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There are both technical and medical hygienic needs for accurate and useful methods to measure 
air recirculation in ventilation systems. This is possible by analysis of the C02-concentrations in 
outdoor air (C1) and at two well-defined points before (C1) and after (C3) the mixing point for 
recirculated and fresh air. The percentage of recirculated air in the mixed inlet air is represented 
by the quotient 100 (C3-C1)/(C1-C1). The accuracy of the method is excellent when the C01 
concentrations are determined with a sensitive instrument, 1uch as an IR spectrophotometer. 
However, detector tubes for C01-analysis obtainable on the market today are not usable in this 
~ituation. Air recirculation in peopled spaces could result in C01-concentrations in the inlet air 
which are considerably higher than 500 µLIL. 

INTRODUCTjON 

Air recirculation is used to an ever increasing 
extent to save energy. Sometimes more than 80 % of 
the exhaust air is recirculated in office buildings. In 
addition, unintentional air recirculation could occur 
due to inappropriate locations of air inlets and outlets 
outside the building. 

Air recirculation can be determined by measuring 
the c~mcentration of a suitable tracer, .e.g .• carbon 
dioxide emitted from residents and indoor activities. 
The ace1uacy of this method is excellent when the 
tr-acer is precisely determined with a sensitive instru~ 
ment, such as an lR spectrophotomet~r (BjurstrOm el 
al. 1986; Gothe et al. 1988). In screening situations 
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Fig. 1. Airflow in ventilatit>n syuems with partial air recircula
ti9n. "Q" represenu flows ,and .. C" tracer concentT11tions. 
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Table l. Results of CO. measurements (µLIL) with an IR spectrophotometer (Miran IA). 
The, recirculation valve was manually adjusted. 

co, Concentrations (µL/L) 

InJ.et Recirculated Mixed 
Air (C.J Air (C,) Air (C,) 

.-.1 

350 765 455 

350 885 620 

350 • 
..... : .. 

1058 865 

and for routine tests, simpler methods for tracer anal
ysis would be useful. The purpose of the present 
study is to examine if commercially available detec
tor tubes for C02 analysis could be used in such 
situations. 

In a typical air recirculation system, the air
flow runs according to the skeleton §ketch pre
sented in Fig. 1. If the .airflows in different parts 
of a ventilation system:is ·represented by the desig
nations Q1 to Q5, the fraction of recirculated air in 
the inlet air will be represented by the quotient Q2/Q3. 
If the tracer concentration in corresponding parts of 
the ventilation system is represented by C1 to C3, it 
can be shown that 

·. \ 

Air Rec~rculation (%) 
.•: 

Valve 
Calculated Adju§trnenb ; 

25 25 

50 50 

73 75 

METHOD 

.i .. 

•I 

... j• 

The air recirculation was measured in a ventilation 
system supporting a lecture theater. It was possible 
to manually adjust the recinculation valve to different 
reci.r .. culation levels and to measure the C02 concen
traffon directly in the recirculated airflow. The lever 
scale was calibrated with direct flow measurements 
in the ventilation ducts with a technique recommended 
by··1he Nordic Veniifation Grirnp, (Svensson 1983). 

The measurements were done with an IR spectro
photometer (Mfran lA, Wilks, Foxboro Co, USA) at 
the cuvette length ·bf 0.75 m, slit 0.5 mm and wave 
length 4.25 µm. Calibration was performed with known 
concentrations of C02• The probes were inserted into 
the,~ v;entilation ducts through drilled holes at such a 
distance from the mixing point that the airstreams 
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:Q3C3 (Glrtbe et al. were mixed as indicated by constanf C02 concentrations 

1988). Thus, a quotient between flows is identical to during the 'measliring period. The results were com-
a quotient between differences in tracer concentra- pared with concomitant measurements performed with 
tions (BjurstrOm et al. 1986; Gothe et al. 1988), and the following types of C02 detector tubes: Auer PR 
it.is possible Jo calculate the air"rycir.c.ulationjr.om .. ,, 817 (Auergesellschaft GrJ!.bH/-Bei"lin), Dr~ger CH 
the tracer co~centrations in the inlet air from outside, ''''·30801 (Dr!lgerwerk'~G/Liibeck) and Kitagawa 126 
(C 1) and in. t~e vent.i.lation ducts_ before (C2) and aft~r ... B (l).omy<;>s;Rikagalru Kogyo K.K., Japan). The detec-
(C3) the mtxmg pomt. tor tubes were inserted into the ventilation ducts through 

Suitable tracers are natural)y occurring contami- the sami holes as 'tlle spectrophotometer probe, and air 
nan ts (e.g., C02) or artificial tfa~ers (e'.~" fluorocar- . was sucked through the . tubes with standard pumps 
bon-12 or sulfur-hexafluoride). If the temperature delivered by the tul)e manufacturers. 
gradients are large enough, it is even possible, at 
least theoretically, to use the temperatures in corre- , 
sponding points as a tracer. Often, the most suitable 
tracer is C02, because it is continuously emineq in 
exhaled air from residents. This results in increased 
C02 concentrations in the outlet air from peopled 
rooms in the building. This increase is usually large 
enough for calculati .. ng !h.e air r~~.ir.culation when the 
carbon dioxide concentration is estimated with a sen
sitive method, such as IR spectrophotometry (G~the 
et al. 1988). 

In the detector tubes, color r.eactions occur which 
.1 : •)( . .. 

are proportionate tQ the C02 concentration. At low 
C02 levels, the,Jength of th~ ~olored part of the tube 
is shon, .. the colbr,r~action iS\veak and the borderline 
next to uncolored parts could be rather diffuse. To 
elimi~ate a possible 'readet's bias, three persons, in
<,lependently of eac.h otber4 r.ead off the tubes at one 
of the experiments. In .. another .experiment, two con
secutive C02 measurements were performed, and the 
two sets of reactor tubes were read by one person. 
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Evaluation .of C02 detector tubes 

RESULTS 

As appears from Table 1 there.is a good agreement 
between the valve adjustments based on direct flow 
estimations and the calculat~d air recirculations when 
the C0 2 concentratipns are determined with an 
IR spectrophotometer. Air recirculation resulted in 
high concentrations of C02 in the mixed air distrib
uted to the lecture theater. 

It is obvious from Table 2 and Table 3 that the air 
recirculations calculated from detector tube readings 
not only demonstrate large spread and unsatisfactory 
precision, but the results could even be preposterous 
with values below 0% and above 100% when the air 
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recirculation is calculated from the medians or means 
of the detector tube recordings. 

DISCUSSION . •:r 

It is possible to estimate .the extent of air recircu
lation in ventilation systems by accurate analysis of 
the C02 concentrations in outdoor air and at two 
well-defined points in the ventilation ducts (Gothe et 
al. 1988). 

IR spectrophotometers have a high precision for 
analysis of C02, and their sensitivity is sufficient for 
the C02 concentrations occurring in the background 
atmosphere and ventilation. ducts. It is important to 
calibrate the instrument for G02 concyntrations around 

) \ , ·- , .. , (' • . ....... , ' 1 ~: ~) . ~' '. 
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,'fal>le.2. ComP'arisoii between CO, measurements with an IR spectrophotometer (Miran lA) and three types of reactor tubes. The mid-
' point of th~llo,tal variation width of reactor tul>~readings performed independently by three persons is accounted. c, . 
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n: 
co, Concentrat,i,qns (µL/L) 

: 

'I· 

: 

Met hod 

~ )C 

Miran 

Inlet 
.. 1 Air <q~! 

386 

,Auer 
.. 

25.ll77Jl0 

_.l j},00 .;· ~-.r ... 

~:·\Drager 3o<Ji.'350. 
,, 325 
"' 

'·Kitagawa '250-260 

" A 260 
";.,.L 

Reci rcul"a ted 
Air (C,) 

.J 
596 

200-700 
450 

350-'4'50 
J" 1109. 

.: 410-5·00 
470 

ti.•~- ·1 •• 0: 'I :.,• J ' 1 -.1' 

~ ·. ~ ., ·ir.~cul.ated from .the, medians.·, 

; ' _;, 

' • :·, r 
'1 " -

Mixed 
Air (C,) 

464 ,;,J 

200-800 . 
400 

300-450 
375 

370-390 
390 

(. 

, . 

~~r Recirculation (%) 

v;t,1ve1: 
Calculated Adjustjment.J 

37 33 

67' 33 
.: 

67' 33 

62' j 33 
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i...;:h . ,. 

;, . , 

.. 
; 

.. ' • t 

' 
t ;j,~ 
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Table 3, ·~omparis°'1 between C:Oi measurementw.with an IR Spectrophotometer and;three"type~ of reactor tub~s::The mean of the mid~ 
points of the ,variation ·"Yidt,~.s of detec!or tube recordingi 'read1by one'perscm oiftwo sets of reacto'tiiubes. 
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' ' ~ Sl°'J 
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479 

0-700 •.·· !l 
37 5 ~ \ J 
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350 to 1500 µL/L, because the calibration curve for 
C02 is curvilinear at these concentration levels. The 
IR spectrophotometer reacts rapidly to minor fluctu
ations in the C02 concentration. Therefore, it is im
portant t.o avoid contamination of the analyzed air 
with exhaled air from the operator. 

When the C02 concentrations are not stabilized, 
as, for example, when people are gathering in a lec
ture theater or a cinema, the recirculation quotient 
(Q2/Q3) is constant irrespective of the C02 level 
(Gothe et al. 1988). In such situations, however, it is 
essential to measure the tracer concentrations simul
taneously at the different measuring points. In large 
office buildings, the C02 concentration in the outlet 
air increases in the morning when people come to 
work and decreases in the afternoon when they leave 
their workplaces, but during the day the concentra
tion is more stable. 

The C02 concentrations in atmosphere and venti
lation ducts are usually lower than 1000 µL/L. Two 
manufacturers of the examined detector tubes do not 
recommend them for detection of C02 concentrations 
below 0.1 % (1000 µL/L), but th.e measuring range for 
one of the tubes is. specified from 100 to 1500 µL/L.. 
However, it is obvious that none of the examined 
detector tubes is suitable for measuring air recircu
lation in ventilation systems. 

On a global basis, the atmospheric C02 concentra
tion demonstrates a slow long-term increase (Gam
mon et al. 1986). There are seasonal variations with 
lower concentrations during the winter; in the north
ern hemisphere, they usually fluctuate between 

K. Ancker et al. 

335 to 340 µL/L in winter and between 340 to 345 µL/L 
in summer (Keeling et al. 1984). In densely popu
lated areas, large local variations can occur, and it is 
recommended that the background C02 concentra
tion is estimated as a standard procedure. 

According to the Swedish Building Code (1983) 
the concentration of C02 in the inlet air to rooms 
"where people permanently stay" ought not to exceed 
500 µL/L. Air recirculation can result in C02 concen
trations in the inlet air to populated rooms which are 
considerably higher than this recommended limit value. 
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