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European Community Releases SBS Report

In August, the European Com-
munity (EC) published its fourth
1AQ report, Sick Building
Syndrome, A Practical Guide. The
report was prepared under the
auspices of the European Com-
munity Concerted Action, {ndoor
Afr Qualiry and [ts Impact on
Man. The title accurately
describes this 36-page monograph
prepared by four teading European
indoor air researchers. Claude
Molina (France), Anthony Picker-
ing (United Kingdom), Ole
Valbjem (Denmark}, and Maurizio
de Bortoli (Italy) collaboratively
wrote the guide, which is available
from the EC Joint Research
Centre, Institute for the Environ-
ment, in Ispra, ltaly.

The guide is comprehensive, albeit
brief, in describing the causes, ef-

Feature

Europsan Community Releases
SBS Report

Teols and Techniques

Measuring Ventilation Rates . . §

Conference Report
NIVASBS Course . . . .. ... 12

MNews Briefs

ASHRAE issues Standard 62
Draft Addendum . . . . . .. 13

Conference Anncuncement and

Califor Papers . . ... .. 14
Information Exchangs
EPA JAQ Publication . . .. .. 14
Headers’ Forum
Odorless Paint . . .. ... .. 15
Calendar . . ... .. ... .. 18

fects, diagnosis, and investigation
of SBS. (See the sidebar on page 2
for a list of contents.)

Significance of the Report

We think the report is important
for several reasons, First,itisa
comprehensive review of SBS that
includes various professional
perspectives. Since we see SBS as
a multifaceted problem, we believe
the multidisciplinary approach is
necessary {o adequately and com-
pletely assess problem buildings.
Second, the report is based on the
most recent and reliable European
research. Third, the authors and
sponsoring agency represent
European leadership in indoor air
issues.

Buropean nations, especially in the
north, have been addressing indoor
air issues far longer than the USA
and Canada. Numerous European
national agencies have consider-
able 1AQ) experience and
credibility. Europe alsc has a tradi-
tion: of multidisciplinary work that
is rarely found in the UBA,

1. Background

The report authors write that the
cause 0f SBS “.., is probably multi-
factorial, [and that i1} is not usual-
Iy accompanied by any organic
iesion or physical sign, and,
..therefore, diagnosed by ex-
clusion.” They also state that SBS
usunaily occurs in air conditioned
buildings “... although it has been
observed in naturally ventilated
buildings.”

2. Extent of the Froblem

After stating that the problem is
worldwide, the report authors
devote constderable space to the
extent of air conditioning use and
regulated ventilation. They cite
Jim Wood's study of 600 office
workers in the USA showing that
20% of employees experience
symptoms of SBS. They also refer
© WHO reports that estimate that
up to 30% of new and refurbished
buildings worldwide are affected
by the syndrome. Finally, the
report cites the large-scale British
study (4,373 office workers in 46
buildings) that found 29% of those
surveyed reporting five or more
SBS symptoms.

3. Cost Effectivencss

in this section of the report, the
authors cite hygo‘{heticai calcula-
tions of the cost of absenteeism
due to increased illness versus the
savings generated by decreasing
heating and ventilation (reducing
energy consumption). The calcula-
tion {originally presented by Crey
Robertson at “Healthy Buildings
*88” in Stockholm) showed the
cost of a 1% absenteeism 10 be
eight times greater than the poten-
tial savings through reduced ener-
gy consumption. The report then
states that absenteeism due to SBS
is *“... probably much greater than
1%.” 'This analysis does not con-
sider the cost of reduced working
efficiency. The report suggests
that building management and per-
sonnel management should be
more closely linked in institutional
organization.
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In some countries {such as
France), the authors gay, allergic
manifestations in office workers in
air-conditioned buildings are con-
sidered cccupational diseases with
all the attendant medical and legal
implications. The authors suggest
that these issues are imporiant in
existing buildings but should be
primary considerations in the
design and construction of new
buildings.

4, Symptomatoiogy

There are five sympiom com-
plexes encountered regularly in
SBS. They may occur singly or in
combinations.

1. Nasal manifestations: most fre-
quently, nasal irritation with rhinor-
rhea {(mucous discharge from the
nose) and nasal obstruction (stuffi-
ness).

2. Ocular mantfestations: dryness,
irtitation of the mucous membrane
of the eve.

3. Oropharyngeal manifestations:
dry, isritated throat.

4. Cutaneous manifestations: dry,
irritated skin; occasionally with a
rash.

5. General manifestations:
headaches; generalized lethargy
and tiredness leading 10 poor con-
ceniration.

The sympioms characteristically
increase in severity during the
work shift and resolve rapidly
upon exiting the building. Most
symptoms (except some cutanecus
manifestations) improve over
weekends and disappear during
tonger absences from the building
such as vacations. Cenain “con-
stitutional” discases such as ec-

* especially in cold climates.

zema and sinusitis may be made
worse in some buildings.

5. Diagnosis

According o the authors, the
preceding Symploms suggest an
SBS diagnosis. Investigators
should exclude other causes of
building-related iliness (for ex-
ample asthma, hypersensitivity
preumonitis, humidifier fever, or
allergic rhiniiis) before making an
S5BS diagnosis. The conseguences
of 8BS are increased job dissaiis-
faction, reduced working efficien-
cv, and increased absenteeism due
0 illness.

8. Aisk Factors (Causes)

The report discusses four major
categories of risk factors: physical,
chemical, biclogical, and
psychological

8.1, Physical faciors

Included in physical factors are
temperature, relative humidity,
ventilation, artificial light, noise
and vibrations, iong, and particies
and fibers,

6.1.1. Temperafure

Temperatures in excess of 24 (o
26" C {7510 79° F) increase the
likelihood of SBS, according to
several cited reports. Higher
temperatures alse increase offgass-
ing from materials,

$.1.2. Relaltive hurmidity

Humidity can be a problem both
directly by affecting occupants and
indirectly by promoting biological
contamination by microorganisms,
High values (70%) are known {o
cause discomfort and to increase
the tikelihood of biological con-
tamination. High humidity can
aiso resuly in structural damage,

Very low humidity (<20%) has
been associated with drying of the
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mucous membranes and skin in
some individuals. However, in
recent studies with very dry air
(R.H. = 9%), individuals exposed
to clean air for 78 hours had no
signs or symploms, This was true
even when the subjects had high
metabolic rates. Therefore, low
humidity probably does not direct-
iy affect SBS symptoms, although
indirect effects such as the build-
up of static electricity or offgass-
ing vapors could create conditions
conducive to SBS reactions.

6.1.3. Ventilation

Insufficient ventilation is widely
considered a causal factor. Many
couniries have established stand-
ards, but they vary considerably.
The International Energy Agency
suggests that eight liters per
second per person (16 cfm/p) will
be adequate for sedentary ac-
tivities where smoking is not per-
mitted. The report states that this
ventilation rate limits CO2 10 .1%
(1,000 ppm) and that 20% of oc-
cupants entering the room will be
dissatisfied with the environment.
{This sounds is similar to the ASH-
RAY standard.) However, if smok-
ing is permitted, a higher
ventilation rate is required.

The proper comnissioning and
operation of ventilation systems is
important to avoid problems as-
sociated with the ventilation equip-
ment itself. Recirculation of air
“which introduces contaminants to
working areas should be aveided.”

6.1.4. Artificial light

It is possible that visual stress
resulting from insufficient con-
trast, excessive brightness, or glare
induces eye irritation and
headache. Special attention should
be paid to lighting design where
there is prolonged use of VDTs.
By using solid-state high-frequen-
cy ballasts, one investigator

reduced the incidence of eye strain
and headaches more than 50% in a
study of office workers.

6.1.5. Noise and vibrations

Noise at 70 1o 80 dB {A-weighted)
may cause tiredness. Very-low-fre-
quency sound (infrasound at §.1 10
20 Hz) can cause dizziness and
nausea. Noise in the 20-100 Hz
range found in buildings with in-
dustrial machinery or ventilation
equipment can cause problems.
One study, where noise levels
were 61 dBA in two different
departments, showed more com-
plaints in workers in the depart-
ment where greater sound pressure
existed in the 8-125 Hz range.

The report also describes the work
of Michael Hodgson et al., who
found increased irmitability and diz-
ziness correlated with vibration
levels measured on the desks of
secretaries. These vibrations were
attributed to an adjacent pump
room. Certain body organs, specifi-
cally the eyes, have characteristic
resonance frequencies in the 1 to
20 Hz range, according to a pilot
studv,

6.1.6. lons

British rescarchers studied the ef-
fect of increased negative ion con-
cemtrations on office workers in an
air-conditioned building. They
found no effect on the SBS
symptoms reporied in their double-
blind study. The report alsc men-
tions the potential airway irrilation
from ozone produced by negative
ion generators.

8.1.7. Particles and fibers
Researchers have reported correla-
tionts between airhome man-made
mineral fibers (MMMEF) and eye ir-
ritation and between surface
MMMF and skin irritation.
MMMF sources identified in the
report include acoustic ceilings

and other locations where fibers
were bound by water-soluble ad-
hesives exposed to water damage.
The exposure is through direct
hand contact rather than through
airborne transmission,

8.2. Chemical factors

The authors say that chemical fac-
tors are 10O NUMETOUS 10 be con-
sidered individually. Therefore,
they grouped them into six major
categories. Industrial workplace
threshold Hmit values are usually
far higher than indoor air levels.
But two factors should be con-
sidered: first, indoor air consists of
complex mixtures where syner-
gisms can occur; and, second,
workplace limits are for healthy
adulis working 40 hour shifis.
High-risk groups in non-
workplace environments, suci as
children, the elderly, and hypersen-
sitive individuals, are often ex-
posed to pollutanis for much
longer periods of time.

6.2.1. Environmental tobacco
smoke (ETS)

“Generally speaking, this is by far
the most important source of
chemical poliution in indoor air. It
is now generally accepted that
ETS may cause cancer of the
lung.” SBS is statistically more
common in smokers. Nonsmokers
and ex-smokers exposed to ETS
experience an excess of symptoms,

ETS can cause mucous membrane
irritation (sidestrearn smoke con-
tains more irritants than main-
stream smoke). ETS contains
several hundred compounds, many
of which are toxic, and tobacco
smoke can be an allergen affecting
bronchial and alveolar immune
defense mechanisms. The report
says smoking should be “pro-
hibited in working environments
and indoor spaces open to the
public.”

& 19839 Cutter Information Corp.



indoor Alr Quality Update

Movember 1689

6.2.2. Formaldehyds
Formaldehyde indoors may come
Irom wood products, urea-formal-
dehdye foam, and a variety of dis-
infectants, cleaners, and paints.
Since formaldehyde irritates both
the eyes and the upper- and lower-
respiratory tract, it has been sug-
gested as the cause of SBS. It may
also cause allergic disorders,

Concentrations in building air are
rarcky high enough to cause SBS
symptoms. SBS has also been
found where no formaldehyde was
found int the air. However, low
congentrations of formaldehyde
potentiated by other factors may
be a contributor to SBS. The
World Health Organization
(WHO) recently published a con-
centration limit of 0.1 mg/m3 for
indoor air.

6.2.3. Volatile organic compounds
(VOO

VOC have many sources, varying
effects, and often are sources of
odors, Direct evidence on the
relationship of VOC to 5BS is not
convincing. However, the work of
Lars Mpglthave of Denmark has
shown detectable effects on subjec-
tive sepsation, performance of
tests, detaijed clinical observa-
tiong, and tear film stability in the
eye. He found these effects in
chamber tests using total VOC con-
centrations similar to those that
occur in new or refurbished build-
ings.

Birgilta Berglund of Sweden has
reported finding an inverse correla-
tion between concenirations of
some YOO and relative humidity.
This, the report suggests, would ex-
plain why SBS can be more severe
i winter than in summer.

The Danish Town Hall Study re-
searchers speculated that VOC dis-
solution in and re-release from
moisture adsorbed on material sur-

faces increased in buildings with
high surface areas Chigh “shelf fac-
tor”). In the same study, Peter
Wolkoff found significant spatial
and temporal variations in VOC
air concentrations. These varia-
tions depended on occupant ac-
tivities. (See TAQU, May 1988,
for a detailed discussion of the
Danish Town Hall Study.)

In their study of a “healthy” and a
“sick” preschool in Sweden, re-
searchers hypothesized that con-
centration gradients within the
schools rather than absolute levels
of VOU may trigger SBS (see
IAQU, January 1989).

6.2.4. Biocides

Biocides currently used in most
cold-water spray humidifiers to
control microbial growth are high-
iy irritating in concentrated form.
They may cause mucous
membrane trritation when dis-
persed in indoor air at low con-
centrations, especiatly in
susceptible individuals.

§.2.5. Other gaseous substances

Carbon dioxide concentraticns ex-
ceeding 0.1% {1,000 ppm) indicate
increased likelihood of dissatisfied
occupants and inadequaie ventila-
tion for the occupant load. The
other gases discussed in the report
inctude carbon monoxide and
nitrogen dioxide, although the dis-
cussion is limited to combustion
appliance sources in residential
contexts. The report discusses
ozone in relation to indoor sources
only, although JAQU has
described how high outdoor con-
cenirations affect indoor air levels
{IAQU, November 1988 and June
1989).

6.2.6. Odors

Odors can cause anxiety and
stress, especially when the sources
are unidentified, according to the

report. The avthors discuss the
“olf” and the “decipol” introduced
by Fanger 1o quantify odor percep-
tion and source strengths (see
TAQU, Gciober 1988), No studies
have been reporied that compare
olf levels to SBS incidence.

8.3. Bivlogical factors

The report describes mites as
primarily a residential probler
and says that molds are a problem
mainly for allergic individuals. It
says there were no published sug-
gestions of mold proliferation as a
cause of SBS. However, the or-
ganic dust content of carpets
{primarily skin scales, bacteria,
and mold spores) had a
demonstrated correlation to SBS
symptom reports. The authors sug-
gest the need for further investiga-
tion of the relationship between
the organic conients of dust, their
metabolic products, and SBS.

6.4. Psychological factors

Some research has suggested that
SBS is the cause of excess siress
rather than the effect of it, How-
ever, psychological factors may
make people mere susceptible to
$BS; environmental factors may
increase stress, lowering
individuals’ resistance to illness.
The “psycho-physical load” at
work {for example, long-ierm ex-
posure o0 VIITS) may be an addi-
tional factor for indoor air
complainis.

7. How lo Conduct Investigations
The EC report does not depart
from the prevailing wisdom about
using a phased (or stepwise) inves-
ligative approach. Quantitative
measurements should be made
only after a subjective and qualita-
tive evaluation. The qualitative
gvaluation should begin with a
review of operations and recent
changes in the ventilation system.
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Ii should also review the access
building occupants have to HVAC
system conirols,

If operations are considered nos-
mal and complaints persist, a tech-
nical and hygiene evaluation is in
order. This determines the extent
and nature of the problems in
order to define the required exper-
tise of the investigating team.

The approach recommended in the
report is designed for investigating
SBS complaints. However, the in-
troductory comments state that it
can be used with minor variations
10 investigate indoor air or climate
problems of nearly any type.

The four major phases of the step-
wise investigation recommended
in the report are shown in Table 1.
These are similar 1o those recont-
mended by many other authorities
{see [AQ) Diagnostics, IAQU May
1988; NIOSH, {AQU january
1989}, The major difference is

that for the first phase, the EC
report recommends & question-
naire. The second phase consists
of making the inspection and guid-
ing measurements. The third phase
involves detailed climate and ven-
tilation measurements. The final
phase involves medical investiga-
tion and measurement of specific
suspected components (chemical
compounds, biological organisms,
or physical factors).

Conciusions and Commenis

The EC report contains a good bib-
liography on SBS studies, primari-
ly in Europe. This is followed by
four very useful appendixes as
listed in the beginning of this ar-
ticle. Included are a valuable
guide for diagnosis by medical per-
sonnel and a questionnaire
prepared by the Environmental
Medicine Clinic in @rebro Hospi-
tal, @rebro, Sweden.

We do not see anything startlingly
new in the EC SBS report. How-
ever, the report does represent a
continuation of the high-quality
work that has been coming from
the Joint Research Centre in Igpra.
Last month, we reviewed an impor-
tant paper on VOUC in indoor air
from two Ispra investigators, de
Bortoli and Kndppel (see IAQL,
October 1989,

The SBS report continues the flow
of valuable information from the
European Community. More impor-
tant, it demonstrates the ability of
the representatives of the member
nations to develop a consensus on
difficult indoor air quality issues.
This reflects the optirmnistic and am-
bitious attitude we saw in many of
the individunals involved who at-
tended the SBS course last month in
Copenhagen (see article elsewhere
in this issue of JAQU) — optimism
about the impact of the sweeping
changes coming to Europe in 1992,

Tabie 1 — Summary of stepwise investigations of bulldings with problems
Swep Type of investigation Performed by Actions (examples)
{proposals)
1 Technical survey and Industrial physician Contact experts for
use of questionnaire Safety representative evaluation, organize
Mainienance engineer new actions, inform.
2 {nspection and guiding Safety engineer Clean and adjust
measurements of Ventilation engineer veniilation, stop
climate-indicators humidifiers, (re)move
smokers and pollution
sources
3 Measurements of Safety engineer Increase ventilation,
ventilation, climate Industrial hygienist arrange sun-shielding
indicators and other Yentilation engineer
implicated factors
4 Medical investigation, Medical doctor Renew furniture, change
specific measurements Indlustriai hygienist Ongoing activities or
of suspected components building materials;
move staff, mount
local exhaust
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when many trade barriers will dis-
appear. We look forward to a con-
tinuation of the productive efforts
at Ispra and the EC.

For More Information

Report No. 4: Sick Building
Syndrome, A Practical Guide.
European Concerted Action: “In-
door Air Quality and Its Impact on
Man;” COST Project 613. Ispra,
Iraly: Joint Research Centre, Com-
mission of the European Commu-
nities. August, 1989, 36 pages. ¢

Measuring Ventilation
Rales

Far too little is known about the
practical measurement of ventilation
effectiveness. This article is the first
in a two-part series on ventilation
that explores different aspects of
ventilation measurement,

Ventilation rates are of enormous
importance to indoor air quality;
designers, builders, code officials,
owners, occupants, and inves-
tigators need to know the ventila-
tion rates of the spaces in their
buildings. Building designs are
based on assumptions about ven-
tilation rates, and indoor air
quality control efforts increasingly
rety on such assumptions. Meas-
urements of ventilation rates in
buildings show that actual rates
can be far lower or far higher than
design rates.

Building designers, owners, and
regulators expect manufacturers (o
keep product emissions at “accept-
able” or “safe” levels. Therefore,
product manufacturers must know
the ventilation rates in the spaces
where clients will use their
products. Ventilation rates affect
both chemical emission rates and

 Tools and Techniques '

airborne chemical concentrations.
Depending on weather and ventila-
tion systemn operation, ventilation
rates within a single building can
vary by factors ranging from five
to twenty-five. Also depending on
ventilation rates, contaminant con-
centrations can vary by factors as
high as ten. Therefore, knowing
the actual ventilation rates in any

given space is extremely important.

Measuring ventilation rates is
neither simple nor easy. We see
four important issues regarding the
measurement of ventilation rates.
Orne concerns the choice of an inert
tracer gas (usually sulfur hexa-
fluoride: SFg) or carbon dioxide
(CO2). The second concemns the
choice of CO2 measuring devices:
the use of detector tubes or a direct
reading analyzer. The third issue
concerns measuring veniilation rates
in individual spaces within a build-
ing versus determining a “‘whole
building average ventilation rate.”
Finally, the fourth issue concerns
defining and measuring ventilation
efficiency or effectiveness. We ex-
plore the first two of these issues in
this article and the second two in
next month’s FAQU, In this article
we use data from recent papers by
two of the leading authorities in the
field, Andy Persily of the National
Institute of Standards and Technol-
ogy, (NIST, formerly the National
Bureau of Standards) in
Gaithersburg, Maryland, and Wil-
liam Tumer of Harriman Associates
i Aubum, Maine,

Comparison of CO2 and SFs
Measurements

Turner and Persily separately com-
pared CO7 and SFg measurement
methods. Turner believes that
each method has weaknesses as
well as advantages. He feels that
the benefits of using the two
methods together cancels out the

weaknesses of using each method
alone, Therefore, wherever pos-
sible, he uses them both.

in a paper presented at ASHRAE
TAQ 89 (see IJAQU, May 1989, {or
a report on some of the other papers
presented there), Tumner presented
the results of ventilation measure-
ments in two buildings. Turper said
that one advantage of the CO2 meas-
urement method is the relatively
few measurements required {0 deter-
mine the ventilation rate. Another
advantage is that the occupants
themselves are a built-in source of
the tracer gas: CO2.

Occupancy

A drawback of the COp method is
that the investigator must know the
exact number of people present in
the building when the measure-
ments ar¢ made and, perhaps, for
some time before. This is because
the method requires calculating the
theoretical concentration based on
the number of occupants and the
rate at which people generate CO4.
Most investigators assume a
generation rate of 5.3 x 108 m*
per second per ofcupant. Some
empirical work has found genera-
tion rates slighily lower but ¢lose
enough 1o be acceplable.

Counting occupants can be dif-
ficult, especially in large buildings
or whenever the number of oc-
cupanis varies considerably during
the day. (For small buildings of
less than 30 occupants, counting
the occupants is not difficuli.)
Turner addresses this difficulty by
counting people in a representative
number of offices and multiplying
occupancy times appropriate cor-
rection factors to estimate the total
number of occupants. Other inves-
tigators have actually used oc-
cupant sensors located at all
emiries to monitor the number of
occupants in the building. Note
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again that Turner is altempting {0
ohtain a building average, not a
single space measurement,

Another disadvantage of the COp
method is the need for relatively
high occupant densities. While
Tumer does not give a guideline
for minimum densities, he poinis
out that CO2 measurements simply
can’t be done when buildings have
been evacuated due to indoor air
quality problems.

Equilibrivm

An additional disadvantage
pointed out by Persily is that COp
measurements can be made only
after the buiiding has been oc-
cupied for some time, This is be-
cause it takes considerable time
for the CGO2 levels w come 10 equi-
iibrium, a necessary condition to
fit the assumptions in the calcula-
tion methods. However, building
occupancy varies considerably
during the day. Persily shows the
variability of CO2 levels during
the day in a typical office building
{(see Figure 1).

Persily calculated the fime required
for COz levels to achieve steady
state at various ventilation rates. He
found that at typical occupant den-
sities, it would take almost four
hours at one air change per hour
{ach) and eight hours at 0.5 ach.
Since occupancy usually does not
stay constant for more than four
hours, in most cases stable equi-
librium will not be reached. There-
fore, at raies less than ong ach

(typical of many office buildings,
according to Persily), vemilation
rates based on COy measurements
will underestimate the actual ventila-
tion rate, Persily’s calculations are
shown in Figure 2, next page.

Infiitration

Air exchange rates depend not
only upon mechanical ventilation
but aiso upon infiltration. Infilira-
tion increases with large differen-

500
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e
g
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]
Q
5
& ADC
o~
Q
[
Outdoors
350 + i t
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Figure 1 — Example of CO2 Concentration Data from Building A
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ces in indoor-outdoor tempera-
tures. Building mechanical sys-
tems also respond to temperature
differences, although not in the
same way as infiltration. As I/O
Delta T (the difference between in-
door and outdoor temperatures) in-
creases, mechanical system ven-
titation rate goes down (in most
buildings) and infiltration goes up.

Persily found that in some build-
ings under minimum mechanical
system ventilation conditions,

{fully half of the air exchange was
caused by infiltration. Also, the
total ventilation rate under these
conditions can be as low as 0.4
ach. When inside-outside tempera-
ture differences are minimal, mech-
anical ventilation will dominate
and ventilation rates will be much
higher. Figure 3 shows the air ex-
change rates in one building
plotted as a function of inside-out-
side temperature differences. (See
[AQU, May 1989, for a detailed
discussion of Persily’s 1AQ 85
paper on ventilation rates.)

Persily plotted two theoretical cur-
ves for COz concentrations and ven-
tilation rates: one for a building with
a 10-foot ceiling height and one for a
building with a 13-foot ceiling
height. On the same graph he plotied
the measured peak concentrations in
three buildings he studied. Ttis inter-
esting that a very large number of
COz measurements were in the 400
ppm to 500 ppm range over a wide
range of ventilation rates, from about
0.6 ach up to more than 2.0 ach. This
would indicate that the CO7 measure-
ments are not reliable indicators of
ventilation rates. This could be be-
cause veniilation rates change rela-
tive to occupant density (and the
related changes in thermal loads);
rates irtcrease as occupancy in-
creases, thus maintaining relatively
constant COz concentrations. (See
Figure 4, opposite.)

o«
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Figure 2 — Calculated Build-Up of Carbon Dioxide
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Figure 3 — Air Exchange Rates for Building B

On the other hand, Persily states
that the data for Building C alone
show a predictable relationship be-
tween daily average air exchange
rate and peak COz concentration.
{See Figure 5, opposite.)

Tumer’s data are interesting since
they demonstrate that neither meas-
urement method alone is defini-
tive. Tracer decay measurements
using SFe must be corrected for
the difference between actual {(ef-
fective) volume in the building and
the theoretical {gross) volume
based on building dimensions. Fur-

nishings, building equipment,
walls, floors, office equipment, fix-
tures, and other objects occupy
space which reduce the actual
volume to something less than the
building dimensions. Tumer es-
timates that effective volumes are
something on the order of 85% of
the gross volume. He uses a range
of effective volume estimates for
his calculations from 80% to 95%
of the gross volume.

When Turner considers the range
of accuracy of CO2 measurements,
he arrives at a range of ventilation
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rates rather than a single value.

He then uses the overlap between
COz-determined rates and SFg-
determined rates 1o define a
smaller range of values. He ac-
cepts these as reasonable estimates
of the actual air exchange in a
building. An example of his work
is shown in Table 2, next page.

Comments from the Authors
We asked Turner and Persily what
they had learned from their work.

Here are some of their obser-
vations:

I. They both believe that building
envelopes leak, sometimes quite
alot,

2. They also believe that there is
considerable air movement in
buildings between zones or
spaces, and that this movement
must be understood to rely on
tracer gas or CO, measure-
ments. All that is required for
air movement is some path be-
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tween two parts of a building
and a pressure difference. This
makes measuring ventilation dif-
ficult. To check for this, Tumer
uses tracer gas released in one
zone in a building to see if the
gas shows up in another zone.

3. Persily wamned that when ¢x-
haust ventilation is used to con-
trol indoor air contarinant
sources, it is important to know
where the air that will be ex-
hausted is going to come from,
Turner said an important part of
measuring ventilation or in
designing systems is balancing
the supply and exhaust (or
retum) air in each space or zone.
Lots of zones Turner has
measured are not balanced.

4. Tumer said that he has seen
buildings which actually had air
exchange rates that differed
from the designed flow by as
much as a factor of two, and in
gither direction. That is, some
were as low as half and other as
high as twice the designed air
flows. Persily’s work {(reported
inJAQU, May 1989) found
similar differences.

5. Persily said that when buildings
do leak, it is hard to control the
ventilation.

For More Information

Tummer and Persily both presented
papers at ASHRAE’s “1AQ '89;
The Human Equation, Health and
Comfort.” The papers will be in
the publication from that confer-
ence. ASHRAE has scheduled
printing in mid-January. The list
price will be $65, ASHRAE mem-
bers’ price will be $44. Contact
ASHRAE for more information
and to order a copy. ASHRAE
Publication Sales, 1791 Tullie
Circle, NE, Atlanta, GA 30329,
(404)646-8400,
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Table 2 — Comparison of Qutdoor Air Quantities from Tracer Testing and CO; Testing

Test Zone cfm from Tracer Decay cfm from COn Test cfm from Combination

1 8,340-11,100 10,100-12.,000 10,100-11,10¢

2 3,060-3,630 1,900-3,800 3,060-3,630

3 1,770-2,100 630-840 ?

4 1,000-1,700 1,470-1,960 1,470-1,700

5 250-1,100 700-1,050 700-1,050

8 820-960 Q80-1,180 970

7 1,730-2,050 1,960.2,940 1,960-2,050

COo Measuring Devices

Experts use carbon dioxide meas-
urements when diagnosing indeor
air quality problems and determin-
ing ventilation rates. Many
authorities, and most researchers,
recommend using a guideline level
of 1,000 ppm CO2 as an indicator
of insufficient ventilation for a
given occupant density. The new
ASHRAE ventilation standard {(62-
1989) relies heavily on the 1,000
ppm guideline for establishing out-
side air supply requirements,

Two devices for measuring CO2
are detector tubes and direct read-
ing analyzers. Detector tbes are
widely used because they are
simpler, more economical, and
more convenient. Many inves-
tigators consider the analyzers
more reliable and accurate. Selec-
tion of the appropriate device will
depend on the purposes of the
measurements and the degree of
accuracy or reliability required as
well as the investigation budget
and the availability of the
analyzers.

Detector tubes

Detector tube measurements are
made by pulling a determined
quantity of air through a tube and
determining the length of the
colored stain. Detector tubes are

closed, slender glass cylinders
filled with solid chemicals which
react with the subject air con-
taminant, resulting in a color
change in the solid material.
Tubes for measuring carben
dioxide are available in several
concentration ranges. The con-
centration range of interest for in-
door air work is 300 10 1,500 ppm
(0.03%-0.15%).

A detector tube setup {pump or
syringe and related equipment)
costs three to five hundred dollars
and the tubes cost $2 to $3 each.
One tube is required per measure-
ment, The measurements take two
to five minutes each, depending on
the type of air sampling device and
the tube used. Piston samplers are
faster than the squeeze bulb type.

To make a measurement, the ends
of the tube are broken and the tube
is placed in the manufacturer’s
holder, fitted with a calibrated
squeeze bulb or piston pump. The
recommended air volume is drawn
through the tube by operating the
squeeze bulb or piston pump.
After the required amount of air is
drawn through the tube, the length
of color change is read against the
pre-calibrated marks on the glass.

Since the stain fronts are not
sharp, some individual operator

judgment is required to determine
the length of the stain. This judg-
ment can result inlarge differences
in the readings. Acceptable ac-
curacy requires a close reproduc-
tion of the flow rate patterns
intended by the manufacturer of
the tube, and tubes from various
marwfacturers have produced an-
even resulis when used with other
manufaciurers’ pumps or syringes,

In a just published article, three
Swedish researchers found detec-
tor tubes completely unacceptable
for measuring ventilation rates.
They calculated air recirculation
based on detector tube and in-
frared analyzer readings and com-
pared the resulis.

The calculated air recirculation
based on infrared analyzer read-
ings were very close 1o the settings
on the valve controlling the air
handier. At settings of 25%, 50%,
and 75% recirculation, the three
calculated rates were 25%, 30%,
and 73%.

They made two sets of detector
tube readings. In the first they
used three types of tubes with each
read by three people. In the
second test they compared the
results of one person reading two
consecutive measurements with
each of the three types of tubes.
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Table 3 — Comparison between CO2 measurements with an IR
spectrophotometer (Miran 1A) and three types of reactor tubes. The midpoint
of the total variation width of reactor tube readings performed Independentily

by three persons is accounted.

not only demonstrate
large spread and un-
satisfactory precision,
but the results could
even be prepostercus

O3 Concentrations {UL/L) Air Recirculation (%) with values below 0%
and above 100%
Inlet Recirculated Mixed Valve when the air recircula-
Method Air (C3) Air (C3) Air (C3) Calculated Adjustment tion is calculated from
Miran 386 596 464 37 33 the medians or means
Auer 250-700  200-700 200-800 67" 33 ffgag;en dseimor tube
300 450 400 gs.
Ditiger 300-350 350-450 300-450 67+ 33 The air drawing
325 400 375 device must be check-
Ki 250260 470-500 370-390 62% 33 ed periodically for
itagawa - - - its fitrd
260 470 390 leakage at its fittings.

* Calculated from the medians

The flow rate of the
devices should be
checked and main-
tained pericdically

Table 4 — Comparison between CO2 measurements with an {R
spectrophotometer and three types of reactor tubes. The mean of the mig-
points of the variation widths of detector tube recordings read by one person

on two sets of reactor tubes.

with a reliable instru-
ment such as a cali-
brated rotameter io
verify proper volu-
meiric sampling.

CO2 Concentrations (ul/L)

Air Recirculation (%)

One investigator has

Inlet Recirculated
Method Air (Ca} Air (Cs)
Miran 410 513
Auer 0-500 350-1000
225 575
Driiger 300-400 350-450
325 380
Kitagawa  300-300 350-400
300 375

* Calculated from the means

encountered repeated

Mixed Valve ; : :
Air (Ca) Calculated Adjustment mter‘fe.r ence from h}gh
humidities when using
479 67 66 carbon dioxide deiec-
0-700 43 66 §or tubes. The.reforei
175 if elevated moisture is
. present, it might be
20;);(1)00 <0 66 wise 1o avoid the use
of detector tubes.
75-400 100*
3 ??90 >100 66 if used properiy, the

detector tubes can be
used for screening pur-
poses, where a high

Their results are shown in Tables 3
and 4. They show very large
deviations among individuals’
readings and among each indi-
vidual’s readings of the same tubes.

The trends in the readings reflect
ihe values which the researchers
believe are more accurate, buf the
absolute values are simply tco far
off 1o support the use of COy detec-

tor tubes for the purpose of cal-
culating ventilation (or recircu-
lation) rates in nonindustrial
building settings.

The researchers conclude that “IR
spectrophotometers have a high
precision for analysis of CO2.”
From Tables 3 and 4, it is obvious
“... that the air recirculations calcu-
lated from the detector tube readings

degree of precision is
not required. The user
should consider the range of poten-
tial error involved in the use of the
device and apply it appropriately.

Direct reading analyzers

Use of infrared analyzers for CO2
is as uncommon as detector tubes
are common. A dedicated CO2
direct reading instrument costs
about 32,000 to $3,000, and more
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versatile instruments are available
at greater cost.

They must be maintained and
calibrated carefully and frequently.
Although they are bulkier and
more costly, they are more ac-
curate and rcliable than detector
tubes,

Infrared analyzers give a con-
tinucus readout of the CO2 con-
centration based on the absorption
of infrared energy by the CO2.
The device samples air at a set
sample flow rate. The devices
vary greatly in size and weight,
with the smallest weighing in at
about 25 pounds and about a cubic
foot of volume. They are con-
stdered poriable instruments, al-
though a cart for their transport is
very useful.

For More Information

A detailed discussion of air sam-
pling devices is contained in the
American Conference of Gov-
ermmental Industrial Hygienists’
Alr Sampling Instruments for
Evaluation of Atmospheric Con-
taminants. 1t is available from
ACGIH, P. O. Box 1937, Cincin-
nati, OH 45201, It is revised peri-
odically and is an indispensable
resource for air sampling.

Reference: K. Ancker, et.al.,
“Evaluation of C0O2 Detector
Tubes for Measuring Air Reircula-
tion.” Environment International,
Vol. 15, Nos. 1-6, pp. 605-608.

Contacts: William Turner, PE, Har-
riman Associates, 292 Court
Street, Auburn, ME 04210;
{207Y784-5728. Andrew Persily,
Ph.D., NIST, Gaithersburg, MD
20899 (301Y975-6418 ¢

NIVA Course Focuses on
SBS

During October 16-20, 1989, forty
physicians, industrial hygienists,
engineers, architects, and scientists
from Scandinavia and other
European countries attended a
week-long course in Copenhagen
on “The Sick Building Syndrome.”
The course was sponsored by the
Nordic Institute of Advanced Oc-
cupational Environment Studies
(NIVA), NIVA is an association of
Scandinavian countries that spon-
sors courses in occupational health
for professionals and scientists.

The course was an in-depth review
of the nature and causes of SBS,
measurement of indoor air con-
taminants and climate, and
measures to control indeor air
quality problems. Speakers in-
cluded the leading indoor air
authorities in Scandinavia and

others from Europe. Bill Cain
from the John B. Pierce Founda-
tion at Yale and JAQU Editor Hal
Levin from the U.S. represenied
North America, along with Doug
Walkinshaw from Canada, who is
the president of “Indoor Air 90.”

Swedish Indoor Alr Proposals
Thomas Lindvall of the Swedish
National Institute of Environmen-
tal Medicine presented the opening
address and overview lecture. He
gave a very thorough introduction
to the subject. During his lecture,
he presented proposed criteria for
ventilation system design. They
are listed in Table 5 below,

Lindvall described the Swedish in-
door air quality control proposals
listed in Table 6 below. While
some of these proposals may seem
extreme to American readers, the
Swedes {and other Scandinavians)
have been aware of and dealing
with indoor air pollution much

Table 5 — Criteria for HYAC System Design

Occupant Respense Factor*

Detect any odor

Experience discomfort
Experience annoyance

Detect mucous membrane irritation

% of’ oocupants

<50
<10
<20

<5

* Judged or perceived by non-adapted visitors/semi-visitors to the space.

Table § — Swedish indoor Alr Proposais

AR T

1. Declaration by designer/builder.
a. Chemical content of materials.
b. Estimated pollutant emissions,
¢. Bstimated side effects of use of the materials.

Minimum ventilation of 0.5 air changes per hour outside air.
Classification of ventilation system,

Prohibition of return air systems.

Prohibition of general air humidification.
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fonger than we have, There also
seems 1o be far less ventilation in
Scandinavian buildings. Thisis
probably because they are mauch
better at creating tight seals for the
purpose of saving energy. How-
ever, the price of this effectiveness
has been peor indoor air guality.

Odor and Irritation

A full day was devoted to under-
standing odor and irritation. We
were struck by the similarities be-
tween the hypothesized
mechanisms of odor perception
and of irritation. An “odor event”
apparenily occurs when an active
chemical molecule penetrates non-
motile cilia to reach receptor cells.
An “irritation event” apparently oc-
curs when an active chemical
molecule penetrates a mucous
membrane in the upper respiratory
iract, for example, or a lipid layer
which overlays the aqueous
membrane covering the eve. In
both cases, the mechanisms are not
demonstrated but only hypotheses.

Peder Skov {of Danish Town Hall
Study fame) described his work
showing that noncomplaining oc-
cupanis of high-complaint-level
buildings exhibit visible
physiological changes in the eye;
these changes are not found in the
eyes of noncomplaining occupants
of noncomplaint buildings. Skov's
work suggests that studying the
eye using his technigues can assist
in determining the likelihood of an
SBS or probiem building.

in the Danish Town Hall Study,
Skov found that eve irritation in-
creased proportionally to the
amount of fleecy surfaces present
in the building. This irritation was
also accompanied by unstable tear
film as well as epithelial damage.

Bill Cain of Yale presented his
hypothesis that nicotine in ETS is

responsible for the irritation ex-
perienced by those exposed to
tobacco smoke. Cain'’s hypothesis
has not been published, but much
of his work has built support for
ihis theory, Cain said we have
much 16 Ieam about irritation and
he doesn’t think we will under-
stand 8BS until we understand ir-
ritation.

Sensitivity to odors, Cain said, ran-
ges over concentrations with dif-
ferences up to 10, For example,
ethane has a detection threshold of
120,000 ppm (1.2 x 10°) while 2-
methoxy-3-isobutylpyrazine has a
detection threshold of 5.4 x 107
ppm. The potency and charac-
teristics of odors are quite varied,
Cain said.

In relation to SBS, Cain indicated
that irritation potential may not be
apparcid when a chemical is first
smelled. Smell decreases over
time (with exposure) but irritation
increases. He gave the example of
ammonia. A sniff of it gives no ir-
ritation at first, The odor
decreases over time, but the irrita-
tion increases if exposure con-
tinues. With repeated exposure,
cdor perception decreases while ir-
ritation increases. Cain relates this
10 the fact that SBS does not usual-
by appear on the first day of ex-
posure but usually occurs afier a
few days in the new environment.
The cumulative exposure leads to
the irritation response, he said.

Odor and irritation are mutually in-
hibitory, according to Cain, The
presence of one lessens the percep-
tion of the other. Therefore, you
could remove an odorant and get
increased tiritation. This is ex-
tremely important in investigations
and remedies of SBS complaints.
If it is incorrectly assumed that the
odorant is causing the irritation (or
the complaints), then removal of

the cdorant might only increase
complainis.

Where Will it Lead?

There were many other outstand-
ing presentations. Space limita-
tions do not permit full coverage
here. The authors’ papers, dis-
tributed 10 the attendees, represent
a broad collection of relevant
literature. These papers could be
the basis of a future publication.

A future offering of the course is
also a possibility, although we are
aware of no such plans currenily.
However, we noted a significant
difference between this course and
others we have aitended. The
longer time period and comprehen-
sivengss of the program provided
an in-depth presentation which we
simply have not observed else-
where.

For More Information:

Contact: Nordic Institute of Ad-
vanced Occupational Environmeni
Studies (NIVA), ¢fo Institate of Oc-
cupational Health, Topeliuksen-
nkatu 41 a A SF-00250 Helsinki,
Finland, tel 358-0-47471. Oy,
course organizer: Peter Wolkoff,
Arberdsmiljoinstituttet, Lerso
Parkalle 105, DK-2100, Copers-
hagen &, Denmark. 4

ASHRAE Issues Standard
62 Draft Addendum

On October 26, just one month after
publishing Standard 62-1989, ASH-
RAE issued a Public Review Draft of
an addendum to the standard. The
purpose of the addervdum is to return
to the adopted version of the standard
those items that were modified in
response to procedural objections by
appellanis. The changes update
some of the references and cited
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authorities for National Primary
Ambicnt Air Quality Standards
and indoor air levels.

The Public Review Comment
Period begins December 11, 1989,
and closes February 9, 1990.

Copies of the draft may be ob-
tained by sending a check for $5
payable 1o ASHRAE. Send orders
and comments to the Manager of
Standards, ASHRAE, 1791 Tullie
Circle NE, Atlanta, GA 30329. ¢

Call for Papers: ACEEE
1990 Summer Study

“Indoor Air Quality” and “Oc¢-
cupant Health and Comfort” are
among the 15 topics listed in the
conference brochure for the
ACEEE 1990 Summer Study on
Energy Efficiency in Buildings.
The conference will be held
August 26-September 1, 1990, at
the Asilomar Conference Centet,
Pacific Grove, California,
Abstracts, which are due Decem-
ber 4, 19§89, should not exceed 250
words, should be typed double-
spaced on ong page, and should in-
clude title and category of
submission (refereed paper or
poster). Do not include authorship
or institutional affiliation on the
abstract. On a separate page, in-
clude author(s) name and contact
information. Send six copies to
ACEEE 1990 Summer Stady Of-
fice, cfo Ed Vine, Building S0H,
L.awrence Berkeley Laboratory,
Berkeley, CA 94720.

Papers will be selected on the basis
of clarity of thought and presenta-
tion, relevance of topic to the con-
ference, presentation of new
material, and likelihood of stimulat-
ing discussion and debaie. ¢

Information Exchange

EPA |AQ Publications

EPA has updated its publication,
Current Federal Indoor Air
Quality Activities. The 68-page
booklet, prepared with cooperation
of the Interagency Committee on
Indoor Air Quality (CIAQ), was
compiled by the Indoor Air
Division, Office of Air and Radia-
tion, at EPA in Washington. Con-
gress mandated the establishment
of the CIAQ in the Superfund
Amendments and Reauthorization
Act (SARA) of 1986. EPA asked
each federal agency to submit a
list of its indoor air activities. The
booklet summarizes the responses
to that request.

Their are dozens of activities listed
for each of the major TAQ agen-
cies: EPA, CPSC (Consumer
Products Safety Commission),
DOE (Department of Energy), and
the Departinent of Health and
Human Services (HHS), which
contains NIOSH. Other Depart-

ments such as HUD, Inferior,
Labor, and Commerce also have
activities described in the booklet.

For cach activity the booklei lisis
the issue/major activity, purpose,
status, lead agency/office, and con-
tact person with phone numbers.
We roughly estimated a total of
about 330 1 500 projects contained
in the booklet. Although described
as current through May 1989, there
are a few eniries even more current
than that, Notable among these is
EPA’s own Report to Congress, sub-
mitted in August just days before
the booklet wernt to press.

Examination of the booklet
revealed onty 30 publications
listed, other than a scatiering of
technical reports. Most of the
listed publications were written for
the nontechnical reader, Many of
the most important reports publish-
ed by EPA and other agencies are
listed with the description of the
particular project rather than in the
listing of publications at the rear.
This means the reader in search of
detailed or technical publications

k)

Table 5 — Publications Available from Federal Agencises

Publication:

Report to Congress

indoor Ailr Reference Data Base
TEAM Study: Indoor Airin 10
Public Buildings (Vols. 1 and 2)
IAQ Model (compuier model)
IAQ Data Base for Organic

Compounds
NO7 Health Research

Agency/Contact

EPA/Public Information Center
{(20475-8740

EPA/MNorman Childs {contains over
3,400 citations) (919)541.2229

EPA/Lance Wallace
(202)382-5792

EPA/ Leslie Sparks
{919)541-2458

EPA/Tames White
{919)541-2458

CPSC/l.ori Salizman
(301)492-6477

%
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must peruse the entire booklet,

We have scanned the booklet o
identify a few publications we
think will be of interest o our
readers. They are listed in Table 5.

The good news is that the boolkdet
lists the phone number of each
project officer. That should make it
casy to get a free copy if any extras
are still available. If purchased
through the National Technical In-
formation Service (NTIS), these
repotts can be expensive, (We
feamned the hard way) #

Odoriess Paint

{ear Hal,

Your article in Vol 2, No. 4 of
1AQ Update brought up the ques-
tion of whether adding sodium
picarbonate to latex paint made it
“healthier” 1 first heard of this
practice from Australians who had
been reading American advice
books on "healthy” housing, Their
ready acceptance of water-based
paint as “good” for hypersensitive
pecple was of some concem to
me, as inspection of their dwell-
ings revealed a greater incidence
of neglected damp probiems than 1
generally saw in domestic architec-
tural practice, As water-based
painis were being inappropriately
used, and the additive might
reduce performance even further, |
asked paint chemists for some
speculations on its effect. Your
readers may {ind a couple of
answers of interest,

One comment was that although
visible bubbling reduces, much
more air than usual could be
entrained in the surface bubbles of
the applied paint, giving a poor
Tinish and the likelihood that the

paint will wear off the wall much
sooner than normal. Another com-
ment was that the paint in the can
might be expected to thicken and
perhaps become unusable during a
period of 2 to 16 hours. Scdivm
bicarbonate has a low surface ien-
sion which is what makes it a good
washing agent, but in paint it may
have the effect of increasing the
sensitivity of the finished surface
to humidity, especially if the type
of binder used in the paint formula-
tion is ifself water sensitive.

All answers suggested possible
long-term problems with perfor-
mance —— ¢ven if this only meant
the need to paint more ofien, it
didn’t seem in my opinion a
worthwhile risk in exchange fora
little less bother during and soon
after application. One practical
outcome of these enquirics was
that in 1983, I specified solvent-
based oil paint for a seaside house
on a cold, damp site (38 degrees
tatitude). The paint was applied at
the peak of the Australian summer
10 most of the inner walls of a
small, new, unfurnished house
which had been designed for easy
cross-ventilation. Unexpectedly,
there was a positive response from
both painter and client. The
painter was enthusiastic, preferring
the paint to water based as applica-
tion was easier given the hot, dry
weather at the time. The owner,

an eiderly woman with reduced
iung capacity due to surgery, and
aiso many sensitivities, moved in a
week later and reported no adverse
effects.

This example is but one of many
which raises the question of
whether materials which are less
odeurous during application are
necessarily “healthier” than others
in the long term. Itis very tempt-
ing to make decisions mainly or
wholly on this assumption, be-

cause it proves successful so often,
The subjective experience of sniff-
ing can be shared with others, and
this makes it a rather convincing
test. However, the possibility ex-
ists that in a few cases faking
decisions on this basis may lead o
a less healthy building solution —
maybe, in the case of hypersensi-
tive individuals, perpetuating
rather than alleviating their
symptoms. Such individuals may
have difficulty seeing any connec-
tion — the obvicus explanation of-
fered will be “the condition must
be getting worse.”

Maturally the choice of “safer”
materials tends to be what most
people focus on first when buiid-
ing healthier — bul there seems 1o
be a tendency 1o gversimplify
materials into caiegories of “good”
and “bad.” Differences in context
and conditions of application are
often pverlocked. 1 see sodium
bicarbonate as an exampie of a
material found “good” in some
contexts such as houschold
management, but not nigcessarily
“good” as a paint additive unless
short-term comfort is the major
criterion. There may be a
good/bad paraliel here with casein
— & useful ingredient for natural
paint, but one of the villains be-
hind sick building compiaints as-
sociated with some seli-levelling
screeds in several countries includ-
ing Sweden. Where the screed’s
alkalinity and moisture confent
were both high, irritants formed —
the chemistry of the casein wag dif-
ferent 10 what could be expected in
other applications.

The debate on what makes “heal-
thy” paint promises to be a long
one. In the absence of healih-
griented performance data the best
we can do is 1o rely on conjecture
ang airing procedures — and at
worst on a folldore of cut onions
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and pans of water! It would be in-
teresting to hear of other reader’s
experiences along these lines.

Yours sincerely,

Heather Robertson

Research Architect

School of Architecture

Royal Institute of Technology
Stockholm, Sweden

Editor's reply:

We are grateful to Ms. Robertson
for her informative letter. She has
raised many excellent points.

We welcome commurtcation from
readers with useful experience and
knowledge 10 pass along. Please
send your comments and letters 1o
our editorial office in Santa Cruz. ¢

“Calendar

December 4-6. ASTM
Sabcommities D22.05 on Indoor
Alr. Orlando, Florida, Contact
George Luciw, ASTM Headquarters,
1916 Race Street, Philadeiphia, PA
19103; (215)299-5571,

February 6-8, 1990, Georgia Tech.
Research Institute Indoor Air
Quality Symposium. Atlanta,
Georgia. Contact: Ann Harbert, GTRI,
('Keefe Bldg., Rm. 146, Atlanta, GA
30332; (404)894-7430.

Febroary 9, 1990. Georgia Tech.
Research Institute Sampling and
Analysis Workshop. Atlania,
Georgia. Contacl: Ann Harbert,
GTRI, O’Keefe Bldg., Bm. 146,
Atlanta, GA 30332; (404)894-7430,

February 11-14. ASHRAE Winter
Meeting. Atlanta, Georgia. Contact:
Judy Marshall, ASHRAE, 1791 Tullie
Circle NE, Atlanta, GA 20239;
{404)636-8400.

April 4-6, 1950, Excellence in
Housing *90 — Eighth Annual
International Energy Efficient
Ruilding Conference and Exposition,

Denver, Colorado. Sponsored by
Energy Efficient Boilding Association,
University of Southern Maine,
Technology Center, Gorham, ME
04038; (207)780-5143, Fax
(201Y780-5129. Includes a design
competition, exhibits, technical
sessions, and case studies. Indoor air
quality for health and comfort is one
of the four primary topics listed in the
CORfEFEnce announcement.
Pre-conference workshops (April 4)
will include "Ventilation systems for
mechanical contractors.”

April 24-26, 1990. ASTM
Subcommittee D22.65 on Indoor
Ajr. San Francisco, California.
Contact: George Luciw, ASTM
Headquariers, 1916 Race Street,
Philadelphia, PA 19103;
{215)299-5571.

April 26-27, 1990. Blueprint for A
Healthy House Conference.
Cleveland, Ohio, Contact: Al Wasco,
Housing Resource Center, 1820 W, 48
Swreet, Cleveland, OH 44102;
(216)281-4663.

Ociober 16-19, 1990, Indoor Radon
and Lung Cancer: Reality or Myth?
29th Hanford Symposium on Health
and the Environment. Richland,
Washington. Inquiries should be
addressed to Fred T. Cross,
Symposium Chairman, Battelle PNL,
P.O. Box 999, Richland, WA 99352,
(509)y375-2976.

INTERNATIONAL

April 24-26, 1990, Indoor Alr
{uality and Yentilation in Warm
Climates. Lishon, Portugal.
Conference registration: Secretariat
International Indoor Air Quality &
Ventilation Conference, British
Occupational Hygiene Society, 1 St
Andrews Place, London NW1 4LE,
UK.

June 13-15, 1990. Roomvent *94,
Second Intermational Conference on
“Engincering Aero- and
Thermodynamics of Ventilated
Room,” Oslo, Norway. Contact: Room

Vent, ¢/o Morsk VVS Teknisk
Forening, P.O. Box 5042, Maj N-0301
Oslo, Norway.

July 29-August 3, 1990. 5th
International Conference on Indoor
Air Quality and Climate. Toronio,
Ontaric, Canada. Contact: Dr, Douglas
5. Walkinshaw, Canada Mortgage &
Housing Corp., 682 Montreal Road,
Ctiawa, ON K1A OP7, Canada;
(613)748-2714.

September 3-5, 1990, Energy,
Moisture, Climate in Buildings.
Rotterdam, The Netherlands, Contact:
Mr, G, de Vries, Bouwcentrum,
Weena 760, P. O, Box 299, 3000 AG
Rotterdam, the Netherlands, The
conference will consider three major
topics: Heating, cooling, and
ventilating efficiency. condensaiion
and mold growih; and, indoor climaie.
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