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TI{E EFþ.ECT OF I'{ECHANICAL VENTILATION ON RN' NO2

AND CH2O CoNCENTRATT0NS rN LOI^I-LEAKAGE IIOUSES

AND A STUPIN REMEDIAL MEASURE FOR REDUCING RN

CONCENTRATION

R.S. Dumont,
Prairie Regional SEation, Division of Building Research, National Research
Council Canada, Saskat.oon, Saskatchewan

ResulEs of air quality measurements are presented for a group of low-leakage
houses located in Saskatoon, SaskaÈchewan. Houses were tested for
forrnaldehyde, niÈrogen dioxide, radon, aàd hurnidiEy levels.

The median level of formaldehyde was 0.09 pprn, sllghtly lower than the
gufdeline of 0.1 ppm. Elevated levels of formaldehyde (>0.1 pprn) were found
in 18 of. 46 houses. The median level of radon was 3.0 picocuries/litre,
slightly lower Ehan the guidellne ot 4 pCi/L. Elevated levels of radon
(>4 pCí/L) were found in 12 out of 44 houses. The median level of niÈrogen
dioxide was 4.6 ppb, considerably lower than the guidellne of 50 ppb. No

houses were found with elevaÈed nitrogen dioxide levels (>50 ppb). Those
houses lackíng a mechanical ventilat.ion system had considerably higher
fncidences of elevated fornaldehyde concent.rations than those incorporating
mechanical ventilation.

Reprínted from the
and Abatement Meas

transactions Indoor Air Oualltv ín Cold Clirnates: Hazards
ures publÍshed in 1986 by the Air Pollution ConÈro I

Associatíon (reprinted with permission).
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TIIE EFFECT OF MECHANICAL VENTILATION ON Rn, NO2 AND CII2O CONCENTRATIONS IN
LOVT-LEAKAGE HOUSES AND A SII'{PLE REMEDIAL MEASURE FOR REDUCING Rn
CONCENTRATION

Introduction

In recent years, a large number of houses have been constructed 1n the
Canadian pralrle region that have been sealed to a conslderably higher
degree than conventlonal housing. A I98l report by Dumont and OrrI includes
pressure test values for a group of 40 houses that were speclally sealed.
On average, these houses had equlvalent leakage area values Ehat, wete 5374 of
those in conventlonal houses. (See Table I).

As part of an ongoing research projecÈ, testlng was done on the levels
of selected pollutants in a group of these low-leakage houses. None of
these were lnsulated wLth urea fornaldehyde foan insulation (Up¡'t).

A number of guidelines exist for air pollutant levels. A frequently
quoted standard is the document "Ventilatlon for Acceptable Alr Quallty"
produced by the ArnerLcan Soclety of lleaÈing, Refrlgerating, and Air
Conditloning Engineers (ASHRAE).2 Values for formaldehye, radon daughters,
and nitrogen dioxide are presented in Table II.

In 1982 a prelirninary alr quality survey of 5l houses ln the Saskatoon
area lúas undertaken Eo determine levels of formaldehyde and radon daughters.
The survey included houses of varyLng ages and alrtightness levels.

As shown in Figure l, a number of the houses exhibired higher levels of
fornaldehyde gas. Usfng the ASHRAE criterion of 0.1 pprn, B of the 5l
Saskatoon houses had elevated formaldehyde gas levels. 0f particular
lnterest 1n this initial survey was the relatlonship between formaldehyde
levels and the airtightness of the st,ructure. Figure 2 present.s the
relaEionship between formaldehyde levels and the pressure tesE reading for
each house. IE shows ÈhaÈ Ehose houses wiÈh higher formaldehyde readlngs
were generally among the more airtlght of the sanple. (It should be not,ed
that Èhe airtightness of the structure l-s not a dlrect measure of the alr
change rate, as many of the more airtight houses have conÈrolled ventilation
systems. These sysÈems can substanÈially increase the amount of ventilaEion
compared to naÈural ventilatlon from sÈack and wind effects.)

In the 1982 survey, radon daughter levels were also measured using the
Terradex Track-EÈch DeÈector. The results are presented in Ftgure 3. Using
the ASHRAE level of 0.01 working levels as a cut off, 17 of 43 houses* had
elevated radon daughter levels. A plot of the radon daughter levels as a
function of the pressure test readings for the houses ls presented in
Flgure 4.

1983 Study of Saskatoon Houses

As a follow-up to the 1982 study, a survey of formaldehyde, nitrogen
dioxide and radon gas levels was conducted in 1983 in a sample of 46 houses
in Saskatoon. The houses had all been bullt since L978, and were chosen
because they had a pressure Eest reading of less than 2.5 air changes per

*Due to equipment failure, not all of the EesËs were successfully completed.
In this case, although 46 tests were conducted, only 43 were successful.
Throughout this paper, reference is nade only to successful tests.
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hour (ac/h) at 50 Pa. The average pressure test reading for the 46 houses
Idas 1.33 ac/h aÈ 50 Pa. This is considerably tighter than the value of
3.6 ac/h at 50 Pa which was reportedl as an average for conventional houses
bullt during Èhe period 1960-1980 in saskatoon. The houses were of
wood-frame construction and the rnajority had concrete cast-ln-place
basements.

For steady state conditions, the concenÈration of a pollutant within a
well-mixed space nay be expressed as:

where C" = concentraÈion of polluÈanE within t.he space (nass/volume)
Co = concentration of pollutant aÈ Èhe source of the ventilation air,
. i.e., outside air (rnass/volune)

N = net pollutant generation rate within the space (urass/tíne)
V = volume rat.e of air exchange (volume/tine).

A high concentration of pollutant within the space may occur under any
or all of three conditions:

o hfgh outdoor concentration (Co) 
.

o high pollut,lon generaEion rate (N)

o low ventilation rate (V).

Test Procedure for Air Quality Measurements in the 1983 Study

Fornaldehyde

Formaldehyde E.est.s were made in the houses uslng Drpont Pro-t.ek passive
badges. Two badges, each of whích was exposed for a one-vreek period, !Íere
placed in the living areas (generally the dining or living rooms) of each
house. The badges were analyzed in a laboratory in Toronto. The
measurements were Laken from January 3 to January 21, f983. During this
Eime, the average outdoor t.emperature was -lloC, and the average wínd speed
r¡ras 13 km/h. A table presenting Ehe E,esE. results fn detail is contained 1n
an earlier paper by Dumont.3

Radon Gas Tests

Radon gas level Eests in the houses were made uslng Terradex Track-Etch
passive deEectors. The particular det.ector chosen has a filter which
minimizes the conEact of dusÈ particles wiÈh the detector; hence only the
radon gas and not the radon daughter concentratlon is measured.
Measurements \dere made from .Ianuary to April 1983.

Appendíx A presents a discussion on the consisÈency of the fornaldehyde
and radon sensor readings.

Nitrogeo Dioxide TesEs

Nitrogen rlioxide tests, one per house, were rnade during a week in early
January using a passive deEecEor. The tesÈ badges were processed by HealEh
and trlelfare Canada. In addition to these three tesÈs, data were gathered
for each house, as follows:

a

/vC"=Co+tt
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t.
2.
3.

Pressure tesÈ result at. a pressure difference of 50 Pa
Type of heatlng system
Type of ventilation system used
a. None
b. Fresh air duct int.o plenum
c. Air-to-air heat. exchanger
Type of air-to-air heat exchanger
Nunber of occupants during day and night periods
Inslde temperature and relaÈive humidity during formaldehyde
tesÈs
Area of parÈicle board
Number of wood heaËing appliances (wood stoves or fireplaces)
Number of cigareÈEe or clgar smokers.

4
5
6

7

B

9

TesE Results

The formaldehyde levels for each house are presented tn Figure 5. The
values shown are the average of the Èwo readlngs Èaker'. The median value
for the 46 house sample was 0.09 pprn, with 18 houses having values greater
than 0. I ppm. A plot of formaldehyde levels as a function of indoor
relaËíve hunidlEy is shown in Figure 6. A plot of the formaldehyde levels
as a function of the amount of particle board in each house is shown in
Figure 7.

The result,s of the radon gas Èests are shown in Figure 8.
44 houses successfully test.ed, 12 houses had radon gas levels
4 picocurles per litre, which 1s the USEPA remedial criterion.
value for these 44 houses was 3.0 picocuries per litre.

of rhe
Ehat exceeded

The median

The results of the nlÈrogen dioxide t.esE,s are shown ín Figure 9. The
median level for the 46 houses was 4.6 ppb. The houses r{ere dlvided lnto
four cat,egorles, depending on Ehe presence or absence of wood appliances and
smokers. The results were as follows:

Caregory NO

pp )(
2
b

Nurnber
of llouses

No wood appliances, no smokers
No wood appliances, smokers
I.Iood appliances, no smokers
Wood appliances, smokers

3.5
s.3
5.I
5.6

T2
4

2L
9

Discussion

Formaldehyde

The medlan formaldehyde level was 0.09 ppm, wlth values ranging
between 0.033 and 0.24 ppm. The houses with higher fornaldehyde readings
tended Èo have higher relative hurnidities. Of the I houses wlth relative
humidity (RII) values less than 30%, none had formaldehyde readings greaÈ,er
than 0.1 pp¡n. Of the 6 houses with RH values greater than 40%r 2lr.ad
fornaldehyde readings greater than 0. I ppm. A plot of Èhe relationship
between formaldehyde and interior relative hunidity is shown 1n Figure 6.
Assuming constanÈ moisture generation rates in the various houses (on an
equivalent volume basls), low relative humidlty values are a result of
higher alr change rates. Thus the relationship between fornaldehyde and
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relative humidity is not. unexpect.ed. There is a secondary effecE, since
Ehe formaldehyde offgassing rate is known to increase wit,h higher
hunidities.

Higher formaldehyde readings rdere also associated with the houses that
did not have a mechanlcal ventilation syst,em. Fifty percent of the houses
with no mechanical ventilaE,ion system showed formaldehyde leve1s greater
E,han 0.1 pprn. OnLy 27% of those that had mechanical ventilation showed
levels great.er than 0.1 ppm.

As part of Èhe survey, measurement.s were made of the area of particle
board contalned within each house. The range of particle board areas varied
frorn 0 to 3ll m2. In addition, there were oÈher fornaldehyde-euriEting
sources wiÈhin the houses (some carpet.s, permanent. press fabrÍcs, hardwood
plywoods) t,hat, were not quantified. As shown in Figure 7, there was weak
posiEive correlation (correlation coefficient = 0.36) between the
f<¡rmaldehyde level and the amount of part.icle board in Èhe houses.
ObservaEions or measurements were not made on other facEors, such as Èhe age
and brand of the partlcle board, the type of covering on the parÈicle board,
tobacco smoke and oEher sources of forrnaldehyde.

A house can have a low formaldehyde reading by havlng efther a low
volume of formaldehyde-emitting sources or a high alr change rate. Due to
unavailability of equiprnent, air change measurements were not made during
Ehe period Ehe formaldehyde readÍngs were taken. It is possÍble to estimate
the air change rate of those houses EhaÈ dld not have forced ventilation
sysËems by using the pressure tesE dat,a. Shaw4 presented a correlation
bet,ween the air change raÈe and the pressure test, data, wind speed and
outside alr temperature. The correlatlon equatlon when the wind speed is
greater than 3.5 m/s and the temperature difference is greater than 25 K, is
as follows:

I=4.539
V

where I = air change rate (n-l )
C = constant from pressure Eest (L/
V = volurne of house (nr ).

(s-pan) )

Values for C, V, and I for the houses in the survey lacklng forced
ventilation systems are presented in Table III. As may be seen from the
table, the calculated average lnfÍltration rate for these houses was
0.21 air changes/h, and the corresponding average formaldehyde level was
0.106 pprn.

Radon

The ¡nedlan radon level-for the houses'nas 3.0 pf.cocuries per litre,
wiÈh the values ranging between 0.82 and 9.44 pCj-/L. The readings were all
taken in the lowesÈ levels of the houses, which rdere generally not
occupied.

A number of houses in the study (12 out of 43) had radon gas
concentratí.ons exceeding 4 pícocuries per litre. A possible source of the
radon was t.he soil underlying the concrete floor. I,Iork was carried out Eo
deÈernine the radon concentration in the floor drains, which are connected
directly to Èhe weeping tile in these houses. In additlon, the effect of
blocking the floor draln to linit radon gas entry Ínto the basement was
lnvestigated.
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The results of measuremenËs of the radon concentratlon 1n the floor
drain and in the basement alr are presented in Table IV for a group of 7

houses. The radon gas measurements were taken using the Terradex Track-Etch
detectors.

As may be seen fron the table, the radon concentratlons in the floor
dralns rüere very hlgh, ranglng from 52. I to 413.3 pCL/L, with an average of
I79 pCí-/L. In each of the houses tested, the weeping Èile was connected
directly to the floor drain. Consequently the radon can mlgrate freely fron
the soil through the weeping t1le and into it. If the floor drain is capped
to prevent air flow from the floor drain into the basement, a substant,ial
reduction in radon conceritrations in the basement alr would be expected. 1o
determine if this reduction would in fact occur, tesËs were performed on 10

houses. The results of this remedial measure are presented in Table V.

As may be seen from Table V, 1n 8 of the 10 houses, the radon
concentratlons dropped. There was on average a reduction of 4ó% in the
radon concentraÈlons ln the basement air after the floor drains had been
sealed.

One rnajor difference between the two sets of measurements was that the
1983 neasurements were taken in the perlod from January t.o April, and the
1984 neasurenents were t,aken in the period from June to August. As the
houses all had controlled ventilatlon systens which were internittently
operated, it Ís difficulc to make firm conclusions as to whether the air
change rates in the houses had increased or decreased from the first period
to the second. In houses lacking forced ventilation systems, the alr change
rate ln the sumner is usually srnaller, assumfng thaË the windows are closed.
Ihls reduced air change occurs because the sEack effect due to temperature
dlfference between inside and outside is lower.

A followup study would be of interest to confirn that the perforated
floor draln cap is a major radon entry paÈh in those basements with the
weeping tíle connected directly to the floor drain.

Nltrogen Dioxide

The nedlan value for the N0, readíngs was 4.6 ppb, wlth values ranging
between 0.7 and I3.3 ppb, well bèlow the ASHRAE guidellne of 50 ppb. Three
of the four houses with readings above lOppb had either wood stoves or
fireplaces. The fourth house, with a reading above 10 ppb, had 2 smokers
v¡ith clgarette consumption levels of I pack (20 cigarettes) each per day.
The houses wiÈh no wood appliances and no smokers averaged 3.5 ppb, and
those with both wood appllances and smokers averaged 5.6 ppb.

Ventllation Systens

In this study three types of ventilatlon systems were used in the
houses:

7" No. of houses

åo no mechanical ventilation
b. fresh air duct lnto return air

plenum of forced air furnace
c. air-to-air heat exchanger

10.9
23.9

5

1l
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As mentloned earller ln the paper, Èhose houses lacking an alr-to-alr
heat exchanger system had a conslderably htgher l-ncfdence of elevated
formaldehyde readlngs than those houses with an alr-to-al-r heat exchanger.
Based on these data, it would appear that contLnuous mechanlcal ventllatlon
would help to reduce air pollutlon levels.

ReconmendaÈl-ons

The results of this study indlcate a number of areas for further work:

l. Future sÈudles of thle type should lnclude direct measurements of the
air change rates in the houses using tracer gas or other appropriate
means.

2. Remedial rsork on those houses exhlbiting levels of pollutanÈs higher
than the standards should be undertaken.

3. Investigations should be undertaken t,o determine the source of the radon
gas. An area that is likely to be a strong source ls the floor draLn,
through which radon can leak into the house from the soil via the
weeplng tile system, partlcularly when lt ls connected to the drain
above Èhe trap.

4. Further work should be done on ldentlfytng formaldehyde sources ln
houses and fn deternlnlng their strength.

Appendix A Consistency of the Radon and Formaldehyde Sensors

Iìrrl-ng the al-r quallty measuremenËs, a number of cross-checks were made
with the radon and formaldehyde sensors, primarl-ly to ensure that the
companles supplyfng t,he sensors and dolng the analyses were providing
conslstent readings.

Radon

During the course of the experlment, groups of 5 sensors were placed
slde-by-side 1n two locations. The first location for the slde-by-slde
check was in a crawl space area Èhat was known to have elevaLed radon
levels. The results for the five sensors, all of which were placed side by
side, were as follows, when read at the 1.0 pCi/L-month senstÈlvtty level.

Sensor No. Radon reading (pCi/L)

D9t
D92
D93
D94
D95

.48

.73

.43

5
5
6
4
5

90

average = 5.59
standard devfatlon = 0.56

A second check, again uslng 5 sensors placed side by slde, was
performed ln a well-vent,llated laborat,ory. The results for thLs cornparlson
are shown below:

40
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Sensor No. Radon reading (pCl/L)

D96 0.27
D97 0.14
D98 0.22
D99 0.r2
Dl00 0.17

average = ;;'
sEandard devfatlon = 0.06

Fornaldehyde

A side-by-side check was performed on the DuPont serisors. A total of 4
sensors were placed slde by slde in one house for a one week period. The
readlngs were as follows:

Sensor No. Fornaldehyde level (ppm)

0.07 r
0.076
0.078
0.088

average = 0.078
sEandard deviation = 0.007
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Table I. Comparison of air leakage characteristics for
groups of Saskat,oon houses

Type

Leakage
area
rP

ac/h
at 50 Pa

Nunber
of houses

Pr e- I 945
1946-r960
I 96 1- r9B0
Special air-
tight houses
( 1977-1980)

0.1078
0. 0 709
0.062 l

0. 0330

10.35
4.55
3.s7

1.49

I9
20
97

40

Table II. Guidelines for generally acceptable levels of
selected alr contaminants

Contaminant Level Reference

Forrnaldehyde

Radon
Radon daughters
Nitrogen dioxide

0. 12 ng/rn3
0.1 ppn at 25"C,
101.3 kPa
4 pCr/L
0.01 worFíng levels
I00 uglmr
50 ppb at 25oC,
101.3 kPa

ASHRAE 62-L98L

USEPA
ASHRAE 62-T987
USEPA

Table III. Calculated alr change rates for houses lacking forced
ventilation

House
Code

C

13 / ( s-pat) n
V

(rn3 )
I

ae/h

Fornaldehyde
Ppn

2 wk average

BL2
Bll
Bt3
FF5
E4
F8
F9
FI
Ll1
G3
M9

P2
P4
S8
FF6

o.0327
0.0295
0.021 l
0.0208
0.0498
0.0341
0.0142
0.0273
0.0238
0.023
0.0235
0.01 64
0.0199
0. 0 461
0.0351

0.668
0.65r
0.666
0.785
0.543
0.617
o.7 69
0.698
0.77 |
0. 665
o.7 54
o.7 59
o.792
0.518
0.69 3

832
630.2
419
711.8
704
490.5
612
733.6
552
618
657
835. I
607
428
758.3

. 178

.2r2

.229

0.1675
0.062
0.0905
0.041 5
0. 139
0.1905
0.0835
0. 136
0.10r5
0.0455
0.135
0. 1605
0. l2
0.07 35
0.0455

132

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.320

. 3I4

.105

. 168

.195

. 168

.162

.088

.148

.487

.209

0.689 639.2 0.208Average O.02782

98

0.106



Table IV. Radon gas measurements ln the floor drains and in the basement
air of 7 houses

House No.

Radon concentratLon
1n floor drain

(pci /L)

Radon concentrat,ion
in basemenÈ air

(pci/L)
Ratio

drain/basemerit

t
2
3
4
5
6
7

169. 2.5r
2.24
1.43
I.87
3.95
3.02
9.63

3
4
4
3
4
4
I

67.5
43.9
63.9

221
64.7
57 .4
5.4

#

98.
91.

41 3.
255.
173.
52.

Average f79.0 3.52

Table V. Pre- and post-reÈrofit measuremenE,s of radon gas
concentrations in Saskatoon houses

House code

Pre-retrofit
1983

(pci/L)

Post,-retrof 1t
1984

(pc1/L)
Ratio

r984l r983

D3
B3
YI
Ltl
c7
Bt0
B15
c8
H7
P5

3. 56
6.81
5.2
l.B8
2. L7
9.44
3.67
r.36
o.82
2.26

0.92
3.4
t.2
0. 88
0.5 r
5. 35
2.86
l. 15
1.3
2.46

2.00

0.258
o.499
0.231
0.468
o.235
o.567
o.7 79
0.846
l. 59
r.09

0. 54Averages 3.71
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Figure 7. Formaldehyde readings as, a function of the amount of partlcle
board, 1983 study.
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Figure 8. Radon readings, 1983 study.
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Flgure 9. Nit,rogen dioxide readings, 1983 study.
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Thfe paper ls belng dlstrfbuted tn reprinÈ
form by Èhe Instltute for Research fn
Constructlon. A l1st of bulldlng practlce
and research publlcatlona avallable from
the In8ttÈute nay be obtained by wrfting Èo
Ehe Publlcattons Sectlon, Institute for
Research tn Constructlon, Natlonal Research
Councll of Canada, Ottawa, Ontarto,
KIA OR6.

Ce documenÈ est dfsËrlbué sous forme de
clré-à-part par lrlnstttut de recherche en
constructlon. On peut obtenlr une llste
des publtcaLtons de lflnstltut porEanÈ aur
les Èechnlques ou les recherches en natlère
de bâtlnent en écrivant à la Sectlon des
publfcaÈtons, Instftut de recherche en
constructlon, Consell nettonal de
recherches du Canada, Ottawa (OntarLo),
KIA OR6.


