SICK-BUILDING SYNDROME PROBLEMS
AND How THEY CAN BE SOLVED

by Elia M. Sterling and Chris Collett

here are more and more re-
ported incidents of “sick™ of-
fice buildings. This problem
e was first recognized and stud-
ied in Scandinavia in the early 1970s
and has subsequently been widely stud-
ied throughout Western Europe and
North America. The most common
symptoms reported by occupants of sick
buildings include mucous-membrane ir-
ritation, eye irritation, headaches, leth-
argy, fatigue, nausea, dizziness and skin
rash or itchiness. These symptoms are
accompanied by complaints of a lack of
fresh air, stuffiness, inadequate tempera-
ture control and unpleasant odors. A
building is defined to be sick when more
than 20 percent of the occupants report
symptoms on a regular basis.

An office building that does not
achieve adequate environmental condi-
tions can affect not only the health of
occupants but also office productivity.
If building occupants are satisfied with
their indoor environs, the prevalence of
health complaints is lower, absenteeism
is decreased, and the work place is gen-
erally more productive. This has been
demonstrated in one study shown, in
Figure 1, of Vancouver office workers
before and after their company relocated
to a modern-type office building (Ster-
ling, 1983). The graph ol absenteeism
demonstrates a dramatic increase related
to the prevalence of health and comfort
complaints after relocation. Both health
and comfort problems reduced office
productivity.

It has been estimated that up to 90
percent of the currently available office
building stock has potential for becom-
ing a sick building. An article in the
American Institute of Architecture Jour-
nal warns that the single most important
arca of liability litigation facing archi-
tects and engineers is that of public health
hazards associated with the environmen-
tal performance of buildings (LePatner,
1987). Examples of such litigation to
date include materials such as asbestos

and formaldehyde. Other recent ex-
amples are carpets, radon-generating
components of buildings, microbial con-
tamination of air conditioning systems
and exposure to toxic construction ma-
terials during remodeling.

Fortunately, such problems can be lim-
ited. To avoid sick buildings, architects
and engineers need to understand the
health and comfort problems that can be
created by poor building design, con-
struction, operation and maintenance.

Table 1 provides a summary of what
is now known about specific causes of
sick building syndrome. The table pre-
sents the results of 529 investigations
undertaken by the U.S. National Insti-
tute for Occupational Safety and Health
(NIOSH, 1989) and 1362 invesligations
undertaken by Health and Welfare
Canada (Kirkbride et al., 1990). (See

Table 1, page 10.)

The findings of the U.S. and Cana-
dian agencies are remarkably similar. In
over 50 percent of investigated build-
ings, inadequate ventilation was identi-
fied as the primary cause of [AQ prob-
lems, The term “inadequate ventilation”
refers to a range of HVAC-related inad-
equacies such as lack of outside air, poor
air distribution, poor thermal control and
inadequate maintenance procedures
(Collett and Sterling, 1988a).

Other identified causes include con-
tamination from specific indoor sources
(12 to 15 percent of investigated build-
ings), infiltration of outdoor contami-
nants (9-10 percent), contaminants from
building materials and interior furnish-
ings (2-4 percent) and microbial con-
tamination {1-5 percent).

An illustration of the complexity of

FIGURE 1
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investigating 1AQ problems is the find-
ing that the cause could not be deter-
mined by the investigators in between
I3 and 24 percent of the buildings being
investigated.

The experience of other researchers
has been similar, with inadequate venti-
lation consistently having been identi-
fied as the major cause of 1AQ-related
problems in offices and other nonindus-
trial work environments (Robertson,
1988. Rask and Lane, 1989; Nathanson,
1990).

While the reported findings from
NIOSH and Health and Welfare Canada
provide an important insight into the
causes of IAQ problems, the summary
tables may oversimplify the field situa-
tion. The data in Table 1 summarizes
one primary problem for each investi-
gated building. However, our own field
experience rarely identifies a single prob-
lem in a building. Typically, several in-
adequacies are identified within a build-
ing which contribute to occupant dis-
comfort and 1ll-health,

Table 2 summarizes our research
groups’ findings of 85 buildings in
Canada, the United States and South
America. The table shows specific causes
that have been identified as contributing
to IAQ-related problems.

Our findings are generally similar to
those of government agencies and pri-
vate-sector researchers. The identified

causes of [AQ-related problems can be
broadly categorized into two types: de-
sign and operational inadequacies of
HVAC systems and the presence of spe-
cific contaminants from a variety of
sources. These two categories are not
mutually exclusive. For example, the
presence of elevated formaldehyde con-
centrations resulting from off-gassing
from interior furnishings may be diluted
by adequate ventilation or intensified by
a lack of outside air or poor air distribu-
tion. From our experience, occupants
most often complain of discomfort (e.g.,
too hot, oo cold, stuffiness, lack of fresh
air) and a series of short-term acute
symptoms (headache, fatigue, mucous-
membrane irritation) which are typical
of the sick building syndrome, rather
than chronic health impairment.

In our experience, the single most fre-
quent cause of occupant complaint is
inadequate control of the indoor envi-
ronment by the mechanical ventilation
system (36 percent of all identified
causes). Problems of an inadequate out-
side air supply and poor air distribution
within a space can be related to both the
design and operational characteristics of
the HVAC system. Design problems may
be a function of the design parameters
of a building with low outside air venti-
lation rates desired for optimum energy
efficiency or minimum code require-
ments. Operational deficiencies include

building operators’ closing of outside
air dampers (again for energy efficiency)
nappropriate minimum damper settings
(particularly in variable-air-volume sys-
tems), unbalanced air distribution sys-

fective air distribution, such as parti-
tioning of a space or occupant blocking
of diffusers.

A dramatic reduction in ventilation
standards may be the major reason that
inadequate ventilation has been shown
to be the predominant cause of sick
buildings in North America. In 1975,
the American Society of Heating, Re-
frigerating and Air Conditioning Engi-
neers (ASHRAE) reduced the recom-
mended level of outside air ventilation
from 25 cubic feet per minute per per-
son to 5 cubic feet per minute per person
(ASHRAE 1975). 1975 is when the epi-
demic of sick buildings first came to the
attention of public-health authorities in
North America. Figure 2, a graph that
relates occupant satisfaction to indoor
conditions with the outside air ventila-
tion rate, clearly demonstrates why this
epidemic occurred. When outside air is
reduced to 5 cfm per person the percent
of satisfied occupants is less than 50
percent. When outside air is increased
to 20 cfm per person, nearly 90 percent
of occupants are satisfied. Increasing the
ventilation rate further has little effect.
As a result of occupant complaints of

Table 1

CAUSES OF IAQ PROBLEMS IN 1891 WHITE-COLLAR
WORKPLACES INVESTIGATED BY
NORTH AMERICAN GOVERNMENT AGENCIES

. NIOSH HWC
529 Buildings (1971-88) 1362 Buildings (1984-89)
NIOSH, 1989 Kirkbride, 1990
Problem Type Number Percent Number Percent
Inadequate Ventilation 280 53 710 D2
Indoor Contaminants 80 15 165 12
Outdoor Contaminants 53 10 125 9
Building Fabric 21 4 27 2
Biological Contamination 27 5 6 0.4
Unknown 68 13 329 24
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poor ventilation, ASHRAE increased the
recommended outside air ventilation rate
for offices to 20 cfm per person in 1989
(ASHRAE, 1989a). (See Figure 2, page
12.)

Solutions to the
Sick-building Problem
The following sections of this article
will deal with solutions to the sick build-
ing problem both in existing buildings
and in the design and construction of
new buildings.

Retrofit of Existing Buildings

Ninety percent of buildings that are
going to exist in the year 2000 have
already been built. Many of these build-
ings were constructed between 1975 and
1989, and are likely to experience IAQ
problems The State of Washington De-
partment of Labor and Industries is about
to implement regulations for “Indoor Air
Quality in Non-Industrial Work Envi-
ronments.” These regulations will have
a tremendous impact on buildings con-
structed between 1975 and 1989, pre-

cisely the population of buildings that
are likely to experience IAQ problems.
The regulations will require both
proactive monitoring of potential IAQ
problems and timely response to com-
plaints.

The approach that Theodor D. Ster-
ling and Associates (TDSA) Ltd. cur-
rently uses to conduct, and recommend
for, IAQ evaluations consists of the fol-
lowing seven stages:

1. Initial assessment.

2. Assessment of health and comfort

Table 2

SPECIFIC CAUSES IDENTIFIED AS CONTRIBUTING TO
IAQ-RELATED PROBLEMS IN 85 BUILDINGS

Cause of Problem

# of Times Cause
was Identified

% of Times Cause
was Identified

Ventilation Control
« lack of outside air
e poor air distribution

Thermal Control
 inadequate capacity
» operational deficiencies

Ventilation Infiltration

Cross- contamination
= parking garage

- print shop

< smoking lounge

Indoor Sources
« interior furnishings
« fibrous insulation

Microbial Contamination
< poor maintenance
« water leakage

Site Infiltration
 adjacent industry
 underlying soil

Undetermined Cause

» outside air intake location

57

16

18

14
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19
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11
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concerns.
3. IAQ and thermal comfort monitor-
ing.
4. Follow-up IAQ measurements.
5. Ventilation measurements,
6. Development and implementation
of mitigation strategies.
7. Post-implementation assessment,
Each of the first five stages does not
necessarily have to be completed before
conclusions are drawn and Stage 6 (de-
velopment and implementation of miti-

gation strategies) is implemented. For.

example, if the cause of IAQ-related
problems is determined at Stage 1 (ini-
tial assessment), the investigation would
immediately proceed to Stage 6.

Stage One: Initial Assessment
Our investigations are normally insti-
gated by a building owner, manager or
tenant in response to occupant comi-
plaints of discomfort or ill-health which
are suspected to be related to indoor
environmental conditions.

The first stage of investigation is an
initial assessment in which information
about occupant concerns and the physi-
cal building are gathered from the fol-
lowing sources:

1. Meelings with the building opera-
tor and occupant representatives, e.g

=3

an Occupational Safety and Health Com-
mittce or individual who coordinates
complaint procedures.

2. Review of available architectural
and engineering plans.

3. Walkthrough inspection to identify
pollutant sources within and adjacent to
the building (e.g., parking garages, print
shops, kitchens); to inspect the design
configuration and operational conditions
of the building’s heating, ventilation and
air conditioning (HVAC) systems (e.g.,
local ions of air intakes and exhausts,
presence of standing water); and to ob-
serve characteristics of the occupied
space, particularly in those areas in
which occupants report a high preva-
lence of health and comfort complaints
(as determined in previous meetings).

Stage Two: Assessment of Occupant
Concerns

Evaluation of the type and extent of
reported discomfort and health may be
accomplished by extensive questionnaire
surveys, formal medical examination, or
informal occupant interviews. QOur field
experience suggests thal the investiga-
tive approach must be flexible, respond-
ing to the specific requirements of a
particular project. A standardized ques-
tionnaire is of the greatest value in build-

O“{a Occupants Satisfied

FIGURE 2
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ing complexes with large occupant popu-
lations. The results may be used to quan-
tify the prevalence and type of health
and comfort complaints, and alse to de-
termine the spatial distribution of com-
plaints between and within floors. Iden-
tification of specific problem locations
is important in the development of the
sampling protocols used in Stages 3 and
4 (IAQ Assessment),

We have also used questionnaire sur-
veys to evaluate the impact of demo-
graphic differences (age, sex) and psy-
chosocial factors (stress, satisfactions)
on the prevalence of occupant complaints
(Klevin and Sterling, 1988).

In investigations of smaller work-
places, or of specific floors within larger
complexes, our experience has shown
direct interviews to be effective in gath-
ering data regarding occupant concerns,
either through a series of structured in-
terviews or informal discussions during
the walkthrough inspection.

Interview or examination by an occu-
pational-health physician may be re-
quired in cases where specific and seri-
ous health impairment has been reported
by occupants or diagnosed by their phy-
sicians. While this is not a common ap-
proach in “typical” building evaluations,
it may be necessary in assessing a spe-
cific building-related illness in which a
known etiologic agent such a microbial
contaminant is suspected as the cause of
the problam.

Stage Three: IAQ and Thermal Com-
fort Monitoring

The following two stages evaluate the
chemical composition and thermal con-
dition of the indoor air. In stage three,
five parameters are monitored to indi-
cate the general performance of the
HVAC systems:

= carbon dioxide as an indicator of
the adequacy of the outside air supply,
determined with a nondispersive infra-
red analyzer;

= carbon monoxide as an indicator of
the infiltration of combustion by-prod-
ucts, measured using an electrochemi-
cal analyzer;

+ respirable suspended particles as an
indicator of filtration effectiveness and
the general dust loading of the indoor
environment, determined using nephelo-
metric monitors;

= femperature and relative humidity
as indicators of thermal comforts mea-




sured with a quick-response electronic
sensor.

The direct-reading instruments are
used to gather data at sampling loca-
tions throughout the study area and an
outdoor site adjacent to the HVAC sys-
tem air intakes. Sampling locations are
selected to reflect different uses of a
space, to incorporate all HVAC zones,
and to investigate “problem™ locations
identified in the previous stages. Mul-
tiple sampling passes through each site
are undertaken throughout a working day
to evaluate diurnal variations. In addi-
tion to the sampling passes through a
building, one or more continuous moni-
toring stations are set up to record trends
in carbon dioxide, temperature and rela-
tive humidity. The continuous monitors
are typically placed into “worst case”
locations as identified in the walkthrough
inspection.

« other environmental parameters that
are monitored at this stage, only if a
problem is suspected from the walk-

through inspection and assessment of

occupant concerns, include lighting and
noise levels.

Stage Four: Follow-up IAQ Measure-
ments

Additional TAQ sampling may be un-
dertaken as dictated by the findings from
the previous stages, in particular, if spe-
cific point sources of indoor pollution
are identified in the walkthrough inspec-
tions, or the occupants’ symptlomology
suggests the presence of a particular con-
taminant. Follow-up measurements may
include sampling and analysis for form-
aldehyde, airborne fungi and bacteria,
total and specific volatile organic com-
pounds. ozone and nicotine. Evaluation
of these substances typically requires
integrated sampling techniques with a
known volume of indoor air drawn
through a collection medium and labo-
ratory analyses of the collected sample.
The results of the monitoring conducted
during Stages 3 and 4 are compared (o
available standards and guidelines, such
as those developed by the American So-
ciety of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAL) in-
cluding Standard 62-1989: Ventilation
for Acceptable Indoor Air Quality
(ASHRAE; 1989a), and Standard 55-
1992: Thermal Environmental Condi-
tions for Human Occupancy (ASHRAE;
1992). Comparison is also made with
IAQ consensus guidelines which iden-

tity ITAQ concentrations “of concern™ and
“of limited or no concern™ (WHO, 1984).
In addition, we compare data gathered
in a particular building with data from
both problem and non-problem build-
ings archived into an in-house Building
Performance Database (Collett et al.,
1987).

Stage Five: Ventilation measurements
If inadequate HVAC system perfor-
mance has been implicated as a cause of
TAQ-related problems in the previous
stages through comparison with exist-
ing standards and guidelines, but has
not been fully confirmed, quantification
of ventilation performance parameters
maybe necessary. Actions include air
flow measurement to determine (lows
through the duct work, and supply and
exhaust vents, and tracer gas evaluation
to determine air exchange rates on spe-
cific floors of the overall building. Sul-
fur Hexaflouride (SF ) has been widely
used as a tracer in office buildings. Some
of the published protocols for TAQ in-
vestigation suggest the use of CO5 as a
tracer, as a simplified, less costly method
than SFg (Goyer and Nguyen. 1989).
However, while CO, provides a useful
general indicator of the adequacy of the
outdoor air supply and IAQ, the accu-
racy of the use of CO5 as a tracer gas
may be questionable due to the diffi-
culty of achieving the assumptions as-
sociated with the CO, method under field
conditions (Levine et, al., 1992).

Tracer gas, such as SFg, may also be
used to investigate the patterns of air
flow within a building, for example, to
determine whether air from a parking
garage is infiltrating other areas within
a building.

Stage Six: Development and Imple-
mentation of Mitigation Strafegies

When conclusions have been drawn
from the implementation of one or more
of the preceding stages and the cause(s)
of the IAQ problems have been deter-
mined. retrofit actions to mitigate de-
sign-related problems and recommen-
dations to improve operational and main-
tenance parameters Lo rectily the prob-
lems and improve indoor environmental
conditions must be developed and imple-
mented.

Stage Seven: Post-implementation As-
sessment

A final. but important, stage is fol-
low-up assessment to determine the ef-
fectiveness of the retrofit actions. Ide
ally, the assessment should include ob-
Jective measurement of IAQ and ther-
mal parameters. However, detailed fol-
low-up assessment is rarely conducted.
One exception was the reevaluation of
two office buildings using a Standard-
ized questionnaire (Collett and Sterling,
1988b). In this project, IAQ problems
were identified in both buildings and
retrofit actions were recommended. The
retrofits were completed in one build-
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ing. while changes were not implemented
in the second building. Follow-up sur-
veys of the two buildings’ populations
showed a significantly reduced preva-
lence of reported discomfort and ill-
health in the retrofitted building and no
change in the nonretrofitted building.

The Design of New Buildings

We have now described an approach for
investigation and mitigating of TAQ
problems in existing buildings. How-
ever, an alternative approach is to de-
sign and construct a building correctly
the first time. TDSA Ltd. has been in-
volved as the environmental quality con-
sultant for a number of recent building
projects and has developed a framework
for design that, if followed, will help
avoid environmental problems in new
buildings.

The ideal strategy is for the environ-
mental consultants to begin working with
the design team at the program and con-
ceptual stages of a project. Energy con-
sultants are often included at this stage.
However, environmental consultants are
rarely called upon until well into the
design process or, more often, until the
building is constructed and problems are
occurring.

The environmental consultant should
be brought into the project early enough
to assist development of the building
program and to review design decisions
that could influence the ultimate livabil-

ity of the building. Specifically, the en-
vironmental consultants’ roles are to:

1. Formulate a program of environ-
mental goals and objectives for the de-
sign,

2. Review the design schematics to
evaluate whether the environmental ob-
Jectives have been reached.

3. Inspect the building after construc-
tion and test building performance rela-
tive to the environmental objectives,

A Design Brief should be prepared by
the design team which includes detailed
criteria for the building requirements.
An integral part of these criteria should
be environmental and performance goals.
These goals encompass:

« Heating, Ventilation and Air

Conditioning (HVAC)

» Ilumination

= Archilecture

» Commissioning and Operation

Heating, Ventilation and Air
Conditioning
Inadequacies of HVAC systems have

been identified as the primary cause of

complaints in the majority of sick build-
ings. Because these systems play an in-
tegral role in creating a livable environ-
ment, goals should be established for
ventilation, thermal control, indoor air
quality and filtration.

Ventilation Goals should meet or ex-
ceed criteria specified in ASHRAE Stan-
dard 62-1989: Ventilation for Accept-
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able Air Quality ( ASHRAE 1989a). For
example, the standard recommends an
outside air ventilation rate of 20 cubic
feet per minute (cfm) per occupant for
office space. In a recent project, the tar-
get was set to achieve a design ventila-
tion rate of 40 cfm/occupant (Sterling,
1992). This target assumed that the con-
figuration of the mechanical system re-
sults in a ventilation effectiveness of 70
percent. Ventilation effectiveness is the
measure of the actual amount of outside
air that reaches building occupants, As-
suming a venltilation effectiveness of 70
percent at 40 cfm/occupant, the net re-
sult would be an actual ventilation rate
of 28 cfm/occupant. This rate slightly
exceeds the rate recommended by
ASHRAE Standard 62-1989. The qual-
ity of outside air should also be consid-
ered, alongside the quantity of air. If the
outside air is determined not to be of
acceptable quality for ventilation pur-
poses, designers should employ appro-
priate air cleaning technologies.

Thermal goals should be developed
to maintain target ranges for tempera-
ture, based on ASHRAE Standard 55-
1992: Thermal Environmental Condi-
tions for Human Occupancy (ASHRAE
1992). In addition to temperature, hu-
midity has a significant effect on how
livable an environment is perceived by
the occupants (Sterling et al., 1985). The
humidity target for buildings should be
established at 30-60 percent relative hu-
midity. This target is based on recom-
mendations contained in ASHRAE Stan-
dard 62-1989.

Indoor air quality goals should be es-
tablished for carbon dioxide and form-
aldehyde. Carbon dioxide is an index of
occupant generated contaminants and
formaldehyde is and index of contami-
nants off-gassed from furniture, fixtures
and building materials, Increased out-
side air ventilation should provide ad-
equate dilution for most other indoor
source contaminants. Appropriate goals
for carbon dioxide are 600 ppm and for
formaldehyde are 0.05 ppm.

Filtration goals should be established
for filters to achieve a minimum 60 per-
cent dust spot efficiency based on
ASHRAE Standard 52-76: Gravimetric
and Dust-Spot Procedures for Testing
Air-Cleaning Devices Used in General
Ventilation for Removing Particulate
Matter (ASHRAE 1976).

Hlmination



Goals for illuminance should be es-
tablished based on the IHlluminating En-
gineers Society (IESNA 1984). These
goals are 50-70 footcandles for general
office areas and 30-50 footcandles for
Video Display Terminal workstations,
Targets for spectral quality, day light-
ing, and task lighting should also be
based on tenant use requirements.
Architecture

The overall architectural goal should
be to meet or exceed the environmental
goals wherever possible in the architec-
tural design of the building through care-
ful consideration of: envelope and glaz-
ing, configuration and massing, interior
planning, materials and acoustics.
Commissioning

To ensure that environmental-quality
targets have been met, a complete com-
missioning process of the building envi-
ronmental and energy systems should
also be undertaken upon completion and
prior to final acceptance. Ongoing build-
ing commissioning should include sea-
sonal monitoring of livability paramelters
such as ventilation, indoor air quality,
temperature, humidity and illumination
during the first year of operation along
with all energy utilization. The commis-

sioning process should be based on
ASHRAE Guideline 1 1989: Guideline
tor Commissioning of HYAC Systems
(ASHRAE 1989Db).

Conclusions

Sick-building syndrome is a perva-
sive problem occurring primarily in
buildings constructed between 1975 and
1989. It can be solved in existing build-
ings by implementing a phased program
of evaluation leading to appropriate reno-
vations or modified operating proce-
dures.

New buildings can be designed and
constructed in which occupants will not
experience sick-building problems by
following a design process that includes
dan environnwntul consultant.
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 Archivingand Wiring, Too.
We also speak English.

When investing in the everchanging realm of computer technology
you need a company that speaks the language and can also speak yours.
Hagen, Kurth, Perman & Co. has designed and installed networking systems
and solutions for a wide range of businesses, starting with our own.
Call 682-9200 and ask for Bruce Sadler, no interpreter needed.

ey HAGEN, KurTH

45 Pervan & Co,PS.
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