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ABSTRACT

In 1990 the California legislature mandated that the California Indoor Air Quality Program
develop nonbinding guidelines for the reduction of exposure to volatile organic compounds
(VOC) from newly constructed or remodeled office buildings. This legislation was the
result of concern about increasing complaints of sick building syndrome (SBS). The
resulting guidelines cover all aspects of the design, construction, and operation of new or
renovated buildings. They primarily apply to projects that utilize mechanical heating,
ventilating, and air-conditioning (HVAC) systems, although elements of the guidelines can
be applied to buildings that use natural ventilation. This paper gives an overview of the
contents of the guidelines.

INTRODUCTION

Sick building syndrome (SBS) refers to the situation in which building occupants report
relatively non-specific symptoms, such as mucous membrane irritation, headaches,
stuffiness, lethargy, and drowsiness, and which the occupants associate with occupancy of
the building. The California Occupational Safety and Health Administration has estimated
that approximately 1000 buildings are associated with SBS in California each year (1).
Since most of these buildings have many occupants, SBS is a problem that can affect the
health and productivity of many of California’s workers.

It has been postulated that VOC play a role in many of the SBS complaints. This is
because such problems often occur in new or newly-renovated office buildings, often with
sealed windows and substantial amounts of new building and fumishing materials. It is
well known that such materials emit VOC, and that their emissions decrease with time.
Because of concerns about increasing complainis of SBS, the California legislature
mandated in 1990 that the California Indoor Air Quality Program develop nonbinding
guidelines for the reduction of exposure to VOC from newly constructed or remodeled
office buildings (2).

The 30 page guidelines primarily apply to projects that utilize mechanical heating,
ventilating, and air-conditioning (HVAC) systems, but portions can also be applied to
buildings that use natural ventilation. They cover various aspects of the design,
comstruction, commissioning, and operation after occupancy of new or renovated buildings
that are likely to influence exposure to VOC. Recommendations are based on the four
basic methods of reduction of indoor exposures: source control (including material
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selection, construction and renovation procedures), ventilation system design and
commissioning, occupancy control, and air cleaning. A section is included which discusges
the information available to date on the usefulness of building bake-outs, and an appendix
is included which provides suggestions on bake-out procedures. Finally, the circumstances
under which regulations rather than nonbinding guidelines might be ppropriate is

DESIGN RECOMMENDATIONS
The major design recommendations were as follows.

*  Select building and furnishing materials to aveid using unnecessarily strong emitters of
VOC, and especially of other known irritants or toxic chemicals, Designers should put
pressure on manufacturers to provide data on product content.

*  Design the ventilation system using the current California non-residential energy
standard (3). as well as ASHRAE Standard 62-1989, "Ventilation for Acceptable Air
Quality" (4).

*  Anticipate policies on smoking. If smoking will be allowed in certain areas, exhaust-
only ventilation should be provided, Such ventilation is also needed for any area in
which other significant sources will be in use,

*  During the design phase, anticipate both a pre-occupancy ventilation (and possibly
bake-out) period and likely renovations throughout the life of the building.

*  Design ventilation systems 10 prevent the buildup of contamination within the system,
and to allow easy access to sysiem components for inspection and maintenance.

*  Consider including VOC sorption capability in the design of any new ventilation
system. However, whenever possible, it is better 1o eliminate the source than to rely on
dilution to reduce exposure. This is a particularly relevant consideration for
environmental tobacco smoke (ETS) since the U.S, EPA has declared ETS to be a

Class A carcinogen, and has provided evidence for many other adverse health effects
(5.

CONSTRUCTIGN AND RENOVATION RECOMMENDATIONS
The major recommendations were as follows.
*  During construction or renovation, fully isolate construction zones in partially or fully

occupied buildings. Keep these areas under negative pressure relative to the adjacent

spaces. Once an area is occupied, limit the use of materials that emit VOC in the
building,

*  When installing "wet" products, maximize outside air ventilation - preferably at least 5
air changes per hour of outside air,
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i i h as textiles, insulations, and carpets
ible, install adsorptive surfaces suc : }
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COMMISSIONING

The major recommendations were as follows.

&

issi ilding, and recommission it any time a major renm'auun is
Cmﬁﬁmhﬂ;umgﬂnfma building, follow as many of r.hf: oomnln;mlil;nmg
m?dglfns‘as are appropriate for the renovated portions of the bmldm%eu?ms nﬁr 6o
iuSHR&E guidelines (6), and refer to ASHRAE's updatf! on those gui .8, 9,
10, 11, and 12) for more detailed information on cOmMMISSIOMME.

* Carefully consider "baking out" a new building or a renovated space prior to

occupancy. "Bake-Out" is discussed in more detail below.

* Plan adequate time between the interior finish work and the move-in process.

* Ventilate a construction area with 100% outside air and no recirculation before

occupancy.
OPERATION DURING INITIAL OCCUPANCY
The major recommendations were as follows.

— . initial period wi ST
Operate the ventilation system during the initial occupancy wﬁh_ maxim g
' achie::hle outdoor air consistent with necessary temperature and humidity contro

* Require that building maintenance and housekeeping staff use low-emitting materials.
* Establish a clear smoking policy.
i i initial occupancy period to determine
i jective occupant responses during the initi .  det
' ?fi:;dt;;a?steps are needpanad to reduce VOC, or to determine when the ventilation
system can be operated in the normal mode.

"BAKE-QUT"

| "Bake-Out" is the process of overheating a building or space 10 artificially age the

research on the effectiveness of baking out
i t are sources of VOC. Much of the r ! te eff of |
Il:ulai]t?ir;nalz tifa?; ;2;1 conducted by DHS, and consists -:)f flE‘id‘tElB-.lS in achhz:lmgs_mﬂy "
Based Sn this limited experience, il appears that baking out is likely to
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1) the entire building is baked out, or the portion that is bak i i

{I::;h b};hl};sclrc:algdantg with respect to air flows, fmm the rest o?ﬂf:n btt:jetde;fgec g;i;m
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bake-out will be successful me;-s depebqun e o o
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DHS does not at this time recommend conductin ilding bake-outs
. " - g bu]l i .
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r—— Wiﬂa: comesponding, ;d_enu:::al building has been allowed to age at normal
i ,no measurements being r!mde in both buildings of the time course of voc
B . teﬂ; systematic n_ch?mber srud:es have been conducted to evaluate the effects of
anexlremd mmimperatureion : m: emissions of b}xlldmg and furnishing materials, or on adsorption
and re-emi ysmas..Momextenswestudiesamementialbeforeﬂcanbesm i
riainty just how effective bake-outs are likely to be, and if 80, the desired P

time period, and ventilation rates needed to effectively reduce VOC concentrations well

below those that would result from i Theref
: - normal aging and ventilation. is procedure
;nus:: bme cenmdered expe_mmenta]. However, DHS has no reason to di s :m
thal:mpernt wmemahe maton_:qu this procedure, as long as the builder and/or building owner is aw.
b il damage may result from it. The guidelines give preliminary guidance i
ucting a "bake-out” based on the limited experience of DHS resea.r{?}grs

conditions,

NON-BINDING GUIDELINES OR MANDATORY REGULATIONS

These guidelines stress finding coo i i poss and
; 5 perative solutions to problems whenever
ipt
miremu:unﬂni:da wn;&mtrm of establishing regulations only when it is apparent th:-i}ioet.her
ons have failed. Whether or not the guidelines should be codified in the future

depends on the success of a non-bindin; approa
ways available to enforce such regulati:irs_ ch, and whether there are cost-effective

o ; .
ne_azhz!asof particular concern is the recommendation that architects, builders, and buildi
df'l.l!msma i :E}E:lﬂt m’an:rfaaurers of building materials and furnishin gs for V{),C emissi e
wouid - fmT-n miss appmach- is difficult to implement. A more systematic ap;macﬁﬂ
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mdmld’s ;‘i}rrsltxoducts which have environmental traits of interest to the consumer The
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L vironmer beling programs, and the Organizati
Mn&mm@]wmmmﬁm (OECD) predicts that as many as 2%10fits for
Bacmmem -:::Junirn“m'e e Ve some type of labeling system by the end of 1992 (17)
oo oranefﬁclentpmcessfurselectﬁigpmducqsthatwﬂlnﬁnimize
: l:_ tyPrubl?msandﬂlefactthatIabeiﬁngpmgmmshavemetmﬂlcmmer
ﬂlppmvz]e e mde ;nw with such programs, it is recommended that consideration be given to
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and furnishings that can affect indoor air quality. e
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