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This paper specifically examines the results of the air infiltration |
measurements and their application together with an Indoor Air Quality i
(IAQ) model to determine NO, source rates and decay rates within the
homes. The 2-zone, mass balance models for perfluorocarbon tracer (PFT)
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iBrookhaven National Laboratory's Air Infiltration Measurement System
o T Y (BNL/AIMS) consists of passive perfluorocarbon permeation sources and
v e ono- 1 passive samplers and is used to measure multi-zone ambient air flows in

CARBON ALUMINA BLANK ‘\\ buildings (3).

Figure 1. oncentrations of NO,~ and N03- removed from 20-mg particles
exposed to 7 ppmv N0, in air for 10 min at a flow of 1 % min~l.
Concentrations are expressed as mole fractions of the total NOj
gas introduced into the reaction vessel. Abscissa code: D -
dry; H - air stream at 50% relative humidity; W - wet slurry

(10-mg particles in 10 ml Hy0, flow 0.16 ¢ min=l).
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Results

gas and NO,, which are the basis of this study, are presented in detail
elsewhere (4). While more complex models are possible, the cost of applying
them (e.g. measurement of additional zones) to the number of homes represented

2 this stusy would by substancial, O the other hagd, simples medels wouid To maintain consistency and comparability among time periods and homes,

fail to differentiate among sources within the home, and it is known from a final dataset was selected so that all results presented represent the
previous studies that the bedroom and living zénes of most homes are quite same set of homes analyzed in the same fashion. There are 181 homes in
different. The coupled BNL/AIMS -IAQ model represents a promising new this final set, and each of these homes was successfully modelled as 2-zone
approach; however, further testing needs to be done to determine its accuracy in all three test periods using both the PFT model and the IAQ model for
and reliability. NO,. While a complete dataset is available containing 2ll 640 homes, many

: or could not be modelled as 2-zone, in

homes are represented as miasing!
one or more test periods. For this report,
productive to work with a single dataset that was con

. ion of the Two-Zone Model across all presented results.

pBecause of the skewed nature of the distributions for most of the
been made using standard errors to see if the

it was considered to be more
sistent and complete

The Indoor Air Quality mass balance model coupled with the PFT mass results, comparisons have not
balance model allows the determination of NO, source and decay rates (decay ’ confidence intervals overlap. Confidence intervals on the mean may not
represents removal processes in the building materials and fabrics of the even include the median for the same distribution. However, since all the
home) . Mathematically, there is no unique solution for the source and results presented are for the same set of homes, nonparametric paired
Therefore, all statistical tests in this paper

decay rates. However, logical restrictions allow the development of a comparisons are very easy.

reasonable algorithm for the determination of rates. If the decay rate, are based on the Wilcoxon signed-rank test.

calculated by assuming that there is no source, is negative, then there is

a source; if it is positive, then the source is probably small or absent.

By looking at a large set of data including some all-electric homes, it was Whole House Air Exchange Rates

determined that a negative or small (<0.1/h) decay rate in the living zone g s

could be replaced by the bedroom zone decay rate to calculate a source Whole house air exchange rates were clearly seasonal with median values

rate. If the bedroom zone decay rate is also too small, then 0.6/h is used of 0.76/h, 1.4/h and 0.56/h during March, July and January respectively.

for both zones. The quartile spreads (50% spread) during the 3 test periods were 0.56/h to
1.09/h, 0.74/h to 2.30/h, and 0.41/h to 0.81/h. The distributions are all

significantly different at <0.01.

The coupled BNL/AIMS - IAQ model can also be used to break down the
indoor NO, concentration and attribute it to outdoor NO,, indoor sources in
the living zone, and indoor sources in the bedroom zone. Playing the model

| “backwards” in this fashion also allows questions such as, “what are the NO,. Source and Decay Rates
= consequences of reducing the air exchange rates,” to be answered. < :
& The NO, decay rates, calculated assuming no source, do not differ )
| All of the calculations in this report were accompanied by an error significantly among test periods, but do differ very significantly between
I analysis based on a first-order Taylor-series expansion of the zones across all test periods (all <0.0001). For the living zone, the
p. o calculational formulae (2). The results were used in quality control and median decay rates were —0.37/h, -0.25/h and -0.11/h for the 3 test periods
of trouble shooting on the overall dataset. (March, July and January), with 130, 122 and 105 homes {out of 181) having
(T’ negative decay rates. For the bedroom zone, the median dgcay rates were
i 0.68/h, 0.45/h and 0.66/h with 165, 153 and 169 homes having positive decay

The computation of the NOp, source strength, or emission rate, for each
zone is important for subsequent analyses for a number of reasons. In rates. These results show clearly
particular, many of the other variables that one might examine to develop a living zone (implied by the negat
statistical model for predicting indoor air quality are confounded; that no source) and few homes have any s
is, there are multiple factors and functional relationships affecting the This lends support to the approach of us
dependent variable that make it difficult to separate the simple, direct when it has a wvalue above 0.1, to calculate the
relationships one would like tc evaluate.

that most homes have an NO; source in the
ive decay rates obtained when one assumes
ignificant souxce in the bedroom zone.
ing the bedroom zone decay rate,
living zone source.

tes are in a sense a scale transformagioq
s of 1/h to units of mg/h), although it is
the transformation depends on the_volume,

for each home. Conseguently, it is not
like the decay rates, show little

The calculated NO; source ra
from the decay rates (from unit
somewhat more complicated since
decay rate and NO; concentration

For example, indoor NO, concentration depends on outdoor NO,
concentration. However, that dependence is affected by the air exchange
rates and the NO, decay rates. Furthermore, it is partially hidden by the
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f,z “noise” of indoor NO, sources which add on to the NO, which comes from the surprising that the source rates, h %

Lo outdoors. Therefore, an effort to statistically model indoor NO; difference among test periods and much difference between zongs 37:05533

§=4 concentrations on other measured variables will meet with substantial test periods. The median living zone NOj source rates were 1 mg‘ A

e difficulty and will not be easy to interpret. mg/h and 12 mg/h with 138, 138 and 120 homes having positive (non-zero .

, sources. The median bedroom zone NO; source rate is zero for all three tes

(,( In the approach of this report, physically based mathematical models periods with 157, 137 and 165 homes having no sources.

oo (the combined BNL/AIMS - IAQ model) are used to calculate the NO; source .

g: strengths. This substantially reduces the statistical uncertainty, since The living zone NO, source rates go as high as 200 mg/h for somgshomsi

- the effects of outdoor NO, concentrations, air exchange rates and indoor in each of the three test periods, but 90% of the homes are below mg/h,

| sources are now accounted for by an appropriate model (which, by the way, 56 mg/h and 47 mg/h respectively during the 3 test periods.
is not of a form that could be discovered through stepwise regression with X i
all the variables available). Subsequent work can concentrate on the The bedroom zone NO, source rates go no higher than 44, 46 and 69 djilng
relationship between indoor source strengths (not NO, concentrations) and the three test periods, while 90% of the homes are below 4, 9 and 0 mg/h.

1
1
! the variables that affect them, with most of the confounding factors
’ already removed.
|
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The degree to which NO, sources contribute to the concentrations of NO,
in the home are determineé by the air exchange and NO, decay rates. A low
air exchange rate tends to keep indoor NO; in and outéoo: NO; out. The
removal of NO, by adsorption and reaction on and in building materials
within the home makes it possible to “keep outdoor NO; out.” If there were
no decay, the base level concentration of NO; would be the outdoor
concentration (the ultimate source of all air), and any indoor sources
would simply add to the base level.

The coupled BNL/AIMS - IAQ model allows the concentration of NO, in the
home to be separated into the parts attributable to each of the sources.
Thus, it is possible to calculate, for each zone of a home, the
concentration that is due to the outdoor NO,, the concentration that is due
to sources in the living zone, and the concentration that is due to sources
in the bedroom zone. The sum of these is the observed concentration of NO,

in the zone.

Two of the important factors determining indoor NO, concentrations show
very significant differences among test periods. These are the AER and the
outdoor NO; concentrations. The distributions of AER were reported above.
The outdoor NO; concentration had median values of 51 pg/m3, 71 pg/m? and
114 pg/m® for the 3 test periods. The differences are highly significant
(<0.0001), and in January 108_of the homes experienced outdoor
concentrations above 100 pg/m3.

The median contributions of outdoor NO; to the living zone
concentrations were 28 pg/m®, 45 pg/m? and 53 pg/m? during the 3 test
periods. The median contributions to the bedroom zone were 26 Ng/m?, 43
Hg/m® and 48 pg/m®. These contributions vary strongly among seasons as
would be expected from the variation in AER and outdoor NO; concentration.
The variation becween zones within seasons is small, but indicates a slight
difference due to bedrooms being somewhat more closed off.

The median contributions of NO; sources in the living zone to the
concentrations of NO, in the living zone were 40 pg/m3, 34 pg/m3® and 47
pg/m3. The significance levels for differences among test periods vary from
0.003 to <0.0001i. This shows the strong influence of air exchange rates,
since the indoor sources did not vary substantially among seasons.

The median contributions of NO, sources in the living zone to the
concentrations of NO, in the bedroom zone were 12 pg/m3, 8 pg/m3 and 14
Ug/m3. Again, these are in keeping with the seasonal variation in AER and
the separation of the bedroom zone from the living zone. The levels are 3
to 4 times lower than the contributions to the living zone, leading to an
overall lower concentration of NO; in the bedroom zones.

Finally, in keeping with the fact that few homes had sources in the
bedroom zone, the median contributions of NO, sources in the bedroom zone
to the concentrations of NO, in the living zone and the bedroom zone were 0

for all test periods.

The additive effect of indoor and outdoor_ sources leads to median NO,
concentrations in the living zone of 73 ug/m3, 84 pg/m3 and 102 pg/m3 for
the three test periods, and median concentrations in the bedroom zone of 46

ug/m3, 62 pg/m3 and 70 pg/m3.

simul \_Eff £ ¢l ; {lati

While some insight can be gained by comparing the results from the three
test periods, there were many variables that changed between test periods,
including AER, outdoor NO, concentration, indoor sources, and humidity.
Thus, while such comparisons are useful, they are not entirely unambiguous.
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Using the 2-zone NO, model, it is possible to enter values for the NO,
source strengths, the NO; decay rates, and the air flow rates, and calculate
the consequent concentrations of NO; in the living zone and in the bedroom
zone. Using previously calculated values for these variables vields the
actual measured NO, concentrations. The variables can also be changed, and
the effect on the concentrations calculated. It is fairly obvious that source
reductions of NO, (either indoor or outdoor) will reduce the indoor
concentration of NOj. The results in the previous section indicate how much
can be gained by such mitigative actions. The effects of changes in the air
exchange rates are more difficult to predict and are the subject of this

section.

For this simulation, all air flow rates were reduced by 20% and then
increased by 20% using the data for each of the 181 homes in each test
period. When the air flow rates were changed by -20%, the contributions
of the outdoor NO; to the living zone NO, concentration showed median
changes of -10%, -8% and -11% for the 3 test periods. These decreases were
offset by the contributions of sources within the living zone which
exhibited median changes of 14%, 16% and 12%, giving net median changes in
the living zone NO; concentrations of 4%, 2% and 0%. The contributions of
outdoor NO, to the bedroom zone NO, concentration showed median changes of -
10%, -7% and -12%, which were very close to the changes for the living
zone. The contributions of scurces from the living zone to the NO,
concentrations in the bedroom zone changed by 6%, 10% and 3%, giving net
median changes in the bedroom zone of -4%, -3% and -8%.

The consequences of changing the air flow rates by +20% were largely,
though not precisely, mirror images of the results just reported for
changes of -20%. It should be noted in addition that changes in
concentrations are not expected to be linear with relation to changes in
the air flow rates. Thus, while this brief study gives insight into the
interactions among the different sources and air exchange rates, a precise
answer for any given situation is best provided by applying the model.
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