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: - [Liditors Note: This article is the first part of a two-part series on the proaciive
IN THIS ISSUE management of indoor air quality concerns m new constiuction and outlines the

elements of a good managememnt programy; the sccond part of the series focuses
62-R Industry Impacts: Filtration
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on the case studyof a bank under construction and cxplores our abiity to
Sample IAQ HVAC

Inspection Checklist
Page 6-7 air tightness of the building envelope, and with the use of syn-

improve mdoor air quality during a building’s construction.)

roblems relating to indoor air quality in buildings have been

assoclated with encrgy conservation strategies, such as increased

thete building products, architectural materials, and interior furnishings

§| ASHRAE-Gate Audit Released and finishes'. In responsc to potential IAQ problems due Lo emissions in
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new construction, designers may select low-cmitting materials for use

imdoors?. Designers cannot accurately predict airbome concentrations
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Predicts 1998 for Final and exposures because there 1s no standardized model to use as a

IACQ) Standard
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baseline of emissions or off-gas data from building materials, equipment,

L - . . .
el and occupants. Therclore, regularly scheduled proactive air quality

' Tools for Schaols Kit testing is required to determine the cflectiveness or performance of the
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: d building systems 1n controlling the indoor environment.
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A proactive IAQ management program has been developed for new and

Fungal Contamination e 2ot ;
Page 14 : existing buildings that is based on a phased approach developed by

- [Cont. on page 4]
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the authors for mvestigating IAQ
problems n buildings®. The objec-
tive of the program is to prevent JAQ
problems before they develop . This
is done by monitoring exposure lev-
cls, monitoring building perfor-
mance over time, and providing
archival records of results. The
components of the TAQ manage-
ment program include: 1) a review
ol plans and specifications; 2)
walkthrough inspections; 3) air qual-
ity measurements; and 4) documen-
tation of results.

Review of Plans and
Specifications

Information about the physical
building is collected from the [ollow-
mig sources for the minal assessment:

¢ Architectural plans to review the over-
all building design and the physical
layout.

Mechanical plans to review factors
affecting air distribution.

* Malenals spealfications for a general
emissions review of products and
matenals.

The review of plans and specifica-
tions 1s typically undertaken only
during the 1mmual assessment of the
building prior to the first on-site test-

mng.

Walkthrough Inspections

The purposes of walkthrough in-
spections are lo observe installed
products, furnishings, and equip-

ment; examine the components of

the HVAC systems; determine air
distribution patterns; and select samn-
pling sites for the air quality mca-
surements. Checklists to assist the
walkthrough inspection process have
been published by other investiga-
tors.** {See pages 7 and 8 [or an
example of a checklist.)

Air Quality Measurements

T'o characterize the indoor air qual-
ity and to indicate the general IAQ
performance of the new [acility, the
following parameters are monitored:

* Total Volatile Organic Compounds
(Total VOC or TVOC) as a general
indicator ol overall exposure levels
to VOC [rom emissions mdoors.

formaldehyde offgassing from new
furmishings and finishes.

Respirable Suspended Particles
(RSP) as an indicator of hltraton ef-
fectiveness and the general dust
loading of the indoor environment.

Carbon dioxide {C02] as an indirect
indicator of the adequacy of the out-
side air supply and ventilation
cffectiveness.

Carbon monoxide (CO) as an indi-
cator ol the infilration of combustion
byproducts mio the building.

Formaldehyde as an indicator of
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¢ Temperature and relative humidity as
indicators of occupant thermal com-
fort.

T'he monttoring lor TVOC and
formaldehyde usc mntegrated sam-
pling techniques that require sam-
pling imes of up to cight hours. The
monitoring for RSP, CO?, CO, tem-
perature, and relatve humidity use
direct reading mstrumentation at
sampling locations throughout the
building and outdoors, adjacent to
the HVAC system air intakes. Sam-
pling locations are selected to reflect
dilferent uses of a space and to pro-
vide a typical representation of the
mdoor environment of a building.
T'o evaluate diurnal vanations in the
indoor environment, multiple sam-
pling passes at each site are con-
ducted throughout the workday.

In addition to the mtegrated sam-
pling and the mstantaneous sampling
passes, onle Or more continuous
monitonng stalions arc sct up Lo
record daily trends in carbon diox-
ide, carbon monoxide, temperature,
and relabve humidity over several
days. The monitors are normally
installed in locations that are typical
of entire office areas.

Additional IAQ monitoring may be
conducled if specific point sources
ol indoor pollution are identified or
I requested by the client. Addinonal
monitoring may include sampling
and analysis for airborne fungi and
bacteria, radon, ozone, lead, and
nicoline.
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Documentation of Results

Following each regularly scheduled
testing period, the results of the IAQ
monitoring are summarized and
compared with the results of previ-
ous bascline IAQ monitonng in the
building and with available standards
and guidelines (such as American
National Standards Institute (ANSI)
and American Society of Heating,
Relrigerating and Air-conditioning
Engincers (ASHRAL) Standard 62-
1989, Ventlation for Acceptable
Indoor Air Quality, and ANSI/
ASHRAE Standard 55-1992, Ther-
mal Environmental Conditions for
Human Occupancy®).

Proactive IAQ
Management and Building
Commuissioning

The Vancouver City Savings Credit
Union (Vancity) designed and con-
structed an oflice building to housc
their Head Office in Vancouver,
Bntish Columbia, Canada, which 1s
energy efficient and uses environ-
mentally friendly construction ma-
terials. The design of the building
15 also meant to provide a superior
indoor environment for occupants.
To monitor indoor environmental
conditions as the dynamics of the
new building changes over time, a
proactive IAQ management pro-
gram was implemented in the

Vancity building upon completion
n 1995,

In addition to providing a character-
ization ol the indoor environment
over ume, the proactive IAQ man-
agement program also identified sev-
eral concerns related to the

commissioning of the Vancity build-
ng.

The results of the smoke pencil test-
ing during the first post-occupancy
testing period 1dentified shight nega-
tive pressurization of the Vancity
building relative to the underground
parking garage, resulting in the mhl-
tration ol CO-laden air into the
building through the parking garage
elevator lobbics and adjacent stair-
wells.  Although the results of the
mstantancous CO measurements
did not indicate signilicantly elevated
CO concentrations on any floor dur-
ing the day on-site, the contunuous
CO data collected at the fourth floor
conlnuous monitoring location con-
firmed signlicant CO mfltration
had occurred through the identified
pathway. Aller inspecton of the fan
unit serving the parking garage el-
evator lobbies showed the unit was
nol in opcration, the problem was
subsequently corrected by the build-
ing operator and design engineer.

In addition to the relative air pres-
surization rélationships identified
within the building, the IAQ Man-
agement Program has proven use-
ful in 1denufying improper sensor
calibrations relating to the CO, and
CO sensors integrated with the
EMCS of the building.
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Companson of the indoor CO, data
collected during the first post-occu-
pancy test period with CO, data col-
lected from the return air duct
sensors on each tloor showed dis-
agreement between the measured
levels. Continuous CO, analyzers
were therefore installed side by side
with the EMCS CO, sensors in the
return air ducts on several floors.
The results of the in situ sensor test-
ing showed the EMCS CO, data
varied from the precalibrated CO,
analyzer data by up to 80%.

The identification of CO nfiltration
into the building from the under-
ground parking garage prompted
building operations stall to request
sidle by side tesung of the EMCS CO
sensors located on cach level of the
garage with the continuous CO ana-
lyzers. The results of the m situ test-
g of the parking garage CO sensors
also mdicated several sensors re-
quired recalibration.
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SAMPLE IAQ HVAC INSPECTION CHECKLIST

HVAC ACTION
COMPONENT REQUIRED [ COMMENTS

CENTRAL EQUIPMENT

e fucl/zas leaks or odors
Boiler fu Lg‘l
s water leaks
e water leaks
Cooling i A
e e npcxoblai glo“Fh .
* discharge to O/A intake
e condensate leaks/spills
Chillers ; !
¢ refngerant storage
AIR HANDLING EQUIPMENT
* clean
e location
Outside Air s obstruction
Intake i 3
® water 1ncursion
* bird screen
e damper position
Mixing e clean
Flenum e air intake obstruction
¢ clean
® i cars
i rips or tca
* improper fit
e microbial growth
dae
Coils clean :
* condensate leaks/spills
* clean
L ] 1 "] =
e scale build-up
e water leaks
e microbial growth
Fans ¢ clean
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SAMPLE IAQ HVAC INSPECTION CHECKLIST

HVAC ACTION :
COMPONENT . CONDITIONS REQUIRED COMMENTS_

MECHANICAL ROOM

e clean
; Floors, ® dl}’
Walls, and ; :
surfaces | © cracked or peeling paint
e microbial growth
Usaasa e cleaning supplies
Storage e maintenance supplies
pies e construction supplies

AIR DISTRIBUTION
e clean
Ductwork e moisture
e obstructions
Diffusers e clean
and Grills  obstructions
Terminal * clean
Boxes e obstructed drain pans
e clean
Return Air : :
moisture
Plenum

* insulation

OCCUPIED SPACE

Thermostat
Locations

e adjacent to source of
heating or cooling

Diffuser/Grill

* short circuiting

Location | e poor air distribution
Terminal i ;
Boxes noise
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INVIRONMENT is on the
world wide web!

Check out our new home page

al

http:/lwww.chelsea-grp.com

We are providing you with ac-
cess o INVIRONMENT, a division
of Chelsea Group, Ltd., and our
INVIRONMENT Knowledge Prod-
ucts. You will begin with an in-
troduction to Chelsea Group,
Litd., with access to all o 1t's divi-
sions and affiliates. Simply click
on Chelsea Information Services
or INVIRONMENT to begin your
joumney through the world of in-
door air quality, including the lat-
est news updates, other [AQ
links, and the latest IAQ Knowl-
edge Products. See what [AMvI-
RONMENT has to olfer you on the
Web!

Home Page:
hitp:/ww.chelsea-grp.com

E-mail:
inviron@chelsea-grp.com
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Editor's Note: The following article is
the second in a two-part series on
proactive mdoor air quality manage-
ment during and after construction. In
this second part, we examine the con-
struction of a bank.

Findings From A Case
Study

he Vancouver City Savings

Credit Union (Vancity) de-

signed and constructed an
ollice bullding to house their Head
Office n Vancouver, British Colum-
bia, Canada that is encrgy ellicient
and uses environmentally friendly
construction materials. The design
of the building 1s also meant to pro-
vide a supenor indoor environment
for occupants. To monitor indoor
environmental conditions as the dy-
namics of the new building changes
over tme, a proactive IAQ manage-
ment program was implemented 1n
the Vancity building upon comple-
tion in 1995.

Building Description
The new Vancity building 1s a 12

story, 118,000 square foot structure.
The lower three floors above grade

are not typical office configurations
but include mixed retal, in-house
amenities, and a high security mam
frame computer room and associ-
ated support rooms. Floors four
through twelve include typical office
configurations, such as a mixture of
enclosed private oflices, open plan
office areas, and enclosed special use
rooms, except the seventh floor
which 1s unfinished, unfurnished,
and unoccupied. The building also
includes a mulu-level underground
parking garage.

Each of the twelve occupied floors
of the Vancity buillding arc served
by similar independent HVAC sys-
tems. Qutside air is drawn nto a
mechanical room on the floor
through outside air intakes located
on the north side of the building.
The outside air is liltered (40% fil-
tration efficiency as determined
accordance with ANSI/ASHRAE
Standard 52.1-1992 Gravunetric and
Dust Spot Procedures for Testing
Air Cleaning Devices Used in Gen-
eral Ventilation for Removing Par-
ticulate Matter'), tempered, and
ducted directly to variable air vol-
ume (VAV) boxes located in the
suspended ceiling.  Return air on
each floor is drawn back to the me-
chanical room unducted through the
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cominon suspended ceiling plenum,
where a portion is drawn into the
supply air system and the remain-
der 1s exhausted directly outdoors.
All HVAC systems are integrated
and controlled by a central comput-
erized energy management control
system (EMCS) that uses muluple
sensor inputs, such as indoor/out-
door temperatures and return air
CO, concentrations for controlling
environmental conditions indoors.

The energy and environmental fea-
tures of the Vancity building include
low L glass extenior curtainwall to
reduce solar gain, low power den-
sity ighting, non phase-out chlonne
free HVAC refrigerants, CO, sen-
sors in return air ductwork, VAV
HVAC systems capable of supply-
ing 1009 outside air to cach floor,
water-based paint, and recyclable
carpet throughout. In addition, the
underground parking garage uses
CO (and propane) sensors as part
of the computenzed EMCS.

The IAQ performance of the new
facility 1s being assessed over ume
through collection of baseline air
qualty data for TVOC, formalde-
hyde, RSP, CO,, CO, temperature,
relative hurmnidity, total viable [ung;,
bactena, and radon. The IAQ man-

[Cont. on page 10]
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TAQ Management

in New Construction
[cont. from page 3]

agement program consists of air
quality testing prior to occupancy,
approximately two months after oc-
cupancy, and then semi-annually on
an on-going basis. This case study
presents the results from the lirst
three proactive testing periods.

Results

The results of the air quahty mea-
surcments in the Vanaty IAQ Man-
agement Program are summarized
mn Tables 1.1 (page 11) and 1.2 (page
12). Table One shows the means
and ranges ol levels ol the awr qual-
ity paramelers TVOC, formalde-
hyde, RSP, CO,, temperature,
relatve humidity, ozone, CO, lungi,
bacteria, and radon collected dur-
g the pre-occupancy testing period
and the two posl-occupancy testing
periods. Table 1.2 shows the ranges
of levels of CO,, temperature, rela-
tive humidity, and CO at the Level
4 and Level 10 continuous monitor-
ing locations during each pre- and
post-occupancy lesting period.

The results of the air quality param-
eters related to new building prod-
ucts and construction materials, the
TVOC and formaldehyde data,
showed 1nitial pre-occupancy con-
centrations that were slightly higher
than would be expected in an occu-
pied building. However, the TVOC

Py
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SUMMARY OF AIR QUALITY MEASUREMENTS: INDOOR MEANS (AND

TABLE1 1 RANGES) AND OUTDOOR MEANS VANCITY HEADQUARTERS BUILDING

Test Period Formaldehyde

Temperature | R.Humidity | Ozone Fungi_ | Bacteria | Radon

(ppm} {F) (%) {ppm) (CFuim®) | (CFUIm3) | (pCifL)
Pre-Occupancy 2200 0.063 24 440 70.2 488 <005 0.5 2 15 <04

October 6, 1995 | (370-4780) (<0.025-0.080) (20-28) | (350-550) (63.0-73.4) {40.868.7) A<005 | (0213 (9-62) (18-194) All<0.4

Quidoor NM NM 27 380 583 65.4 <0.05 14 285 181 NM
PostOceupancy 524 0.027 15 502 72 392 <0.05 07 3% 245 NM
Noverrber 30, 1966 | {200-1290) {<0.0250.033) {(11-19) | (400-655) (64.8730) (35.3-59.3) Al<005 | 0318 | (3132 {62-434) NM
Outeloor NM NM 3 365 530 723 <005 22 53 146 NM
Post-Occupancy 40 0.097 18 436 727 5 <0.05 14 16 2 NI
June 19,199 | {2474) (<0.025-0.049) (1522} | (30-510) (69874 5) {33.2-45.6) <005 | (1020 19-26} {1871) NM
Cutdoer NM NM 2% 353 663 496 <0.05 23 75 80 NM

NM= Not Measured

and formaldchyde data collected
during the two subsequent post-oc-
cupancy test periods show significant

deercases over tme. The trend of

decreasing TVOC and formalde-
hyde levels trom the pre- to post-
occupancy lesting periods are
lustrated on page 10 1n Figures 1.1
and 1.2, respectively.

RSP concentrations were generally
low and also decreased from pre-oc-
cupancy to post-occupancy testing
periods, indicating minimal residual
dust from previous construction ac-
tvities and adequate [ltration of the
supply air by the mechanical sys-
tems.

The results of the CO, monitoring
showed generally low concentrations
durning all testing periods, with one
exception.  The continuous CO,
data at the fourth floor monitoring
location measured up to 1100 ppm

on December 6th and 7th of the first
post-occupancy test period, indicat-

ing a period of minimal volumes ol

outside air being supplied to the
floor on those days. Building op-
erations stafl subscquently reported
that due to mechanical equipment
malfunctions, the supply fans serv-
ing several floors were operating only
mtermittently on December 6th and
7th during diagnostics and mainte-
nance of the mechanical systems.

The results of the overall CO, data
confirm that the volume of outside
air supplicd to the new building 1s
in accordance with ANSI/ASHRALL
Standard 62-1989.

The results of the temperature and
relative humiditly measurements
show slight variations between test-
g penods. However, the measured
thermal levels in the Vancity build-
ing have generally been within the

ANSI/ASHRAE occupant comlort
ranges lor temperature ol between
68°F and 74°F in winter and between
73°F and 79°F in summer, with one
exception. An cpisode of clevated
temperatures ranging between 77°1
and 86°F occurred at the lourth Nloor
continuous monitoring location on
December 6th, when the main sup-
ply lan to the floor was out of op-
eration. Relatuve humidity levels
were also within the ANSI/
ASHRALE occupant comlort range
for humidity of between 20% and
60%. With the exception of the
December 6th episode on the fourth
floor, the results of the temperature
and humidity data collected during
each test period indicate adequate
thermal control of the indoor envi-
ronment by the mechanical systems.
The results of the ozone monitor-
ing during each testing period show
all O, concentrations have been less

than 0.05 ppm, the delection limit
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SUMMARY OF CONTINUOUS MEASUREMENTS:
TABLE 1.2 LEVEL 4 AND LEVEL 10 SEVEN DAY RANGES

- CO, | Temperature Relative
(ppm) (°F) Humidity (%)

LEVEL 4

Pre-Occupancy

October 2-6, 1996

410 - 700 71.6-84.5

26.8 - 46.3 0.9-2.0

Post. Occupancy

400 - 1150 71.2 -83.7

0.1-8.0

Post Occupancy
June 19-26, 1996

November 30 - December 7, 1995

410 - 520 70.7 -77.9

33.0-49.3 0.0-2.0

LEVEL 10

Pre-Occupancy

October 2-6, 1996

395 - 700 71.2-777

40.0-51.2 0.9-2.0

Post Occupancy

November 30 - December 7, 1995

400 - 770 68.4-72.9

20.0 - 34.2 0.3-38

Post Occupancy

June 19-26, 1996

395 - 500 72.3-77.0

34.7-39.9 0.0-2.5

for the analytcal method. These
results indicate the presence of O,
from clectronic office equipment,
such as photocopiers and laser print-
ers, has not been a concern in gen-
cral office arcas during the three
testing periods.

The results of the CO data collected
during cach tesung period showed
typically low levels in the Vancity
building, with one exception. The
continuous CO data collected at the
fourth floor monitoring location
showed elevated CO concentrations
of up to 8.0 ppm on December 6th

and coincided with the elevated CO,
and temperature levels when the
main supply fan to the fourth floor
was out of operation.

The results of the monitoring for
total viable fung and bacteria show
mdoor levels similar in magnitude
to or lower than outdoor levels, in-
dicating that microbial contamina-
tion through ampllication indoors
has not been a concern in the build-
ing.  All radon samples collected
during the mnitial pre-occupancy test
period measured less than 0.4 pCy/
L, the limit of detection for the ana-

lytical method. Based on these ini-
tal results, radon momtoring has not
been included in subsequent
proactive test periods.
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