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Indoor air quality evaluation
of a new office building

The effects of the building’s design, construction and operation
on its thermal and environmental performance will be evaluated

By Richard A. Grot, Ph.D., Alfred T. Hodgson,
Joan M. Daisey, Ph.D., and Andrew Persily, Ph.D.

Member ASHRAE

n evaluation of the thermal
and environmental perform-
ance of a new federal office
building in Portland, Oregon,
was performed by the Center for Building
Technology, National Institute of Stan-
dards and Technology (NIST). This eval-
uation is part of a research effort to de-
velop methods for evaluating buildings
with advanced technology during the pre-
occupancy and early occupancy stages.

The procedure used for this eval-
uation was to install in the new office
building a diagnostic center capable of
monitoring important environmental
parameters. The measurements included:
air infiltration and ventilation rates;
building envelope tightness; interzone
air movement; detection of envelope
thermal deficiencies; envelope thermal
resistance; and the levels of indoor con-
taminants. ;

The indoor contaminants measured
include carbon dioxide (CO,), carbon
monoxide (CO), respirable particulates in
the 0.3-10-micron range, formaldehyde,
radon and volatile organic compounds
(VOCs) that could be emitted either by
the new building materials and furnish-
ings or the activities of the building
occupants.

There were more than 100 monitor-
ing points (see Figure 1) installed in the
building’s interior space, HVAC systems
and underground parking garage. Many
measurements were made in real-time.

Building description

The new office building was con-
structed during 1986-87 and occupancy
began in August, 1987. It is a seven-story

office building with a one-story basement
and a two-and-one-half story under-
ground garage (see Figure I). Attached to
the building are a dining room and kitch-
en. The penthouse contains a mechani-
cal equipment room that serves the first
through seventh floors.

There are three main HVAC systems
that serve the east, center and west cores
of the building, respectively. These three
variable air volume (VAV) systems have
a total capacity of approximately 300,000
cfm (140 m3/s), or about three air
changes per hour. Each HVAC system has
one return fan, two cold supply fans and
a hot supply fan.

On the B-1 occupied basement level,
there are four air handling systems that
serve various sections of the basement.
The B-1 level also contains the loading
dock. Above and to the north of the load-
ing dock is an air handler system for the
dining room. In the underground ga-
rages, there are four exhaust fans that are
activated when CO levels in the garage
reach 50 ppm.

The building’s occupied area is
approximately 495,000 sq ft (46,000 m2)
and has a volume of about 6.4 million cu
ft (180,000 m?). The garage is connected
to the occupied space by several stair and
elevator shafts. The building’s interior
plan features an open architecture, with
each occupant having a space enclosed by
S ft partitions. On most floors, there are
enclosed offices for supervisors and
enclosed conference rooms that do not
have separate air handling systems. The
second floor contains a computer facility.
The building is occupied by approxi-
mately 2,000 office workers.

Measurement methods

-A diagnostic center was installed in
the building during the later stages of
construction. A schematic of this diag-
nostic center is shown in Figure 2. Its
instrumentation® was designed to meas-
ure automatically the air infiltration and

About the authors
Richard A. Grot is vice president of
Lagus Applied Technology, Olney, Mary-
land. He received his B.S., M.S. and
Ph.D. in engineering science at Purdue
University. Grot is a member of ASHRAE
TC 2.1, TC 2.3 and TC 4.10. ‘

Alfred T. Hodgson is a staff scientist in
the Indoor Environment Program at l
Lawrence Berkeley Laboratory, Berkeley,
California. He received his B.A. in zool-
ogy from the University of California.

Joan M. Daisey is head of the Indoor
Environment Program at Lawrence Ber-
keley Laboratory. She received her B.A.
in chemistry from Georgian Court Col-
lege and her Ph.D. in physical chemistry
from Seton Hall University. Daisey is
a member of the American Chemical
Society and the Air Pollution Control
Association,

Andrew Persily is group leader of the
Indoor Air Quality and Ventilation
Group of the Building and Fire Research
Laboratory, National Institute of Stan-
dards and Technology, Gaithersburg,
Maryland. He received his B.A. in
mathematics and physics from Beloit
College and his M.A. and Ph.D. in
mechanical and aerospace engineering
from Princeton University. He is a past
chairman of TC 4.3 and a member of
SPC-129P and SPC-136P.

ASHRAE Journal September



[— .

SS———

-

 Se——

-

ventilation rates of various parts of the
building, internal temperatures and hu-
midity, exterior temperature, wind speed
and direction, indoor and outdoor levels of
carbon dioxide and carbon monoxide, and
indoor levels of respirable particles in six
size ranges (0.3-0.5, 0.5-0.7, 0.7-1.0, 1-5,
5-10 and >10 microns). In addition, check
measurements were made of the concentra-
tions of formaldehyde, radon and VOCs.

The air exchange rates were measured
using the tracer gas decay technique with
an automated measuring system. This sys-
tem has been used previously to provide
continuous measurements of building air
exchange rates in office buildings.? For
these measurements, the system injects sul-
fur hexafluoride (SF) into the supply fans
every two or three hours, allows the tracer
gas to mix, and then monitors the decay in
tracer concentration at several locations
within the building.

The sampling locations were placed
both in the interior space and in the air
handling systems. In general, each air han-
dling system had three air sampling loca-
tions: one downstream of the intake fans;
one upstream of the intake fan; and onein
the return fan. These samplers were con-
nected directly to the diagnostic center
through 5/8-in. OD nylon or polyethylene
tubing. Each air handling system had two
locations for injecting tracer gas (one
upstream and one downstream of the sup-
ply air fans).

Similar sampling points were located
oneach level of the underground garages.
In addition, samplers were placed in the
exhaust air of the garage’s four exhaust
fans. Samplers were also installed at two
locations outdoors on the roof and at two
locations outdoors at street level.

The pollutant levels were measured
using a variety of techniques. Carbon

monoxide and carbon dioxide were meas-
ured with an automated system employing
infrared absorption analyzers for deter-
mining concentrations and a micro-
computer to switch among the sampling
locations and to record data. This system
automatically monitored the CO and CO,
concentrations at 10 locations in the build-
ing, each location being monitored once
every 10 minutes.

Particle concentrations were moni-
tored with a light-scattering particle coun-
ter that determines particle concentrations
in six different size ranges (0.3-0.5, 0.5-0.7,
0.7-1.0, 1-5, 5-10 and >10 microns).
Cumulative particle counts were recorded
on a disk by a microcomputer-based data
acquisition system.

Formaldehyde concentrations were
measured with a passive monitor based on
absorption onto a sodium bisulfite-treated
filter and analysis by the chromotropic acid
colorimetric method. These passive sam-
plers yield average formaldehyde concen-
trations for periods from five to seven days.

Radon concentrations were measured
with charcoal canisters for periods of
about three days. A working level monitor
was used to obtain hourly measurements of
radon progeny levels.

Volatile organic compounds were
measured using active sampling on a poly-
phenylene oxide and/or charcoal with
analysis by a gas chromatograph/mass
spectrometer. Air samples were collected
on multisorbent samplers containing three
sorbent materials in series: a polypheny-
lene oxide, a carbon molecular sieve and
activated carbon. Samples were analyzed
using a thermal desorption and sample
concentrating device, a capillary gas chro-
matograph equipped with an on-column
cryogenic focusing device, and a mass-
selective detector.

Following thermal desorption, a por-
tion of the sample was split off to a flame-
ionization detector to measure total or-
ganic carbon. The mass-selective detector
was operated in scan mode for qualitative
analyses and in selected ion mode for
quantitative analyses.

Summary of results

A complete summary of the results of
the evaluation may be found in Grot® and
Hodgson.* The building ventilation and
air infiltration rates are shown in Figure 3
as a function of inside-outside temperature
difference. Building ventilation rates (open
diamonds in Figure 3) are between 0.4 to
2.2 air changes per hour during periods
when the building is occupied, with the
most typical values being about 1.0 to 1.2
air changes per hour. The extreme of 0.4
occurs during extremely hot summer con-
ditions or extremely cold (for Portland,
Oregon) winter conditions.

For comparison, the new ASHRAE
Standard 62-1989" requires a ventilation
rate of 20 cfm per person for office build-
ings. This is equivalent to 0.8 to 0.9 air
changes per hour if the building is occupied
at a density of one person per 135 sq ft.

The building air leakage (uncontrolled
air exchange when the HVAC fans are off
during unoccupied hours; solid squares in
Figure 3)is between 0.2 and 0.4 air changes
per hour. Although this building was
designed to be energy efficient, these values
indicate that the exterior walls are not tight
by what would be considered typical of U.S.
office buildings. (Note: The surface-to-
volume ratio of an office building is about
1/6 of a home. Therefore, the walls of this
building are equivalent to the walls of a
house with an air leakage of about 1.2t0 2.4
air changes per hour; very loose.)

Continued on page 18
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Figure 1. Schematic of the new federal office building.
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Figure 2. Schematic of the diagnostic center.
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IAQ evaluation
Continued from page 17

Carbon dioxide concentrations were
measured every 10 minutes at 10 locations
in the building for a period of two years.
Figure 4 shows the maximum daily CO,
level as a function of air exchange rate. Car-
bon dioxide levels are seldom over 600 ppm
ona building average and only a few times
over 1,000 ppm at any location. (Standard
62-1989 proposes a maximum level of
1,000 ppm; complaints from building
occupants begin to occur when levels
exceed 600 ppm.)

A closer examination of the hourly
CO, levels in the building shows that the
obtainable levels are never at steady state
and usually have two daily peaks—one
around 11 am and the other around 3 pm.
It is also shown by the values of the cons-
tants of the fitted curve in Figure 4. The
value of 100 is approximately 1/3 of the
expected equilibrium value based on the
building occupancy.

A detailed examination of the SF;
and CO, data shows that the air handling
system can easily control the amount of air
required for the building. The outdoor air
is well distributed and there is little or no
evidence of short-circuiting of the outdoor
supply air or poor mixing dueto operation
of the VAV air handling system.

In the summer and warmer periods of
the fall and spring, the typical operational
mode runs this air handling system at
100% outdoor air from early morning to a
point in the day when the outside temper-
ature reaches about 79 °F (26 °C), at which
time the system is run at between 10-20%
outdoor air. Last winter, an economizer
mode of operation was used in which the

amount of outdoor air was determined by
the building’s cooling requirements.

The CO concentrations were measured
at 10-minute intervals in the underground
garage, loading dock, elevator lobbies, stair-
wells and various interior locations. Figure
5 shows the high CO levels occurring in the
elevator lobby of the sixth floor.

For the building as a whole, high
interior CO levels were usually associ-
ated with high exterior CO levels. However,
certain areas near elevator shafts and stair-
wells had episodic elevated CO concen-
trations that were much higher than the
building average.

An examination of CO data showed
that the incidents of excessive CO levels
(greater than 10 ppm) in the upper building
were due to the air flow from the under-
ground parking garage toward the elevator
shafts and stairwells. It seems that the
automated sensors in the garage (although
activating the exhaust fans as designed
when the CO level in the garage exceeds 50
ppm) will not prevent the transport of CO
up the elevator shafts and stairwells in
extreme weather conditions when the stack
effect is strongest. Once the garage exhaust
fans (at least two of the four) were operated
continuously during occupied hours, the
CO level in the office space never exceeded
S ppm.

Another area of occasional high CO
concentrations was the return air being
recirculated to the dining room. The air
handler for the dining room is located on
a platform above the loading dock. During
periods of excessive vehicular traffic on the
loading dock, CO entered through leaksin
the return ducts.

The measured radon levels in the

(the ASHRAE level is 0.027 working lev
the EPA action level is 0.02 working lev
as measured in terms of the equival
radiation impact of the radon daugh
and less than 1.2 pCi/] (the ASHR
recommended level is 4 pCi/l; the E
action level is 4 pCi/l) in terms of
amount of radon gas. The radon level
the low garage levels are higher than th
of the upper floors.

It is interesting that the upper flo
of the occupied space have consister
higher radon levels than the lower abc
ground levels. This can be attributed to
fact that air flows into the elevator sh:
and stairwells on the lower levels and ou:
these shafts on the upper levels.

Respirable particle counts in the
size ranges (0.3-0.5, 0.5-0.7, 0.7-1.0, 1
5-10 and >10 microns) were measu
every 10 minutes on the fourth floor. 7
levels of the fine particles in the 0.3-
micron range remain fairly constant a
show little hourly or daily variation. ]
three ranges of 0.5-0.7, 0.7-1.0 and °
microns have much more pronounced v
iations. The two ranges greater thar
microns are not considered respirable.

Excessively high particle levels in
0.7-1.0 and 1-5 micron ranges were «
served after the parking garage was clear:
with street-type sweeping machines. T
building maintenance staff reported ti
all filters in the air handlers had to
replaced after the sweeping.

In general, the respirable parti
levels in the building (particles of a size It
than 3 microns) are in the 10 to 15 milli
particles per cubic meter range, whict
typical for office buildings without smc
ing that we measured (data from a limit

building are below 0.007 working levels Continued on page
3
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Figure 3. Air exchange rate versus inside-outside
temperature difference. (Note: Fans-on data
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Do You Have Air Quality Complaints?
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Metrosonics Instruments Provide t Information

e Oruniin Square Building deg C |
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You Need to Improve Indoor Air Quality!

® aq-501 Air Quality Monitor -
Monitors and Records Carbon
Dioxide, Temperature, Relative
Humdity and Other Pollutants

Metrosonics aq-501 measures all variables
on up to 5 channels simultaneously, so that
readings can be correlated and compared. Plug-
in sensors are available for monitoring CO, H,S,
SO,. Cl,, NO, and NO. In addition, computer
software, which is FREE with every aq-501,
provides you with management ready graphs
and reports.

Call or write TODAY
for complete detailsl

@® aq-510 Carbon Dioxide Monitor -
Measures and Displays
Carbon Dioxide Level
in the Air

The ag-510 is ideal for assessing the carbon
dioxide level in the air. It is available with
real-time output to dataloggers or recording
monitors, and it is portable and easy to operate.

Both of these instruments provide valuable
information for accurately evaluating and con-
trolling the effects of Sick Building Syndrome.

METROSONICS INC.
GENERAL PRODUCTS DIVISION

PO. BOX 23075 B RAOCHESTER, NEW YORK 1468392
TEL 716-334-7300 B TLX 853348 B FAX 716-334-2635

(Circle No. 24 on Reader Service Card)
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The EA.C.T. system was developed by a team of
Philip Morris engineers at the company’s Richmond,
Va., Research Center. The team spent two years
investigating alternatives to the conventional
“mixed air” system. The upflow displacement system
was tested and refined in a simulation facility de-
signed to accurately reflect and exceed the “real
world” conditions of installations like the Benedum
Center.

The vertical air flow virtually eliminates horizon-
tal drift of tobacco smoke and other substances,
which was one of the team’s goals. But, more impor-
tantly, the system overcomes the wider problems of

poor ventilation, found in traditional HVAC systems.

EACT.

By lowering the concentration of bacteria, pollen
and other materials in the indoor environment,
the EA.C.T. system takes a big step toward reducing
the possibility of Sick Building Syndrome.

And wherever interior flexibility is important,
EA.C.T. is ideal. From open office settings, to restau-
rants, lounges, and public seating areas. That's be-
cause the raised-floor system allows faster, less costly
relocation of electronic cabling, and partitions can be
located or moved anywhere because air is introduced
uniformly over the entire floor surface and exhausted
evenly across the ceiling.

Ask for a free videotape and information kit on EA.C.T.

e

Please send me, absolutely free, a copy of the 10-minute
video “F.A.C.T.” and more information

on how it works.

Name

Title

Company
Address

City
Telephone ( )

State Zip

Return to: F.A.C.T., One Gateway Center,
20th Floor, Pittsburgh, PA 15222

(Circle No. 100 on Reader Service Card)
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Solution to Balancing Airflows

IAQ evaluation
Continued from page 18

number of buildings). It is difficult to
compare the measured particle levels with
established standards because the stan-
dards are given in micrograms per cubic
meter and there is great uncertainty in
converting from particle counts per cubic
meter to micrograms per cubic meter
without more detailed analysis of the

composition of the particles present in the
building.

The formaldehyde level was measured
in August 1987 when new furniture was
being installed and the occupants were mov-
ing into the building. The carpeting (a
removable type of carpet squares with a
pressure sensitive adhesive) was installed
from April through July in most parts of
the building. The measurement results
are shown in Figure 6. The measured

formaldehyde levels are less than 0.056 pr
(the ASHRAE level is 0.1 ppm; complai:
begin at 0.06 ppm; outside levels are ty-
cally 0.04 ppm). There is little or no outga
ing of formaldehyde from the furnishir
and carpets.

The last class of pollutants measu-
was the volatile organic compour
(VOCs). Measurements were made on fc
different occasions: August 4, 1987, wi

Continued on pag
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Figure 5. Daily maximum carbon monoxide concen-
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Figure 6. Formaldehyde ievéls in building.

The CAR AUTOMATICALLY REGULATES AIRFLOW
in constant volume HVAC systems, for supply and e Optional accessories:
exhaust. The passive operation of the CAR uses no
electric or pneumatic controls; as static pressure

across the CAR increases, a silicon bulb inflates,

reducing the free area, resulting in constant airflow.
For more information CALL:

1-800-255-7749

ALDES

VENTILATION CORPORATION

Northgate Center Business Park, 4537 Northgate Court
Sarasota, Florida 34234-4864, FAX: 813-351-3442

MANUFACTURER OF QUALITY IAQ PRODUCTS

Unitary Indoor Air Conditioning
Blower Coils

@

BHX-3 Series

® Horizontal configuration
® Available From Stock
* Nominal sizes 2 through 20 tons

Hot water coil, Mixing boxes, Discharge grille plen
Various motors & drive combinations, Pleated filte
Heat pump conversion kits available

o [

DIVISION @ UNITED ELECTRIC CO.
COIL AND AIR HANDLING PRODUCT.

P.O. Box 5148
Wichita Falls, Texas 76307

(817)767-8333 » FAX (817)766-3240

(Circle No. 26 on Reader Service Card)

(Circle No. 28 on Reader Service Card)
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Compare the Isuzu base model Pickup and the Toyota Standard Bed Deluxe, as
we've done below, and one thing becomes clear. There is no comparison. Even Isuzu’s
base model offers considerably more than Toyota’s “deluxe” While costing over $1,200
less. So if the thought of buying a Toyota makes you jump for joy, an Isuzu ought to send
you through the roof. For a free brochure, call (8003 627-7373 ext. 242.

TOYOTA ISUZU TOYOTA ISUZU
Price: $9,268* $7,999* Wheelbase: 103.0in. 105.6 in.
Rear-wheel Anti-lock Brakes: Optional Standard Overall Length:  174.6in. 1773 in.
Engine Size: 24L 23L Overall Height ~ 60.8in. 62.3 in.
Horsepower: 116 hp 96 hp Warranty: 36 Mo./36,000Mi. 36 Mo./50,000 Mi
Payload: 1640 Ibs. 1675 Ibs. Upholstery: Vinyl Tweed Cloth

*MSRP excluding tax, license and transp. fee. Comparison of Isuzu Q-16 base model and Toyota Standard Bed Deluxe. Optional equipment shown available at
additional cost Q-16 may not be available in California.

0

Isuz2u

Fleet Sales

(Circle No. 30 on Reader Service Card)
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The First Annual IAQ

Conference

he First Annual 1AQ
Conference & Exposi-
tion will be held at the
Tampa Convention
Center in Tampa, Fla., April 30 -
May 2, 1992. The conference will
consist of three full days of
technical seminars and exhibits.

A unique event, this confer-
ence and exposition will be the
first to focus on solutions to 1AQ
problems stemming from
complex HVAC systems in
commercial buildings. Speakers
will present a practical, hands-on
approach to solving [AQ prob-
lems th#pugh proper care,
maintenance, and service of
HVAC systems.

These methods and tech-
niques will be presented in
terms that building owners and
managers, engineers, and
contractors can understand and
readily implement.

The conference is sponsored
by the National Coalition on
Indoor Air Quality (NCIAQ).
NCIAQ is a non-profit organiza-
tion consisting of trade associa-
tions with active involvement in
IAQ diagnosis and problem
mitigation. Presently, the Associ-
ated Air Balance Council (AABC)
and the National Air Filtration
Association (NAFA) are members
of NCIAQ. Other associations
with members involved in
hands-on 1AQ service industries
are anticipated to join NCIAQ in
sponsoring the
conference.

CALL FOR PAPERS

Those wishing to submit a
paper for presentation should
submit an application and
abstract of 200 words or less, no
later than September 1. Presentu-
tions should be limited to 30 to
45 minutes in length. Interested
parties should call or write the
National Coalition on Indoor Air
Quality for an application for
submittal, Final versions of the
selected papers must be received
no later thun Nov. 1, 1991.
Topics for presentation may
include, but are not limited to,
the following:

Air Testing & Balancing

Air Duct Cleaning

Air Filtration

IAQ Investigations

IAQ Case Histories

Systern Commissioning
Contamination Assessment

TAQ Building Maintenance

Air Exchange Rates

Air Sampling Techniques
Tracer Gas Technology
Application of Instrumentation
Air Cleaning Equipment
Ventilation Effectiveness

HVAC Diagnostics
Troubleshooting
HVAC Controls

CALL FOR EXHIBITORS

Exhibit space is available to
companies interested in market-
ing their equipment, products, or
services to building owners,
engineers. and contractors
involved with 1AQ mitigation.
The First Annual 1AQ Confer-
ence & Exponsition is designed to
attract building owners and
managers, professionul engi-
neers, contractors, and building
maintenance personnel. In all,
more than 2,000 persons are
expected to attend.

The equipment and services
exhibited may include, but are
not limited to:

Air Filtration Products

Air Cleaning Devices

Air Monitoring Equipment
Testing Instruments

IAQ Assessment Services
IAQ Mirtigation Services

Air Duct Cleaners

Test and Balance Agencies
Air Duct Cleaning Equipment
HVAC Controls

Sanitizing Agents

Testing Laboratories

IAQ Consultants

(Circle No. 32 on Reader Service Card)
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& Exposition

While there is no limit on the
amount of space each exhibitor
may reserve, there is a limit on
total exhibit space for the show.
Thus, space will be allocated on
a first-come, first-served basis.

To reserve a space, call or
write NCIAQ for an exhibitor
prospectus.

NATIONAL COALITION

ON INDOOR AIR QUALITY,
1518 K Streer, N.W.
Washington, D.C. 20005
(202) 628-5336

FAX (202)638-4833

Management by Sufka & Associates

NATIONAL
COALITION
et |
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o
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The answer to cleaner indoor air was right under our noses. Or, more
accurately, under our feet.

It’s called EA.C.T. (Filtered Air Control Technology). It's a new twist on
current technology that cuts airborne matter by up to 90 percent when
compared to conventional building ventilation systems, and may even
reduce the symptoms of Sick Building Syndrome.

The state-of-the-art system, made totally from conventional compo-
nents, is already operating in a 660-square-foot facility in one of the
nation’s top performance halls, the Benedum Center for the Performing
Arts in Pittsburgh.
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- EAC.T

(Filtered Air Control Technology)

EA.C.T. is an upflow displacement system that introduces cleaned
and fresh air through a sub-floor plenum. The air rises through a perforated
floor and a specially modified standard commercial grade carpet at a rate of
about 10 feet per minute, replacing room air within two minutes. It's then
exhausted through ceiling vents, mixed with 50 percent fresh air, cleaned
by an electronic air cleaner and carbon unit, conditioned and returned.

Yet room occupants don't feel any sensation of cold because the supply air is
slightly warmer than conventional systems and the air entrance velocity is more
than 10 times lower since it’s introduced through the entire floor. In fact, the air
flow is imperceptible to anyone standing in the room.

ResH AR MAKEUP
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1AQ evaluation
Continued from page 20

the occupants were moving into the build-
ing; October 14, 1987; January 13, 1988;

)| and October 28-31, 1989. On each date, the

puilding was operated with four distinct air
exchange rates (0.5, 1.36, 0.24 and 1.99

© +iges per hour) due to the prevailing
¢ zrior weather conditions.

Figure 7 shows the effect of building
ventilation rate on the total VOC concentra-
tion. The curve represents the predicted level
using the source strengths estimated from
the VOC levels and the air change rates. The

i source strength of total VOC was remarka-

bly constant over the 17-month period
hetween the first and last measurements.

We measured and identified 37 VOCs

. he interior building space (see Table I).
There were five oxygenated compounds, six
halogenated compounds, 16 alkanes, six
cycloalkanes and alkenes, and five aromatic
hydrocarbons. All are at levels less than
1/1,000 of the OSHA standard environmen-
tal levels for industrial work spaces. (Note:
The ASHRAE standard recommends that,
for indoor air quality, the level be not more
- an 1/10 of OSHA permissible exposure
11nits.)

The largest amount of VOCs is con-
centrated in the alkane class (C, to Cy,
branched decanes and undecanes). These
are not particularly irritating compounds
and there are no OSHA permissible
exposure limits for these substances.
However, very limited studies by Molhave’
indicated that many complaints will occur
+ hen the total levels of VOCs exceeds 5
rag/m3. It has been recommended by
researchers® at EPA Research Triangle Park
that a prudent target level for total VOCs be
1 mg/m? (Seifert® proposes 0.3 mg/m?).

All three measurement sets made in the
building were greater than 1 mg/m? and
the building exceeded 5 mg/m? when the
ventilation rate was below 0.5 air changes
per hour. We tested the major building com-
:-onents and furnishings for outgassing and
i.1ese are not the sources. Although always
operating the ventilation system at 100%
outdoor air would keep the levels near 1
mg/m?, identifying and limiting the
sources is a better strategy. It should be
noted that total volatile organic compounds
(TVOC) is a concept still under develop-
ment, there is no standard measurement
method for TVOC, and numbers reported
by different authors could vary widely due
1 different measurement protocols.

Figure 7 also shows the short-term var-
iation in VOC source strengths over a period
of four days, beginning at 6 am on Friday

before the building was occupied, carrying
over the weekend when only a few occu-
pants were in the building, and continuing
until 6 pm on Monday. It is clear from the
data in Figure 7 that the source strengths
were greatest during the occupied day, low
in the evenings even when the HVAC system
was off, and low on the weekends when few
people were in the building. Therefore, the
source of VOCs was activity-related.
Closer comparison of chromatographs
of building samples and those of the liquids

used by the copiers in the building con-
firmed that the copiers were the major
source of VOCs.

NIST investigators also conducted a
questionaire survey of the occupants after
their move into the building.” The survey’s
purpose was to determine the effects of
office design features on job performance
and satisfaction. About 20% of the re-
spondents rated “air quality” in the build-
ing as poor. Almost 30% were disturbed by

Continued on page 24
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IAQ evaluation
Continued from page 23

air “stuffiness.”” Odors did not seem to be
a problem. The most frequent health-
related worker complaint was difficulty in
concentration. Complaints of eye irrita-
tion, headaches and sleepiness were also
higher than estimated neutral responses.

Summary

This investigation was designed to
establish a long-term record of a modern
office building’s thermal and environmen-
tal performance and to document what
parameters in the design, construction and
operation will affect this performance.
Other than initial problems associated

—————

with “‘debugging’’ the HVAC system and
controls, the building has adequate venti-
lation under most operating conditions.

The building envelope is not tight for
anew structure and infiltration is a signifi-
cant source of building air exchange. The
levels of CO,, formaldehyde, radon and
respirable particles are well within the
established guidelines.
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Figure 7. Variation in volatile organic concentrations and sources.
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One area of concern is the airflow from
the garage into the occupied space. This air-
flow can cause high CO levels in the vicinity
of elevator shafts and stairwells on the upper
levels and near the loading dock. The garage
exhaust fans are adequate to reverse this flow
but, in the automatic mode, they currently

| ‘o not operate long enough to do so. A

:ge in their controls, or an attempt to iso-

| e the vertical shafts (stairs and elevators)

from the garage would alleviate these
problems.

There is no evidence of any significant
outgassing of pollutants from the building’s
materials and furnishings. However, there
are at least 37 VOCs in the interior air that
seem to be related to the activities occurring
inside the building. The levels of all these
~:nnpounds are at least two orders of magni-

;. :.¢ below established limits (1/10 of the

permissible exposure limits). However, the
vast amount of VOCs found in the building
are compounds for which no extensive
research has been done to establish irritant
levels. Therefore, these compounds could be
a source of complaints from the building’s
occupants at low ventilation rates. [ ]
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