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Common Mistakes in Indoor Air

Quahty Calculations

by Ian Shapiro
Director
Taitem Engineenng

he ficld of indoor air quality is growing rapidly. With this

growth comes a nced for carcful and accurate engineering

analysis. Itis a critical period of ime, because, as analytical
tools such as spreadsheets and more complex computer programs are
developed, there is a risk of mistakes being “codificd” into these tools.
A survey of commonly used indoor air quality calculations and constants
shows many conumon mistakes, some resulting in large crrors, and
illustrates the extent of the risk of such mistakes being spread and per-
petuated. A sct of precautionary measures is oflered, to prevent

repetition of these mistakes.

Common Problems

The lollowing mistakes were found ina bricl, random review of hand-
books and other reference sources relating to indoor air quality. The
survey was intended to be neither exhaustive nor inclusive. The four
general classes of errors are illustrated with examples, and corrections are

n italics.

1. Incorrect Conversion Factors. Converting between metric units and
the foot-pound system uscd in the US often leads to mistakes, some

resulting in large crrors.
[cont. on page 4]
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TAQ Calculations
Mistakes

[cont. from page 1]

A handbook for mechanical engi-
neers equates the following:

“] ppm |by weight] = 2 mg/m?.”
Should be 1.2 mg/h1P. Also note that

the term “ppm” should preferably

not be used for mass-based analysis.

A book on indoor air pollution
states:

“1 CFM/IE2 = 0.05 (/s)/m?” where
CFM = cubic fool per minute.
Should be 5.08(/5)nP.

A chapter on clean rooms in an en-
gincering handbook contains the [ol-
lowing crrors:

e “10 particles/ft® = 0.28 particles/
m2.” Should be 353 particles/n?’.

e “5,000,000 particles/ft® ~ 180
particles/l.”  Should be 176,573
particles/l.

e “100,000 particles per [® = 3.5
particles/L.” Should be 3,531 par-
tcles/l.

e “5,000 particles/1t® = 35,000 par-
ticles/m3.” Should be 176,573
particles/n?.

A standard governing testing of a
contaminant-producing appliance
provides scveral incorrect conver-
stons, including:

e “1 CFM - 21.19 liter/sccond.”
Should be 0.47 liter/second.

e “]1 CFM = 2.119 x 10® meter?/

sccond.” Should be 4.72 x 11

nr/sec.
A fire protection handbook shows:

“1 c¢fm = 0.283 m*min.” 0.0283
nr/min is the correct value.

A standard on indoor air quality
states:

* “mppcl x 6 (approximately) =
mg/m®.”

¢ “particles per cc x 210 (approxi-
matcly) = mg/m?.”

(Note: “mppclt = millions of par- -

ticles per cubic loot.”)

These two conversions are inconsis-
tent. The standard correctly states
that particles per cc (cubic centime-
ter) is equal to millions of particles
per cubic meter. But 1 million par-
ticles per cubic foot is equal to ap-
proximately 35 million particles per
cubic meter. The lirst equation
would imply that tis particle den-
sity would weigh 6 mg/m3, but the
sccond would result in 35 x 210 =
7,350 mg/m?.

Incorrect unit nomenclature can
also give rise to problems, as engi-
neers perform unit balances in com-
putation. For exaimmple, a standard

on indoor air quality states:

“Vs/s-m®” The units should be I/
s/

“1.5 cfm/f? (7.5 V/s/1?).”
umnits should be 7.5 Vs/n?.

The

Respirable particulate concentration
given as “mg/m” should be given as
mg/m?, and asbestos [iber density as
“10% fiber/m” should be “/& fiber/
nr.”

2. Fquations or measurcments are
given without clearly stating therr
Iimitations. Thesc are then used
crroncously for analysis outside their
restricted ficld of applicability.

Contaminant concentrations are
commonly provided without dilfer-
cntiating between mass-based and
volumetric values. This i1s particu-
larly the case with the use of “ppin”,
“ppb,” and “per cent.” The differ-
cnce can be significant. For ex-
ample, 1,000 ppm by volume of
CO, is equal to almost 1,500 ppm
by mass. Itis also common to pro-
vide conversions between volumet-
ric and mass-bascd quanutics which
are implicitly limited to a particular
contaminant. As stated earlier in the
article, the term “ppm” should not
be used for mass-based analysis.

The same is true of conversions be-
tween contaminant “count”-based
concentrations (such as particles/m?
for particulates, or fibers/m? for as-
bestos) and mass-based concentra-
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tions, which are limited not only to
a specilic contaminant, but to an
aggregate contaminant “count-to-
mass” relationship. If one uses con-
version factors between, for
example, particulates per cubic
meter (i.e., “count based”) and mil-
ligrams per cubic meter (i.c., “mass
based”), such conversions are nec-
essanly approximate. Someone who
has masured airborne particle con-
centrations using a counter which
measurcs particles per cubic meter
could “convert” this reading to mil-
ligrams per cubic meter and be in
crror.

3.. Roundmg errors. For example,
many air quality relerence books
commonly equate 1 CFM to 0.5 k-
ters/sccond. This may be acceplable
for the very roughest calculations,
but 1s actually in crror by approxi-
matcly 6%.

4 Ambguities m unit nomencla-
ture and other defintions. For ex-
ample, “grams” (abbreviated as “gr”,
In contaminant concentrations pro-
vided as gr/ft}) arc often confused

with “grams” (abbreviated as “g”).

An mdustrial venulaton handbook
lists the units for contaminant con-
centrauons as “Mg/M2” The cor-
rect nomenclature is “mg/mé.”
Capital “M” stands for “mega”,
which means 1 million. Lower case
“m” stands for “milli”, or one-thou-
sandth. The concentrations listed
were supposed to represent milli-
grams per cubic meter.

Finally, gaseous contaminants and
air often necd to be evaluated at stan-
dard temperature and pressure con-
ditions, but the definition of
“standard temperature” is not con-
sistent, alternatcly given as 0°C,
20°C, and 25°C in various sourccs.

Precautionary Measures

The following gencral measures can
act as a safety net to catch many of
the common mistakes in indoor air
quality analysis.

* Work Irom first principles as much
as possible. In mdoor air quality,
the very first of the first principles
is the conservation of mass: The
rate at which a contaminant is trans-
ported into a building plus its in-
ternal rate ol generation must equal
the sum of its rate ol removal and
its rate of intermal concentration
change, assuming it does not de-
grade or decompose.

* Try to identify all limitations and
assumptions that apply to equations
and constants, and explicitly list
these every time they are used, for
example when writing reports. In-
clude a list of these limitations and

assumptions as a standard part of

compulter program output reports.

* When denving equations by hand,

write the units out below the cqua-
tions. Make sure units balance on
both sides of every cquation. It can
be helplul to explicitly state not
only the unit, but also il'it is refer-
ring to the contaminant or o air.
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For example: Ib or

com;l.min:ml/| o ar?

3
mg mnl:uninan/m air.

¢ Obtain as much confidence as pos-
sible in contaminant property val-
ues, such as gas density and
molccular weight. Consult at least
two relerence texts il possible. Use
the ideal gas law when applicable.

¢ Check whether concentrations pro-
vided as “ppm”, “ppb,” and “per
cent” are volumetric or mass-bascd.
Explicitly state this when writing
thesc units; for example, writc
“ppm (volume).” Avoid usc of
mass-based ppm, ppb, or percemt
altogether.

* Check whether equations are lim-
ited to air at standard temperature,
pressure, and humidity Check
which “standard temperature” is
uscd: 0°C, 20°C, or 25°C.

* lisc standard unit nomenclature
practice for common contaminant
related prelixes and unit quantities,
such as “m” for milli and “p” for
micro.

For computer spreadsheets or other
computer source code, the follow-
mg steps are also recommended:

1. Check constants, such as contami-
nant properties.

2. Check rounding routines. Kcep
rounding as accurate as possible
during calculations, and then roun
oll as necessary for program out-
put. Keep rounding as consistent
as possible. A final resull is only
as accurate as its least accurate cal-
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culation.

3. Check results against printed
conversion tables.

4. Check results against hand cal-
.culations.

5. Give results a “reality” check.
For example, when a contami-
nant generation ratc is in-
crcased, the indoor concen-
“tration should increase.

6. Check results against other com-
puter programs.

Conclusions

Indoor air quality profcssionals
liave an important rolce to play in
solving indoor air quality prob-
lems. This role derives primarily
from the analysis used to back up
mcasurcments and recommenda-
tons. But when this analysis is it-
scll based on mistaken
calculations, there 1s a risk of con-
tributing very little at all. In this
critical developmental period of
indoor air quality analysis, a little
computational care may go a long
way (o making analytical contri-
bulions both correct and useful.
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Readers Speak Out

Last month we asked our readers
to discuss in our pages the follow-
ing question:

Proposed revisions to ASHRAE
Standard 62-1989 would eliminate
requirements that outdoor air be
treated to a minimum quality at
least equal to that established in the
USEPA National Ambient Air
Quality Standards (NAAQS) in or-
der to achieve acceptable indoor
air quality. In your experience is
this an important lcature of
ASHRAE Standard 62-1989, and
will the change weaken or
strengthen the proposed revisions
to the standard?

The response we received:

Your “Readers Speak Out” col-
umn was somcwhat misleading.
Standard 62-1989 does NOT re-
quire that outdoor air be treated
prior 1o use as ventilation air il it
docs not meet the NAAQS. I
merely suggests that it be done
(the word “should” is uscd, not
“shall”). The revised Standard
esscntially does the same thing:
it does not require cleaning but
suggests that il clecaning is not
done, then acceptable 1AQ may
not be achieved with respect to
the contaminant(s) in violation of
the NAAQS.

Steve Taylor, Chair SSPC 62

For your convenicnce, we have reprinted
the relevant section from each standard
(the ANSI/ASHRAE Standard 62-1989
and the June draft of the proposed stan-
dard, ASHRAE 62-1989R). We sull
encourage participation [rom other read-
ers.

ANSI/ASHRAE Standard 62-1989

6.1.2 Outdoor Air Treatment. II the
outdoor air contaminant levels exceed
the values given in 6.1.1 (Table 1), the
air should be treated to control the ol-
fending contaminants. Air-cleaning sys-
tems suitable for the particle size
cncountered should be used. For re-
moval of gases and vapors, appropriate
air-cleaning systems should be used.
Where the best available; demonstrated,
and proven technology does not allow
lor the removal of contaminants, the
amount of outdoor air may be reduced
during periods of high contaminant lev-
cls, such as those generated by rush-hour
rrallic. The need to coutro! offending
contaminants may depend on local regu-
[ations that require specific control mea-
sures

ASHRAE Proposed Dralt Standard
62-1989R

5.2.2 Outdoor Air Treatment. Tiis stan-
dard requires that the quality of ambi-
ent outdoor air be assessed per Section
5.2.1, but it does not require that out-
door air be treated before its use as a
source of ventilaton for indoor spaces
even il outdoor air quality is found to be
poor. However, il outdoor air is known
to be unacceptable as determined in
Section 5.2.1, ventilation without filura-
tion may or may not result in acceptable
indoor air qualty.

.




