UOTIB{TIUSA UaYM UOTIBiIJusdUOD loopufy

061



Ko T T
9 < Energyercin”
5 . :SoFm
'
0= .
< « Y=y

Radon 222 concentration (pCL/z)
<

- -
.
0if . e . o
-
oo " sasl PP
o ] ]
Air changs rate (he-)

Figure 1. Scatter plot
of radon concentration
versus air exchange rate.
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Figure 2. NO, concentration versus
air exchange“rate in a house with
various unvented gas-fired heaters.
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Figure 3. Example of coupling
between radon source strength
and infiltration rate.
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Figure 4. Relative cancentration
versus air exchange rate for
variable pollutant removal by
processes other than ventilation
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Figure 5. Relationship between
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and

ge in indoor concentration

a change in air exchange rate.
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