Indoor Air BULLETIN 11 1.cvin, Editor

Technology, Research, and News for Indoor Environmental Quality

Volume 3

Number 8

| ASHRAE Standard 62-89R,
Ventilation for Acceptable Indoor Air Quality:
Public Review Draft

ASHRAE Standard 62 #s arguably the most impor--

tant single document on FAQ in the world — centainly
in North America. lts revision, 62-1989R, began a for-
mal 120-day public comment period with the issue of
the Public Review Draft on August 3. Discussion is
widespread, and much of 1t is critical. This s not sur-
prising, since the standard’s scope has been expanded
considerably in the draft revision. And, unlike the
existing standard, the revision is wrilten in code lan-
guage. This was done to facilitate adoption by the
mode] building code bodies and state and local building
code adoption agencies.

Major changes to the standard proposed in the draft
include separate sections with vastly expanded discus-
sions of design, Syslems, constiuction, gperation and
maintenance. Documentation requirements are quite
detailed and specific. Several very detailed appendizes
have also been added. Few changes have been made 1o
the prescriptive minimum outdoor air ventilation rates,
although there are some notable exceptions.

The clarity of the standard should make its interpre-
tation and use less difficult for most wsers such as
designers, cotitractors. building operators. and product
manufacturers. Although the 62-89R draft is far more
detailed and comprehensive than 82-1989. we believe
that it will create less contractual difficulty and gener-
ate less lingation once it is adopted imo codes. Even
prior (o its adoption inte codes. after adoption by
ASHRAE the standard becomes the clear siate-of-the-
art for ventilation. HVAC system design. and 1AQ. As
the standard of cars for architects and engineers, it can

do much ko reduce poor indoor ¢limate conditions that
have generated many lawsuits in the past.

In this article, we discuss the most important
changes in the revision, provide a list of comments
from commitiee-chairperson Steve Taylor, and project
what’s next in the standard’s adoption process. We've
aiso included the Table of Contemts of the current draft.

The Most Important Changes

The BULLETIN identified the most imporant
changes from 62-89 to 62-89R based on comments from
several members of the committee that drafted the sian-
dard. It is important to note that the BULLETIN editor is
also a member of the committee and our views unavoid-
ably act a5 a filler on what is reported in these pages. Cur
own professional 1AQ work mostly involves consulting
during building design. We have conducted many inves-
tigations of FAQ problems {fewer recently}, and also par-
ticipate as a litigation expert — obvicusly on buildings
¢iaimed to have caused their occupants harm.

Duve Grimsrud, a member of ASHRAE's Sianding
Standards Project Committee (SSPCG2) revising stan-
dard 62 as well as the commitee that wrote Standard
02-1989, believes that the 62-89R draft s a logical evo-
lution. The core of the standard has not changed, but #t
has been expanded to reflect the increased understand-
ing of the factors that frequently contribute to TAQ
problems. Including detailed requirements for design,
construction, operation, and mainlenance is certain to
drastically reduce [AQ problems where the standard is
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followed. This, Grimsrud says, will benefit all con-
cermned: designers, constructors, operators, and occu-
pants. Finally, he told us, the standard has been written
by engineers, a fact that will make it far more practical
and easier to implement than 62-1989.

The requirements of the 62-89R draft are
intended lo provide guidance on achieving
“acceptable perceived indoor air quality” for
80% or more of the occupants.

Appendix A — 62-89R

Following are some of the maost important changes
as seen by several other members of ASHRAE S55PC62
that wrote the standard.

The. basis for establishing ventiiation rates is more
clearly spectfied. It is generally the sum of occupant
and building-based requirements to achieve acceptable
perceived TAQ. No general claims about protection
against health hazards are implicit in meeting the venti-
fation requirements of the draft standard. For occu-
pants, the requirements arc based on bioeffluent
emissions and occupant-associated activities. Building-
related requirements are based on emissions from the
building and its equipment,

As a result of the draft’s approach o setting ventila-
tion rates and the values chosen for the separate build-
ing rates and people rates, venulation rates for dense
occupancies have been reduced. In spaces such as audi-
toriums, theaters, and classrooms, these reductions may
be significant. In very sparsely occupied settings, some
ventilation rates may actually be higher on a per-person
basis than in 62-1989. This ts due to the separate build-
ing-related rate that is independent of oceupant density,

Some ventlation rate reductions resulted from con-
sidermg contaminant temoval where re-ctroulation
through filters is assumed. Finally. for certatn types of
spaces where a moderate rate of obacco smoking was
assumed in 52-1989, lower rates were obtamed by
assuming that smoking wil not ocour A separate
appendix discusses the provision of acceptabie per-
cetved TAL) where smoking is to be accommodated.

‘Ventilation Minimum Requirements

The most widely discussed. disputed. and to many,
most important aspects of past versions of standard 62
were the minimum ontdoor air ventilation rates. Unfor-
wunately, many {perhaps most) designers hive relied on
standard 62 for lstle else. Sigmificant conceptual and
pmumerical changes are contained in the Public Review
Draft of 62-89R,

New requirements for a minimum supply rate (MSR)
(outdoor air plus recirculated air) control exposure to bio-
contaminants. This is based on the SSPC62 health sub-
committec’s review of health effects data conceming
exposure to infectious agents such as viruses that cause
the common cold or bacterfa that cuuse wberculosis or
Legionnaire’s disease. A minimum rate of 15 ¢fm per per-
son is proposed as the MSR. This rate is independent of
the outdoor air supply rate and is an example of how con-
sidering the contribution of filtration has played an impor-
tant role in the development of the proposed standard.

The commitlee extensively and repeatedly considered
whether to establish ventilation requirements to satisfy
visitors or oconpants. Visitors are “unadapted”™ to the
odors in a space when first entering, whereas occupants
tend generally to be “adapted” to odors after spending a
few minutes in a space. The available research indicates
that 1t takes about three times as much ventilation for
unadapted individuals as for adapted ones to express
simtlar levels of odor acceptabihity.

One point of contention is that adaptation does not
occur with irfitants. In fact, writation tends to incrcasc
with time whereas odor perception decreases. On the
other hand, irritation thresholds tend to be considerably
higher, perhaps three times or more higher than odor
threshoids, for many substances that have been studied.

In the end the draft is intended to provide guidance on ¢

achieving “acceptable perceived indoor air quality™ for
80% or more of the occupants. This 80% figure, bor-
rowed from ASHRAFE's therinal comfort standard and
part of Standards 62-1981 and 62-1989, is another con-
tentious and imporant point in the draft standard,
Many critics argue that the implied 20% dissatisfied 15
simply unacceptable. We believe the measurement of
“dissatisfaction” in the background research leaves
much 1o be desired and should be updated wath a care-
ful evaluation of the methodalogies used.

The draft 62-89R contains major changes in the way
prescriptive ventilation rates are determined using what
was formerly the ventilation rate procedure. Rather
than simply looking up a single value for minimum
outside air ventilation rate, either per-person or per-unit
ared, the revised draft requires four components in
determining minimum outside air ventilation rates, The
new procedure makes more important the specific
occupant density, the ventilation effectiveness, and the
building and other sources.

Ventiiation Rate Procedures

There are three basic procedures in the draft standard
for obtaining design ventilation rates {DVR) for mini-
mum outdoor wir supply rates. These are the simple
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swstergs procedurs. the prescriptve procedure. and the
amabyvical procedure,

de Systems Procedure

The Simple Sysiems Procedure is intended for sim-
eb= hwildings with basically one ventilation zone or for
simple svstems serving a single. homogeneous zone
svichin a larger building. It provides supply air rates per
writ floor area and is the easiest to use. However, there
are built-in factors (o address ventilation effectiveness
amd system efficiency that will result in higher ventifa-
sion rates for most spaces than would be obtained by
using one of the other design procedures.

Prescriptive Procedure

The Prescriptive Procedure is a more complicated
method that resulls in a minimum outside air and total
air flow into each space. It represents a fundamental
change from the existing standard requiring the use of a
multi-part caleulation of minimum outside air ventila-
tton rates. The major components of the prescriptive
requirements are separate rates for people (per-person)
and for the buikhing (per-unit area), the ventilation sys-
tem efficiency, and critical zone analysis. The mini-
mum raie per occupant (Rp) is stil} expressed in ¢fm/p
{1/s/p) whi fe sht, rate for the buildings (Rg)} is expressed
in cffft> (I/s/m%). This approach is intended to satisfy
adapted people, not visitors initally entering a space.
Important components in determining the design venti-
intion rate (DVR) are the occupant density, the “diver-
sity factor” (a rough estimate of the percent of time the
space Is occupied at 100% of the design occupancy),
and the ventilation efficiency.

The I3VR is calculated as in equation 1 below,

DVR =Vp+ Vg n
pd {Rppa}m + RSAB

where

Rp = rate per person

Pry = design # of people

D = people diversity

Ry = rate/building area

Ag = building area

Thus, the DVR, (design ventilation rate) =
{(rate per person « occupants Ydiversity factor| +
{rate per unit area * area)

The prescriptive procedure includes ventilation rates
to address both occupant- and building-related emis-
sions. These both vary depending on the type of occu-
pancy. The ventilation rate components for 83‘!3!"&%1(}3’32:
from bﬁ;id&ﬁg materials and fumishings (in cim/fl t* and
I/s/m?} are based on reports in the literature of emission

rates and typical {and, therefore, presumably achiev-
ablel VOC concentrations (as discussed in BULLETIN
Vol. 3, Number 5). The occupant-based ventilation
rates in efin/p (I/s/p) are generally based on results of
vartous laberatery studies regarding the comfort and
irritation requirements for adapted individuals exposed
to human body odor (bicefflaents}). Thus, like previous
gtandards, per-occupant ventilation rates are intended
to provide “acceptable™ comfort and irritation from
human occupancy rather than health effects.

Smoking is not accounted for in the rates in
the draft's prescriptive ventilation rate tables.
Foreword — 82-89R

Among the noteworthy changes is the rate for class-
rooms: a rate of 6.0 cfm/p plus G.14 cfm/ft” and 0.11
efm/te of floor area for Kindergarten through grade 3
and grades 4 and above respectively. The gu;deime
density volues are 25 students per §{}{}€} ft* in K to
grade 3 and 35 students per 1000 ft* for gm{ie 4 and
above, The Rg values are 0.34 and 0.35 cfm/At* for the
two grade levels respectively under the simple systems
approach. After correcting for overall system efficiency
and ventilation efficiency in the room, grade 4 and
above require a ventilation rate of 10.7 cfm/p. For the
K through grade 3 classrooms, the rate is about 13.4
cfm/p. These compare to the 15 cfm/p usually used
under 62-1989 which, if corrected for ventilation effi-
ciency as indicated in the standard, would actually
requite 18 cfm/p at the air handler.

Smoking is not accounted for in the rates in the
draft’s prescriptive venlilation ratc tables. This has
been an assumption by the commitiee and has been
reflected in the various progress drafts for several
years. Of course, this has not pleased the tobacco
industry representatives on the commitiee nor the sev-
eral tobacco industry consultants and employees who
attend all the committee meetings. The tobacco inter-
ests have repeatedly protested procedural matters and
have also presenied motions o change the draft. While
most of their motions have failed., they all have
received a few votes. These have tended generally to
come from representatives of other industries who
might also perceive the draft revisions as being con-
trary to their economic interests.

The ventilation rate section appears very compli-
cated at first, especially to those accustomed to simply
pulling a number out of Table 6.1 in the current stan-
dard. Both the prescriptive and the analytical proce-
dures are more elaborate than in 62-1986. However,
there is a good chance that a manual will be issoed by
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ASHRAE when the standard 15 adopted, and this will
likely include some tables quite similar to the one in
the existing standard for default ventilation rates based
on (vpical occupant densitics and other common
assumptions.

Warden’s Spreadsheet

A simple spreadsheet provided by SSPC62 member
David Warden makes determining the minimum out-
side air ventilation rate and minimum supply rate
{MSR) for multiple zone systems very easy. Warden, a
practicing engineer and thoughtful contributor to com-
mittee discussions, assured the commitiee repeatedly
that his firm uses such a spreadsheet to design systems
under Standard 02-1989, and, by doing s0, saves con-
siderable expense in both the capital cost of HVAC
equipment and in the energy costs required to run it It
essentially includes the muliiple spaces approsch that
is in 62-19%9 (equation 6.1) but expanded o include
systems with muoltple recirculation paths such as fan-
powered mixing box sysiems and dual duct systems.

A copy of Warden's spreadsheet was supposed to be
available with the draft on ASHRAE's web site, but
somehow has not appeared. John Zierer of ASHRAE's
Standards staff expected it to be available on the web
site by Septembcer 25. Lok for it there, or call Zierer at
404 36 8400,

for calculating both the DVR and doing the multiple
spaces calculation.

Analytical Procedure

The analylical procedure allows designers (o use
lower outdoor air supply rates if low-emitting sources
are selected or air cleaning is used to improve the qual-
ity of recirculated air. The procedure requires emis-
sions data that are generally not yet available and
establishment of acceptable concentrations that place
the designer in a difficuit and heightened position of
respansibility. Few designers are likely to use the pro-
cedure in the immediate fuwmre, but u has enough
potential to reduce ventilation requirements sufficiently
to find mote use in the future as the necessary data
become available.

Documeniation, Construction, and
Commissioning Requirements

Among the most impontant of the draft standard’s
more detailed requirements are documentation and
commissioning. The spectfic documentation require-
ments will improve communication and increase
shared understanding within the design team, among
the building designers, owners, and contractors, and
uttimately, to those who will be responsible to manage,
operate, and use the building.

A sample of the spreadsheet appears in Figure 1 l‘ }.“’re are now, separate ‘sfagnons ceni:ammg many
below. Andy Persily is working on a Windows program detailed requirements _for design, for construction, and
’ ’ for operations and maintcnance. Where standard 62-89
Inputs
Units {input 81 or 1-P) 1= i units
Space air change effectiveness in the critica! space Eac £.80
Mixing efficiency of the primary alr handling unit Em .90
Primary alr fraction in supply airto the eritical space Ep 1.8
Frachion of directly recireufated air which is representative of average building return air  JEr 1.00 N
Population density for building (Generally lower than Table 8.1) Pudb 0.005| pisf Fi
Popuiation dansily in the critical space {May be higher than Table €.1) Pde 0.015 pisf i
OA requirerment per unit area for building (Weighted average from Table 6.1} Rbb 0,07 cfm/isf
CA requirement per unit area for gritical space (Table 6.1) iRbe i 0.07 cfmist
OA raquiremient per person for building (Weighted average from Table 6.1} Rpb &l cfmip
OA requirement per person for the critical space {Tables.1) Rpc & cfmip H
Primary supply air to building per unit area Vp 1.001ctm/st it
. Total supply air io citical space per unit area Vs 6.50) cfmist %
. A
. Calculated Values -
. Uncorrected OA requiremnent for hullding Vou = RpbPdb+Rbb = .10 cfirvsf E
; Unused QA requirement for critical space oze = {RpcPde+RbcyEc =  0.20 efmfef N
Fraction of critical space supply not directly recire. from space A = Ep+ (1-Ep)Er = 1,00 e;;,
] Fraction of eritical space supply from fully mixed primary air B = EmEp = (.90 o
Fraction of critical space $A nol directly recirc. from space C =1-(1-Eqy(1-Ep){i-E3 = 1.00 =
; Uncorrected OA requirement as a fraction of primary SA X = Voulvp = 010 é
H Unusad QA fraction reguired in supply air to ertical space £ = Yosc /Vsc = 0.40 =
] Ventilation System Efficiency Ev = {(A+BX-CZ}A = %%
Total required OA intake to System Vot = Voukby = 0.14 cfimist

Figure 1 - Quidoor alr intake calculation for a VAV reheal system, interior room, using Warden's spreadsheet and
adjusted Hg values.
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Bad only one page (Section 33, 10 cover all of these top-
%5, 62-89R contains 30 pages (23 pages for design, 3

b papes for construction. and 4 pages for operating and

masmenance procedures) with many detailed require-
TS

Construction requirements address many sources of

LAGQ problems that occur during construction or reno-

=atton in partially occnpied buildings. Many of these
requircments address the provision of clear and effec-
wve isolation of construction zones from ocoupied
zomes. Others address those problems thal occur after
completion of construction due to carelessness or
unproper attention to IAQ concerns duning construc-
tion.

The commissioning requirements will ensure that
newly completed ventilation systems perform accord-
ing to design. If this is achieved, 1t will eliminate many
1AQ) problems that in the past have led to major disrup-
doens of building occupancy and use, and, we believe,
1o far too much avoidable litigation based on problems
during occupancy following new construction and
malor renovations.

The compliance requirements in the draft standard
are written in mandatory building code language rather
than advisory or guidance language. This, one commit-
tee member observed, forced committee deliberations
to be more rational, minimized potentially ambigucus
statements, and prevented “cop -out” posttions on diffi-
cult issues, Where firm positions could not be taken,
advisory or “informative” statements are provided
rather than compliance requirements. But these tnfor-
mative statements are not a formal parl of the draft
standard’s compliance requirements, and they will not
be part of building codes that incorporate 62-89R’s
requirements. They will, however, be incorporated into
a manual the standard’s project commidee recom-
mended ASHRAE issue in conjunction with the stan-
dard when it is finally adopted.

The previous standard 62s were strictly design-on-
ented and didn’t address what happened after design.
The 62-85R draft requires the building o be run o
deliver the designed ventilation. This has had a benefi-
cial effect on the committee writing the siandard by
forcing a consistency between the design requirements
and what is actually expected during operation. In the
past, there have been many [ALQ problems caused by a
Jack of concern by designers for a system’s actual oper-
adon. In the worst instances, they simply design the
system by sizing equipment and duct work, elc. without
having any specific idea of how it will work. Then, the
job is tumed over to a controls contractor who tries to

muke it work. In the end, the building operator is stuck
with whatever the controls contractor could figure oui.

New Residential Section

There is a separate section for residental require-
ments. The proposed residential ventilation require-
ments consider dominant current practice as well as air
quality needs. Natoral ventilation is permitted if certain
natural ventilation requirements are met These are
basically fulfilled by complying with the least current
requirements in existing building codes for minimum
operable window areas as a ratio fo floor area. The
draft also establishes minimal requirements for exhaust
ventilation in bathrooms and kitchens. This will not
only control odor, it will also reduce the accumulation
of moistare inside the dwelling with the potental con-
tribution to mold and mildew growth, the survival of
dust mites, and the viability of bacteria.

Other Changes

Smoking s not included in the body of the dmft
(read, ‘code provisions™) of the standard. There is an
appendix that provides guidance for addressing per-
ceived air quality in smoking lounges. This has been an
extremely contentious part of the standard through the
participation of numerous tobacco industry representa-
tives and consultants actively and vocally representing
the interests of that industry throughout the standard
development process.

The 62-89R draft requires the building to be

run to deliver the designed ventilalion.
Section 8 — 62-89R

Mintmum filtration reguirements and limitations on
the extent of porous insufation materials are imposed in
order to minimize microbiclogical contamination in
ductwork. Concern over microbial growth on fiberglass
acoustic and thermal duct liners or fiberglass ductboard
resulted in considerable discussion by the commitiee
with representatives of the North American Insulation
Manufaciurers” Association (NAIMA) A compromise
was reached on the limitations the committee wished to
impose on the use of fibroas matenals i ducteork that
focuses on liners in the immediate vicinity of the cool-
ing cotls where humidity levels will wsually be quite
high. NAIMA representatives argued that sinply keep-
ing the duct liners clean would prevent mold growth.

Classification of air according (o its potential or
expecied contaminant content is part of the new stan-
dard. The permitted uses of exhaust air for recircula-
tion, with or without air cleaning, are explicitly spelled
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ASHRAE Standard 62-1989R,
Table of Contents

Section 1. Purpose

Section 2. Scope

Section 3. Definitions

Secetion 4. Application and Compliance

Section 3, General Requirements

Section 6. Design Ventilation Rates

Section 7. Constractior and System Start-up
Sectjon 8. Operating and Maintenance Procedures
Section 9. Requirements for Residential Buildings
Section 10, Normative References

Appenidices

Only these appendices labeled “PNormative!” are a
part of this standard. Those labeled “[Informative”}
gre provided for information only.
Appendix A, Rationale for Simnple Systems and Pre-
scriptive Ventilatdon Rates {Informative]
Al Ratiopzle for Prescriptive Outdoor Air Rates
A2 Rationale for Minimuim Supply Ratcs
A3 Determination of Simple Systems Reguire-
ents
Appendix B. Analytieal Procedure [Informative]
Apperdix C. Air Quality Guidelines [Informative!
Appendix D. VOC Concentrations, Emissions Data,
and Ventdation {fnformatve}
Appendix E. Acceptable Petceived Indoor Air Quality
When Smoking is Permitied [Infonmative]
Appendix E Carben Dioxide
El The Relationship hetween Carbon Dioxide,
Perceived Air Quality, and Ventilation Raes
[Informative]
F2 Carben Dioxide Based Demand Controlled
Ventilation [Normative]
Appendix G, Ventilation System Efficiency
(.1 Ventilation Effectiveness [nformatve]
(.2 Muiltiple Space Svstern Efficiency [Normave]
{33 Quidelines for Application of Multiple Space
Equations [Infoermative}
Appendix H, Rationale for Pre-Oveupaney Veutilaoon
[Informative]
Appendix I Depressutizatton Measurement for Come
bustion Appliances |Informatsve]
Appendix J. Procedure for Verifving Ventilation Design
Parameters [Informative]
Apperdix K. Allernative Comphance Section for
Building Codes | Informative]
Appendix L. Conversion Factors finformative]
Appendix M. Controliing Microbial Growih | Informa-
tive]
Appendix M. Rationale for Exhaust Oulet Minmum
Separation Distances {Informative]
Appendix Q. Informzuve References [Informative|

out. While this may at first appear more restrictive, the
additional level of detail and specificity actually
allowed the committee to provide lower outside air
vertilation rates in some cases by permitiing recircila-
tion of specified classes of air for certain types of
spaces. The five classes range from typical indoor air
without unusual sources (Class I} to dangerous or
strongly odorous effluent or exhaust air from sources
such as combustion flugs or cooling towers (Class 5).
Class 1 air may be recirculated to spaces from which it
15 drawn whereas lower classes must either be cleaned
to be re-used or must onky be used in spaces from
which even lower classes are drawn.

The standard sets upper limits on humidity to avoid
microbial growth. 62-8%R requires that in humid cli-
mates, where mechanical cooling systems are used, the
humidity level be controlled independently of the tem-
perature. The draft standard says humidity can be
“*...no greater than 60% during occupied periods, and
no greater than 70% during unoccupied periods, in all
occupiable spaces ... ai expected full Ioad and part load
conditions.” Informative language says that some
means of measuring and controlling humidity may be
required.

The scope of 62-89R covers both temperature and
relative humidity, although only relative humidity is
actually addressed in the draft,

The draft does not allow fans to cycle off and
on in small buildings.
Section 8 — 62-88R

The majority of office and retail workers in the
United States are not located in farge buildings. Yer
most committee discussion focuses on large buildings.
Therefore, the committee did consider the small office
building situation where a residential type thermostat is
commonly used to control the HVAC system. These
buildings may lack operable windows so that ventila-
tian occurs either by operation of the HVAC system or
when the doors are opened. These systems are usually
switched on and off by the office manager or some
other staff member in response to thermal conditions
without regard for ventilation requirements. The draft
does not allow fans to cyele off and on in small build-
ings.

62-89R Highlights from
Steve Taylor, SSPC62 Chair

In a wlk September 16th in Orlando, Florida, Steve
Taylor. PE, presented his view of the most important
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“ghanges in the draft standard. They are listed below,
geveradly paraphrased from his talk.

i. The emphasis in the standard is on the acceptabil-
¥ of the indoor air, net the health components, as ndi-

~gated by the definition of acceptable 1AQ in the draft.

2. Zection 4 contains a “road map” on how o com-

gy with the standard. Since the committee wrote the

standard in code language to enable adoption into

“bailding codes, it found it important o be ciear about

what would be required for compliance with its manda-
§XY components.

3. According to Taylor, Standard 62-1989 gave
guidance but “no one could understand or determine
whether they complied with it or not.” The 62-89R
draft is clear about compliance reguitements. For
example. it is very specific about separation require-
ments between a flue top or other exhaust and the air
intake on the roof. 1t is specific about the height of the
exhaust outlet, the velocity of the exhaust, etc.

4. "We have to balance the enforceability with com-
plexity. The standard might be too much for the typical
building official 1o understand, but the average designer
should not have trouble with it. It shouldn’t, in my
opinion, be written for the building officials, it shonld
be written for engineers.”

3. Taylor said that duct liners were the subject of lows
of lobbying. Now, the draft’s only restriction on duct
liners is to prohibit them in the portiou of the HVAC
system right near the cooling coils. No other restric-
tions survived the heavy lobbying mostly by the North
American  Insulation Manufacturers’  Association
{NAIMA).

6. C0; has been misunderstood, according to Tay-
lor. He said that Standard 62-1985 deals with accept-
able 1AQ at 1000 ppm based on body odor only. CO5 s
not mentionegd in the list of pollutants or in the body of
the 62-89R draft except for its use in the application of
demand-controfled ventilation. The draft permts
demand-controlled ventilation (DCV). CO, can be
used o trigger DCY. But this is the only place in the
standard where CO, is mentioned except in the appen-
dix. This is a major change from 62-1989 that the com-
miftee  felt  pecessary due (o widespread
misinterpretation and misuse of CQO, concentrations
based on misreading 62-1989,

7. ASHRAE Standard 52.2 js out for a second pub-
lic review, It is based on filtration efficiency as a func-
tion of particle size. At the bottom of the range of
efficiencies are furnace filters which Taylor facetiously
says are .. very good at filtering out furnaces, bat not
very good at filtering out anything else.” The require-

ments of 62-89R will increase filfration requirements
considerably, counting on newer, more efficient filters
that de not increase pressure drop.

8. There are provisions for natural ventilation, but
they are gquivalent to the current minimum code
requirements for natural ventilation —- an opening area
in the envelope of not less than 4% of the floor area
served. There are limits, however, on how fur the open-
ing can be from the area served, so that spuces far from
windows muost have some ventilation provided by other
means.

9. Taylor asks rhetorically, “Why did we not require
the National Ambient Air Quality Standards (NAAQS)
be met for outdoor air quality vsed for ventilation as
was required in 62-19897" And, he answers, “We
decided this should be a societal problem. The engineer
should not be responsible to clean up the outdoor air”
Provisions are made to allow reductions of owtdoor air
supply volumes during periads of extreme outdoor atr
polintion, ie., violations of the NAAQS concentration
levels,

16 Humidity bimits are now part of the standard, at
least where air conditioning is used. When the space s
occupied. relative humidity (RH} must be less than
60%:; when it is unoccupied, it must be kept below 70%
RH. The Building Owners and Managers Associufion
{BOMA) objected that this was too stringent, but the
committee felt it shouldn’t fet high homidities be sus-
tained for long pertods of time if the building is to limit
microbial growth,

“ffurnace filters] ...very good at filtering out
furnaces, but not very good at filtering owt
anything else.”

Steve Tavior

11 The venttlation rates can be determined i three
ways., The first is called the “Simple Systems Proce-
dure.” By using it, the designer ends up with a per-
square-foot ventilation rate requirement. Taylor opined
that the rates are probably a little conservative, that is,
the rates are a little higher than they would be if the
prescriptive procedure were used. But the Simple Sys-
tems Procedure allows single zone, small building
design without dealing with the more detailed require-
ments of the Prescriptive Procedure.

12. The second procedure, the most complicated and
difficult, is called the “Analytical Procedure.” Accord-
ing to Taylor, it is very much a theoretical procedure ut
this point. He says the data just don't exist to do it now.
This refers to data on emissions of materials and other
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sources that would allow the desigoer to calculac
expected concentrations and, using some target concen-
tration values, determine ventilation rates accordingly.
The procedure is included, Taylor says, to encourage
the generation of more emissions test data and develop-
mernt of rationahized tarpet values. He believes that dur-
ing the {ife of the standard. once adopted, such data
will be available and the procedure will be more practi-
cal. Meanwhile, it is a “technology-forcing” concept.

13. The most famihar ventilation rate procedure is
the Prescriptive Procedure. The procedure is revised
from the existing standard. It inciudes rates {given in
cfm/p and cfmisg ft components) for both people (Rp)
and the building (Ry), since the emissions of each are
at least somewhat independent. Taylor says a lot of
people ask a little too much of a standard of this soit
and fock for a single number for ail spaces. The values
that have been developed reflect the professional judg-
ment of the committee as was the case for the previous
standard as well, And, many of the values have been
developed to be idenuical to the existing values for
common spaces such as offices.

14. In contrast to 62-1989, which said to take venti-
lation efficiency into account but did not say how, 62-
B9R requires that ventifation efficiency be considered
in determining how much air must be brought in at the
air handler to deliver the required amount to the space.

The draft 62-89H requires regular inspection
and maintenance, a considerable expansion
of requirements from the existing standard,
but requirements justified by a great deal of
experience with “problem buildings.”

Steve Taylor

5. The values for ventilation rates needed to control
the emissions from the building (R} were picked from
the bottom of the range of values found in Boropean
studies. This, he said, was done on the assumption tha
if people did all the other things required by the stan-
dard, they would have a good. low-emitting building.

16. The veniilation rates are intended to provide
acceptable perceived TAQ for occupants: individuals
adapted to the air in a space. not unadapted visitors first
entering a space. Much of the data reported in the liter-
asre on acceptable perceived TAQ makes the distine-
tion between the reactions of adapted and unadapted
individuals. Code is not for making a good fisst impres-
sion, Taylor said, “This 15 to be a building code, and the
code shouldn’t say how to make a good first impres-

sion; therefore, we chose a number for the adapted per-
son, the occupant of the space.”

17. What about building types other than offices and |
schools for which we have some data? The committee
styried with data from offices and schools, and judged
other spaces relative to offices for which the most data
exist,

18. Taylor gave a brief comparison of sefected occu-
pancies berween 62-89 and 62-89R. He said offices and
reta:} spaces stay the same as in 62-1989, Classrooms
and conference rooms go way down; this, because the
comrmittee chose to use 3 rather than 15 ¢fm/p for the
occupant component in these spaces.

19. The simple system approach requires a default
filter efficiency of 60%.

20, Taylor commented on the inelficiency of sys-
tems that serve muluple spaces — various supply oul-
door air rates are required for diverse spaces. Many
people found this too complicated, so they simply used
the rate for the space requiring the highest outdoor air
supply rate lor the whole zone, This resnlied in over-
ventilation in 62-1989. The draft 62-89R allows you to
take credit for the re-circulation of filtered air, thus
reducing the amount of outdoor air required in the mul-
tiple spaces situation. The spreadsheet prepared by
Dave Warden should make 1t much easier to take
advantage of the opportunily o save energy in these
cases.

21. Section 7 of the draft 62-89R addresses con-
straction. It requires the designer to isolate construction
areas from occupied areas. Taylor says that many law-
suits have resuited from problems of construction with
partial occupancy. Section 7 also requires a post-con-
struction purge -— 48 hours before re-occupancy. This
was also opposed by BOMA as being too burdensome
on building owners.

22, Section 8 addresses maintenance and opera-
tional requirements, It requires the identification of a
“Responsible Panty.” This will, in Taylor’s view.
remove much of the ambiguity of who is in charge of
IAQ. The section also says that the ventlation system
must be operated when the building is expected to be
occupied (leaving open the question of Saturdays, Sun-
days, and late-night work by cleaning people). The
draft intends to exclude maintenance and clean-up peo-
ple since they are “...more of an OSHA type exposure”™
than the regular building occupants. The section alse
requires regular inspection and maintenance, a consid-
erable expansion of requirements from the existing
standard, but requirements justified by a great deal of
experience with “problem buildings.” There iz a
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- sexquirement to check supply and outdoor air flow rates
every five years and to verify system balance.

Adoption Issues

This Public Review Draft is just that — a draft. A lot
of discussion on various issues continues and much
remains to be ironed out before adoption. CUnce
adopted, the standard will probably be a powerfui legal
force —- despite some obvious mitigation efforts,

Public Review Draft Not Necessarily
Final Standard

Readers should bear in mind that the draft is subiect
to considerable change before adoption. During the
committee deliberations, it has become clear that there
are several members who strongly oppose certain ele-
ments. Further, it is apparent that some members who
represent certain special interests are opposed 1o adop-
tion of a revised standard cither due to their preference
for the existing standard or their objections to certain
provisions. These members have been raising strong
objections either to certain content or procedural mat-
ters during the commiitee’s deliberations and, again, at
the ASHRAE Standards Committee. Among these have
been residentilal building interests, BOMA {a commer-
cial building owners association), some but not all
manufacturers of HVAC equipment, and tobacco inter-
ests as well as other manuofacturers of indoor pollutant
“spurces.”

Adoption Process

Following the receipl of the comments, SSPCE2 will
respond to the cominents and determine what changes
arc warranted in the standard. Any substantive changes
will require an additional public review before they can
be adopted by ASHRAE. After ASHRAE's adoption,
the American National Standards Institate (ANSI will
review the process and determine conformance to its
consensus standards development procedures.

It approved by ANSI, it 15 then likely that some of
the model building code organizations and state and
local building code adoption agenctes will incorporate
some or all of the standard’s provisions into its codes,
either by reference or by inclusion of the actual code
language of the standard. Instead of the ghiguitous
“shouid” in the previous standard, 62-89R uses “shall.”
This has been done deliberately to facilitate adoption
by code bodies. On the other hand, ASHRAE does not
itself take the position that it is writing a code but rather
a standard for professional practice.

Legal Implications of Public Review
Draft Standard

The foreword to the draft states that the document is
“a work in progress.” Everything in the deaft can be
changed or deleted before final adoption. And, the doc-
ument .. _should not be reiied upon as a standard m
whale or in part...”

These words are intended to prevent the use of the
draft as a “standard of care”™ in lawsuits. Since the
ASHRAE commitiee consists of many leading TAQ
authorities, many TAQ professionals and others (includ-
ing attorneys) pay closg attention to the draft’s content
— even though it is only a draft document for public
review purposes. Since the committee has been meel-
ing for over five years, and during the last couple of
years met about seven times for two and one-half days
each tme, it 1s difficalt to dismiss the review draft as
carrying no asthority in the fisld.

In the past, attomneys argued the Public Review Draft
of Standard 62-1989 represented the standard of care
for the tndustry becanse i was so widely discussed
over several years’ time. Certainly plaintiffs” attorneys
are likely to try to hold architects, engineers, contrace
tors, and building owners to a tougher standard in order
te plead their chients’ cases. Engineers and manufactur-
ers as well as members of the committee are concerned
about this, so the foreword’s disclaimer represents an
attempt to reduce reliance on the draft revision of the
standard.

Clearly ASHRAE’s Standard 62 has been the most
recognized source for a professional “standard of care”
for the last two decades during which 1AQ prohlems
have increasingly been the basis of lawsaits. In soch
suits, the responsibilities of design professionals and
others are defined by the prevailing “standard of care”
at the time the services were provided. When a revised
standard is made available to the public, it logically
begins 1o be the stundard of care.

For a Copy of the Public Review Draft

The public review drall is wvailuble 81 no cost over te Internet at
hitp/fwwwaashracorg, A paper copy amd diskette e available
froom ASHRAE pubhications: 404 636 84851 The cosi 18 525
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Yolatile Organic Compounds

TVOC: is It Dead?

There has been much talk about VOCs and microbial
contaminants as probable causes of SBS symptoms and
otber heaith and comfort problems associated with
poor 1A, Much effort has gone into exploring the use
of total VOC (TVOC) measarements to quantfy air
quality. However, a group of twelve highly-respected
Nordic TAQ scientists has prepared a draft report rais-
ing serious questions about the use of TVOC as a
health-effects indicator. Their report, prepared after
reviewing the relevant hiteratare, 1s uneguivocal. Tt says
that;

“o..except in extreme cases, there is no scientilc
basis today for the use of TVOC as a risk index for dis-
comfort or for health effects in buildings. This means
that there is no basis for assessing rmeasured values
from buildings or for atternpting to determine limit val-
ues.

o addition. the group noted that although the chemi-
cal composition of indoor air very probably is impor-
tant for health and well-being, comtinued research
should be concentrated on developing more relevant
measurcs of both exposure and effects.

Among the authors of the report are Jan Sundgll of
Sweden, who chatred the Scientific Consensus Meeting
at which the report was developed. Lars Mpthave, who
has been the godfather (if not the father) of the TVOC
concept, Peder Wolkoff of Denmark, a prolific author
of papers where VOCs measurements are used, and 2
numbet of other well-known Nordic rescarchers. Carl
Bomehag of the National Testing snd Research Insti-
tute in Sweden served as secreiary and prepared the
draft. The group’s work consisted of screening over
600 published papers, looking more closely at 117 of
thern, and finally selecting and reviewing 84 deemed to
contain relevant, quahty information.

A Selective History of TVOC

Several scientists at Indoor Air "90 in Toronlo con-
tributed work concerning TVOC inclnding Malhave,
Bemd Seifert of Germany, and Gene Tucker of the US
EPA.

Lars Melhave's Indoor Air ‘80 Plenary Lecture

Mglhave has worked on VOC and TVOC issues for
the better part of two decades. No review of the Feld
would be complete without citation of many references
from his published work — in particular, the Plenary
Lecture he delivered st Indoor Air "% in Toronto and
now, the FPlenary Lactare he delivered 1n Nagova.

One section of the Toronto paper was titled “Tenta-
tve guikdelines for YOCs in nen-indusirial environ-
ments (toxic)” (Proceedings of Indoor Afr "9, Vol 5
pp. 15-33). To that section, he presented the data sum-
marized in Table 1.

In Nagoya, Malhave gingerly tip-toed through the
guagmire of issues but clearly indicated his agreement
with the Nordic Scientific Committee report’s conclu-
sions (Proceedings of Indoor Alr 796, Vol 2, p. 37). In
the abstract of his paper {co-authored by Geo Clausen
of the Technical University of Denmark), he wrote:
“TVOC should preferably be measured and calculated
using OC-MS and identification of all VOC com-
pounds.” In a safe statement that is a clear but minor
revision of his earfier wniting, the abstract concludes:
“The No Observed Effect Level (NOEL) for irritative
or discomfort effects is expected to be below 0.2-0.3
mg/m” provided no highly reactive compounds are
presert i concentrations  sufficient fo provoke
effects.”

Table 1 - Tentative dose respense refation for discomnifort resulting from exposure to solvent-like volatile crganic compounds,

iMolhave, 1990}

Concentration range

Irritation and discomiort

Fhacts

<200 ugim?®
200 pg/m® - 3000 Jigim®

3000 - 25000 pg/im®

25000 pg/m®

no rritation or discomion

rritation and discomtfort possible if other exposures
interact

exposure sffect and probably headache possible if
othar exposures infemct

additional neuroinxic effects other than headache

the comiori range

the muitifactorial exposure range

the discomfort range

the toxic range

Ay otGur
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Later, confirming his interest in compound identifi-
cation, the paper says: “In most evaluations of 1AQ,
details are needed on individual orgamc compounds
and the chemical mixture is, therefore, separated into
1ts constituents.” And later, “The best way of creating
a TVOC value is to base it on identification of all indi-
vidual VOC in the mixture, and use their own response
factors to calculate a concentration.”” Where com-
pounds canmot be identified, then the paper recom-
mends using a single response factor. such as n-hexane
or olaene, *. 1o estimate the concentration of uniden-
tified compounds.”

The paper inciodes “Recommended procedures for
measurement of TVOC,” shown in the sidebar on page
11 of this issue.

With respect to health effects, the Indoor Air 96
paper continues to recite dose-response relationships
based on field and laboratory smdies as described in a
1994 Mglhave paper (Indoor Air, Vol. 4, pp. 357-376).
A concentration of 0.2 - 0.3 mg!m3 is called “the Jow
probablility range” for effects from exposure 1o VOCs.
The “high probability range” is 1 to 5 mg/m’, accord-
ing to the paper. This would appear 1o be in conflict
with his more recent position along with the other Nor-
dic scientists, The problem, as we see it, is his wendency
not to distinguish adequately between findings from his
laboratory studies with the 22 compound mixture and
ficld studies where VOCs are measured by a vanety of
methods and include whatever the measurement meth-
ods detected. In the paper the authors seem to blame
the absence of & thorough, up-to-date review, citing a
1986 paper by Muaihave as the most recent available
one.

After his talk, he was verbally attacked by several in
the audience who felt that he was contradicting his ear-
hier positions or that he had misied them by earlier
gurdeline values. {(See Table | on page 10.) Mglhave
denied having reversed himsell in spite of protests from
commentors 1n the audience.

Malhave's Role

So, has Mglhave abandoned his earlier guidance?
We think not. In fact, Mgihave may not have contra-
dicted the letter of his earlier published work. He has,
however, fueled the 1dea that there may be some valil
basis for establishing TVOC effects threshold concen-
trations by his many years of research looking for such
levels and by publishing his findings.. Both his labora-
tory studies as well as his literature reviews unplied
that such levels could be established. But his long
series of laboratory studies were all conducted with a
specific mix of 22 VOCs, and all conclusions from the
work were tied to that mixture. In spite of many cita-

ARecommended Procedure for
Measurements of TVOC

In their Indoor Aw "96 paper, Mglhave and Clausen
gescribe a procedure recommended for measuning
TVOC from the European Collaborative Action Work
Group 13 {chaired by Malhave). The steps in the proce-
dure are a5 follows:

1. Use Tenax GC or Tenax TA for sample collection.

2. Use a non-polar GC column for analysis {ecolumn
polarity index of «<10). The system must permit a
detection limit corresponding e three nmes the
noise tevel for toluene and 2-butoxyethanol of less
than (0.5 and less than | ;sgfmJ, respectively,

3. Consider only the compounds [ound in the part of
the chromatogram from e-hexane to o-hexadecane.
In this procedure, the WHO definition has been
slightly modified by replacing the range of boiling
points by a defintion of the Tanalytical window™ in
terms of the two specific reference compounds.

4. Based on individual calibration, guantfly as many
YOC as possible, but at least those contained in a
tist of known VOO pollutants of special interest and
those representing thet highest peaks. Calculate
the combined comcentration Sid of these (mym?}.
A list of compounds of interest in supplicd in the
report (EC-WGHA 1996, The uge of TVOC as an
mdicator in LAQ investisations, Report of working
Group 13 of European Collaborative Aclion on
Indoor Air Quality and its Iimpact on Man, JRC,
Espra, laly. ).

5. Determine Cyy, Gnghm’) of unidentified VOC using
response factor of woluene.

6. An acccpinble level of cdificalion has becn
achieved if 84 excoeds three tmes S,

7. The sum 5y and 5, is called the TVOC concentra-
tion or TVOC value.

bons to the contrary, in fact, Mglhave only reported
what he found without actuaily recommending “guide-
line™ values.

We belicve the problem is really that people have
wanted to find such guideline values, In fact, there has
been a lot of goidance deveioped and decisions made
that claim to be based on Mglhave's earlier work.
Guideline values of 1 mg/m® TVOC have been widely
uscd including in state, national, and international stan-
dards. Others have ¢ited values of 300 or 300 pg!m3.
Two of the more important of these are discussed
below,

Nevertheless, Mplhave’s position on the use of the
values he developed remains ambiguous. In spite of
himself, and perhaps because of his extended effort 10
develop a meaningful TVOC concept, his publications
may have given TVOC more credibility than it
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deserves. His participation in the Nordic group ques-
tioning the use of TVOC 1s, therefore, extremely
important.

Seifert’s Lecture

Bernd Seifert recommended a “target guideline value
of 300 pg/m® (sum of VOC).” But that 300 pg/m” value
was the sum of the top ten individual VOC values in
each of six specified chemical classes plus “other”
Seifert’s approach required that the TVOC 1ot be
determined by a pas chromatographic technique that
allows separation of substances, not just by GC with
flame ionization detector (FIDj calibrated to toluene
(or some other relevant compound}, Seifert questioned
the use of an imegrated TVOC real-time signal from a
monitor (FID or PID) as previously proposed by Rich-
ard Gammage. Instcad. he proposed the following defi-
nition for TVOC:

*“Total volatiie organic compounds’ (TVOUC) means
the sum of individual VOC separated and gquantified by
gas chromatographic technigue. To obtain the sum, the
VOO belonging to one of the following chemical
classes are ranked according to their measured concen-
trufion: atkanes, aromatic hyvdrocarbons, terpenes, halo-
carbons, esters, carbonyl compounds (excluding
formaldehyde) and ‘other” The concentrattons of the
first ten VOC in each class are then summed up.”

Seifert was really proposing a SumVOC concept for at
least the most prevalent compounds. By requiring the first
ten compounds in each class, he was very likely to be
including the compounds comprising at least 90 to 98% or
more of any class and of the total VOU present. [l is diffi-
cult to imagine a compound that 1s not in the top ten in ong
of these classes comprising more than 5% of any com-
pound class let alone of the total VOCs present.]

Seifert then went on to propose a “target guideling”
TVOC value of 0.3 mg/m”. He went further to say that

Table 2 - Seifert's prosed target guidsting TVOC value of
0.3 mgim?,

no single VOC class could exceed certain limits as
shown in Table 2.

Seifert emphasized that the proposed target value was
not based on toxicological considerations but, aceording
to the author's mdgment, was what was achievable. Fur-
thermore, he indicated that specific guidelines for indi-
vidual compounds could be set if needed.

Seifert characterized the values as representing “nor-
mal, long-term” conditions, not special conditions such
as immediately following renovation. He suggested that
after such special events, concentrations 50 and 10 times
higher be accepted for up to | week and 6 weeks respec-
tively.

Regarding the use of direct-reading instruments in the
field for TVOC, Seifert satd this .. may still be appro-
priate umder certamn circumstances, eg., to follow
removal processes.” He offered a rule of thumb that a
result from a monitoring instrument might agree with
gas chromatographic results within a factor of two or
three. Given the dependence of the monitor signal on the
type of instrument used and the actual mixiure present in
the reom, he saud, the value given by the direct rmading
monitor .. .cannot be more than indicative.”

In the end, we have not seen any field investigations or
other studies that followed Seifert’s recommendation. In
fact, the cost and effort involved in doing the detailed
chemical analysis he recommended has apparently dis-
couraged its use. In the end, however, it still appears to
us as a very sound approach upon which no one has yet
offered any significant improvements (Proceedings of
Indoor Air 90, Vol. 5, pp. 35-49).

Tucker's Classification Scheme

Gene Tucker presented a paper discussing a guide-
fine TVOC concentration that has contnibuted to the
contusion traced back to Mealhave. Tucker presented a
classtfication scheme for low-ermitting building materi-
als and products as sources of indoor air VOCs. He spe-
cifically refers 10 “emissions of total organic vapors”

Chemical class of VOO Concentration pg/m? without describing the measurement method or defin-
FY. 00 ing VOUCs in any other way.

Aromatic hydrocarbons 50 Citing a 1985 Mﬁihggave paper, Tucker identifics a

range of 0.16 to 5 mg/m” of total organic vapors as the

Terpenes 30 threshold for mucous membrane irritation. He said:

Halocarbons 30 “Assuming 2 mg?ﬂa3 to represent that range and

Eaters 20 accounting for multiple sources, a maximum g{}n%ﬁbﬂ»

tion [rom any single source type of 0.5 mg/m~ 1s used

Aldehydes and ketones 20 in...[the classification of low emitting materials and

{excl. formaldehyde) products]. This value incorporates a somewhat greater

Other 50 safety factor than the | 111g¢‘m3 maximum contribution

Target guideine vaiue 300 su_ggeszed fby Tucker}n previﬁu:s[y._.. and is consistent
(sum of VOC) with the State of Washington ¢riterion.”
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While Tucker was simply trying to provide gatdance
for the interpretation of emissions test results, his paper
and the numbers given in it have been very widely and
very incorrectly referred to as the “"EPA guideline” or
even “the EPA standard” for TVOC. And, again, all is
blamed on Mglhave (Proceedings af indoor Air "90,
Vol. 3, pp. 251-256).

Problems with Using TVOC

Measuring VOC accurately is neither easy nor
cheap. Often, more than a hundred different com-
pounds can be idemtified in an indoor air sample and
there are probably several hundred present at trace con-
centrations in most indoor environments, Some com-
pounds also will bc found that are difficult or
impossible to identify.

Investigators have often chosen to measure VOCs as
a single combined concentration {TVOC) because of
this expense and difficulty of measuring and because of
the lack of a satisfactory way 1o assess the significance
of such mixtures once the measurements bave been
made. The measurement of this “simple”™ parameter —
TYOC — s a very inexact science. The numbers gen-
crated by the various TVOC methods that are being
used have large unceriainties.

Measurement Methods Are Critical
Measurement of VOU critically depends upon the
method chosen. All VOC measurerent methods arc
inherently selective, and no method can determine the
presence or quantity of all VOC. Limitations include
the boiling point range, the polarity, and the reactivity
of the individual compounds that can be collected and

detected by any particular measurement method, (See
VYol. 3, No. 3 of the BULLETIN for a more detailed
discussion of seme of thesg limitations.) The refattvely
high cost of VOC measurcments has resuhed in the
need for rescarchers and investigators 1o make choices
resulting in tmphcitly partial charactertzation of the
YOC present in any air sample.

Potentially important confounders are the TVOC
measurements used in most studies. There are several
problems with such measurements, Al Hodgson shows
that measured TVOC may vary significantly among
methods {Indoor Air, Yol 5, No. 4}, Charlie Weschier
has written several papers, as have others, that show
that indeor air chemistry may transform what is mea-
sured in deceiving ways, espacially when viewed as
TYOC or when higher molecular weight aldehydes
{potentially trritating compounds) are not specifically
measured.

Al Hodgson Sheds Some Light

To exacerbate the problems of dealing with VOUs,
sampling and analysis methods strongly affect what
will be found, and differcnt methods give different
{(sometimes widely diffcrent) results. Al Hodgson com-
pared three methods used to measure TVOC in indoor
air investigations {(Indoor Alr, Vol. 5, No_ 4, 247 - 257).
The three metheds were serbent sampling with gas
chromatography/nass spectrometry (GC/MS) analysis,
sorbent sampling with flame ionization detection
{FID), and a direct reading photo-acoustic/infrared (IR)
gas monitor {Britel and Kjaer Model 1302}

Table 3 shows some of Hodgson's laboratory resulls,
He created mixtures of 6 to 7 compounds in approxi-

Table 3 - TVOC mass concentrations measured by the GG/MS and FID methods and toluene-equivalent concentrations
measured by an I8 gas monitor for eight VOC mittures. Numbers of compounds in each mixture are shown in parentheses,

GOME FID IR Gas Monilor
Expecied Measured Measured/ Measured  MeaSured? Toiuene Measuredf
COng, GOnG, expesiad CONG. expectent Cond. expected

Mixture mgim® mg/e® ratio mg/m® ratio mg/m ratio

Alkane HCs (7) 36.0 415 1.08 400 105 211 =56

Aromatic HCs {6} 472 415 0.88 55.2 1.17 53.0 1.12

Misc. HCs (B) 41.7 28.8 0.68 362 0.57 204 489

Clorinated HCs (6} 38.3 25.9 0.68 10.3 0.27 2.4 G.06

Oxidized Compounds {7) 44.9 26.0 0.58 23.7 0.53 146 2.23

Common VOCs {13) 50.6 337 0.87 382 0.78 70.8 1.40

Human Exposure (12} 48.7 30.5 0.67 33.2 0.73 122 2.66

L F Carpet Mixture {43 425 31.0 073 33.4 0.79 182 453

Mean 0.75 0.77 2.81
Cv% 22 37 71
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mately equal concentrations from several classex of
Vs as well as a mixture of “common VOCs” derived
from a natjonal database of indoor air VOC concentra-
tions, a “Human Exposure” mixture of 12 of the 22
compounds comprising 97.3% of the mixture used by
Mglhave ef al. in their human exposure siudies, and a
“carpel’” mixture based on a set of four compounds rec-
ommended for calibration of the GC/MS or GC/FID
analysis of TVOC emitted by carpets in EPA's Carpet
Policy Dialog.

The performance of the GC/MS analysis of alkanes
aped aromatic hydrocarbons was reasonable compared
to the expected vahes. This was anticipated since the
method was calibrated with a mixtore of these com-
pounds. The response for all the other mixtures under-
estimated thewr values with a mean ratio of measured to
expected concentrations of 0.75 with a coefficient of
variance of 22 percent.

Hodgson commented that .. [ajithough a FID is
considered o be a universal detector, its response is
strongly dependent upon compound structures and the
presence of functional groups and heteratoms.” Previ-
ous investigations showed low response factors for
chiorine and bromine compounds. Hodgson reporied
that the lowest response ratios were obtained for the
mixtures of chlorinated compounds (0.27} and oxidized
compounds (0.53), Given the potential toxicity of chio-
rinated compounds, we suggest that this may be a mal-
ter of concem. Hodgson concluded that ©...a FID can
accurately guantify the concentration of carbon or the
concentration of hydrocarbons in a sample but will sub-
stantially underestimate the mass concentration if the
sampie is dominated by chiorinated or oxidized com-
pounds.”

Indoor Air 96

More Highlights and
Comments

Ay the conference recedes in memory, it is easier (o
gain some perspective on it and what it said about the
TAQ field. Several people we spoke to expressed dis-
agreement swith Demetrios Moschandreas’ deserip-
tion of IA() as a mature scientific disciphine {see
BULLETIN Yol. 3. No. 7 for Moschandreas” Plenary
Lecture). Many people feel thai there is too much
sioppy work and poor scholarship as well as a lack of
accepted guiding principles for us to describe our disci-
pline as such.

Overall, there was no sense of great strides or many
new, exciting findings, Progress was incremental as
usual, and on the same old fronts. There is stili more

The IR monitor measurement results calibrated to
toluene compared to the expected values varied by two
orders of magnitude. Smce toluene was used to cali-
brate the mouitor, accurate results were obtained for the
aromatic hydrocarbons. But there were large discrepan-
cies in the other mixwres. Alkane concentrations were
overestimated by mere than a factor of five. Chion-
nated hydrocarbons were underestimated by a factor of
approxmmately 16,

Conclusions

There is a growing consensus among the leading
researchers in the field that TVOC is not a useful indi-
cator of the risk of health effects in indoor air. It cannot
continue o be used as it has in the past. Tt is not likely
to be a froutful tool in determining the cavses of SBS
symptoms. Nevertheless, it may have some use as a
sereening tool for both emissions testing and in build-
ngs.

Maybe it is time to break VOCs down inte logical
groups in order to find correlations to reported symp-
toms. Perhaps by identifying impenant compounds and
looking at them individuaily or in logical groups, inves-
ugators might find correlations to symptom reporting
rates.

Clearly it makes sense to reduce VOCs to reasonably
achievable levels as Seifert and others have suggested.
We refer the reader to the vilues found in the EPA Base
Study and the European Audit Project as indieations of
what is reasonably achievable in office spaces.

neise and exciternent about potential concerns than
concrete evidence of real heaith probiems. Other than a
lunited number of real concerns {e.g., CO poisoning,
Legionella), there is not a Jot of evidence demonstrat-
ing negative impacts of poor FAQ). There are, however.
many more people talking about the impoertance of 1AQ
(v the worldwide increasc in the general population
incidence of asthma.

On a different front, lots of the emissions work is
stell neglecting well-estabitshed theory and methodol-
ogy from other fields, in particular chemistry and mate-
rials seicnce. We call readers attention in particular to
two papers by Andy Persily of NIST m the US. The
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first raised guestions about emissions source strength
calculations and measurements, The second focused on
materials science as an important allied field that is
under-utilized by indoor air researchers (Proceedings
of Indeor Alr 96, Vol. 2.p. 49, p. 1091

NIOSH and EPA Study Data

Mark Mendell from the U'S National Institute of Ocin-
pational Safety and Health (NIOSH) suggested that the
EPA BASE symptom data by Howard Brightman ( Pro-
ceedings of Indoor Air 96, Vol. 3, p. 1033) was "very
important” and will likely be missed by most people
because it was stuck in a session on Education. Mendell
et al. presented (Proceedings of Indoor Air "98, Vol. 2,
p. 877y NIOSH symptom data that were of interest also,
not because of the NIOSH data themselves but because of
the discussion of the uses and limitations of symptom ref-
erence data such as from the EPA BASE Study (shown in
Figure 2 below).

In their paper, Mendell and his co-authors suggest
that it is important to have symptom prevalence valoes
for occupants of butidings thar are not “problem build-
ings.” He comments that while the EPA BASE study
intended to exglude huildings with evident environ-
mental problems, there are likely to be buildings in the
BASE study with “symptom elevations from non-gvi-
dent contaminants.” ldeal epidemiologic baseline data
would come not from general buildings, says Mendell,
but from “healthy” indoor environments with minimal
exposures, hkely at the lower end of the symptom
range among general buildings.

in the paper by Mendell er ai., results of NIOSH
Health Hazard Evaluations of “complaint boildings”
suggest what might be elevated symptom prevalences.
The results of therr study are shown in Figure 3.

Mendell and his colleagues say: “Buildings with
minimal known risk factors for increased symptoms

Dry or fchy Skits
Stuffy or Runny
Nose or Sinus

Unusial |
Tiednesg, =

Sore or Dey
Throal

Headache

Dry, #iching, or s T g
Irritated Eyas 7

&% 5% 10% 155 26%
Syeptom Prevalence

Figure 2 - SBE symptomn prevalence data; overall means from
16 1995 EPA BASE shudy buildings (Brightman ef a/, 1986).

{e.g.. n0o mechanical ventilation, air-condiupning,
humidification, or carpets; with adequate ventiiation
and thermal comfort... may best provide ‘unexposed”
baseling levels.” These risk factors are some of those
Mendell found in his 1993 meta-analysis of SBS ztud-
ies {Indoor Air. Vol. 3, pp. 227-236).

While Mendeli er o/, have raised some important and
difficult questions about obtaining “baseline” data, we
wonder how they would suggest establishing SBS symp-
tom basefines for the majority of commercial buildings
in the United Staies that are mechanically venttiated, air-
conditioned, or carpeted. It seems the butldings he would
want baseline data from are not like the buildings most
office workers inhabit. What, then, is a “baseline™ and
how is it to be used and interpreted? These, we believe,
are important and unreselved questions,

Miscellaneous Comments

Mendell said the workshop on a standard question-
naire was “interesting and slightly controversial.” due
to limitations of the existing questionnaires that are
likely to be proposed as standards.

Atno Nevalainen had some startlingly high sumbers
on the occurrence of Finnish homes with water prob-
lems ~ 32% (Froceedings of Indoor Air "96, Vol. 3,
p. 421). Based on postal guestionnaires, “{a]djusted
odds ratios showed that exposure to moisture was sig-
nificantly associated with sinusitis, bronchitis, nocinr-
nal coogh, nocturnal dyspnes, sore throat, and with
ercased number of common colds and tonsillitis.”

Phi Morey's material on molds was, as always,
entertaining and informative (Proceedings of fndoor
Air U6 Vol 2, p. 27} Kan Reijula’s presentation on
pathologic changes from stachybotrys atra induced
fung MycoloxXicosis 1oxXin in mice was apparently qguite
unpoertant, people seemed to think (Proceedings of
indoor Air 96, Yol 3, p. 639),
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Figure 3 - Selected 8BS symptom prevalence rates n 83 U. S.

office bildings with complaints (Mendell of af, 1996),
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Calendar of IAQ Events

October 6-8, 1990, [AQ "96, Paths to Better Building Enviremments, Omai Inner Harbor Hotel, Baltimore, MD, sponsored by
ASHRAE and several other organizations. Contact ASHRAE Mectings Department, 1721 Tullic Circle NE, Arlauta, GA 303249 404
636 B400, Fax 404 321 5478, There will, no dowbr, be plenty of discussion of the public review draft of Siandard 62R.

October 13-16, 1686, SMACNA 53R Annual Convention, Grand Wallea Resornt Hotel, Maui, Hawsail. Contact: Rasalind Price Ray-
monegd, 4201 Lafayeiic Center Drive, Chantilly, VA 220211209, 703 893 2996, Fax 7043 803 1732,

October 29-30, ASTM Committer D22.45 on Indoor Air, Hyat Regeney, New Orleans, LA, Contacl George Luciw, ASTM, 100
Barr Harboc Dirive, West Conshohocken, PA 19428.295%. 610 832 9710, Fax 610 832 9666, email gluciw@astin.org.

November 4-3, 1996, Diagnasing and Mitigating Indoor Alr Quality Problems, San Francisco, Calilornia. Organized by Indoor
Envirenmental Engincering. Contact: Pat Cleveland, {BE Semipars, 1448 Pine St Suite 163, San Francisco, CA, 94108, 415 367
TTON, Fax 4135 567 7761, Fee: 8795 (8695 for members of ASHRAE, ABIH, AlHA, asmd BOMA ) Insiructor is Bud Offermana, PE,
CiH.

November 14-17, 1996, $th Annual Energy Efficient Building Association (EEBA) Excellence in Building Conference Program,
Minncapolis, Minnesota, Contact: EEBA, 2950 Metro Drive, Suite 108, Minncapolis, MN, 55425, 612 851 9940, Fax: 612 831 9507,
Email: EEBANEWS @daol.com, tpHfwww.eeha.org.

November |7 - 19, 1996, Thriving in the Green Building Marketplave, 3rd Annual Cenference and Trade Show, Sanr Diego, Cal-
ifornia. Presented by U/ 8. Green Buildings Council. Contactt USGBC, efo Concepts Marketing and Trade Show Management, 6540
Lusk Blvd, Suite ©-124, San Diego. CA 92121, 619 535 0050, Fax 619 335 8252, email planners @eonceplsmeet com, Advertised as a
conference for Tall sectors of the building indusiey. Ca-sponsors include NIST, American Instizue of Anlirects, and the Consiruction
Specifications Fustitute, among ethers.

December 811, 1996, Risk Assessment and Risk Management: Partnerships Through Interdisciplinary Initiatives, sponsored
jointly by International Society for Risk Analvsis and International Saciety for Exposure Assessment. Pairmont Hotel, New Drleans.
Louistana, Contact: Society for Risk Analysis, 1313 Dolley Madison Blvd., Suite 402, McLean VA 22101, 703 790 1745, Echibiters
comact Lori Strong or Swe Burk at 703 796 745, Fax 703 790 2672,

January 25-29, 1997 ASHRAE Winter Meeting and Exposition, Philadeiphia, PA. Contact: ASHRAE Meetings Depaniment, 1791
Tullie Circle NE, Atlanta, GA 33729, 04 636 K400, Fax 404 321 5478,

September 27 - October 2, 1997, Healthy Buildings/TAQ *97: {Global Issues and Regional Solutions, Washingiom, DC. Organized
by ISIAQ. ASHRAE. and Virginia Tech. Contser: Professor James E. Woods, Virginia Tech, Fax 703 648 4729 emal:
hbiag 97 @ vi.edu. Announcement and Call for Fapers have been issued. Absiracts are due November 30, 1996

international Eventis

May 7-11, [997. Space design and management for plave making; 28th annual conference of the Environmental Design
Research Association, Universiie Du Quebec, Montreal, Moalrcal, Quebee, Canada. A Call for Participation has been isswed. Mail
submissions bv November |, 1996, 10 EDRA, Business Office, PO.Box 7146, Edmond, GK. 73083-7 146, {lguiries about forms and
detaifs for submiitals: 405 130 4863, FEmail edra@ielepaiticom. }

June 9-12, 1997, Buildings and the Environment, Orgamzed by CSTR and CIB TI18&, Paris, France. Contact: My, Angela Ghivasky,
international Affairs, CSTB. 4, Averue du Recleur Poincard, 75782 - Paris Cedex 16, FRANCE, +33 1 4030 29 13, Fax 433 {1 40 530
28 76, email ghivasky@csth.fr

August 30 - Seplember 2, 1997, Clima 2000, Brussels. Organized by Belgian Royal Technical Saciety of Heating, Vennlarion, and
Retated Technology Industry (ATICE, on behall of Federstion of European Heating and Air-caonditioning Assoaciations (REHVA). Con-
wact; Clima 2000 97, o/o SRBH, Ravenswein 3, B-1000 Boaysels, Belgium, +32 (52 ST 7469, Fax +32 (2 511 7397, The conference
fangruge will be fnglish.
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