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Human Comfort
and T1AQ

A discussion of human comfort as the
forgotten issue in the design of buildings

article, you may be tired, irri-
table, and literally sick. The
cause could well be the environ-
ment around you and, hopefully,
" not the article itself. Part of this
cause is the outcome of energy con-
servation measures resulting from
the energy crisis of the early 1970s.
This resulted in tighter buildings,
well caulked and sealed with mem-
brane closures, lower lighting lev-
els, reduced heating/cooling loads;
lower ventilation rates, variable air
volume systems, minimum outside
air ventilation, etc. Part of it may
be due to the extensive use of syn-
thetic materials and their resultant
emission of contaminants. How-
ever, an even larger reason is that,
as an industry, we have not done
our job. HVAC systems are gener-
ally inadequate, are just poorly de-
signed, and are certainly seldom
properly maintained. We have for-
gotten or neglected the most funda-
mental of all issues in building de-
sigh—human comfort.
Our concerns for comfort in the
1960s and 70s were primarily mea-

By the time you have read this

sured in terms of temperature, hu-

midity, and air change rates. On
stringent programs (mostly institu-
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@ - Threshold Limit Values and Biological Exposure Indices - =" =2
:® AManual of Recommended Practlce fur Industnaﬁ Veumahon 1989
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57 Air Quality : . 5 oo

i I'Iorld Health Organization (I'IHO)
~® Indoor Air Quality Research S
¢ e. Air Quality Gu:dehnas—lndour Anr Pollutants
=.-®. -Indoor Air Pollutants—Exposures and Heallh Effec
; Envwomnenhl Protection Agency (EPA) * PN
: 2@ National Primary and Secondary Amblent Alr Quarty Standards
“@Radon Reduction Methods—A Homeowner's Guide
~o Exposure to Radon Daughters in Dweil’ngs (NRPB)
=k ACitizen's Guide to Radan =B
Unrled States Academy of Science (UASA) - Sy, R by
v''® " Guides for Short-Term Exposure of the Pub!rc ta An' Pollutants T
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;' @ International Thermal Comfort Standards (7?30) den U L e R
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e Standard 62-76—Method of Testing Air Cleaning Devices B
e Standard 55-1981—Thermal Environmental Conditions for Human Occupancy
. @ Standard 62-89—Ventilation for Acceptable Indoor Air Quality =~ -
: -@ Standard 90A-80—Energy Conservation in New Building Design e
@ Pasition Paper—Indoor Air Quality, August 1987 ;- - === -& . - -
. @ Position Statement—Indoor Air Quality, July 1982 .= < ... - .. L e
~ Occupational Health and Safety Administration (OSHA) % = e
@ Air Contaminants—Permissible Exposure Limits
- Rir-Conditioning and Refrigeration institute (ARI)
@ Briefing Paper on indoor Air Quality SRR AR 2 A e
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~ @ The Cansequences of Involuntary Smoking
Blectrical Power and Research Institute (EPRI)
o Manual on indoor Air Quality, EPRL.FM-3469
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Indoor air quality

tional), we might have thought
about mean effective radiant tem-
perature, looking at the effects of
occupant clothing and the impact
of cold radiant wall and glass sur-
faces. We may also have looked™at
terminal air velocities and mini-
mum outside air per person.

Comfort today is also measured
by indoor air quality, lighting char-
acteristics, and background ambi-
ent noise levels.

It was and is quite common prac-
tice that in-plant offices for indus-
trial facilities used through-the-
wall or bar room style air
conditioning units with little or no
provision for outside air ven-
tilation. The odds are ten to one
that the building you are in now
has packaged rooftop air handling
units with throwaway filters and
fixed minimum outside air damp-
ers. The filters are 10 percent effi-
cient at best and are probably
clogged. The outside air damper is
probably shut to save energy, and
the unit is virtually inaccessible for
regular inspection and mainte-
nance. '

If you suffer from nausea; head-
aches; dry mucous; inflamed mem-
branes; eye, nose, or throat irri-
tation; drowsiness; or dry skin
while in your place of employment,
then you are probably suffering
from building related illness or sick
building syndrome, which is the
popular euphemism today. When
more than 20 percent of the build-
ing occupants have these symp-
toms, then you probably do have a
serious JAQ problem.

In a recent article in the Journal
of the American Institute of Ar-
chitecture, warning was given that
the single most important area of
liability litigation facing building
designers is the environmental per-
formance of buildings. We solved
the energy cost equation with
smaller windows, lower lighting
levels, better thermal insulation,
and reduced levels of air circulation
and makeup air.

I am going to put on my archi-
tect/engineer hat for the moment
and deplore the ongoing trend in
the construction industry to den-
igrate proper engineering of build-
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ing environments. A large percent-
age of speculative office buildings
today are not designed by profes-
sionals but are put together on a
design/build or prescriptive basis
with bottom line cost as the only
criterion.

A survey of 5000 buildings by the
World Health Organization indi-
cated that 30 percent of all new or
remodeled office facilities had in-
adequate ventilation and provided
poor comfort conditions for their
occupants. It is less than amusing
to hear that even the EPA is having
problems with its own buildings in
Washington, D.C., having con-
verted an existing apartment build-
ing over to offices (National Public
Radio, “All Things Considered”).

This article will explore some of
the TAQ issues involved and at-
tempt to define comfort in today’s
idioms. What is meant by sick
building syndrome or building as-
sociated illness? How do you define
indoor air quality? How does one
address proper air distribution?

Indoor air quality

Simply defining air quality is
complicated. You have to deal with
such terms as transient exposures,

.stay times, threshold limit values,

biological exposure indices, sus-
ceptibility, “Selyes general adapta-
tion syndrome,” and now “olfs” and
“pols,” courtesy of Professor Ole

| Fanger of The University of Den-

mark. Air quality cannot currently

.be defined by biochemical or bio-

logical components. The character-
istics of air; biceffluents of the hu-
man body, and the composition of
collective outgassing of materials
combine to affect human comfort.

"The susceptibility of individuals
- and interaction with these materi-
" als and their physiological and tox-

icological effects becomes the real
measure of acceptability. In fact,

-this is how ASHRAE defines ac-
ceptable indoor air quality: “that
" “providing acceptable comfort [evels
- -of 80 percent of test subjects.” '

ASHRARE has been very active in -
this field for years. Recent develop-
ments come out of the presidential

~ Heating/Piping/Air Conditioning « February 1990
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committee on environmental
health issues, the new Standard 62-
89— Ventilation for Acceptable
Indoor Air Quality, position pa-
pers and position statements on in-
door air quality, and frequent pub-
lications resulting from annual
international JAQ seminars since
1985. Standard 55 establishes ther-

mal environmental conditions for-

human occupancy, Standard 52 es-
tablishes methods for testing air
cleaning devices, and Standard
90A developed energy conservation
standards for new buildings. We

are obviously not lackmg mforma-
tion. Thble 1 provides a listing of
organizations with major in-
volvement in these issues and key
publications.

To put things in perspective, it is
necessary to understand the basic
elements in outdoor air (at one

time euphemistically called “fresh:

air”). Table 2 provides a listing of
the EPA’s national outdoor air am-
bient air quality standards. These
relate to typical urban areas. Obvi-
ously, conditions are far worse in
some big city locations. Conversely,
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rural areas can anticipate a higher
level of quality.

Tables 3 and 4 provide listings of
commonly found indoor air pollut-
ants and recommended maximum
exposure limits. In most instances,
these “comfort” standard limits are
nominally 10 percent of threshold
limit standards established by the
Occupational Health and Safety
Administration. It should be noted
that these one-tenth wvalues are a
guideline for individual volatile or-
ganic compounds (VOCs) and may
not be acceptable where the col-
lective effects of several VOCs are
present.

It is an anomaly of this industrial
era that ozone has such a critical
influence on our environment. Too
little of it (together with carbon di-
oxide) is contributing to the green-
house effect and ultraviolet con-
tamination. Too much of it as
direct exposure can cause severe
toxicological effects.

While a single pollutant element
may in itself not cause significant
health effects, the composite ac-
tions of multiple pollutants can
seriously impact human respira-
tory systems, leading to sus-
ceptibility to pneumophilia and
other viral infections.

While discussions on individual
rights associated with smoking
may evoke considerable emotional
reactions, there is no question that

passive, secondary, or environmen- -

tal tobacco smoke has a consid-
erable effect on ambient air quality.

Thble 5 shows the results of studies -

that have been made in several

commercial office buildings to eval-

uate the concentrations of particu-
lates, carbon monoxide, carbon di-
oxide, and nicotine resulting from

conitnued on page 49
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continued from page 45
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smoking.

‘Obviously, the level of contami-
nants varies subject to the number
of cigarettes smoked and the gen-
eral ventilation rates. Regardless,

both the smoker and nonsmoker-

are subject to involuntary exposure
to high concentrations of materials
that reduce indoor air quality.

-{;?_;Ventﬂatlonrates il M

dominant average being 0.9 air
changes per hr. Put in terms of a
typical office building with 9 ft ceil-
ings, this represents 0.135 ¢fm per
sq ft. Given a fairly general stan-
dard air conditioning rate of 0.6 to
1.0 c¢fm per sq ft total ventilation
rate (4.0 to 6.5 air changes per hr),
this represents 22.5 to 14 percent
outside air and, at an occupancy
rate of 150 sq ft per person, is
equivalent to 20 cfm per person.
That is right on the money per
ASHRAE Standard 62-89—Ven-
tilation for Acceptable Indoor Air
Quality as a minimum recom-
mended ventilation rate. .

The standard recommended

minimum levels of outdoor air in-
clude the guidelines shown in Table
6. Standard 62-89 also provides
guidelines for minimum ventilation
times required to purge areas be-
fore and during occupancy based
upon physical activity levels.
_ - One might ask, “Why not signifi-
cantly increase the amount of out-
side air for dilution purposes?” The
answer is equally simple: energy—
and energy costs money! Typical
costs for handling 1 c¢fm of outside
air in an office air conditioning sys-
tem are in the range of $2.50 to $4
per cfm per annum dependent
upon location and occupancy pe-
riod.

It should also be remembered
that ventilation in itself is not the
solution to indoor air quality. It can
help to relieve or diminish the ef-
fects of contaminants, but the
source of these elements needs to
be found and resolved.

Humidity

_Little attention is paid to humid-
ity control other than for institu-
tional buildings and special oc-

In tests conducted by the Na- RS

tional Institute of Standards, the
-outside air change rates measured
““in & large number of modern office
% buildings (using tracer gas or car-

- =~ bondioxide dispersion:-techniques)-

were typically in the range of 0.6 to-
1.2 air changes per hr with the pre-

'}addltxon to utlhzmg n

rooms. Yet, humidity control plays
a large part in providing human
comfort. It is a lot more than
simply eliminating static electricity
at low RH and mugginess at high
RH. Humidity levels can play a sig-
nificant role in bacterial, viral, and
fungal growth. In addition, humid-
ity can have a significant effect on
emissions from drapes and carpet-
ing by controlling their brittleness
and dust generation.

Fig. 1 (courtesy of T. D. Sterling,
professor of interdisciplinary stud-
ies at Simon Fraser University)
shows optimum ranges of relative
humidity for health. It clearly illus-
trates the effects that humidity lev-
els can have on our environment;
yet many office buildings have lit-

‘tle or no control on low level ranges

of humidity in winter. The use of
variable volume systems with by-
pass control or of chilled water
temperature reset control also per-
mits high levels of humidity to be
reached in summer.

Another aspect of humidity con-
trol that requires increasing scru-
tiny is the humidity generating or
eliminating equipment itself. It is
now recognized that standing wa-
ter in cooling coil drain pans and
humidifier pans can be a virulent
source of bacteria and disease.
There is a general trend in the in-
dustry to recommend abandon-
ment of the use of sprayed coil cool-
ing systems, air washers, and direct
evaporative cooling systems due to
the difficulty in adequately con-
trolling and maintaining the sys-
tems to avoid biological growths.
Use of treated steam or treated wa-
ter as a humidity source has also
been found to build up chemicals in
the occupied space with sub-
sequent effect on human health. In

tech-

LR

:'J....f I T e

;,Table 5—Ambient air quallty. typical vaivesin buildlngs. g

Carbor™ <

:."_'licotm > Particulate 7: 7= Carbon 7.7
£ ; = ug/m’ W pg/m* - monaxide, pom: - — dioxide, ppr -
i General smoking. ik, oidto5 o :-T0t080 i tu2ted 700 ta 750
" Designated smoking. -~ 30to70 350 to 400 3 4to5 950 to 1000
- Nonsmoking Qto2 50to 60 “lto2 600 to 700
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Indoor air quality

nologies for humidity control, it is

also obvious that good house-

keeping practices are required.
Epidemiology studies have

shown significant decreases in ab-

senteeism and respiratory infection
occurrences in occupants of humid-
ified buildings as compared to non-
humidified buildings.

Alir circulation

It is no longer enough to supply
air to the space properly tempered,
filtered, and humidified at ade-
quate outside air and total air
change rates. You need to get it to
the working zone. The primary
concern in air distribution patterns
for offices has always been dif-

fusion to avoid discomfort from
cold drafts, etc. You may be famil-
iar with the corona pattern of dif-

fuser air flow nicely hugging the -

ceiling and providing gentle air dis-
tribution. The following elements
have impacted the effectiveness of
these systems:

® The total circulation rate has
been reduced as a result of more en-
ergy efficient building envelopes
and lower lighting levels.

e The effectiveness of ven-
tilation air distribution has been
reduced with much of it being
short-circuited back to toilet ex-
hausts or return air inlets.

® The widespread use of land-
scape office partitions has dis-

rupted the air circulation pattern,
causing stagnant pockets of con-
taminated air to be trapped in the
vital occupancy zone.

The total circulation rate used to
be determined solely by design
load. As these loads reduced, mini-
mum circulation rates were estab-
lished below which stagnant condi-
tions and complaints could be
anticipated. Typically, these were
in the range of 0.6 to 1.0 cfm per sq
ft, 4 to 6 air changes per hr. Vari-
able volume systems have cut into
these rates still further, and the
growing use of low temperature air
(from ice thermal storage systems)
will reduce primary air movement
still further. This brings back the
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- #can Air-Filter). If you then look at ;

i %e.z.compiled from manufacturers’ data .
* on filter efficiencies, only high effi-
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need.for terminal induction units
or fan powered terminal boxes to
maintain local or secondary circu-
lation levels, albeit with the accom-
panying capital costs, operating
costs, maintenance costs, and
acoustical issues.

The installation of landscape
partitioning can seriously disrupt
air distribution. Tests in Canadian
office buildings have shown that, if
not properly designed, partitions
will create stagnant pockets of air,
particularly since most of the gases,
odors, ‘biocides, etc., are heavier
than air. One solution is to ensure a
minimum undercut on the par-
titions of at least 18 in. Another
and probably better. solution is to
provide local circulation within the
partitioned area. Primary air will
provide filtered outside air makeup
cooled, humidified, or. dehu-
midified sufficiently to maintain
the required comfort levels. The lo-
cal circulation systems will ensure
the distribution of that air to the
working zone (Fig. 2).

Air filtration

For all intents and purposes, air
filtration to improve indoor air
quality is virtually useless. That is
not to say that air filters should not
be installed. They are necessary
from a basic housekeeping and
cleanliness standpoint; but any-
thing less than high efficiency par-
ticulate air (HEPA) filtration is to-
tally ineffective in removing
tobacco smoke, bacteria, fungi, and
aerosols. For contaminants such as
gases and odors, other types of
treatment—such as activated char-
coal filtration —are required.

If you look at the typical ranges
of micron sizes for different con-
taminants, most of these are sub-

micron, predominantly in the 0.005 -
to 0.5 micron range (Fig. 3, cour-

tesy of Stanford Research Insti-
tute, and Fig. 4, courtesy of Ameri-

typical filter efficiencies (Fig. 5)

ciency (80 to 95 percent) filters are

“if it was would be less than 5 per-

g N 23| 9 A8 & g:&n# »_;;; — =

oL WL [0 P [CRIT SAND

E (T8 4 bo‘ it (e ' .. =

‘g' . I Fo%n 3 -‘G'Fo‘-s

SRR —_ nw

§ Y I L] “ WAK 'u'_f"w i ':ﬁl‘;'“ i

W8 | BRI 0% 2 /AN /A
& TS AV AN A ) ) 7/ -

a2y P% 1. L=l S/l -

g 2 ZEZT AL 72977 TaZ g

: k *Efﬁ/ a7 ‘/37/': ~ 1 LAdy = g

g P :r/ﬂf 2 T t / // Iﬁﬂ E

< 3 P~ —/ = z o :

.;-_: A/"I ~ 2 f' - :3:
|3 b.zi.g.m_..mm | Randd Dr sizes L,

Q.

at all effective. The more standard filters can be effective in aerosol
1 or 2 in. throwaway filter panel is and smoke removal, they do re-
not even rated in this category and quire frequent maintenance
(generally hot water/biocidal wash-
ing) to prevent ozone generation
and agglomerated dirt reinjection
into the system. None of these fil-
tration methods is effective in han-
dling gaseous emissions, which can
typically only be removed by ab-
sorbing or oxidation. Similarly, me-
chanical ventilation systems can-
not generally effectively remove

cent effective. Field tests indicate
that use of 55 percent efficient
(NBSdust spot) filters can main-
tain particulate levels in the order
of 130 ppm in typical office build-
ings while 95 percent efficiency fil-
ters can reduce this level to 75 ppm.
Despite this, you will not typically
see HEPA filters installed in office
buildings (too expensive to main- agents causing airborne bacterial
tain), and the 1% to 2 in. WG pres- infections but can only propagate
sure drop is considered too costly and distribute them.

an energy penalty; nor will you see In general, we have opted for
carbon absorption filters for the outside air dilution as the most ef-
same reason. While electrostatic fective way to maintain indoor air

[ele) | AR I )
e > T - 2 TS T | oeviaTiond | |
50- T Z 7
2 1 ! -///'1/
e = = Q L--
':\. 3 ) = Nia | - e B > =
ool 11 Bl slgl L[ les2 88 - [ L sZil =2l L] |25 ] #i’f
B T ¥ e ; ucn_vll_cr - .8 9
Py MEs- S Jie - { pis - - : el 7 -
- 5 ™I <2 x:} ! i -~
LY BT WO ¥ v S N . ! A
‘_ "I.“[ E:'g‘ i xl - a2 2% 4
3l sloizg oo e | M [ z
= =3 T |
- g‘

s

BRAS!
e i
]

k1

2 . :
O DRARIY_YIbIn{E | 21

D

2

TJFAL‘- 0L
)

1

—— 25 LOUES )

T COLLECTING RANCE - CONCENTRATION N ‘lAIN%‘J SCFM
1

|-
Aao%%

B
Ak, Rpous
|
HERT
l.

}
T
il
I’;
n’\
A
2
i
{c
:

L
,
;

DUs
!

MEAN PARTICLE 3IZE IN LUCRONS

4 Range of particie sizes, concentrations, and collector performance.

Heating/Piping/Air Conditioning e February 1990 ’ o ™ : 51




SO AL

WALI AL MR e N VR T RN g

" 2F A

e

2Rt AdnU
b A e w4

‘J,

Neazd

Indoor air quality

\

\
NA\!

A\

\|

80

L
a1 L

=
3 3 7 Ve i
5 C
& // o N /i 4
s Ny
2 40 e ¥4 A = 90 to 95% efficiency—
= Vi V B = 30 to 85% efficiency
va C = 60 to 65% efficiency—
A / D = 35 to 45% efficiency
20 e £ = 25to0 30% efficiency—
P // F = 70 to 80% efficiency
L—T
0 =
03 04 050 6 08 1 2

"+ Particle size, micrometers - * SRR

5 Approximate efficiency versus particle size for typical air filters.

quality. Even then, I urge that air
filters be installed with not less
than 35 to 45 percent dust spot effi-
ciencies to prevent dirt buildup in
both the ventilation systems and ® Increase ventilation purge
on building finishes (either of rates following building reno-
which can lead to bacteria and viral vation, painting, carpeting, etc.
spore buildups). Areas with known ® Train personnel in the proper
high level emissions of contami- operation and maintenance of the
nants should be directly exhausted.  building environmental systems.
® Maintain control systems to
ensure proper operation.
® Thoroughly investigate all
causes and effects when revising
control sequences of set points.
Recognize that improper mainte-
nance has been cited by NIOSH as
" the principle cause of 75 percent of
sick building syndrome com-
plaints.

Conclusion
What all this is meant to suggest

® Place process equipment such
as copiers and blueprint machines
in rooms with exhaust (not re-
circulated) ventilation.

Maintenance

Once the system is installed,
commissioned, and certified to be
performing at the designed level,
maintain it by following these rec-
ommendations:

o Keep up basic housekeeping
to avoid dirt buildup, subsequent
re-entrainment, and bacterial
spore development. Review clean-
ing compounds and use wisely.

@ Clean out cooling unit drain

pans. is that there is no single or simple
® Replace air filters only with solution to maintaining human
proper media quality. comfort. Rather it is a collective ef-

& Maintain levels of biological fort of design strategies that en-
and corrosion treatment in cooling compass all elements of the envi-
towers to reduce fungus or legion- ronment: itself. There are some
ellous bacteria. simple guidelines that will mini-

& Control levels and use of pes-- mize the potential for trouble. The
ticides or fumigants and ensure simplest of all is: Don’t take short-
proper ventilation rates to purge cuts!/ Notin order of priority, some
excess materials before occupancy.  of these key elements can be stated

“® Regularly clean electrostauc*"asfollows- :
air filters used for smoke control. ® Ensure that the bmldng en-

e Avoid placing obstructions in  velope can control infiltration and
front of ventilation supply or re- exfiltration levels.
turn outlets. & Minimize the emissions from

synthetic building finishes such as
wall coverings and carpeting.

® Provide source exhaust ven-
tilation at critical containment
points such as blueprint machines,
copying equipment, dedicated
smoking areas, etc.

® Review prevailing wind con-
ditions and air current patterns
around buildings.

® Locate outside air intakes so
as to prevent re-entrainment of
contamination sources such as
truck docks, toilet exhausts, and
plumbing vents.

® Provide adequate outside air
ventilation to all areas of the build-

.ing at not less than 20 ¢fm per per-

son.

° V[amtamamx.mmum total air
circulation rate of 4 to 6 air changes
per hr.

® Design to prevent stagnant
pockets of air.

® Install and maintain air fil-
tration systems with not less than
35 to 45 percent dust spot effi-
ciencies and preferably 80 to 85
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“Tab le 6-ZRecor mmended!evelsoFoutdooralw
(fromASHFlAE Standa:d 62 89)" I e

S $2 155000 150N
ﬂlﬁc&spﬂc&"nm" o a0 L
Eanferencemomr S faree L0

) -g.“ﬂsu:w E%u
‘“Ctzissroomsi" s S (P %

percent efficiencies.

e Be aware of potential viral
bacteria contamination of cooling
coil drain pans and cooling tower
gystems and dwgnm remedml and

" treatment methods. "= : = s

& Become knowledgeable of the
potential problems and thexr solu—
tions. .

L Commxssmn the bmldmg ser-
vices upon completion of construc-

.~tion so as to achieve the original de-

sign objectives. -

® QOperate the building cog-
nizant of the issues and maintain
the environment. . . Q

- 5‘:. ‘.
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