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THE COSTS OF POOR INDOOR AIR

by David Finn, M.Eng., P.Eng.

The concept of “green building” usually
brings to mind the use of building products
that take less energy to produce, the design
of buildings that use less energy to heat, or
the recycling of construction waste, that is,
efforts to reduce the impact of buildings on
the environment, There is another element in
this concept - a “green building” will mini-
mize the impact of negative indoor environ-
mental factors on us, the occupants.

The major economies of the world, in-
cluding Canada’s, are now dominated by
service industries. Most of the people em-
ployed in these industries work
indoors. There is considerable

sands of individuals and businesses every
year. Builders and designers who have been
involved with “sick” or “problem buildings”
can also be negatively affected, facing dam-
aged reputations and in some cases, litiga-
tion,

Airborne particles, bacteria, glare from
lighting, cold drafts and traffic noise are all
examples of factors in the indoor environ-
ment that can have a negative effect on
productivity. These factors are typically
categorized as being related to indoor air
quality, thermal comfort, lighting and noise

mentioned above as a “green building” op-
tion, may also contribute to the problem. The
World Health Organization now estimates
that between 1.5 million and 2.5 million
Canadians are routinely exposed to poor
indoor air.

Poor indoor air can produce effects rang-
ing from headaches to legionnaires’ disease.
Although the specific cavses of these effects
are someltimes difficult to isolate, it is gener-
ally accepted that inadequate ventilation is
the primary culprit in most cases (see, for
example, ASHRAE Journal, September 1987).
Mechanically ventilated buildings
are widely reported to have ahigher

opinion that the productivity of
service industries can be enhanced
by improving the quality of the
workplace. This approach could
reduce absenteeismand healthcare
costs associated with poor work-
place environments {thus redue-
ing non-productive employee
costs}. Such improvements could
also result in work of higher qual-
ity and in greater efficiency. Cana-
dian data on these phenomena is
relatively scarce, but a look at US
fi gures is eye-opening:
Direct medical costs associated
with indoor pollution in the
United States could rangé from
US$500 million to over US$1
billion a year, while the costs of
lost productivity related to ab-

Salaries and
benefits 90-
92%

What are buildings used for?

Over90% of the total cost of running an office during an estimated 40-year building
life is dedicated to occupant salaries and bhenelits, as compared to less than 10%
for inilial construction, operation, maintenance and renovation of the building
(Hedge, 19913, Far toc often, construction and operation budgets arc squeezed
without sufficient regard for the impact on cccupants and their assaciated costs -
a lack of appropriate investment in the quality of the workplace and inadequate
design are common phenomena.

Costs over the life of an office building

[nitial construction 2-3%

Maintenance &
aperation 4-8%

incidence of problems than natu-
rally ventilated buildings, which is
likely attributed to the reduced
amount of fresh air supplied to oc-
cupants through mechanical venti-
lation.

SOLUTIONS?

The search for solutions to indoor
air quality problems is probably the
most active area of indoor environ-
mentresearchanddevelopment. Some
of the general approaches being taken
are described here:

Increased ventilation rates - Simply
increasing the amount of fresh air
supplied tothe building interior may
be one solution. One recent cost-
benefit study compared increased

senteeism could be as high as
tens of billions of dollars a year
{(Woods, 1989).
Alan Hedge, an internationally-respected
researcher at Cornell University, estimated
thatin 1988 workers’ compensation claims
costs American companies over US$30
billion for minor afflictions such ashead-
aches, and up to US$735 billion for ill-
nesses related to poor indoor air quahty,
in particular,
Each 1% productivity improvement could
contribute an additional US$10 billion to
the American economy. Various research-
ers have estimated that productivity im-
provements of up to 20% may be achieved
by improving work conditions.
Proportional impacts on the Canadian
economy are likely, since both countries
derive almost 70% of their respective Gross
Domestic Products (GDP) from the service
sector and have similar economic structures,
These costs are not an economic abstraction,
bur represent real negative impacts on thou-

- the major physical characteristics of the
indoor environment. Indoor air quality, in
particular, has received considerable atten-
tion in recent years.

INDOOR AIR QUALITY

The energy crisis of the early 1970s is
recognized as the advent of the era of “sick
buildings™. Buildings were designed to be
much “tighter” and both natural and me-
chanical ventilation rates were reduced as
energy-savings neasures, In 1973, ASHRAE
(the American Society of Heating, Refriger-
ating and Air-Conditioning Engineers) Stan-
dard 62-1973, Ventilation for Acceptable
Indoor Air Quality, was halved to 2.5 litres
of outdoor air per second per person. The
increasing use of synthetic materials in fur-
niture and interior finishings compounded
the problem as off-gassing of chemicals
contributed to higher concentrations of in-
door pollutants. Use of recycled materials,

ventilation costs with absenteeism
costs associated with.upper respira-
tory problems. The study showed that incre-
mental costs associated with raising ventila-
tion rates from those typically found in “sick
buildings” to those found in healthy build-
ings would pay for themselves in less than a
year due to reduced absenteeism (Holcomb
and Pedelty, 1994),

In 1989, ASHRAE revised its ventilation
standard to increase ventilation rates to 10
litres/seconds/person in non-smoking areas

" and 30 litres/second/person in smoking ar-

eas, Compiiance with this standard (ASHRAE
62-1989) is voluntary, however, and is not
called for in every project. Last year the US-
based National Energy Management Insti-
tute estimated productivity savings of bil-
lions of dolars if every office building in the
United States were upgraded to ASHRAE
62-1989. Compliance with this standard is
also regarded as providing “acceptable in-
door air guality” in many courtrooms.

Continued on next page
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The Costs of P_oor Indoor Air

Continued from previous page
Distributed services - Increasing ventilation
rates does not always solve the problem,
however. The additional fresh air is only
effective if appropriately delivered to the
occupants. To this end, a trend has recently
developed- providing multiple independently
controlled systems in a building, with each
system conditioning a particular work zone,
The Umeda Center Building in Japan, for
example, has 12 heat pumps per floor, allow-
ing small “cells” of workstations to have

independent control of temperature and air-

flow. Providing a higher degree of local
control allows occupants to tailor air condi-

tions to their needs and may result in more.

satisfied and productive workers.

Individually controlled workstations - Modu-
lar workstation units capable of connecting
to local outlets for conditioned air (and heat,
power, data, etc.} have been developed by a
number of American companies. Conditioned
air is supplied in sub-floor space and distrib-
uted through vents or nozzles in the worksta-
tion; task lighting is integrated with the unit.
These workstations provide each worker with
a high level of control over local environ-
mental conditions and have been claimed to
dramatically improve productivity (Lorsch
and Abdou, 1994), Under floor “task air
systems” have also been developed, and al-
though not integrated with the workstation
unit, they are based on a similar philosophy
of providing individual control over local
ventiltation. Local control also holds the prom-
ise of energy savings, as air, light and heat
are delivered only where needed and not to
unoccupied space.

Low emission materials - If attempts at evacu-
ating poliutants are not successful, control-
ling the source of the pollutants may be more
effective in improving air quality. It is, how-
ever, important to identify which gases are
emitted by particular building products be-
fore source reduction’ can be pursued. The
development of techniques and tools for
measuring emissions will help manufactur-
ers create safer materials and thus allow
designers and specifiers to choose safer prod-
ucts. By reducing pollutant sources, ventila-
tion rates may atso be reduced and energy
conservation initiatives pursued with less
negative impact on indoor air quality. The
Institute for Research in Construction (IRC)
is currently building a new material emis-
sions laboratory which will be capable of
measuringemissions from virtually any source
from building materials to office equipment
in the indoor environment.

FUTURE DIRECTIONS
Building owners and designers have in-
creasingly recognized the importance of pro-

viding a supportive workplace, but are usu- .

ally faced with a difficuit question: where

should we spend our money to maximize .

productivity? The consideration of the rela-
tive importance of indoor air quality, light-
ing, acoustic and thermal conditions to occu-
pant health and performance is central to
wise investment. Furthermore, increasing
occupant expectations concerning the indoor
environmert are likely to result in more
dernanding codes and standards, as well asin

"improved design specifications and com-

missioning tools for indoor spaces. Contin-
ued research on the indoor environment - in
particular, occupant reactions and perfor-
mance - is critical to achieving these goals.
As a contribution to the pursuit of this re-
search, ITC has recently begun construction
of a second new facility, the Indoor Environ-
ment Research Facility, that will be the larg-

est of its kind in North American.

Dave Finn , P.Eng.
is a technical advi-

TUNS GETS NEW
CHANCELLOR

Ruth Goldbloom,
CM.,, DHum.L,LLD,,
has been appointed
Chancellor of TUNS, A
native Nova Scotian and
graduate of McGill Uni-
versity, she has been
Regentat Mount Allison .
University, Chair of the :

Board of Governors of Mount Saint Vincent
University, and Chair of the Dalhousie Uni-
versity Annual Fund,

Dr. Goldbloomhasreceived several awards

- forher volunteer activities including the 1978

Human Relations Award of the Canadian
Council of Christians and Jews, the 1983
CASE Volunteer of the Year Award; in 1992
she was appointed a member of the Order of
Canada,

She is currently President of Pier 21 So-
ciety, a member of the Standing Committee
on Business Development for the Medical
Research Council of Canada, The Canadiana
Fund, and the Customer Council for Canada
Post. -

sor in the industry
Liaison Branchofthe
National Research
Council's Institute
for Researchin Con-
struction. Inquiries:
(613) 991-5891 or
Fax:(613)952-7671.

Thisarticle originally
appeared in the Sep-
tember 1994 edition
of "Construction
Canada" and is re-
printed with permis-
sion,

See page 20 (back
cover) of this issue,
fora list of references
for Mr. Finn's article.

ATLANTIC CANADA

SOLUTIONS

ATLANTIC CANADA

CONCERNS

Hazardous Waste Disposal
M Treatment Of Oil and Water
IZI Waste Water Treatment
M Used Oil Recyeling
[Z[ Licensed Facilities

M Environmental Evaluations
Supported by Our

Moderh Lahoratory Facilities
o Liguid and solid waste analysis

@ Oil contomination specialists

& Airquality ossessment

NOVA ENVIRONMENTAL SYSTEMS INC.
25 Akerley Blvd., Datmouth, N.S, B38 147 (902) 468-8848

Fax (902) 468-8767

4  DECEMBER/JANUARY 1995

THE ENGINEER

APENS




i
|

OCTOBER 19%4

FULL MEMBER
R.M. Maclsaac

BY TRANSFER
LE. Smith

ENGINEER-IN-TRAINING
W. Abouamim
M.A. Adams
R.A. Baker

M.S. Boudreau
W.I. Connell
G.1.T. Drover
A.D. Gillis

R.G. Griffin
R.T.A. Hardy
G.M. Hawkins
G.A. LeBlanc
J.A. Lepper

F. Letarte

§.M. MacLean
E.H. Perlikowski
C.M. Roper
R.A. Sheehan
M.S. Yazer

LICENSE-TO-PRACTICE
K.L. Chouinard

E.A. Kenney

APENS apologizes to the follow-
ing members who were listed in
erroronthe 1994 APENS Stricken
List published in the QOctober/
November 1994 issue of THE
ENGINEER {Vol 6, No. 1)

2449 G. Parker
Eris B. Hanson -
4408 I. Hiscott
6168 H.C. Williams

NOVEMBER 1994

FULL MEMBER
K. Allesbrook

P.A. Babin

D.C. Ballard
E. Bostwick-Dean
S.C. Bygrave
A.D. Collins
H.D. Coulter

G.R. Dean
1. Glennie
C.A. Hillis

M.T. Laurette
J.B. Maclsaac
B. MacKinnon
R.G. MacPherson

A.D, Milne

M. Paventi

A.J. Potyondy

P. Shaw
D. Smart
J.B. Walsh

P.D. Yeadon

8. Zaidi

BY TRANSFER
R.G. Jessome
J.A. Stovman

R.J, Wilkie

The following members holding
a License-to-Practice in Nova
Scotia were omitted from the
stricken list published in the last

issue;
14934
14954
14964
14976
14984
15014

H.Kang

1. Fisherr
J. Hendrey
1. Edward
W. Schnurr
R.D. Swift

LICENSE TO PRACTICE J.P.M. Hamelin

M.J. Fowler K. Hamill

R I Manhire C.G. Hannah

J.D. Napadow S5.C.W. Harrison

H.R. Newsom B.T. Johnson

R. Perron 1.D. Johnson

G. Vachon R.W. Johnson

_ G.E. Judge
REINSTATEMENT T.F. Kelly
H.P. Schiebel J.B. Kennedy
*H. Koren

ENGINEER-IN-TRAINING T.C. LeBlanc

LW, Aln}eda ' L.A, MacEachern
. L.D. Amirauit B.A. MacKinron

T.W. AVBS_ P.J. MacLennan

G.E. Bannister 5.P. MacLeod

JT. Barrie_ K.M.H. MacNeil

J-F. Beaulieu M.]I.R. Meunier

R.T. Billard T.S. Morrison

I.W. Bourque B.A. Newell

J. Charlton G.B. O'Blenes

D.K. Coady JLN.S. Pare

T.I Cottrt?au C.A. Pattersan

C.A, Davidson Y K, Pratt

C.S. D.aws R.B. Richards

S8.C. Eisan (. Rouhana

LC. Flannagan G.V. Rudderham

LH. Gillis B.P. Sooley

K.G. Graham M.C. Tran

M. Hadjigeorghiou LP., Turner

M.W. Zelmer

. -Eng ig’ggmx_l-Trammg

E A, Hallf should read  E.A.Halef

? Correction to the APENS Reglstratlon for September 1994
pubhshed in the last issue of THE ENGINEER R

THE COSTS OF POOR INDOOR AIR

References:

.Hedge, Alan, “Design Innovations in Office Environ-
.ments”. In Design Interventions -Toward a More Humane
Architecture, edited by Wolfgang F.E. Prieser, Jacqueline C.
Vischer and Edward T, White, Van Nostrand Reinhold, New
York, 1991.

Holcomb, L.C. and LF, Pedelty, “Comparison of Em-
ployee Upper Respiratory Absenteeism Costs with Costs As-
sociated with Improved Ventilation” Presented at the ASHRAE
1994 Annual Meeting, Orlando, Florida, June 25-June 29,
1994, : : _
Lorsch, Harold G. and Ossama A. Abdou, “The Impact
of the Building Indoor Environment on Occupant Productiv-
ity”. Presented at the ASHRAE 1994 Annual Meeting, Orlando,
Florida, June 25-June 29, 1994,

National Energy Management Institute, Productivity
and Indoor Environmental Quality Szudy, Alexandria, VA,
August 1993,

Wodads, James E. “Cost Avoidance and Producthty in
Owning and Operating Buildings”. Occupational Medicine -
State of the Art Reviews, Vol. 4, No. 4, October-December
1989, pp.753-770. :

20 DECEMBERAJANUARY 1985

THE ENGINEER

B
i
H
H

APENS



