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METHOD FOR CALCULATING AIR EXCHANGE IN DOMESTIC ROOMS.

In health studies, it has been accepted that the frequency of air
exchange S in domestic rooms should be determined from the
concentration of carbon dioxide (COZ)’ For calculating S, A.A.Minkh,
A.N.Marzeev, Seidel (cited by R.Mechkuev) and others have proposed
different expressions, which when used without substantiation may
lead to different (and sometimes to conflicting) health
interpretation of the same experimental data.

The purpose of the present work is to give a general derivation of
the value S, and on the basis of this to clarify the applicability
of the formulae proposed by the above-mentioned authors for
calculation of air exchange frequency S.

We will consider a room with volume V (in cubic metres) and a co,
concentration at the start of the experiment Kl' Kb being the 002
concentration in air entering the room from outside (Kb aormally in
the range 0.03-0.04%), and C the quantity of Co, produced in 1 h by
people in the room. The quantity of air entering the room over 1 h
will be SV. Let n be the average number of exhalations of the
people;in the room over 1 h. After a time % (after the first
exchange) the average quantity of co, in the room will increase bv
the value 9. After the same time, the air entering the room

(volugs 1;) will contain §!kb carbon dioxide, and the air leaving thi

1° Thus, the average CO2 concentration in the room after thi

first exchange (after time -) will be:

(v-2hx, + 2+ g
K = n_ 1 _n b . = (1-5)k, + 1C ., Sk
1.1 v n’ 1 Vn nb°

For an average concentratlon K1 5 of CO2 in the room after a second
exchange (after time —) we similarly have:

_ l1C S _ _S,2 1C S Sy S
L,= Sk L+ 3848 - abx + 1 Cara-d ara-d)

and so on. At the end of the first hour for a CO2 concehtration in

S
K l"-ﬁ') K

the room Kl n we obtain



K, = (1-§)K

C
l1.n n T

Sln

1 _ S\n C S,n
l.n-1 T ¥ Ky = U)K + (§ + K)(1-(1-]0) 7).

From physiological data, n is greater than 300. This makes it
possible to simplify the upper expression and to obtain the following

formula for calculating average CO, concentration in the room K

2
after t hours from the start of the experiment:

2

_ ~-St 1C -
K2 = Kle + (§ v + Kb)(l e

Sty. (1)
In expression (1), Kl’ K2, Kb, C and t are known from the
experimental data, and the single unknown value is the air-exchange
frequency S.

Equation (1) obtained by us agrees with the solution of the Lenz
differential equation (cited by A.N.Marzeev), which was obtained on
the basis of the assumption that liberation of co, by a source in
the room was continuous. Thus, expression (1) should be utilised
for calculation of air-exchange frequency S whatever the type of
source.

If the experiment continues for 1 h, then

S

K, = K,e + (

% + Kp) (1-e75). (2)

|+

Figure 1 gives nomograms for graphic determination of air-exchange

frequency S from equation (2) in relation to the values Ky and % for

a Coi'concentration in outside air of Kb = 0.035% and an initial
concentration of C02 in the room of K1 equal to 0.035, 0.045, 0.055

= 0.035%, < = 0.10% and K, = 0.078%,

1 \'% 2
we find from the first nomogram that S = 2. If the initial

and 0.065%. For example, if K

concentration in the room K, does not coincide with the-data given
in Fig. 1, the air-exchange frequency S may again be found from the

nomograms in Fig. 1 by linear interpolation. For example, let -
K1 = 0.042%, % = 0.07% and K, = 0.09%. From the first nomogram

(K, = 0.035%) we find that S, = 0.5, and from the second nomogram
(Kl = 0.045%) that §, = 0.7. Then

0.042-0.035

1)0.045_0.035 = 0.5 + 0.2x0.7 = 0.64.

S = Sl + (Sz—S

From formulae (1) and (2) it is possible to.obtain expressions for
calculation of S which can be used in health practice andbto indicate
their applicability. If St>» 1, from equation (1) we obtain the

c , which is

formula proposed by A.A.Minkh and A.N.Marzeev S = ﬁzé¥;

thus its asymptotic solution.



Fig, 1. Nomograms for graphic determination of air-exchange
frequency S.

Fig. 2. Example of change in carbon dioxide concentration (K,)
in relation to time spent by people in the room:(t) %or
an initial CO, concentration in the room K;=0.045% and
air-exchange %requencies S =0.5, 1, 2 and 3.




Figure 2 illustrates change in concentration K, in dependence on
time t at Ky = 0.035%, K, = 0.045% and C/V = 0.08%. As an example,
we will consider the curve S = 0.5. After the first hour (at t = 1)
the average C02 concentration in the room K2.1 = 0.1046%, after the .
second hour K2.2 = 0.1398%, K2.3 = 0.1615%, K2.4 = 0.175%,

K2.5 = 0.183%, and so on. The steady-state value of CO2 concentratio
in the room will be K2 = 0.195%. If we now calculate the air-exchang

frequency S from the Minkh formula, we find that after the first hour

_ 0.08 _
S1 = 0.1046-0.035 ~ '-1°¢
after the second 52 = 0.76; S3 = 0.63; S4 = 0.57, and S5 = 0.54.

In fact, the air-exchange frequency is unchanged and is equal to 0.5.
Thus, when using the Minkh formula for calculating air-exchange
frequency S, air should be sampled at equal time intervals until the
calculated values of S differ only insignificantly, or the
applicability of the Minkh formula should be checked by the criterion
St > 2.5. In fact, the said method of air sampling corresponds to
the solution of equations (1) and (2) by the method of successive
approximations. This method is a general method of solving
equations (1) or (2). Clearly, when using equation (1) or (2) for
calculating air-exchange frequency S such a sampling procedure is
not required. It may be carried out only for the sake of checking
the constancy of the parameter S when carrying out an experiment.

If there are no CO, sources in the room (for example, people are in
the room before the experiment and leave the room at the start),
from expression (1) at. C = 0 we obtain

7

t K2—Kb
or at t =1 Kl—Kb
S = ln—————(K1 > K2).

K%
The expression obtained coincides with the formula proposed by Seidel
for calculation of air-exchange frequency S.

Thus, the results obtained permit the substantiated use of formulae
known in the literature for calculation of air-exchange frequency in
rooms, using co, concentration as an indicator. However, expression
(1) is also suitable for those cases when any other chemical
substance serves as the indicator.
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KaIl}i0 PBIICACHILIX CaALMOHEN ocymcc-rannnu No O0IeNpIHsTON METOHES.

Dcero npH Heeneposanin 514 o6paaues NHILCELIX NPOAYKTOD C2ALMOLEAT:
.. Ouuty Haiipensl B 24, B ToM yneac B 8 cayyaax S. typhimurium, 86 S. de lbx.
* B 4 S. anatum, B 3 S. heidelberg, B 1 S. brandenburg, B 1 S. newport u
B 1S nyborg. I'lpoAme, KOTOpLle ynoTpelasioTcsi B nHULy 6e3 npeasapii-
TeJIbHOIT TepMHyeckoit 0OpaGOTKH, OKa3aJHCh CBOGORHLIME OT CaJbMOLE, Y10
CBHJIETENIBCTBOBAJO O COOMIOAEHHH TEXHOJIOTHH NPH MX M3TOTOBJCHHH.

Jlanuuie 0 YyBCTBHTENBHOCTH OOLIENPHHATOrO METOAA MO CPABHCHHIO C Me-
TOJIOM, OCHOBAHHOM Ha MOABHM(HOM POCTe, MOKa3blBalOT, YTO OOILAs BLICeLae-
MOCTh NpH HCMOJIb30BalHH NOC/EAHEro B 3 pa3a Bblllle, YeM NpPH OObIYHOM, & He-
NOCpe/ICTBEHHBI MoceB Ha CPelb! AJsi MOABHXCHOTO POCTa NO3BOJINJ 0OHapy-
FKHTh CanbMOHeNJbl B 6oJbllieM YHcse o6pa3uoB, YeM Bce BMecTe B3AITHIE NOCERLL
npH o6bIyHOM crocobe HCCNEeAOBaHMA.

Ilonyuennbie pe3yabTaThl, KaK H JaHHble APYrHX Mccieforatenefit (Fung

H Kraft), usyuaBmmx s¢pdeKTHBHOCTL HAKOMJEHHs! CaNbMOHENT B npouecce
HX MHTpPalHH 4epe3 MONYKUAKHE CPefibl, CBHIAETENBLCTBYIOT O BHICOKOM 3(hex-
THBHOCTH METOJla MOJBHIKHOrO pocTa AJisl OGHAPYIKEHHS CaJlbMOHENJI B MHLLEB:IX
NPOAYKTaX H APYrHX o0beKTax BHeLUHeH Cpeabl.

- IUTEPATYPA. Jlutunckuf 10.H, Tepoxk U, Cugo-
posckuh 0. U u ap. — K. muxpoGuon., 1976, Ne 5, c¢. 81—86. —JIuTHE-
ckuft 100U, Tepox I KU, CnnopoacxnﬁlOH n ap. — Tam xke, Ne 6,
c. 73—76. — Ch a u Y., Huang T. — J. clin. Path., 1974, v. 27 405—407. —
Fung D.,, Kraft Al — Poultry Sci., 1970, v. 49, p. 46—54. —gtuart Pi.,
Pivnick H. — Appl. Microbiol., 1965 v. 13 P 365—372.
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'‘METOAUKA PACYETA BO31YXOOEMEHA B NOMEWEHHSX BBITOBOIO
. HABHAYEHHS

HHctutyT rurwenst M nmpodsaGoaenannii, Mumnuunckas akagemus, Copus, HPB

B rurMeHHYeCKHX MCCJIENOBAaHHSIX NMPHHATO ONpenessTh KPaTHOCTH BO3AY-
xoo6MeHa S B momelueHHsX ObITOBOrO Ha3HaueHHs! yepe3 KOHLEHTpALUo yT.le-
kucJoro rasa (CO,). Ins pacuera S A. A. Munxom, A. H. Mapaeesbiy, Seidel
“(uut. P. MeuxyeB) u Ap. NpeasioxkeHbl PassiMyHble BhIpaXKeHHs, HCNO/b30Baliie
KOTOpHIX Ge3 060CHOBaHHSI MOX<ET NMpPHBECTH K pas/nyHoil (2 HHOrAa H MpPOTH-
BOPEYliBOi1) FHTHEHHYECKOIl HHTepNpeTauuil OfHHX H TeX e ISKCnepiMeHTa Ib-
.HBIX JaHHbIX. '

Llesib HacTosielt pAGOTEl — JaTh OGNt BEIBOA BETHUIEE S H Ha 3T0fT 0C-
HOBC YTOUHHTH NPHMEHHMOCTb NPEJIONEHHBIX YKA3aHHbIMII 2BTOpaMil ¢opay.1
JJs1 pacueTa KPaTHOCTH BO3jyxooOieHa S.

Bynem paccMaTpHBaTh NOMellleHHe ¢ obbenMoy V (B KyOuuyeckix MeTpﬂ\) i
konuentpaumeii CO, B HayaNbHBIT MOMEHT npoBexeHHs sKenepiventa Ky- K, —
xonncitpauns CO, B MOCTYNaouieM H3BHe B noMeilenne pozayxe (K, odwiuio
B npoicaax 0,03—0,04%), C — KoauyecTBO NPOH3BOLHMOTO HANO/SHILHNILS
e noxeweny moavmi CO, 3a 1 y. KosnnuecTBo NOCTYNAIoiero b HOMELIN::2
Bosjyxa 3a 1 u Gyner SV. Ilyctb #n — cpepiiee UHCIO BLIAOXOB HANOISLLHACH
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- A -
B noMeicini moaelt 3a 1 s, 3a speMa — +(nocre neproro od:iena) epoiiiee
) ' c
koamsectso CO; B noMentein i YBCANUITC Ha BEANUIIY . 33 370 e BpeMs
. . SV . SV
B NOCTYREBIUEM B NOMeideitiie 8o3gvNe (o0bena T) Oyaet colepwaTeCa —— K

SV =
YLAGKICIOrO ra3a, a B YXOAFIEM M3 NOMEeHHS — -;:— K,. Tamuiy oSpason,
-cpeansis xonueHtpauus CO, B moMmeweHnu nocne nepsoro odmeia (yepes Bpe-
1 . :
Ma — ) GyreT: .
' s¥y, . C SV
. (V=) kot K 1 sy 1.5,
Kyn= v ==(l-——,;- Ky+v 7+ K
Ilas cpeaneit xonuentpaunn K; , CO, B noMemenust noc.1e BTOPOro oGMeHa
o A
{(uepes Bpeus —) aHaNOTHYHO OyAeM HMETb:

L S\ . 1 ¢S S\2 . |
l\).:=(’,"TT)I\1-1+TT+TKIJ=(I'—T) K, +
S

S s e I

H T. 1. B Kouue nepsoro yaca 41s KoHuentpauuu CO, B nomemenus Kj , no-
STYGHTCA:

. sy, 1 c¢c S Sy
1\1.n=(l‘—T)l\1.ﬂ—1+TT+TKb=(I—T) ’KI'T

I

To dusrogornueckuM janusn, n Goasue 300. ITo A2eT BO3MOKHOCTD YNPO-
‘CTHTb BepXHee BhIparkeHHe ¥ NOoAYYHTb caenyroulyio Gopxyay ijls pacyeta cpel-
Hell xkouuentpaunn CO, B nomeuetnyu K, nocie ¢ yacos OT Hadala JKCUepil-
"MEHTa!

Ky =Ko~ (g4 Ky ) (1—e=%). W

B Boipawenns (1) Ky, Ky, K,, C u £ u3BeCTHB! NC J2HHBIM NPOBOAHMOrO
‘SKCNepHMeHTa, €NHHCTBeHHas HeH3BeCTHas BeJHYHHA — KPaTHOCTh BO3JYXO-
-obyvera S. ' '

IToayyennoe Havu ypaeseHne (1) cosnagaer ¢ peizeHueM AupdepeHUHAIb-
Horo ypaenenus Jlerna { - 7. A. H. Map3ees), nosy4esHoro uM HCXO0As M3 npel-
NOJIOZKEH s, YTO BhrAec::..2 CO, HaXOAsIUIHMCH B NMOMeIZSHIH HCTOYHIKOM Npo-
HCXOIUT Hempeps!BHO. TakHM 00pa3oM, He3aBHCHMO OT THNA HCTOYHHK2 I
PpacyeTa KpaTHOCTH BO3EYX00GMeHa S CJEAyeT moJib3oBaThes Belpaxesuenm (1).

Ecau skcnepueHT aautest 1 4, 1o .

1 -
K, =Kpe~S+ (-3-—3-—.- Kb)(l —e™5). @

Ha prc. | npureseds! HovorpayMet Iis1 TpadnuecKoro onpeneseHusl KpaTHOCTH
BO31yxcoGMeHa S no ypaeHeHmio (2) B 3asucusoctd or Bemmunn K, u

7 npy KoHuentpauuy CO, B HapyxHom Bosnyxe K,=U,035% u HauanbHoH

konuerTpannu CO, B nomewensin K;, pasxoir 0,035, 0,045, 0,055 1 0,065%.

- c -
Hanpiep, ecan K, = 0,035%, 7 =0,10%, H K,=0,078%, no nepsoil HO-
Lorpehive Haxoauy, 410 S=2. Ecan HayaiabHas KOHUSHTPAUHA B MOMEWEHUH
K, ¢ cosizzziT ¢ npHUBeleHHBIMM Ha pHc. 1 HaHRzmMM, KP2THOCTH BO3ZYXO-

GG0cesna S MOmIG CHOBA H2#TH NO HOMOrpamvay Ha pic. 1 auHeHHON HHTEp-
. , C -
oarziket. Hanpseep, nycte K;=0,042%, 7=0’0’%' K, =0,09%. TIlo
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Puic. 1. Houorpa.\l.'\m 2ns r,oac;mqec'xoro ONpejeeHns KPaTHOCTH BO31yXoobMeHa S.
nepsoﬁ HOMorpamme (K{= 0,035%) maxomum, wurto S; = 0,5, no BrOpOIL
Homorpamme (K;=0,045%) — S, = 0,7. Toraa :

: ‘ 0,042 — 0,035

S=381+(S:— 1) G os5—0.055 = 05+0,2-0,7=0.64.

i . . . -
Hs ¢dopmyn (1) u (2) MOXKHO MONYYHTH HMCHOJB3yeMble B THIHEHHYECKO
NpaKTHKe BbIPaXKEHHsl NSl pacyeTa S M YKa3aThb Ha HX NpHMeHHMOCTh. Ecau
St»>1, us ypasuenus (1) nonyunrcs npeanoxensas A. A. Musxom u A. H. Map-

4
3eeBLIM @OpMyJa S =———L-—— KOoTopast, TaxKHM o6 a30M, SIBJSieTCH €ro acHmM-
. ](’._ Kb ’

NTOTHYCCKHM PpeLueHHeM,
Ha pHC. 2 HJANIOCTPHPYETCsi H3IMEHEHHE KOHUEHTPauHnH K-_; B 3aBHCUMOCTH OT

BpeMenu ¢ npu K, = 0,035%, K; = 0,045% —g— = 0,08%. Paccvotp:in
B KasiecTBe npumepa Kpusyto S=0,5. ITocne nepsoro vyaca (npu ¢=1) cpeniisst
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% konuert “uns  CO, B noMeutenm

, 0201 — '*'-‘ R R T‘-—-P K= 0,1046%, nocae sroporo ya-
[0}/ ) EE— t""--—‘r—" - ! ca — ]\’2'2 = 0,13989{), Kt_v's =
: T 0,1615%, Koy = 0,175%, K. 5=
016 ~~<-——-—T-a,5 o = 0,183% u T. n. CraunoHapHoe
) / 3/=003% 3Hauenite Konuestpauur CO, B no-
o1 I— / Mmewennn 6yaer K,=0,195%. Eciu
or? : Tenepb paccuuTaTh KPaTHOCTb BO3-
’ / | L Ayxoo6yeHa S no dopmyne Mumxa,
0,10 /‘ / NMOAYYHTCH, YTO MOCJie NepBoro yaca
aos /A4 2 0.08
0.05% 1§20 Si=p 1016 —0,005 — 15
004 - nocne BToporo S,=0,76; S;=0,63,
o' 1 2 3 4 5 6 S,=0,57, a §;=0,54. B camon xe

vacor Jejle KpaTHOCTb  BO3JyXooOMeHa He

Puc. 2. privep ;l(ax)teuesmm KOHUeHTpauUiH yr-  nmensercss H paBHa 0,5. Takum o6-
KHC! a (K, M Me-
'::“:;:g:g;::ﬂ (m;u;-‘ B Hosemasin (%Jen\;'ﬁ; PasoM, MpH HCMO;b30BAHHH (oOpyy-
BauaiLHOR KoHueHTpauwn CO, B mem K,= JIbl MHHXa 1as pacueTa KpaTHOCTH
=0,045% # KpatHOCTAX BO3Ayxoo6MeHza S=  BO3JyXooO0MeHa S cJjenyeT IpOBO-
=05, 1,2, u 3. IuTb OT60p Npo6 BO3JyXa yepes pab-
_ Hble MHTepBa.1bl BpeMeHH JO TeX Nop,
NOKa paccunThiBagMble BeAHYHHB S OyAyT OTJIHYAaTbC JAPYr OT Japyra
HECYILECTBEHHO, JHGO MpOBepsATh NMPHMEHHMOCTh (GOpMYyJabnl  MHHX2a KpHTepHeM
St>2,5. Kcrat, ykasaHHbIfl cnocod oT6opa npo6 Bo3ayXa CPOTBETCTBYET pellie-
Hino ypaBHeHis (1) u (2) MeTonoM nocenoBaTe 1bHEIX NPHOIIKEHHI. DTOT METOT
ABJaseTcst obuHM cnocoSoM peuteHust ypasHeHus (1) uau (2). OueBunuo, npu
Hcnonb3oBaHHH ypasHeHus (1) uau (2) mis pacyera KpaTHOCTH BO3RyXOoO)MeHa
S Takoft npoueaypst oTSopa npos He TpeGyercs. Ee MOXHO MPOBOAHTH TO.IBKO
paxH NpOBepKHM MOCTOSHCTBA mapaMeTpa S NpPH BHINOJIHEHHH SKCNEpHMEHTa.
Ecau B noveuienun Her HctouHukoB CO, (HanpuMep, JOOH HaXOmsTCs B
DOMeLIeHHH [0 MPOBeJeHHS 3KCIepHMEHTa H B Haua/bHEIT MOMEHT BbIBOAATCS H3
novetilenus), u3 eipaxkedus (1) npu C=0 noayyaercs : '
S= - In K. —Kp Ky

Hax npu i=1

K,—K
S=1In T(':':'K% (K1 > Ky

INoayuennoe Bripazkenye coBrnagaer ¢ npeanoxenHoir Seidel ¢opyyaoit pas pac-
4eTa KpaTHOCTH BO31yXooOyeHa S. )

Takuy o6pasoy, Moay4YeHHble pe3ysbTaThl MO3BOJASIOT OGOCHOBAHHO MO.b-
30B2TbCH H3BECTHBIMH B JIHTepaType (GOpMYyJaaMH JJjs pacyeTa KpPaTHOCTH BO3-
Ayxoo0MeHa B MOMEIIeHHAX, MPHMEHAss B KayecTBe HHAHKAaTOpa KOHLEHTpa-
uuio CO,. Ozuako Bepazenne (1) roHo H ANs Tex Cayyaes, KOrja HHAHKATOpa-
MH CAYAKHT Juo0oe ApYroe XHMHYECKOe BeLIeCTBO.

JUTEPATYPA. Ma .p sees A, H. KoumyHsaasnas ruruena. M., 1951.—
Muux A. A" Meroasl THrHeHHYecKHX HccaejpoBahuit. M., 1967.
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