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Abstract 

There are both technical and medical-hygienic needs of accurate and 
useful irethods to OEasure air recirculation in ventilation systems. 'lhis is 
possible by analysis of the ~centrations in outdoor air (C1) and at 
uoo well~etined points before (C2) and after (C3) the mixing point for 
recirculated and fresh air. The percentage of recirculated air in the mixed 
inlet air to the interior of the building is represented by the CJ.iOtient 
100 x ( C3 -<:i) / ( C2 -<:1) • The accuracy of the method is excellent tohesl the 
°'2-concentrations are determined with a sensitive inst:runent, such as an 
IR-spectrqihotaneter. Ebwever, detector tubes f= <D2-analysis obtainable 
on the market today are not usable in this situation. Air recirculation in 
peopled spaces could result in <D2-concentrations in the inlet air 1ohich 
are considerably higher than 500 EPII· 

Intrcxiuction 

Air recirculation is used to an ever increasing extent to save enecqy. 
In the Scandinavian countries during wintertine, up to 00 percent of the 
exhaust air could be recirculated in office buildings. In addition,non
Ultentional air recirculation could occur due to unapprcpriate locations of 
au inlets and outlets. 

Air recirculation can be determined by measuring the concentration of a 
suitable tracer, e.g., carbon dioxide (<D2) emitted fran residents and 
indcor activities. The accuracy of this method is excellent "'1erl the tracer 
is precisely detennined with a sensitive instrument, such as an IR-spect.nr
prot.ooeter (l,2). In screening situations and tor routine tests, 11Cre 
5l.Jlllle nethods for tracer analysis ..iould be useful. The purpose of the 
present study has been to examine it ooomercially available detector tubes 
for o:>ranalysis could be used in such situations. 

Meth:rl 

outside the building 

Mixing point 

Inside of building 
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In an air recirculation system, the airflow runs according to the 
skeleton sketch on the preceding page. 

If the airflows in different parts of a ventilation system are 
represented by the designations OJ. to Q5, the fraction of recirculated air 
in the inlet air will be represented by the quotient CQ_/Q3. If the tracer 
concentration in corresponding parts of the ventilation system are 
represented by c1 to C5, it can be shown that the following equati on is 
valid 'When OJ. + CQ. = OJ and Q1C1 + 02C2 = OJC3· 

Thus, a quotient between flows is identical with a quotient between 
differences in tracer concentration (1,2). 

Often, it is not possible to measure the tracer concentration in the 
recirculation duct (C2). because this duct usually is too short or totally 
lacking. In these cases the tracer concentration in the outlet.duct (Cot or 
C5) is a gcx:xi est:iJtation. 

suitable tracers are naturally occurring ccnt.aminants (e .g., CD.!) or 
artificial tracers (e .9., fluoroc:ailxln-12 or sulfur-hexafluoride). If the 
r.emperature gradients are large enough, it is even possible, at least 
theoretically, to use the temperature in the ventilation .ducts as _a . 
" tracer". As a rule, the nos't. suita~e trader is a:>2. which lS 61\ltted ln 
exnaled air and fran different indcor activities. Ttus resul't.S U1 increased 
00

2
-ccncentrations in the outlet air fran peopled roans in the building. 

At the examinations reported here, the air recirculation was measured in 
a ventilation system supporting a leci:.ure theater. In this system, it was 
p:Jssible to manually adjust the recirculation valve to. di ff~rent . 
recirculation levels and to measure the mi-o:incentrauon directly in the 
recirculated airflow. The measurements were dcoe with an 
IR- spectrcpootaret.er (Miran lA, Wilks, Foxl::Oro Cb, USA.) at the cuvet.te 
length of o. 75 m, slit O. 5 mn and wavelength 4.25 pn .• The 
IR-specr.rophotcmeter was calibrated with known ooncentratJ..ons of c:ni· The 
results were canpared with concanitantly m?asurements perfonned with 
detector tubes for mi of types Auer PR 817 (Auergesell.schaft Qri:JH, 
Berlin), Drager CH 30801 (Dragenoierk PG, Ilibeck) and Kit.aga1.a. 126 B (KanyO 
Rikagaku Kogyo K.K., Japan). 

In the detector tubes a colour reaction occurs W.ich is proportionate to 
the OJ.!-concentration. At low mi-levels this colour reaction is weak, and 
the borderline against uncoloured parts of the tube could be rather 
diffuse. For elimination of a possible "reader's bias" three persons read 
off the tubes independently of each other at one of the experiments 
(table 2) , and at another experiment (table 3) t'NO 002-measuraients were 
perfonned imrediately after each other, and the t'NO sets of reactor tubes 
were read off by one and the same person. 

:- -.. ~ .-- . , ... -..:.. . ,, ' 
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Results 

Table 1: Resul't.S of_m2-rneci.suranents (ppn) with an IR-spectrofi1otcmeter 
(Ml.ran lA). The recirculation valve was manually adjusted. 

OJ2-concentrations (ppn) Au recirculation (%) 
Inlet Recirculated Mixed Valve 

air (C1) air (C2) air (C3) Calculated adjustm:mt 

350 765 455 25 25 

350 885 620 50 50 

350 1058 865 73 75 

.As appears fran table l there is a good agreement between the valve 
ad]ustm:mts and the calculated recirculations, W'l.en the m 2-concentrations 
are determined with an IR-spectrophotaneter. It is also notable that air 
recir?1lation ~ld result in hi~h roncentrations of mi in the mixed inlet 
ai.r, if the building or ventilation segment is densely peopled. 

Table 2: Canparison between OJ2-rneasurements with an IR-spectrophotaneter 
(Hl.ran.lA) and three types of reactor tubes. The midpoint of the total 
variation width of reactor tube readi03s perfarmed independently by three 
persons are a=onuted. 

mi-concentrations (ppn) Air recirculation (%) 
Inlet Recirculated Mixed Valve 

Method air (C1) air (C2) air (C3) Calculated adjustm:mt 

Miran 386 596 464 37 33 

Auer 250-700 200-700 200-000 67* 33 
300 450 400 

Drager 300-350 350-450 30Q-450 67* 33 
325 400 375 

Kitagawa 250-260 470-500 370-390 62* 33 
260 470 390 

• Calculated fran the rredians. 

-~ t ~ .. - « · I 
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Tabel 3: As tabel 2. The mean of the midpoints of the variation widths of 
detector tube recordings read by one and the same person on t..io sets of 
reactor tubes. 

o::>i-concentrac:ions (ppn) Air recirculation {%) 

Inlet Reci["l:ulat.ed Mixed Valve 

Method air (C1) air (C2) air (C3) Measured adjustment 

Miran 410 513 479 67 66 

Auer 0-500 350-1000 0-700 
225 575 375 43 66 

Drager 300-400 350-450 200-400 
325 380 290 < O* 66 

Kitagawa 300-300 350-400 375-400 
300 375 390 > 100* 66 

* Calculated fran the m:ans . 

It is obvious fran table 2 and table 3 that the air recirculations 
calculated fran detector tube reading not only denonstrate large spread and 
unsatisfactory precision, but the results could even be preposterous with 
values below 0% and above 100%. 

Discussion 

It. is _(X)Ssible to estimate the extent of air recircula.tion in vent.ilat.ion 
systems by aca.J~te analysis of the mrconcentrations in outdcor air and at 
t:wo ~11-defined points in the ventilation ducts. 

lR-spectrophot.aneters have a high precision for analysis of CD2, and their 
sensitivity is sufficient. for the <n2-concentrations occurring in the 
background atnosphere .and ventilatioo ducts. It is important. to calibrate the 
instrunent. for m2-conoentrations around 350 to 1500 EPI'' because the 
calibration curve for mi is curvilinear at this =ncentrat.ion level. A 
sinple and conveni ent method to reduce the background level of <X>i is to 
adjust the zero-point. of the spect.rophotalEter to the mi-level in inlet. .air. 

The IR-spectrOElhat.aneter reacts rapiQly to minor fluctuations in the 
COz-<:011centration. This is important. when the o::>i-ccnC:ent.rat.ions are unstable 
abd rapidly .fluctuating, such as the s ituation could be when people are 
gathering in a lecture theater or a cinelta. In large office buildings, the 
OJi-concentrat.icn in tbe out.let. air increases in the m::>rning when people ccrne 
to work and decreases in the aftemcon when they leave their 11«:>rkplaces, hit 
during the day the situaticn is usually st.able. 
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'I\.o of the ~ucers of the examined detector tubes do oot r~ 
~ for detection of ffii-concentratiCXlS bel.aw' 0.1% (1000 R;Xll) but the 
thi.rd one sets out the ~as~ing range for their product to 100 to 1500 
~· 'fue COrconcentrauons 1.0. at.rrosI)here and venti.lation duet.s are usuall 
lower than lO<J? ppn. However, it is ctlvious tilat all examined detector y 
tubes are unsuitable for control of air recirculation in ventilation 
systans • . At the current 002-concentration both the resolution and 
reproduci.bi.lity of the examined detector tubes are.unsatisfactory. 

'I'ne atllOspheri: CO~entration is relatively stable b.Jt. denonst.rates 
sane seasonal vari.at;ions with lower concentrations during the cold than the 
warm season: In . the nc:>tthern hemisphere, it usually fluctuates between 335 
tO 340 ppn in wi.nt.erume and between 340 to 345 ppn in sunmerti.me (3). In 
~ly populated areas, hcll.iever, large local variations could occur, and 
it is recamiended that the background mi-concentration is controlled as a 
staroard procedure. 

Acoor<lin<? to the ~sh Building O::x1e (4) the concentration of mi in 
the inlet ai.r to roans 11.tlere people permanently stay" ought not to exceed 
5?0 !'EJ!I· In ~e tabl".!s thi~ limit value refers to the ffii-cOhcentration in 
nuxed Lnl.et air · It . is obvious that air recirculation could result. in 
CD2-concentrat1ons i.n the mixed inlet ai.r which are considerably higher 
than thi.s recaimended limit value. 
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