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Past ASHRAE IAQ) conferences
(1986-1988) focused on engineer-
ing contrels for IAQ, at least
thematically. This year, ASHRAE
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Hal Levin, Editor

invited the Society for Occupation-
al and Environmental Health 1o co-
sponsor IAQ *89 in San Diego.
The announced theme was *“The
Human Equation: Health and Com-
fort.”

We expected far more emphasis on
health considerations and more
presenmtations exploring the issues.
But we heard a number of out-
standing new presentations on en-
gineering and other control issues
and very little that was new or ¢x-
citing regarding IAQ and health.
There were many good papers,
four of which we present in some
detail in this extended feature ar-
ticle.

Typical Air Contaminant Levels
Phil Merey (Clayton Environmen-
tai Consultants) reported on many
of the fungi, VOC, and NO, meas-
urements made during investiga-
tion of complaint buildings. Morey
reported on typical levels of air
contaminants in office buildings in-
vestigated by Clayton. His find-
ings regarding airborne fungi were
quite different from many previous
reports. His reported VOC levels
were consistent with those
reported previously by many other
investigators, including the EPA’s
Public Access Buildings Study
{see FAQU, December 1988). He
found NO2 levels were clevated
where ventilation air intakes were
poorly located and subject to high
levels from motor vehicle exhaust.

Fiberglass and Moisture

Mike West (University of Florida)
reported on studies of moisture up-
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take by fiberglass and other build-
ing materials studied in a moldy
Florida veterinary school. West
found that dirty fiberglass insula-
tion absorbed far more moisture
than clean fiberglass insulation.
His findings suggest that fiberglass
can be used safely in HVAC sys-
tems if proper precautions are
taken.

Maintenance and SBS

Dean Rask {(Honeywell Indoor Air
Quality Diagnostics group)
presented case studies of investiga-
tions into sick building syndrome
(8BS) where maintenance played a
critical causative role. Dirty
HVAC system filters, coils, and
drain pans figured in many of the
complaint buildings. Poor
housekeeping, lack of a com-
prehensive mainienance program,
and nonexistent inspection and
repair programs were also blamed
for air quality problems.

Office Ventilation Rates

Andy Persily of the National In-
stitute of Standards and Technol-
ogy (NIST) reported his analysis
of more than 3,000 ventilation rate
measurements in 14 office build-
ings. His findings suggest that
buildings do not necessarily func-
tion according to design expecta-
tion, that ventilation rates vary
widely among buildings, and that
typical ventilation raies are less
than one air change per hour.

Other Important Papers

Other important papers presented
at the conference but not reported
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on below include some interesting
advancements in the development
of PC-based models of IAQ, EPA
and its contractor, Research Tri-
angle Institute, both presented
working versions of their models
in the poster session. We expect
that such computer-based presenta-
tions will be more common at fu-
ture IAQ conferences as our
understanding increases and is
reflected in analytical tools.

British SBS Study

Alastair Robertson (Instifute of Oc-
cupational Health, Birmingham,
England) reported on follow-up
work of a major British multi-
building SBS study. He found that
“water-based” and “all air” HVAC
systems were associated with the
highest complaint rates. Evapora-
tive cooling was the worst; steam
was nof so bad. Complaint rates
were higher in “large, mutli-oc-
cupier rooms,” (open space office
planning) than in private, single oc-
cupant offices.

In a follow-up of a study done a
year earlier, symptom reports
declined slightly. Robertson con-
cluded that this shows that study-
ing SBS (administering
questionnaires) does not elevate
the complaint rate. Robertson also
stated that occupant’s perception
of control over their environment
can be an important factor in
reducing symplom reporis.

Danish Town Hall Study

The Danish Town Hall Study
(DTHS) involved 27 buildings and
4,368 office workers. (See JAQU,
May 1988.) Peder Skov (Clinic of
Occupational Medicine, Copen-
hagen, Denmark) said that 53% of
those surveyed reporied no
symptoms. Air levels of con-
taminants did not correlate with
people’s symptoms. Among the
most important factors were the

amount of dirt on the floor, the
size of the organic fraction of the
dust, the “fleece” factor, the
“shelf” factor, and the age of the
building. Skov said the fleece fac-
tor was based on the area of the
carpet compared to the volurne of
the office. The shelf factor was the
shelf area compared to the office
volume.

There were many other fine papers
at the conference. Space limita-
tions do not permit us to report on
them all. Interested readers should
obtain a copy of the conference
proceedings from ASHRAE in At-
lanta. Publication is scheduled for
earty July; for more information,
see the end of this article.

What Are Typical Levels of
Alr Contaminants in Office
Bulidings?

Phil Morey poses and answers that
question in the paper he presented
at IAQ "89. Morey is best known
for his work on biological contam-
inants in indoor air. He presents
important results which have not
been previously published.

Results of Microbial Sampling

Table 1 presents the results of sam-
pling for mesophilic fungi in seven
buildings. The table expresses con-
centrations of indoor fungi
samples as ratios of the average in-
door level divided by the outdoor
level. In most of the investigated
buildings, the concentrations of in-
door fungi collected by quiescent
sampling were 10% to 25% of out-
door levels. “Quiescent sampling”
means collecting samples under
normal conditions of building
operation and use but without un-
usual disturbance of potential or
known fungi sources.

In a few buildings, levels were
high in the immediate vicinity of
active (wet) microbial amplifica-

tion sites. Indoor concentrations in
these buildings varied widely, and
the researchers could not obtain a
uniform interpretation of results by
simply comparing indoor 1o out-
door levels (I/O ratio). This con-
trasts with the previously held
conventional wisdom on the sub-
ject that KO ratios greater than
unity indicate microbial contamina-
tion, This new conclusion from Dr,
Morey is an extremely important
outcome of the study.

“Aggressive sampling” entails dis-
turbing furnishings and HYAC sys-
tem components. This involves
light tapping or agitation, but not
pounding. As a result of the agita-
tion, concentrations of aithome
fungi in the immediate vicinity be-
came elevated relative 10 outdoor
ievels. Aggressive sampling in-
creased indoor airbotne concentra-
tions dramatically; the increases
ranged from a factor of three up to
a factor of a thousand, Thus, distor-
bance of an airbome microbial con-
taminant source may be as impor-
tant a factor in exposure as the
simple presence of the source and
the amplification site or conditions.

Morey collected viable fungi on
mealt extract agar using a sieve im-
pactor. He did not do particle
sizing, and he collected respirable
as well as nonrespirable particulate
matter on the same plate. The
samples were collected at a flow
rate of 6.4 cubic feet per minute
(180 liters per minute). Incubation
temperatures for fungi were 25°C,

Dr. Morey is a widely respected
authority on indoor microbial con-
taminants and is probably the most
widely published researcher on the
subject. His writing on sampling
and interpreting results is man-
datory reading for all those inter-
ested in investigating microbial
contamination in indoor environ-
ments.
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Office Building Air Levels Database

Clayton Environmental Consult-
ants is one of the largest environ-
mental and occupational consult-
ing firms in the country. Based in
Edison, New Jersey, it has offices
all over the country. When Clayton
hired Phil Morey, it was a sign that
Clayton would become an impor-
tant firm in JAQ investigations.
Morey has outstanding credentials,
having worked at the National In-
stitute for Occupational Safety and
Health (NIOSH) and at Honeywell
before joining Clayton.

Now, Dr. Morey has assembled
results from a variety of office
building investigations, His paper
presents findings from 18 build-
ings investigated by Clayton. Be-
sides the microbial levels, he
presented data on VOC and NO2
concentrations.

VOC Levels

Figure 1 shows the results of in-
door and cutdoor measurements
performed by Clayton in 15 office
buildings. Twenty percent of the
samples exceeded 1 mg/m3 and
6% exceeded 2 mg/m°. Outdoor

conceptrations never exceeded 1
mg/m3, and 35% of cutdoor
samples contained less than G.1

m g/m3. Total VOC concentrations
were less than 0.1 mg/m3 in only
12% of the samples.

The average indoor concentration
observed by Clayton’s intves-
tigators was .66 mg/m3, while the
avera%e outdoor level was 0.232
mg/m™. The indoot/outdoor ratio
average was 2.84,

Clayton measured VOC in one
New York City office building
four times with minimum and

Table 1 — Ratio of Indoor/Qutdoor Fungal Concentrations
Aggressive
Fungi in Quiescent Sampling

Building, Ouidoor Quiescent Sampling in Office Environmental

Time Alir ) Sampling in HYAC or HVAC Conditions

of year {cfu/m~y* in Offices Systems System in Building

A, 36 0.z1 — 5.5 Excessive moisture

January RH =60 10 80%
dewpoint 62 to 72°F

B, 206 0.08 0.08 190 to 100 Dry, moldy insulation

October on inside of air
handling units

C, 200 0110 1.0 e s Floors 1 to 4

June RH = 30-40%,
dewpoint 43 to 48°F

C, 200 25105 — —_ Basement; RH = 60 1070%

Fune dewpoint 62°F 1o 70°F

D, 830 0.07 —_ 13.2 Ceiling tiles dry but

November damaged by previocus
floods; imduction units
poorly maintained

E, 100G 0.15 e 0.5 Induction units poorly

December _ maintained

E, 15 0.13 — 0.5 Induction units poorly

September maintained

F, 200 0.25 0.5 1.5 Excessive moisiure on

August day before sampling;
RH = 50% on date of
sarnpling

G, 85 G.16 — 2.0 Fan coil units poorly

May maintained

*efufm’ means colony forming units per cubic meter of air.
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Figure 1 — Total Volatile Organic Compounds in 15 Buildings
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Samples collected in a
protected roofiop location
never exceeded 0.08 ppm.
The National Primary Am-
bient Air Quality Standard
limits NOgz to 0.055 ppir an-
nual average concentration.
In the affected office, levels
did not exceed 0.08 ppin ex-
cept on two occasions, when
they rose t0 0.6 ppm and 0.7
ppm. During one of these oc-
casions, air at the HVAC
inlet contained almost 2.0
ppm. The researchers con-
cluded that the building-
associated problem was
caused by the faulty location
of the HVAC inlet.

Conclusions

Microbial Comntaminants
Except for one building,

twice with maximum outdoor air
{economizer cycle). The VO ratio
was significantly higher under min-
imum ventilation (see Table 2).
Under minimum ventilation, the
170 VO ratio ranged from 4 to

16. Under maximum ventilation,
the ¥/O ratio was only slightly
above one (1.4 10 1.7).

In another building, Clayton
measured VOC with a passive
charcoal monitor in the offices of
one tenant, The tenant was
bothered by fumes from the print-
ing press operations of ancther
tenant. Cormnplaints were of eye,
nose, and throat irritation. Average
concentrations of VOC for three
weeks were 22.5 mg/m3. Outdoor
concentrations six feet from the
building were 1.45 mg/m3, and at
a site remote from the buildin§
they were less than 0.2 mg/m”~ (the
limit of detection for the sampling
technique).

NOz Measurements

Clayton collected NO2 samples in
seven New York City area build-
ings. In each case, landlords or
tenants were concerned about the
entry of combustion byproducts
from garages, parking areas, or
loading docks. The measured in-
door concentrations never ex-
ceeded outdoor levels.

In one building, researchers con-
ducted round-the-clock sampling
for six days. The outdoor air inlet
for the HVAC system was located
at ground level near a loading
dock. Nearly 40% of the occupants
of one office reported periodic
headaches, disorientation, nausea,
burning eyes, and nosebleeds.
They also complained of gasoline
and diesel fume odors. The office
had been evacuated pending out-
come of the investigation due to
sporadic disruption of produc-
tivity.

quiescent sampling for fungi
measured indoor levels that
were 10% t0 25% of outdoor
levels. The probable removal
mechanisms were HVAC filtration
and sedimentation of large spores.
Quiescent sampling will detect
elevated levels indoors only in the
immediate vicinity of active {(wet)
microbial amplifiers. Even where
obvious but inactive sources exist,
indoor levels are likely to be well
helow outdoor levels. You musi
perform a thorough visual inspec-
tion of the building, including the
HVAC system, to detect microbial
reservoirs and amplification sites.
You can use aggressive sampling
near the suspect sites to confirm
your visual inspection findings.

Even where elevated indoor/out-
door microbial air concentration
ratios exist (1/O ratios of 5 to 100},
there may be no complaints sug-
gesting hypersensitivity lung ill-
ness. In one case where sach
complaints were present, aggres-
sive sampling revealed only slight-
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Table 2 — Average Concentration of Total VOC

Time of Year Outdoor Air Indoors Cuidoors Indoor/Outdoor ratio
Ventilation

June Minimum 1420 — —

November Minimum 1270 310 41

December Minimum 445 93 4.8

September Minimuem 268 16 16.0

September Maximum 71 48 1.48

October Maximum 85 50 1.70

ly elevated fungi levels indoors.
Morey writes, ‘“These data suggest
that interpretation of air sampling
data for microorganisms should be
made with caution.... The pos-
sibility that occupant problems are
related to agents other than viable
fungi should not be overiooked.”

Air sampling for fungi should be
carried out only after a visual in-
spection. It is much easier to carry
out remedial actions than to prove
a microbial agent is causing build-
ing-related iliness.

Important factors in microbial con-
tamination are the availability of
water and nutrients, the number
and kinds of fungi present indoors
and outdoors, the HVAC system’s
operationtal status, and the oc-
cupant activities.

VoG

Wide variations in VOC concentra-
tions reflect differences in building
ventilation rates and VOC source
strengths. Lars Molhave of Den-
mark suggests that VOC levels
above 1 mg/m~ exceed the
threshold for sensory perception.
Among 109 samples collected by
Clayton, 20% exceeced that level
and 6% exceeded 2 mg/m3.

NO2

Indoor NO2 is well below preva-
tent outdoor levels unless HVAC
air intakes are located near strong
NO2 sources. When intakes are

poorty located, indoor levels can
exceed the average outdoor stand-
ard by a factor of ten or more and
occupant complaints can be ex-
pected.

For More Information

Contact: Philip R. Morey, Ph.D,,
151 8. Warner Rd., Ste. 235,
Wayne, PA 19087; (215)688-4080.

Molsture and Building
Materials

Many investigators believe that
wet fiberglass insulation or duct-
work in ventilation systems, wet
carpeting, and wet ceiling tiles
cause SBS or building-related ill-
ness (BRI). Microorganisnis thrive
in the dark, damp, nutrient-rich en-
vironment provided by dirty, wet
fiberglass ductboard or duct
linings. Carpets and ceiling tiles,
once wet, are so difficult to clean
and disinfect that investigators
usually recommend they be dis-
carded. Current research is reveal-
ing some critical factors in how
common building materials react
t0 moisture.

Mike West, an engineering
graduate student at the University
of Florida, has written a paper of
tremendous practical significance.
He and other researchers studied
moisture content and uptake by
building materials in a microor-
ganism-contaminated Florida
building.

West reported on studies of
material moisture content as a
function of relative humidity,
temperature, and time. The re-
searchers gxamined fiberglass duct
linings, polyester filters, cotton
cloth, and jute-backed nylon car-
pet. They found that all of these
materials were capable of absorb-
ing sufficient moisture 1o support
microbial growth.

Materials with moisture content
less than 10% are unlikely 1o sup-
port microbial growth, according
t0 West. Materials with more than
14% moisture are likely to support
microbial growth,

Clean ﬁberglassxdoes not take up
much moisture even when partiai-
1y submersad in water. However,
after the same amount of exposure,
dirty fiberglass will have a high
moistare content. Once wet, the
dirty fiberglass will take up even
more moisture. It becomes dif-
ficult to dry out sufficiently to
prevent microbial growth. West
concluded that fiberglass duact
liners are safe if kept clean and not
weitted.

The generalized uptake of mois-
ture of any material is described in
Figure 2. It shows the relationship
between relative humidity and
material moisture content, and it
applies to all materials that take up
motisture. The figure shows that
dry materials take up moisture

© 1889 Cutter Information Corp.
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Figure 2 — Relationship of Material Moisture Content to Relative Humidity
of Surrounding Air

Material Moisture Content
(no scaie)
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slowly until they reach a critical
moisture content. Then, they begin
to take up moisture very quickly
until they approach their saturation
point.

Practical implications

West’s findings arc very sig-
nificant for indoor air quality con-
irol. The study shows that
fiberglass used in HVAC ductwork
must be kept clean and dry. Most
applications require more effective
fiitration (and other air cleaning)
and humidity control.

Since fiberglass ductwork is often
used as a cost-saving measure,
most designers or owners wilt
probably not opt for the more ex-
pensive air cleaning and humidity-
control measures required for safe
HVAC ductwork.

In investigations of SBS com-
plaints, many researchers and con-
sultants have recommended
removing wet, dirty, or con-
taminated building materials that
support microorganism growth,

Cleaning, drying, and disinfecting
are not practical or economically
viable. The research reported here
supports those recommendations.

Far More information

Contact; Mike West, Department
of Mechanical Engineering,
University of Florida, Gainesville,
FL; (504)392-0827.

Hesolving Sick Building
Syndrome: Mainienance

Simple, routine mainienance tasks
are often neglected in more than
half of the air quality problem
buildings investigated by the
Honeywell Indoor Air Quality
Diagnostics (1IAQD) group. Many
of the neglected maintenance
items involve the HVAC system;
others involve the building en-
velope or structure, general
housekeeping, and comprehensive
building maintenance.

The Honeywell IAQD group, a
major IAQ consulting team, has in-
vestigated over 50 buildings in
response 10 LAQ complaints. The

group found four major causes of
TAQ problems:

o 1ack of proper maintenance;

e Changes in thermal and con-
taminant loads occurring during
the lifetime of the building;

» Changes in control strategies 10
meet new objectives (L.e., ener-
gy management, cOst contain-
ment);

» Inadequate design of the
original system or building.

We discussed some of their find-
ings in the May 1988 issue of
fAQU.

At1AQ 89, Dean Rask, PE., fiom
the Honeywell group, presented
case studies from six buildings
where the group found main-
tenance problems. Descriptions of
the six buildings follow. In five of
the six buildings, investigators
diagnosed the problems indirectly
on the basis of interviews, discus-
sions with key personnel, walk-
throughs of the facilities, and
reviews of building plans, en-
gineering drawings, and main-
tenance records. They made
measuremernts in only one of the
six buildings, a hospital.

The most commonly neglected
HVAC maintenance items were

the routine changing of filters and
the cleaning of cooling coils, drain
pans, and perimeter induction units.

Building One

In one 300,000-sq ft building, the
only routine HVAC maintenance
was filter changing. Occupants
complained of temperature
problems and stuffiness. Some oc-
cupamis experienced headaches,
fatigue, and drowsiness. Reported- .
1y, these symptoms went away L
when the occupants left the build-
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ing, leading investigators 0
suspect sick building syndrome.

Each of the four HVAC systems
lacked pre-filters. Old electronic
air cleaners in the system had not
operated for years and had collec-
tor plates caked with dirt. Two
floor drains had dry traps, which
allowed sewer gases to enter the
mixed air plenums. The ductwork
was dirty and rusty and the
perimeter mixing-box units were
very dirty. The mixing boxes did
not work properly and contained
moldy food.

Other than filter changing, main-
tenance was done on an “as need-
ed” basis. The chief engineer and
his assistant did not understand the
system and were not trained to
operate it. The lack of training
helps explain the lack of a com-
prehensive maintenance program.

Housekeeping was also inade-
quate; years of dirt and dust cover-
ed the window sills. Lacking stor-
age space, employees put things

on top of the perimeter units, there-
by blocking airflow. Due to over-
crowding in some offices, file
cabinets were put in front of some
low sidewall return air grilles.

Building Two

In the second building, outdoor air
intakes were located at ground
level in an alley where transicnts
urinated. Dumpster odors exacer-
baied the air quality problem.
Maintenance crews cleaned the
central HVAC units meticulously;
however, they serviced the perim-
eter induction units only on an as-
needed basis ang rarely cleaned
them. Office remodeling limited
access to the induction units,

Building Three

The Honeywell group suspected
both SBS and BRI in the third

building, where an outside contrac-
tor performed a comprehensive
maintenance program. Despite the
program, Penicillium heavily con-
taminated the sound liner in the
discharge air plenum of the vari-
able air volume (VAV) systems. In-
vestigators determined that
maintenance personnel were not
trained to look for evidence of fun-
gal growth or to understand its
potential risk. The investigators
recommended removing the sound
liner and disinfecting the plenum.

Building Four

The fourth building was a ware-
house structure remodeled into of-
fices. The building envelope was
leaky, resulting in moisture
penetration during wind-driven
rain. Wet ceiling tiles along the
windows created the potential for
microbial growth, although none
was observed during the investiga-
tion.

The mechanical equipment rooms
functioned as mixed air plenums,
and they were not clean. They
served as storerooms for various
janitorial and maintenance
products that made them hard to
clean. Panels were missing from
the filter rack, allowing some air
to bypass the filters.

Maintenance personnel did not
keep records, and the engineering
drawings were incomplete. In-
dividuals who had been involved
with the building for a number of
years indicated that the only
reguiar HVAC system main-
tenance was filter changing. Any
other work was done on an as-
needed basis.

Building Five

This 25-year-old hospital’s HVAC

system was approaching the end of
its useful iife. Condensate leaks or

drain pan overflows rusted out

plenums and ductwork around
cooling coils. Some control func-
tions had been disconnected or
modified without regard for over-
all system performance. The
plenums were very dirty and filter
maintenance appeared erratic, Fan
coil units around the perimeter
showed signs of infrequent clean-
ing.

Housekeeping was very poor due
to a lack of storage space and in-
sufficient staff. No comprehensive
maintenance program was in
place. Some systems seemed com-
pletely neglected and only at-
tended t0 on an emergency basis.

Investigators recommended an en-
gineering study to determing
whether 1o renovate or replace the
HVAC system. Short-term recom-
mendations include: cleaning all
plenums, coils, and drain pans;
replacing filters per manufac-
tarers’ schedules; and cleaning the
peritheter fan coil units.

Building Six

The iast building, built in 197§,
contained 92,000 sq ft. Occupants
had experienced nausea, dizziness,
eye and throat irritation, numbness
in the fingertips, and loss of depth
perception. The affected occupants
reported that their symptoms
seemed to subside shortly afier
leaving the building.

Building envelope maintenance
problems were roof-related. When
a new elastomeric roof coating
was applied one year prior to the
site visit, some of the roof drains
were inadvertently plugged, The
resulting inadequate drainage
caused a roof leak that wetted ceil-
ing tiles. Although investigators
observed no microbial growth
during the site visit, the potential
was present.

© 1983 Cutter information Corp.
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HVAC equipment maintenance
was very poor. Coils and drain
pans were dirty. Maintenance staff
did not schedule or carry out
regular filter changing; the build-
ing had no comprehensive main-
tenance program.

The Honeywell IAQD group
recommended unplugging the roof
drains, replacing filters in all air
handlers, cleaning coils and drain
pans, and instituting a comprehen-
sive maintenance program.

 Conclusions and implications

Through October, 1988,
Honeywell had investigated more
than 50 building IAQ problems.
The group cited maintenance
deficiencies as factors in 75% of
the cases. In descending order of
importance, these deficiencies in-
volved: HVAC systems, compre-
hensive maintenance programs,
housekeeping, and building struc-
tures. Budgetary limitations and in-
adequately trained personnel were
often part of the maintenance
probletns.

Budget and personnel cutbacks are
often made without any immedi-
ately observable effects on IAQ.
When problems develop, the con-
nection to maintenance cutbacks
may 1ot be apparent.

The investigators concluded that
“when care is taken to ensure that
the HVAC equipment is properly
maintained and operated, and that
appropriate amounts of outdoor air
enters the building and is properdy
distributed, complaints can be min-
imized and resolution of SBS is
achievable in most buildings.”
Since most clients do not request
follow-up diagnostics, the results
of implementing recommendations
are niot usually known.

Recommended Actions

The Honeywell group recom-
mends the following key main-
tenance actions as part of a
comprehensive maintenance pro-
gram:

s Repair all building envelope
leaks.

» Schedule regular filter changing
in all HYAC equipment.

» Schedule regular inspection and
replacement (if necessary) of
the air duct liner,

¢ Schedule regular coil and drain
pan cleaning.

¢ Schedule regular maintenance
of the mechanical equipment.

e Schedule regular maintenance
and calibration of controls.

» Specify the cleaning agents to
be used in the occupied space as
well as the schedule for their
use.

For More Information

Contact: Dean Rask, PE., Prin-
cipal Development Engineer,
Honeywell Indoor Air Quality
Diagnostics, 1985 Douglas Drive
North, Golden Valley, MIN 55422-
3902; (612)542-6514.

Ventilation Rates in Office
Buildings

In the NIST studies analtyzed by
Andy Persily, the mean air ex-
change rate measured in 12 office
buildings ranging from low-rise
(two story) to high-rise (15 story)
and from small (39,000 sq i) to
large (714,000 sq 1) was 0.88 air
changes per hour (ach), The
median was 0.80 ach.

Table 3 summarizes the air-ex-
change measurements from 14
buildings studied. Buildings A and
C are not in the second set of totals

because they are atypical. Building
A has some laboratory space result-
ing in abnormally high ventilation
rates, and Building C always
operates on 100% outdoor air sup-
ply. So, totals are given for all
buildings and then for all buildings
except A and C. The results are
based on over 3,000 measurements
made over a one-year period by re-
searchers at NIST, formerly the
National Bureau of Standards.

Table 4 shows ventilation rates per
person and various air exchange
rates for ceiling heights of 8, 9.75,
and 11.5 feet. Assuming an oc-
cupant density of seven people per
1,000 sq ft (ASHRAE Standard 62-
1981 assumes that density when
the actual density is not known), a
20 cubic feet per minuie per per-
son (cfm/p) ventilation rate re-
quires 0.72 ach for an 11.5-ft
ceiling height (including plenum
space) and 1.03 ach for an 8-ft ceil-
ing height. For 15 cfm/p, the air ex-
change rates are 0.54 and 0.77 for
11.5-ft and 8-ft ceiling heighis,

The NIST researchers noted that
the most significant difference
among buildings was the air ex-
change rate ynder minimum out-
door air intake conditions. This
rate is interesting in relation 1o
both the building’s design
specifications and the recom-
mended levels of ventilation,
While ventilation rates varied con-
siderably among buildings and
within individual buildings, about
half the measured ventilation rates
were below design ventilation
rates during significant portions of
the year.

The measurements were made
using tracer decay rates. A harm-
less tracer gas, sulfur hexafluoride
{SFs), was released and mixed
thoroughly in the building. The
logarithm of the concentration
decay rate is the ventilation rate,
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Table 3 — Summary of Building Air Exchanges

HVAC System Description from Design Specifications Measurements

Supply Fan Capacity Minimum Cutdoor Air Intake Number Air Exchange Rate
Building  ACH cfm/i ACH cfmyi? Percent of Mean Median

Supply Air

A * * * * * 228 L.73 1.65
B 3.0 ' 0.61 * * * 392 0.97 0.41
C 1.7 0.24 1.70 0.24 160 523 0.96 0.91
D 4.3 0.92 0.72 0.15 186 544 0.99 0.94
E 4.3 0.92 0.72 0.15 16 536 0.80 0.72
F 4.1 0.82 * * * 127 1.15 1.12
G 29 0.63 * * * 93 0.89 0.50
H 31 0.77 0.42 0.10 13 94 0.78 0.50
i 2.3 0.43 * * * 175 0.75 0.67
I 31 0.67 1.82 0.40 60 93 0.29 0.25
K 5.5 1.78 0.90 0.29 16 52 0.54 (.46
L 3.8 1.27 0.36 0.12 9 131 0.73 0.65
M 24 0.80 0.53 0.17 21 246 1.19 0.9¢
N 2.8 0.55 0.36 0.07 13 S0 0.99 Ly
All buildings 3,122 0.94 0.89
All buildings except A and C 2,373 0.88 0.80

Tracer gas decay tests were done
in each building during at least one
month during each season of the
year. In some buildings, the tests
were made for even longer
periods. More than 500 measure-
ments were made in some build-
ings.

The results were adjusted to re-
move the biases from the varia-
tions in the number of measure-
ments made in each of the build-
ings. The unbiased mean ventila-
tion rates ranged from 0.2910 1.73
ach. The high value was from a
building with some laboratory
spaces and a VAV air supply sys-
tem. The next highest mean air ex-
change rates were 1.19 and 1.15
ach. The remainder of the build-
ings had mean values below 1.0
ach. The vast majority of all meas-
urements in the unbiased frequen-
¢y distribution were from 0.5 to
1.25 ach. Less than 10% of all

measurements were outside that
range.

Commentary: Ventilation Rates Af-
fect VOC Levels

By reviewing data from our own
and other studics, we have found
that indoor air VOC concentra-
tions tend to increase very quickly
as ventilation decreases below a
rate within the range of 0.6 t0 1.2

ach, depending on the source
strengths and sinks. The stronger
the sources and larger the available
sinks, the more ventilation re-
quired, Figure 3ilustrates the
generalized relationship between
YOC concentrations and ventila-
tion rates.

As ventilation decreases below the
critical value (the inflection point

Table 4 — Ventilation levels in air changes per hour

Alr exchange rate (ach)

Ventilation

per person Ceiling height

CFM L/s 11514t 975 ft B ft
35 17.5 1.26 1.52 1.80
20 10.0 6.72 0.87 1.03
15 7.5 6.54 0.65 0.77
10 5.0 0.36 0.45 0.52
5 25 0.18 0.21 0.26
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VOC Concentration
{(no scale)

Figure 3 — VOC Concentrations vs Ventilation Rates

G 1 2

3 4 5

Ventilation {ach)

in the curve), VOC concentrations
increase dramatically. As ventila-
tion increases above the inflection
point, VOC concentrations de-
crease much less rapidly. The key
to economical IAQ control is o
maintain ventilation just above the
inflection point whenever possible.

Most ventilation rates measured in
the study fell within the critical
band where the inflection point
usually occurs. Unfortunaiely,
VO measurements were not
made. However, the measurements
show that variations above or
below typical ventilation rates sig-
nificantly affect airborne VOC
levels in many buildings. From
this crude, general analysis, it
seemns that measurement of VOC
levels and vertilation rates
provides substantial information to
building operators on how (o im-
prove both factors. Efforts to con-
trol VOC through ventilation
without measureiments might result
in excessive encrgy consumption
(and costs) or not enough ventila-
tion to maintain VOC concentra-
tions at the lowest practical levels.

For More Information

Comtact: Andy Persily, Nationat In-
stitute of Standards and Technol-
ogy, Gaithersburg, MD;
{301)975-2000.

References

P.R. Morey and B. A. Jenkins,
“What Are Typical Concentrations
of Fungi, Total Volatile Organic
Compounds, and Nitrogen Dioxide
in an Office Environment?”

M. K. West and E. C. Hansen,
“Determination of Material Hygro-
scopic Properties Which Affect In-
door Air Quality.”

Dean R. Rask and Charles A,
{ane, “Resolution of the Sick
Building Syndrome: Part II, Main-
tenance.”

A. Persily, “Ventilation Rates in
Office Buildings.”

All are to be published in The
Human Equation: Health and
Comfort. Proceedings of IAQ "89.
Atlanta: American Society of Heat-
ing, Refrigerating and Air-Con-
ditioning Engineers, Inc. (in
press). Expected availability is

early July. Contact ASHRAE Pub-
lications, 1791 Tullie Circle N.E,,
Atlanta, GA 30329 (404)536-8400.

News and Analysi:

EPA JAQ Report to
Congress

EPA’s long-awaited “Report (0
Congress on Indoor Air Quality”
identifies nearly $100 million
worth of research needs. However,
the Office of Management and
Budget (OMB) has not authorized
release of the report. Inside sour-
ces told TAQU that OMB will sub-
mit the report to the President’s
Domestic Policy Council. The
council will develop both a posi-
tion on the report and the Bush ad-
ministration policy on indoor air.
OMB gave no indication when the
council would formulate the policy.

Frustrated with the adminisira-
tion’s slowness in coming to grips
with indoor air issues, Senator
Frank Lautenberg released the
report at the May 3rd subcornmit-
tee hearing on the Mitchell 1AQ
bill. EPA prepared the report in
response to Title IV of the Super-
fund Amendments and
Reauthorization Actof 1586
{SARA). The report consisis of an
Executive Summary and two
volumes as follows:

Volume I: Federal Programs Ad-
dressing Indoor Air Quality.

Volume 11 Assessment and Con-
trol of Indoor Air Pollution,

Executive Summary

The Executive Summary of the
report states that “sufficient
evidence exists t0 conclude that in-
door air pollution represents a
major portion of the public’s ex-
posure to air pollution and may
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pose serious acute and chronic
heaith risks. This evidence war-
rants an expanded effort to charac-
terize and mitigate this exposure.
Consequently, EPA makes the fol-
lowing recommendations:

1. Research to better characierize
exposure and health effects of
chemical contaminanis and pol-
lutant mixtures commonly found
indoors should be significantly
expanded,

2. A research program to charac-
terize and develop solutions to
biological contaminants in in-
door air should be developed.

3. Research to identify and charac-
terize significant indoor air pol-
lution sources and to evalugte
appropriate mitigation strategies

should be significantly expanded.

4. A program is needed to develop,
promote, in conjunction with ap-
propriate private sector or-
ganizations, guidelines covering
ventilation, as well as other
building design, operation, and
maintenance practices for ensir-
ing that indoor air quality is
protective of public health.

5. A national program of training,
technical assistance, and infor-
mation dissemination is needed
to inform the public about the
risks and mitigation strategies,
and to assist state and local
governments and ihe private sec-
tor in solving indoor air quality
problems. Such a program
shoutd include an indoor air
quality clearinghouse.

6. The Federal government should
undertake an effort to charac-
terize the nature and pervasive-
ness of the health impacts
associated with indoor air
quality problems in commercial
and public buildings, schools,

health care facilities, and
residences, and develop and
promote recommended
guidelines for diagnosing and
controlling such problems.

Volumes tand Il

Volume I contains an overview of
federal indoor air quality programs.

Volume 1I provides a wealth of in-
formation about indoor air quality
and is a valuable asset for indoor
air researchers and consultants.
Senator Lautenberg made a few
copies of the report available at the
hearing, but since OMB has not ap-
proved the report, it is not avail-
able from EPA. Interested partics
should contact Sen. Lautenberg’s
office for information on how to
obtain the document.

Yolume I identifies the major
arcas of research needs and project
costs as follows:

e Risk assessment methods: $4.95
mitlion for health and hazard
ideniification, dose response as-
sessment, exXposure assessment,
and risk characterization
frameworks and methods.

= Exposure assessment and model-
ing needs; $13.55 miliion for
methods development and
evaluation, measurement
studies, development of predic-
tive models, and the manage-
ment of measurement data.

* Source-specific needs: $42.05
million for research needed
regarding indoor air poliution
sources. Indoor combustion
sources such as tobacco
products and indoor combustion
appliances, building materials
and furnishings, activity sources
that emphasize product use and
storage, ambient sources of
urban poliutants, and biological

contaminants are examples of
the source category.

» Control techniques: $6.5 million
for the evaluation of techniques
for controlling specific sources
of indoor pollutants and examin-
ing the effectiveness of ventila-
tion sirategies.

» Building system needs: $14.6
million for studies of infiltration
and ventilation in both large and
small buildings; field measure-
ments in complaint and non-
complaint buildings; and
research devoted o building sys-
tem design.

» Technology transfer: $10.0 mil-
lion for programs to transfer re-
search results to users in the
public and private sectors.

The identified total funding re-
quirements add up to $95.15 mil-
lion, most of it in five-ycar
research programs. Interestingly,
this is almost exactly the 320 mil-
lion/year for five years authorized
by the Mischell bill. Obviously,
some EPA staff think EPA could
usefully spend $20 million per
year on indoor air research.

Space-age Technique Aids
SERI Ventilation Research
The Solar Energy Research In-
stitute (SERD) in Golden,
Colorado, is using an image
analysis system to study the perfor-
mance of ventilation systems, The
iechnology s similar to that used
in satellite-based remote sensing
applications. SERI is trying to
determine how building ventilation
rates affect indoor air guality in
the “occupied zone,” a room’s
volume o a height of about six
feet.
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According to SERI Senior En-
gineer Ren Anderson, the research
project will provide technical sup-
port to users of ASHRAE Standard
62, “Ventilation for Indoor Air
Quality.” Standard 62 bases ven-
tilation system design on either a
ventilation-rate procedure or an ait-
quality procedure. Both require the
designer to forecast ventilation ef-
ficiency in the completed structure.

The image analysis system, which
was developed at SERI, ailows re-
searchers to study two factors. One
ig the ability of a ventilation sys-
tem to deliver air to the occupied
zone. The other is the system’s
ability to remove pollutants before
they mix with occupied-zone air.
The technique facilitates the study
of both advanced and conventional
ventilation systems. It also helps
determine the effect of room
dividers on ventilation.

Rather than sampling air at only a
few points in the occupied zong —
the limitation of previously used
point-measurement systems — the
image analysis system digitizes a
photo of a tinted fluid simulating

air as it moves through the oc-
cupied zone. The digitized image
provides tremendous resolution, A
scientist determines pollutant con-
centration by measuring optical
density at any of the 367,000
pixels in the image.

The greater spatial resolution
provided by this system results in
highly accurate local measure-
ments of air movement and pol-
lutant distribution. Detailed
measurements make possible
realistic agsessments of exposure
to room contaminants and allow re-
searchers to validate detailed
numerical models of room air
movement.

Figure 4 shows an isothermal test
with a simple slot diffuser as
analyzed by the SERI image
analysis system. Note the “dead
zone” just to the right and slightly
above the middle of the diagram,
This sort of image will help design
engineers, architects, and testing
companies predict and measure
ventilation effectiveness.

We visited the SERI laboratory
1ast month and were very im-

pressed with the system’s
capabilities. We think it is a power-
ful tool when used in conjunction
with design modeling or environ-
mental testing. It will reduce the
cost of testing and design studies
for implementing Standard 62.

More information on the system is
available from Ren Anderson,
Technology Leader, Systems In-
tegration, SERI, 1617 Cole
Boulevard, Golden, Colorado
80401; (303)231-1736.

Information Exchange

Design and Protocol for
Monitoring Indoor Air
Quality

Designing studies or investigations
of indoor air quality is compli-
cated. Comprehensive investiga-
tions are costly. Selecting
appropriate methods is difficul,
and there are so many factors
which affect the concentrations of
indoor air constituents.

When monijoring indoor air, the in-
vestigator must consider or
measure source charac-

1.0

Figure 4 — Isothermal Test as Analyzed by SERI's Image Analysis System

teristics, chemical and

physical sinks, occupant
activities, building ven-
tilation, and many other

Vertical Location {y/H)

~ O ==~ <

factors.

Publications that com-
prehensively address in-
door air quality
monitoring are scarce,
ASTM Subcommittee
D22.05 sponsored a three-
day symposium in April,
1986, which brought
together researchers and
investigators with exper-
tise in indoor air monitor-

Horizontal Location (x/H)

ing. A collection of
papers from that sym-
posium has finally been
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published. It is a valuable resource
for students, consultants, re-
searchers, and policy-makers.

This book is different from other
collections of research reports.
The focus of the symposium was
on the design and protocols for in-
vestigating, sampling, analyzing,
and characterizing building, oc-
cupant, and environmental factors,
and other aspects of indoor air
measurements. While some of the
papers are similar to those
presented in other conferences, the
emphasis is generally on data col-
fection rather than on the results
obtained.

The book groups papers in three
major sections: Commercial and
Office Buildings, Restdential
Buildings, and Instrumentation
and Methods. The 21 papers in-
clude four papers on using tracer
gas measurements to characterize
ventilation, There are two papers
on instrumentation for measuring
volatile organic compounds: one
for investigating buildings, the
other for characterizing emissions
from building materials.

The papers on commercial and of-
fice buildings include several on
considerations in designing inves-
tigations. Others offer some case
studies and discussions of general
investigation methods. There is
also a report from a workshop on
data collection aspects of building
investigations. The aspects include
general building problem areas,
bioaerosol sampling considera-
tions, and tracer gas techniques for
measuring air exchange rates.

The residential building papers in-
clude large-scale studies, test-
house studies, and reports from
workshops on survey needs and
survey questionnaire design.

While the publication is not a sys-
tematic review of the subject, it is
a useful and diverse collection of
papers which should help re-
searchers and consultants in the in-
door air field.

N. L. Nagda and J. P. Harper,
(Eds.) Design and Protocol for
Monitoring Indoor Air Quality.
STP 1002. Philadelphia: ASTM.
Available from ASTM Publica-
tions, 1916 Race Street, Philadel-
phia, PA 15103-1187;
(215)299-5585.

Additional resources

M. 1. Nagda, H. E. Rector, and M.
D. Koontz, Guidelines for
Monitoring Indoor Air Quality.
New York: Hemisphere Publishing
Company, 1987. 270 pages.

This is a comprehensive guide to
the principles, techniques, and in-
struments for indoor air measure-
ments. 1t is well organized and
thoroughly documented and in-
cludes contact information for
manufacturers of the described in-
struments.

Available from Hemisphere
Publishing Company, 79 Madison
Avenue, New York, NY 10016.
Price: $42.50 per copy. No ship-
ping charges on prepaid orders.

ACGIH, Air Sampling Instru-
menis for Evaluation of Atmos-
pheric Contaminants, 6th Edition,
Cincirmati: American Conference
of Governmental Industrial
Hygienists. Price: $60.

While not limited to instruments
for use in indoor air, this latest ver-
sion of the standard reference for
air-monitoring instrumentation
describes the principles of opera-
tion as well as the applications for
a vast array of air sampling instru-
Mments,

Available from ACGIH, 6500
Glenway Avenue, Building D-7,
P Q. Box 1937, Cincinnati, OH,
45201; (513)661-7881.

The Healthy Home

There are many books about heal-
thy houses, but none are morg com-
prehensive than the recently
published The Healthy Home: An
Attic-to-Basement Guide to Toxin-
Free Living. Of course, there is no
such thing as the title suggests —
toxin-free living — and perhaps
therein lies the fundamental flaw
in the book: it promises more than
it can deliver. As we have written
before, everything is toxic; it is
simply a matter of dose.

On the other hand, some houses
are indeed healthier than others,
The book makes a brave stab at
describing how to create gne.
Some materials are more toxic
than others, and the householder is
well advised to reduce exposure to
toxins wherever practical.

The book covers indoor air quality
as well as water duality, light,
color, sound, safety, and security.
It tends to favor popular rather
than scientific sources of informa-
tion; but that makes the informa-
tion in it more accessible to the
nontechnical reader. It is full of
practical, step-by-step procedures
for making decisions or choices in
search of the healthy home.

The Products and Services listing
(Appendix A) is useful although
Himited. It lists five “healthy” paint
sources in addition to the two we
listed in IAQU, May 1988. For ex-
ample, Livos Plant Chemistry
(Santa Fe, NM) is listed, but
AURO Organic Paints, a similar
product line, is not. We described
both product hines in the Premier
Issue of TAQU last May. The four
new listings are as follows:
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e AFM Enterprises, Inc., 1140
Stacy Ct., Riverside, CA 92507
{maker of “Safecoat” paint).

e The Old Fashioned Milk Paint
Co., P. 0. Box 222, Groton, MA
01450 (maker of casein-based
milk paint).

e Pace Chem Industries, 779 5.
LaGrange Ave., Newbury Park,
CA 91320 (maker of fungicide-
free and biocide-free paint).

s William Zinsser & Co., Inc., 39
Betmont Dr., Scmerset, NI
08873 (maker of alcohol-based
primer and sheliac).

All in all, the book is more useful
as a guide to sources of toxins than
as a source for their remedies or re-
placements. IAQ monitoring
devices and poltution control
devices are hardly covered at all.
Only three of more than two dozen
air-to-air heat exchangers are
listed. Other lists of products and
resources are equally limited.

Writtent by Linda Mason Hunter
and published by Rodale Press,

Emmaus, PA, the book sells for

$21.95

Asbestos Abatement
Regulatory Service

The asbestos abatement industry is
heavily regulated. The Asbestos
Abatement Regulatory Service of-
fers a three-volume compendium
of federal, state, and local laws;
regulations; and case law sum-
maries. The service’s promotional
brochure promises frequent up-
dates from continuous tracking of
laws and regulations, distribution
of revised pages bi-monthly, and
emergency updates, if required.

For the hefty sum of $1.400, sub-
scribers receive the three-voluime
book set, bi-monthly updates, and
a telephone hotline for quick

response to questions about laws
and regulations. The service is
sponsored by the National Insula-
tion Contractors Association and
the National Asbestos Council. We
have not seen the publication but
would welcome an opportunity to
review it.

Contact: NICA/NAC, Department
5300, Washington, DC 20061-
5030; (703)683-6422, FAX
(703)545-4838.

Asbestos Abatement
industry Directory

Billed as “the only comprehensive
directory of the industry,” this
directory is 800+ pages. It is pub-
lished by the National Insulation
Contractors Association {the same
group as in the preceding publica-
tion}.

The directory lists 1,800 asbestos
abatement contractors, with sub-
stantial detail about their history in
the asbestos industry, total asbes-
tos abatement sales, bonding and
insurance capability, equipment,
type of work, and many other
iterns. 1t also lists 800 asbestos
abatement consultants and 400
laboratories. It gives similar infor-
mation on history, capability,
equipment, type of projects, eic.
about the consultants.

The directory also provides lists of
equipment manufacturers and sup-
pliers, profiles of education
programs and liability insurance
programs, overview chapters on
regulations, legal aspects of abate-
ment, and a glossary of terms.

The directory costs $150 per copy,
and is available from the same
source listed in the previous item,
NICA in Washingion.

From Our Readers

Literature Review
Concerning Emission from
Building Materials

We received a request from Hans
Gustafsson at the Swedish Mation-
al Testing Institute to publicize the
literature review they are conduct-
ing. During 1989, the institute is
performing a review of the interna-
tional literature on identified emis-
sion sources in buildings.

Building materials’ volatile or-
ganic compounds (VOC) emis-
sions have been a major topic at
the “Healthy Buildings” and “In-
door Air "87 conferences. Many
measurements on VOC in indoor
air have been presented. Many
chamber or headspace measure-
ments on materials have been per-
formed as well. However,
researchers seldom report on paral-
lel measurements of indoor air ang
materiais emissions.

Examples of such measurements
which have not already been
presented atthe latest relevant con-
ferences would be appreciated.

Please contact Hans Gusiafsson
M.SC., Lab. for Chemical
Analysis, National Testing In-
stitute, P O. Box 8587, 8-301 15
BORAS, Sweden. Tel. + 46-33-16
52 7.

ASTM Biological
Contaminanis

Druring the past five years, indoor
air quality investigators and re-
searchers have focused attention
increasingly on biological con-
taminants as potential causes of
1AQ complaints, occupani
symptoins, and healih problems.
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Very little guidance is available on
the occurrence, identification,
measurement, health effects, and
control of biological contaminants
in indoor air. In July, ASTM Sub-
committee D22.05 will sponsor a
three-day symposium in Boulder,
Colorado, which will consider all
of the above issues.

Speakers are leading authorities in
their respective ficlds. Some have
not been directly involved in in-
door air qualily work in the past.
Conference Co-Chairs Phil Morey
(Clayton Environmenta! Consult-
ants, Wayne, PA) and Jim Fecley
(Pathogen Control Associates, At-
ianta, GA) have vast experience in
investigating biclogical contamina-
tion problems and are widely
recognized authorities on the sub-
ject. They have invited speakers
who work with the various or-
ganisms to present comprehensive
papers on the major topics.

Each speaker will address the fol-
lowing topics in his or her paper
and conference presentation:

s Introductory and background in-
formation.

s Characteristics of the microbial
agent with emphasis on distin-
guishing features of the class of
microorganism,

& Sources of the agenl, with an
emphasis on the indoor environ-
ment.

¢ Health effects including
epidemiology.

= Case studies: real studies, ex-
amples from published litera-
ture, and speculative infor-
mation on how 1o sample.

s Sampling, collection, and
transport: use of samplers in-
cluding impactoer, impinger, and
filter types for air sampling;

bulk sampling; and viable ver-
sus nonviable organism sam-

pling.

» Analytical procedures: culture
techniques, definitive charac-
terization (antigenic —
polycional to monoclonal),
isoenzyme, and ribosomal; his-
tology, pathology, and morphol-
ogy, and biochemistry (e.g.,
some toxings).

« Inierpreiation of results of
analysis.

s Interventions which might be ef-
fective in controlling problems.

if the speakers respond to this com-
prehensive assignment, the con-
ference promises 1o be a landmark
event for bivaerosol control in in-
door air. We think all consultants
and indoor air quality researchers
concemed with SBS, BRI, and
other IAQ problems will benefit
from the outstanding program.

The conference will take place
July 16-19 at the University of
Colorado in Boulder. The sessions
are scheduled for moming and eve-
ning. Afternoons will be free for
casual conversation and for enjoy-
ing the beautiful Colorado Rockies.

The registration deadling is June 1,
0 regisier soon. The conference
fee is only $100 and includes a
copy of the Special Technical Pub-
lication that will be prepared from
the conference papers. Housing
and meal package rates are
$206.09 for a single room and
$132.39 per person for double
rooms.

Contact: George Luciw, Staff
Manager, ASTM Subcommittee
D22.05, 1916 Race Street,
Philadelphia, PA 19103. (215)299-
5571.

NORTH AMERICA

June 1-2. Radon in Buildings: Sources,
Biological Effects, Monitoring, &
Control, Harvard School of Public
Health. Contact: Harvard Schoo! of Public
Health, Office of Continuing Education,
Dept. A, 577 Huntington Avenue, L-23,
Boston, MA 02115; (617)732-1171.

June 20-24. ASHRAE Annuai Meeting
and Technical Conference. Vancouver,
British Columbia. Contact; Tim Norman,
ASHRAE, 1791 Tullie Cizcle, N.E,,
Atlanta, GA. 30329; (404)636-8400,

June 25-30. APCA 82nd Annual Meeting
and Exhibition. Air & Waste Management
Association {formerly APCA), Anaheirg,
California. Contact: Air & Waste
Management Association, P.O. Box 2881,
Pitsburgh, PA 15230; (412)232-3444.

July 16-19. Symposiam on Biological
Contaminants in Indoor Environments.
ASTM Subcommitiee D22.05 on Indoor
Air. Boulder, Colorado. Contact: George
Luciw, Staff Manager, Subcomittes
D22.05 on Indoor Aidr, ASTM, 1916 Race
Street, Philadelphia, PA 19103,
(213)299-5400, The symposium promises
to be the benchmark meeting on sampling,
analysis, and control of biological aerosols
in indoor air. The world's leading
authorities on many of the organisms will
be speakers. P
September 11-15. Indoor Air Guality
Diagnostics Professional Training
Course. Golden Valley, Minnesota.
Contact: Honeywell Indoor Air Quality
Diagnostics, MN10-1451, 1983 Douglas
Drive North, Golden Valley, MN
35422-3992; (612)542-6488; or
(800)232-4637.

Cetober 11-13, Blueprint for a Healthy
House Conference. Cleveland, Ohio.
Contact: Housing Resource Center, 1820
W. 49 51, Cleveland, OH 44102;
{216)281-4663.

November 6-7. Radon in Buildings:
Sources, Biological Effects, Monitoring,
& Contrel. Harvard School of Public
Health. Contact: Harvard School of Public
Health, Office of Continuing Education,
Dept. A, 577 Huntinglen Avenue, L-23,
Boston, MA 02115; (617)732-1171.

November 13-17. Indoor Air Quality
Diagnostics Professional Training
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Course, Golden Valley, Minnesota.
Contact: Honeywell Indoor Air Quality
Diagnostics, MN10-1451, 1985 Douglas
Drive North, Golden Valley, MN
55422-3992; (612)542-6488; or
(800)232-4637.

INTERNATIONAL

June 19-22. 11th International Congress
on Quality for Building Users. Council
for Building Research, Studies and
Documentation (CIB). Paris, France.
Contact: Jean-Louis Feliz, Centre
Scientifique et Technique du Batiment,
Relations Exterlereurs, 4 avenue du
Recteur-Poincare, 75782, Paris Cedex 16
France, Phone (1) 4524 43 02

June 23-24, Bullding Simulation *89:
Technology Improving the Energy Use,
Comlort, and Ecenomics of Buildings
Worldwide. International Building
Performance Stmuiation Association,
Vancouver, British Columbia, Canada.
Contact: Dr. Marianne McCarthy Scott,
MCC Systems Canada Inc,, 30 Wellington
Street East, #202, Toronto, Ontario,
Canada MSE 183; (416)368-2959,

September 1. CLIMA 2604, the Second
World Congress. Sarajeve, Yugoslavia.
Contact: CLIMA 2000, Massinski Fakultet,

Prof. Dr. Emin Kulic, 71000 Sarajevo,
Omiadinsko Setaliste bb, Yugoslavia,

September 11-15. Clean Air 89 - 8th
World Clean Afr Congress and
Exhibition. The Hague, The Nethertands.
International Union of Air Pollution
Prevention Associations (IlUAPPA).
Contact: 8th World Clean Air Congress,
Netherlands Congress Centre, P.C. Box
§2000, 2508 EA Den Haag, The
Netherlands. The theme of the congress is
“Man and His Ecosystem.” Three sessions
are scheduled on the human aspects:
health, psycho-social effects, and
education. Two sessions are scheduled on
indoor air: one on occupational health, the
other on air quality in public buildings, the
home, and the car. There are also sessions
scheduled on monitoring, air pollution
chemistry, instrumentation, policy issues,
economic aspects, and several other lopics.
An extensive exhibition program is also
planned.

Cctober 16-20. The Sick Building
Syndrome. Nordic Institnte of Advanced
Occupational Environment Studies
(NIVA), Copenhagen, Schafergarden,
Denmark. Consact: NIV A, c/o Institute of
Occupational Health, Topeliuksenkatu 41 a
A SE-00250 Helsinki, Finland, tel
358-0-47471. This course has very limited
enrollment.

Announcing...

TAQ Update’89
A Forum on the Current Issues in the
Practical Control of Indoor Air Quality

September 25 and 26, 1989

Sponsored by the Indoor Air Qualiry Update Newsletter and led by
your editor, industry expert Hal Levin,

Now, for the first time, a forum of the field’s top experts and principal
players will convene to debate and discuss the key issues in indoor air
quality ... 10 expose problems that are not being adequately addressed
and to determine how government and the private sector should mobi-
lize to battle them.

For more information on this iwo-day event, please refer to the
enclosed flyer, or contact Ed Coburn or Kim Gay at Cutter Informa-
tion Corp., 1100 Massachusetts Avenue, Arlington, MA 02174, USA;
Telephone: (617)648-8700; Fax: (617)648-8707; Telex: 650 100 $891.

June 13-15, 1990. Roomvent 98, Second
International Conference on “Engineering
Aero- and Thermodynamics of Ventilated
Room,” Oslo, Norway. Contact: Room
Vent, cfo Norsk VVS Teknisk Forening,
P.O. Box 5042, Maj N-0301 Oslo, Morway.

July 29-Angust 3, 1990, 5th Internationai
Conference on Indoor Air Guality and
Climate. Toronto, Canada. Contaci: Dr.
Douglas 3. Walkinshaw, Centre for Indoor
Air Quality Research, University of
Toronto, 223 College Street, Toronto,
Omtario, Canada M5T 1R4.
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