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Gig. s a n i t . ,  1979, ( 2 ) ,  61-64 

R.Ya.Berakha ( I n s t i t u t e  of Hygiene and I n d u s t r i a l  Diseases ,  

Mid i t s in  Academy, S o f i a ,  Bulgar ia)  

METHOD FOR CALCULATING A I R  EXCHANGE I N  DOMESTIC ROOMS. 

I n  h e a l t h  s t u d i e s ,  it has  been accepted t h a t  t h e  frequency of a i r  

exchange S i n  domestic rooms should be  determined from t h e  

concen t ra t ion  of carbon d iox ide  ( C O Z ) .  For c a l c u l a t i n g  S ,  A.A.Minkh, 

A.N.Marzeev, S e i d e l  ( c i t e d  by R.Mechkuev) and o t h e r s  have proposed 

d i f f e r e n t  express ions ,  which when used without  s u b s t a n t i a t i o n  may 

l e a d  t o  d i f f e r e n t  (and sometimes t o  c o n f l i c t i n g )  h e a l t h  

i n t e r p r e t a t i o n  of t h e  same exper imenta l  da ta .  

The purpose of t h e  p r e s e n t  work is t o  g ive  a g e n e r a l  d e r i v a t i o n  of 

t h e  va lue  S,  and on t h e  b a s i s  of t h i s  t o  c l a r i f y  t h e  a p p l i c a b i l i t y  

of  t h e  formulae proposed by t h e  above-mentioned a u t h o r s  f o r  

c a l c u l a t i o n  of a i r  exchange frequency S. 

W e  w i l l  cons ide r  a  room with volume V ( i n  cubic  metres) and a  CO2 

c o n c e n t r a t i o n  a t  t h e  s t a r t  of t h e  experiment K1, Kb be ing  t h e  CO2 

concen t ra t ion  i n  a i r  e n t e r i n g  t h e  room from o u t s i d e  (Kb normally i n  

t h e  range 0.03-0.04%), and C t h e  q u a n t i t y  of  CO2 produced i n  1 h by 

people  i n  t h e  room. The q u a n t i t y  of a i r  e n t e r i n g  t h e  room over  1 h 

w i l l  be SV. Let  n be  t h e  average number of e x h a l a t i o n s  of  t h e  
1 p e o p l e i i n  t h e  room over  1 h. A f t e r  a  t ime ( a f t e r  t h e  first 

exchange) t h e  average q u a n t i t y  of CO2 i n  t h e  room w i l l  i n c r e a s e  by 
C t h e  va lue  ,. A f t e r  t h e  same t i m e ,  t h e  a i r  e n t e r i n g  t h e  room 

sv" (volume T) w i l l  con ta in  =K carbon d ioxide ,  and t h e  a i r  l e a v i n g  thd n b  
room FK~.  Thus, t h e  average CO2 concen t ra t ion  i n  t h e  room a f t e r  thc 

f i r s t  exchange ( a f t e r  t i m e  k )  w i l l  be:  

sv  C (vT) + + =K - - n b -  S = + S K  
v - ( l X ) K 1  + - -  V n  n b '  

For an average concen t ra t ion  K1. of CO2 i n  t h e  room a f t e r  a  second 
2 exchange ( a f t e r  t i m e  K) we s i m i l a r l y  have: 

and s o  on. A t  t h e  end of t h e  f i r s t  hour f o r  a CO2 c o n c e n t r a t i o n  i n  

t h e  room Kl we o b t a i n  



From phys io log ica l  d a t a ,  n i s  g r e a t e r  than  300. This  makes it 

p o s s i b l e  t o  s i m p l i f y  t h e  upper express ion  and t o  o b t a i n  t h e  fo l lowing 

formula f o r  c a l c u l a t i n g  average CO concen t ra t ion  i n  t h e  room K2 2 
a f t e r  t hours  from t h e  s t a r t  o f  t h e  experiment: 

K2 = K l e  -St 1 C -St )  + (H 7 + Kb) (l-e 

I n  express ion  (1) , K1 , K 2 ,  K b f  C and t a r e  known from t h e  

experimental  d a t a ,  and t h e  s i n g l e  unknown va lue  is t h e  air-exchange 

frequency S. 

Equation (1) obta ined  by us  agrees  wi th  t h e  s o l u t i o n  o f  t h e  Lenz 

d i f f e r e n t i a l  equat ion  ( c i t e d  by A.N .Marzeev) , which w a s  ob ta ined  on 

t h e  b a s i s  of  t h e  assumption t h a t  l i b e r a t i o n  of CO2 by a source  i n  

t h e  room was continuous.  Thus, express ion  (1) should  be u t i l i s e d  

f o r  c a l c u l a t i o n  of air-exchange frequency S whatever t h e  t y p e  of 

source.  

I f  t h e  experiment cont inues  f o r  1 h ,  then  

Figure  1 g i v e s  nomograms f o r  graphic  de terminat ion  of air-exchange 
C frequency S from equat ion  ( 2 )  i n  r e l a t i o n  t o  t h e  v a l u e s  5 and v f o r  

a CO2 concen t ra t ion  i n  o u t s i d e  a i r  of  Kb = 0.035% and an i n i t i a l  

concen t ra t ion  of CO2 i n  t h e  room of K1 equa l  t o  0.035, 0.045, 0.055 

and 0.065%. For  example, i f  K1 = 0.035%. - C - - 0.10% and K2 = 0.078%. v 
w e  f i n d  from t h e  f i r s t  nomogram t h a t  S = 2. I f  t h e  i n i t i a l  

concen t ra t ion  i n  t h e  room K1 does n o t  co inc ide  w i t h  t h e  d a t a  g iven  

i n  Fig. 1, t h e  air-exchange frequency S may aga in  be found from t h e  

nornograms i n  Fig.  1 by l i n e a r  i n t e r p o l a t i o n .  For example, l e t  - 
K1 = 0.042%, 8 C = 0.07% and K2 = 0.09%. From t h e  f i r s t  nornogram 

(K1 = 0.035%) w e  f i n d  t h a t  S1 = 0.5, and from t h e  second nomogram 

(Kl = 0.045%) t h a t  S2 = 0.7. Then 

From formulae (1) and ( 2 )  it i s  p o s s i b l e  t o  o b t a i n  express ions  for 

c a l c u l a t i o n  of S which can be  used i n  h e a l t h  p r a c t i c e  and t o  i n d i c a t e  

t h e i r  a p p l i c a b i l i t y .  I f  S t > >  1, from equa t ion  (1) w e  o b t a i n  t h e  

formula proposed by A.A.Minkh and A.N.Marzeev S = C/V , which is 
K2-Kb 

t h u s  i t s  asymptot ic  s o l u t i o n ,  



Fig; 1. Nornograms 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 K1=0.045% and 
air-exchange $requencies S = 0 - 5 ,  1, 2 and 3. 



Figure  2 i l l u s t r a t e s  change i n  concent ra t ion  K2 i n  dependence on 

t ime t a t  Kb = 0.035%, K1 = 0.045% and C/V = 0.08%. As an example, 
w e  w i l l  cons ide r  t h e  curve S = 0.5. A f t e r  t h e  f i r s t  hour  ( a t  t = 1) 

t h e  average CO2 concen t ra t ion  i n  t h e  room = 0.1046%, a f t e r  t h e .  

second hour K 2.2 = 0.1398%, = 0.1615%, = 0.175%, 

K2, 5 = 0.183%, and so  on. The s t e a d y - s t a t e  v a l u e  of CO2 c o n c e n t r a t i o  

i n  t h e  room w i l l  be K2 = 0.195%. I f  we now c a l c u l a t e  t h e  air-exchang 

frequency S from t h e  Minkh formula, we f i n d  t h a t  a f t e r  t h e  f i r s t  hour 

a f t e r  t h e  second S2 = 0.76; S3 = 0.63; S4 = 0.57, and S5 = 0.54. 

I n  f a c t ,  t h e  air-exchange frequency i s  unchanged and i s  e q u a l  t o  0.5, 

Thus, when us ing  t h e  Minkh formula f o r  c a l c u l a t i n g  air-exchange 

frequency S, a i r  should be  sampled a t  equal  t i m e  i n t e r v a l s  u n t i l  t h e  

c a l c u l a t e d  v a l u e s  of S d i f f e r  only i n s i g n i f i c a n t l y ,  o r  t h e  

a p p l i c a b i l i t y  of t h e  Minkh formula should  be checked by t h e  c r i t e r i o n  

S t  > 2.5. I n  f a c t ,  t h e  s a i d  method of  a i r  sampling corresponds t o  

t h e  s o l u t i o n  of equat ions  (1) and (2 )  by t h e  method of  s u c c e s s i v e  

approximations.  Th i s  method is a g e n e r a l  method of s o l v i n g  

equat ions  (1) o r  ( 2 ) .  C l e a r l y ,  when us ing  equa t ion  (1) o r  ( 2 )  f o r  

c a l c u l a t i n g  air-exchange frequency S such a sampling procedure i s  

n o t  r equ i red .  It may be c a r r i e d  o u t  only f o r  t h e  sake  of checking 

t h e  constancy of  t h e  parameter S when c a r r y i n g  o u t  an experiment.  

I f  t h e r e  a r e  no CO2 sources  i n  t h e  room ( f o r  example, people  a r e  i n  

t h e  room b e f o r e  t h e  experiment and l e a v e  t h e  room a t  t h e  s t a r t ) ,  

from express ion  (1) a t  C = 0 we o b t a i n  
I 

The express ion  ob ta ined  c o i n c i d e s  wi th  t h e  formula proposed by Se ide l  

f o r  c a l c u l a t i o n  of  air-exchange frequency S, 

Thus, t h e  r e s u l t s  ob ta ined  permi t  t h e  s u b s t a n t i a t e d  u s e  o f  formulae 

known i n  t h e  l i t e r a t u r e  f o r  c a l c u l a t i o n  of air-exchange frequency i n  

rooms, us ing  CO2 concen t ra t ion  as an i n d i c a t o r .  However, e x p r e s s i o n  

(1) is a l s o  s u i t a b l e  f o r  t h o s e  cases  when any o t h e r  chemical 

subs tance  serves a s  t h e  i n d i c a t o r ,  
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HOBC yTO~1tI)ITb nPKhIeHI1IIOCTb nPeAJ0Xie)IHbIX YKa3aHHbIllll 2ETOpa.\lSl @O~\!\..T 
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Ey~ear pacchraTp1iBaTb n,oaIeueHrle c o6aea10~1 V (B liy51iziec1irrs srerpas) 11 
~01~sc11~parr11eii CO2 B ~raqanbsbrii ZIOAICHT npoceaesrifl 31;cnep;nter1~a K,-K,  -- 
K O I I : ~ ~  ; ~ ~ p a u l r r r  CO, B nocyynaloulehr 113~irc n no\reaerrrre I;o=.lyse (K, 05i:t1:!3 
B np,.;:c..1as 0,03-0,0.10/:), C - iio.lrrrrccTBo nporr3uo~rr?!o:o Iraso,l>i:l::.::.:;ic:~ 
E no:,:?rue~~~r~i nioAL3rIr CO, 3a l q. I < o n r ~ ~ ~ c c ~ c o  nocrynaiouero I; 1lo;:?li!,:\::.:c 

~ o 3 n y ~ a  3a 1 Y 6 y n c ~  S V .  n y c r ~  tr - cpe~rree ~l~c.-ro swzoson Iiasonnurl::i<;: 



H=IR c p e j ~ e i i  KoHueHTpaulrli K,,? CO, B noveqe~trri noc.re sroporo oS~rek~a 
n 

11 T. 3. B ~or-rrie nepsoro saca n.7~ KoHqeHTpauMIi COn B nosreqerirlrr K,,, no- 

B sblpaxesrrrr (1) K,, K,, ~~i C H t HG~CTII~I  n0 ~ Z H H ~ I ~ I  nposofi~i~ioro 
3l<Cn2pIl1ieHT2, eJ,IIHCTBeHHaR HeIi3BeCTHaR BenSILll!Ha - KpaTHOCTb E03Z}'XO- 
.o61!eza S .  

n o . ~ y s e ~ ~ o e  naaw YpsBHeHrie (1) cosnanaeT c pemeHlresi a~:@$epe~us.ra.~b- 
Horo YpaBHeHIiR . q e ~ ~ a  ! .T. A. H. Eiap3ees), nonyveHHmo axr ~ i c x o m  113 npex- 
no.qoxeHIiR,  TO EE!A~.I:::.:~ COa HartoAnunfsrcR B nomweHiiII IICTOYHIIKOII npo- 
rrcso;21i~ Henpeps!sso. ?'zi;ri~r o 6 p a s o ~ ,  ~e3aawc1rsro or  Trma H C T O ~ H I ~ K ~  A.~R 
paC<eTa KpaTHOCTii ~ 0 3 ~ ~ ~ 0 0 6 ! . 1 e ~ a  S C.TeA)'eT nOJIb30B2TbCR BbIpaXeH1Iehl (1)- 

E C ~ B  ~ K C I ~ C ' P I I ~ ~ E H T  ~JIWTC5l  1 9, TO 

KoHxeaTpau:rw CO, E nosreqesuu K,, pa~aol'r 0,035, 0,045, 0,055 1: 0,065%. 
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K,. '10 

Ptic. I .  Hohrorpasln~ ma rpa@srecl;oro onpae,ieHnn KpaTHocrH ~ 0 3 ~ y x 0 0 6 ~ 1 e ~ 2  S. 
.-.. 

nep~ofi HoMorpahrwe (K, = 0,035%) H ~ X O A H ~ I ,   TO S1 = 0,5, IIO BTOPO~L 
HohIorpaMMe .(K1=0,045%) - S, = 0,7. T o r ~ a  

' /  

]M3 (POPMYJI ( I )  H (2) hromHo nonyslr~b acnonbsyex~bre B r~rrrre~rasec~ofi ' 

IIpaKTliKe BbIpa>I<eHHH AJIH PaCqeTa S l1 yKa3aTb Ha H S  npII>!eHlIhfOCTb. Ec~lrr 
St>l, a3 ypanaesan (1) nonys~~c r r  npeAnoxeHHaR A. A. bir~r;so.\r a A. H. Map- 
seeBbIhi 4ophlyna s = 'lV KoTopan, samm o6pasosr, nB.qr;ercn ero acrisr- . K * - - K b '  
~TOTll~eCKI!hl peWeIIHC\I. 

I-la p ~ c .  2 IinniocTpnpyeTcR ~rsare~re~i~re KoHqesirpaualr K, B sa~~rcr r~ :oc~rr  or- 

' - O,O8?6. P~ccJIoT~:!>! spchierru t npa IC, = 0.035%, K, = 0,04556 H - 

B KaliecTRe npmepa K P I I B ~ K )  S=0,5. nocne nepnoro gaca (np~r t= l )  cpeziinr! 



K,,, = O, 1046?i, rioc.~e tnoporo r a -  
ca - K ? , ?  = 0 , 1 3 t ) S ? 6 ,  = 
071615Y;, K 2 , 4  = 0,175!6, KZ, S= 

= 0,18301; 11 T. A. Craqr ro~ap~oe  
3HaWHl :C  I i O H ~ e H T P a U I I I :  CO2 B no- 
h teqe r i r1 r r  Gyner K,=0,1950/6. Ecmr 
T e n C p b  p a C C ¶ l f T a T b  KpaTHOCTb B 0 3 -  
~ y x o o 6 h r e ~ a  S no @opaiyne E l ~ r ~ s a ,  
n o n y r m c R ,  WO nowe n e p B o r o  raca 

0.08 
=0,1046-0,033 = 

nocne sroporo S2=0,76; Ss=0,63, 
0 ' I 2 3 4 S 6 S4 = 0,57, a S,=0,51. B c a x r o h r  x e  

Vo_~ot A e 1 e  KpaTHOCT'b B O ~ ~ ~ X O O ~ X ~ H ~  H e  

Pnc. 2. nprrs~ep rr3s1ewe~i1~: Itosisenrpaurilr yr- h1eHReTCR 11 p a B H a  0,s. T a K k n r  06- 
msnc.loro raaa ( K ? )  B J ~ B I ~ C A Y O C T I ~  OT spelle- 
rw npdw~a~wR:  .rwjeil B nohlweuaa ( I )  npll 

pa30"9 nPp'l 5fcn0dqb30BaHs'i dJopny- 
sasa;lb~qk KOHseHrp?,!Ji!Il CO, B He31 K1= 1 ' 1 1 ~ ~ ~ ~  p acqeTa KpaTHOcTrr 
= O , W ~ ? O  II ItparHocriix ~03lyxoo6sre~z S= ~osayxoo6sre~a S cnerryer n p O B 0 -  

=0,j, 1, 2, H 3. A H T ~  0 ~ 6 o p  np06 ~ o s a y x a  sepe3 p a B -  
HbIe,  HHTepBa.Tb1 B p e M e H H  a0 T e X  n O p ,  

n O K a  paCCql3TbIBa2hbIe  B e ~ l l I Y l l H b I  S 6 y A y ~  OTjlSiqaTbCR A P Y r  OT A p Y r a  
HeCYLUeCTBeHHO, a1160 n p O B e p R T b  IlpIihIeHIIhfOCTb @0ph1)'~lb1 M I ~ H X ~  K p l i T e p l i e h l  
St>2,5. KCT~TH,  y K a 3 a H H b l f i  cnoco6 o~6opa  npo6 ~03nyxa  CPOTBeTCTBYeT PeLLIe- 
HIIIO YPaBHeHIIR  (1) 11 (2) r\IeTOAOJI ~ O C J ' I ~ A O B ~ T ~ J ~ ~ H ~ I X  n p 1 i 6 r 7 1 1 x e ~ r i i i .    TOT h1eTOA 
HBd1ReTCR 06rrtriaf C ~ O C O ~ O ~ !  peUIeHl.fR Y p a B H e H I i R  (1) U.lI1 (2). OZI~BHZHO, npll 
HCI lOnb30BaHl fH Y p a B H e H I I R  (1) HnM (2) )QlSI p a c q e T a  KpaTHOCTH B O ~ J Y X O O ~ . \ I ~ H ~  
S ~ a ~ 0 f i  n p O u e Z y p b 1  ordopa npo6 H e  ~ p e 6 y e r c s 1 .  Ee h I O W O  IlPOBOAtiTb TO. lbR0  
P U H  l lPOBePKW nOCTORHCTBa l l a p a > f e T p a  S n p l i  BbInO.lHeHIIH 3 K C n e p H h f e H T a .  

EUII B n o l 1 e u e H n w  H e r  WCTOYHWKOB COn ( ~ a n p w ~ e p ,  .qIoari H a x o m r c R  B 
n o a r e q e ~ ~ ~ ~  JO npoaezesrin 3 K c n e p r i h r e H r a  w B ~ a s a n b ~ ~ i r  h f o h I e H r  B~IBOASITCR 1i3 
no~ieqesiisr), 113 B b I p a x e H w H  (1) npn C=O n o n y r a e r c R  

1 K . , - - K b  
S = t I n  

4, - K b  

l l o n p e ~ ~ o e  B b r p a i K e H I i e  cosnanaer c npea~~oxe~ao i i  Seidel Qop~rynok AJIR pac- 
¶era KPaTHOCTH B O ~ J Y X O O ~ ~ I ~ H ~  S. 

T a ~ w ~ i  06pasos1, n 0 , l y W H H b I e  p e 3 y A b T a T b I  nO3BO.qRloT O ~ O C H O B ~ H H O  nO. lb -  
3 0 B a T b C R  II3BeCTHblSIH B J I l i T e p a T y p e  @0phi) 'JIa~lH AJTR P a C q e T a  KPaTHOCTH B 0 3 -  
~pxoo61re~a B n o . \ i e u e s a R x ,  n p r i a r e H R n  B K a r e m s e  w H n r i K a r o p a  K o H u e H r p a -  
UHK) COz. O A H ~ K O  B b r p a i t t e H I I e  (1) ~ O J H O  R Arm T e x  u y s a e B ,  K o r A a  wHAr lKa- ropa -  
&!H C;IYMT m6oe  Apyroe x w a r u s e c K o e  seqecrso. 

Jl M T E P A T Y P A. M a p 3 e e B A.  H. K o a r . \ l y ~ a n b ~ a ~  rerrreaa. hi., 1951.- 
fit H H X X. -4. ' ~ ~ ~ T O S I M  THTHeHHYeCKHX M C C . ~ ~ ~ O B ~ H H ~ ~ .  hi . ,  1967. 

nocrynena 2O!VII 1978 P -  


	Button10: 


