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tual removal rate of air cont¿mi-
nants from the occupied spaces in
the building. One procedure for de-
termining the effectiveness of the
ventilation system involves the
measurement of carbon dioxide,
C02, concent¡ations throughout
the building. In addition to mea-
suring CO¿ levels in the occupied
spaces, one should obtain mea-
surements of the concentration of
CO2 in the supply air to assess the
proportion of outdoor air coming
from the mechanical HVAC system
vs. the building enclosure in-
filt¡ation. When this procedure is
used, measurements of the outdoor
(background) concentrations of
CO2 must be obtained.

The procedure used to assess an
effective ventilation rate is based on
monitoring ca¡bon dioxide concen-
t¡ations in the building. Modeling of
this building can then be per-
formed, relying on the assumptions
that the source strength is propor-
tional to the occupancy rate, the
outdoor concentration is fairly con-
stant, and the only removal mech-
anism is the exhaust of contani-
nated air. If the¡e are enough people
present, the concentration of CO2
present in a building, therefore, can
provide a measure of how well the
ventilation system is diluting and
removing air cont¿migants gener-
ated within a building.' In this anal-
ysis, it is the people occupying the
space that are the source of the COz
being measured.

When evaluating situations
where the pollutants of conce¡n are

rSuperscripts refer to numbered relerences
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Identifyirg and avoiding
indoor air quality problems
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During the past decade, there has
been an increasing awareness of
health concerns related to exposure
to low leæls of pollutants in the in-
door office environment. A large
number of buildings have been stud-
ied, revealing a variety of similar
complaints and symptoms. These
complnints often center a¡ound is-
sues of thermal discomfort and irri-
tation (initation of the eJres, nose,
throat, and lungs are common
themes). Unfortunately for the
building manager, the causes of
these complaints and health con-
cerns are unique to each building.

Often occupational type pollut-
ant surræys are conducted by in-
house staff or consultants, which
lead to little insight because results
are often reported as below OSHA
standa¡ds or below minimum de-
tectable ler¡els. This often learæs the
occupants with an even greater
sense of frustration and eventual
hostility.

Tbchniques have been developed
to identifu the causes of these com-
plaints so that solutions can be de-
veloped. Often equipment is em-
ployed that is 10 to 100 times mo¡e
sensitive than occupational type
surveys would dictate.

The purpose of these low level
mear¡urements is to evaluate what is

actually happening to the ai¡ within
the building, not just whether it
meets certain OSHA requirements.

Once a good understanding of
ventilation rates, temperature and
humidity extremes, pollutant levels,
air flow patterns, pollutant sources,
and cont¡ol equipment has been de-
veloped, corrective actions can be
developed and implemented if war-
ranted.

This article outlines a meth-
odology that has proved useful for
building evaluations where there is
no identifiable suspected source of
air contaminants causing com-
plaints or situations whe¡e there is
an identifiable suspected sou¡ce but
unknown pathways of transmission.
This article will draw upon illustra-
tiræ case studies to show how the
parameters discussed have contrib-
uted to various cases of degraded
indoor air quality.

The performance of effective in-
door air quality (IAQ) evaluations
depends on the ability to under-
stand the interactions of the va¡i-
ables affecting IAQ. These variables
include the effective ventilation
rates within the building and the
introduction of air contaminants
from within or outside the building
or from the mechanical or unoccu-
pied spaces of the building. The
techniques presented in this a¡ticle
for performing building assess-
ments focus initially on determin-
ations of the effective ventilation
rates and then consider the poten-
tial sources of ai¡ contaminants.

Building ventilation rates
The concept of effective ven-

tilation rate (EVR) refers to the ac-
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Ways to avoid problems
. Based on the problems that have been identified to date in buildines. a
laun_drv list of preventive measures should incrude, ¡ru""1 ¡Lli",äa'iiltr,.
rouow¡ng:

- 
Provide proper ventilation air: Deriver to the occupants a minimum

of 15 cfm per person of outside air in accordance with AStiRÀÈ- 
----"*'

recommended practice to dilute body oclors and carbon di";ià;.
Maintain

condition: cl ting

controls, and ity filters, operating

Provide 73 F

Exhaust building contnrninants:
o Ciga¡ette smoke from smoking lounges.¡ Wet process photocopies (all sizes). 

-
o D. ry process photocopies (especially high use large machines).o All processes that emit odors.

Keep out unwanted pollutants:
o Pressurize loading docks.

- o Design lab exhaust to keep exhaust from reintrainment in the
building's wake.

o Pressurize entrances from basement parking lots.¡ Keep air intakes away from all pollutant souices.
Don't let excess amounts of harmful microscopic organismsgrow in a building:
o Keepca¡pets clean and dry, following directions for cleaning

compounds carefully.
¡ Use monolithic flooring in high traffic wet a¡eas.
o Dry out flooded areas within 12 hr maximum and/or d.iscard flooded

carpeting.
o Avoid wet wicker baskets under plants.
¡ Keep relatir¡e humidities below 55 percent RH everywhere unless

specially designed for higher amounts.
o Avoid stagnantwateranywhere.

increased risk of exposing the whole
building to air contaminants f¡om
these a¡eas.

Outside building sources
This section discusses sources of

air contaminants that are outside

During the heating season, build-
in-gs usually behave like chimneys.
This thermal stack effect is c¡eated
by the escape of buoyant heated air

"! lhl upper levels of the building,
which c¡eates negative pressures ca-
pable of causing infiltration at the

. Radon-Thepotentiol for ra-
don can be crudely assessed by a few
questions as to the radon content of
the soil, sources of water, and build-
ing materials. Definitive assess-
ments can only be provided by mea-
surements with detectors such as
track-etch cups, charcoal deteôtors,
or mole expensive real-time moni.
tors. The release of this naturally
occuring radioactive gas into a
building may be related to the in-
filtration of soil gas, the use of cer-
tain stone and masonry products, or
ground water supplies.

- o Loading docks-Loading
docks a¡e potential sources of aii

e buildings.
ng diesel ve-
at the load-

ing docks, under the influence of
typical negatiræ pressures, can draw
pollutants into the building's inte-
rior.

o Parking lots-Parking lots
and roadways are potential sõurces
of air contaminants for some build-
ings because of the accumulation of
carbon monoxide and carbon di-
oxide from idling vehicles. This is
especially true for multi-level park-
ing facilities in congested areas.
These may be considered large area
sources for pollutants such as car-
bon monoxide.

¡ Repair steam leaks and water leaks immediatcly.

.fication equipment or mechanical
;ystems.

Specific types of equipment im-
plicated in past evaluations as
soulces of microbial aerosols in-
clude water spray systems, humid-
ifiers that use recirculated water,
cold 4$ist vaporizers, and fan-coil
units.o Sampling for the concen-
trations of viable organisms in oc-
cupied spaces typically involves
drawing the room air across an agar
medium. Analysis of this culture
plate involves incubation and sub-
sequent counting of the number of
colonies formed. Other biological
indicators may include the presence
of insects. This procedure involves
microscopic examination for insect
hairs or parts.

o Organic chemica,ls- The
complexity and diversity of the or-
ganic chemicals introduced into
many indoor environments can
make assessments of these com-

pounds difficult and air cleaning for
their removal impractical. Hence,
one must rely on the effectiveness of
the ventilation system for the re-
moval of the off-gas from building
materials and office equipment
alike. Survey methods are available
for identifying potential sou¡ces.

te¡mine the components of the or-
ganic soup in modern office build-
ings.

o Fibers-The presence of fi-
bers, including glass fiber and as-
bestos, may be related to the pres-
ence of acoustical or insulation
materials often located within the
ceiling plenum of a building or in
mechanical rooms. If there is fre-
quent construction activity and ac-
cess to these areas, there may be
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port; even though the outside
damper may be wide open, no out-
side air is introduced.

Localized exhaust parameters
The evaluation of localized ix-

hausts, such as fume hoods or pro-
cess emissions, cuts across the dis-
tinctions between the above
subtopics and, therefore, requires a
systems approach to deal with
several interrelated factors.. Capture efficiency-The
caþture efficiency of the localized
exhaust system refers to the ability
to prevent the air contaminant be-
ing controlled from being released
into the room itself. This can be
assessed to some extent by the use of
air cu¡¡ent tubes.

. Negatiue pressurízatíon-
The over pressurization of a room
containing d sou¡ce requiring a lo-
calized exhaust system creatls the

h_aust system to function properl¡
there must be some provisionJfor-a
makeup system.

o Discharge parameters-The
air contaminants from a localized
exhaust system can re-enter the
building at another location if the
stackis-not tall enough to discharþe
out of the aerodynamic wake of the
building. The requirements for

stack

i"ål
stacks are selected ro, 

".trr"ti"tlot*siderations. This is an invitation for
the air contaminants discharged to
be drawn back into the building.

Sumnary
The presencê and location of va¡i-

ous potential sources, both inside
and
ten
bya
dete
tem or systems of a building are per-
forming, it is necessary to use more
sophisticated approaches. The eval-
uation of a ventilation system re-
quires the measurement of at least

one component of the gas stream.
Options for this evaluat-ion include
either compounds that are nor-
mally present in the occupied

that is speci-
the occupied
of this evalu-

rf rhe evaruation 
"ðitTit,*i;"rates and the determination of air

movement pathways are not suf-
flrcient to deduce the source of air
contaminants, further specific sen-
sitive measurements of sources and
contamina¡t concentrations can be
employed.

The techniques and procedures
described have been used by the au-
thors to investigate several build-
ings with
plaints.
"passedt
flying col
v-ery closely as "office buildings,"
they had situations occurring tiat
were causing irritation and discom-

fort to the occupants. Solutions
have been developed from these in_
vestigations that have eliminated or
minimized both the problems andcomplaints. O

n most applicatio
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