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BUILDING-SYSTLXS APPROACH 
TO INWOR A I R  QUALITY 

It  is g e n e r a l l y  b e l i e v e d  t h a t  t h e  v a s t  m a j o r i t y  cf c a s e s  of 
poor  indoor a i r  q u a l i t y  a r e  t h e  r e s u l t  of energy-saving p r a c t i c e s  
lnp leaen ted  s i n c e  t h e  1970s, coupled w i t h  t h e  inadequate  d e s i g n ,  
opera'ion and m a i n t e n a ~ c s  o f  v e n t i l a z i a n ,  f i l t r a : i c n ,  2-d e t h e r  
Dui l l -ng  s y s t e m .  I n  sr:dlas of 5cndrecs si " ' * '  ,,-ldizqs. t5.s z.cst 
c o m c n  f a c t o r s  a f f e c t i n q  indoor  a i r  q u a l i t y  ?ere  found t o  b e  poor  
v e n r i l a t i o n ,  poor a i r  f i l t r a t i o n ,  and poor o p e r a t i o n  o f  b u i l d i n q  
v e n t i l a t i o n  systems. 

- ;ae tuildir.5-sys:s=s a;pr=ae.i r: 1.7Cicr s i r  q d a l l r y  i s  a 
comprehensive, con t inu ing  p r o c e s s  that promises co i s p r o v e  a i r  
q u a l i z y  indoors wi th  a ainimum of  expense and r e g u l a t o r y  i n t r u -  
s i o n .  I n  t h e  case of  new b u i l d i n g s ,  t h i s  approach c o m e n c e s  a t  
t h e  building-design s t a g e ,  c o n t i n u e s  through the  c o n s t r u c t i o n  and 
Comnissioninq s t a g e s ,  and i n c l u d e s  proper  o p e r a t o r  t r a i n i n g  and 
e f f e c - i v e  b u l l d i n g  o p e r a t i o n  and maintenance throughou= t h e  
e n t i r s  l i f e  of t 2 e  b u i l d i z g .  For e x i s t i ~ g  b u i l d i n g s ,  it i n c l u d e s  
t e s t l n y ,  maintenance, a ~ c ?  p c s s i b l e  rades-gn of v e n t i l a z i o n ,  
f i l t r l t i o n ,  h e a t i n g ,  and ai: condizionir.g syst2=s. In e i t2e :  c a s e ,  
t h e  tuildi.:g-systems az;r=ac.'l i n c = q c r a t e s  :ke ? r i n c i ; l e s  of a  
n&sr of X3erFcan S c c ~ o r y  of Heatizg, 2 e r z l g e r z t i n g  azd A i r  
Condit ioning Engineers (AS=) s t a z d a r 5 s  and g u i d e l i n e s ,  ixc:udi?.g 
XSHPX Standard 62-1989 r e g a r d i n g  v e n t i i a c i o n  r a t e s  :o: a c c e p t a b l e  
indoor  a i r  q u a l i t y .  I: a l s o  r e q u i r e s  t h e  use  of a p p r c e r i a t e  d e s i q n  
cri ' .=ria and conscrdczicn  dccumencaticn,  and t > e  p r ~ v l s i o n  and 
i s p l o a e n t a t i o n  of operaclon and maiztenance procedures t o  e n s u r e  
t h e  k e a l t h  and cornfar= of b u i l d i n g  sccupancs. 

The Susiness  counc i l  on  Indoor A i r  (3CIX) c o n s i d e r s  t2e 
building-systems apprsach t o  b e  an  imporzant management t o o l  t h a t  
shouLd b e  a p p l i e d  t o  boch e x i s t i n g  and planned b u l l d i n g s  t a  
p r o v i d e  good indoor  ai: q u a l i t y .  SCIX reccmmends t h a t  fat- re 
r e g u l a t o r y  approaches t o  indoor  a i r  inc lude  p r o v i s i o n s  f o r  
o p t i x a l  a i r  exchange and f i l t r a t i o n  and p roper  management of 
b u i l l i n g  systems. Because of i t s  p o t e n t i a l  t o  address  t h e  
m a j o r i t y  of p o t e n t i a l  indoor  a i r  q u a l i t y  problens  i n  t h e  most 
cost e f S e c t i v e  way, t k e  bui ld ing-sys tems approac l  shou ld  r e c e i v e  
h igh  a r l o r i t y  i n  f e d e r a l  ar s t a t e  indoor a l r  r e sea rch  p r o g r a s s .  



The Business Council on Indoor  A i r  (BCIA) vas formed i n  1988 
t o  a d d r e s s  g rov ing  mutual concern o f  a v i d e  spectrum of 
industr ies  about t h e  n a t i o n a l  i s s u e  o f  indoor a i r  q u a l i t y .  T h i s  
papar r e p r e s e n t s  a consensus among BCIA member firms v? th  

n d u s t r i a l  hygiene,  a n a l y t i c a l  c h e m i s t r y ,  and eng ineer lnq  
e x p e r t i s e  r ega rd ing  t h e  most e f f e c t i v e  program f o r  ensur rng  good 
i ndoo r  a i r  q u a l i t y .  

I n t r o d u c t i o n  

Indzc r  a i r  p a l i t ?  czncerzs  oze:;ed a s  an Lssce i n  t h e  1 3 5 2 5  
p r i z a r i l y  a s  a  r e s u l t  of t h e  energy  c o n s e r v a t i o n  philosophy t h a t  
evolved from t h e  energy c r i s i s  of  t h e  1970s .  While reduc ing  t h e  
amount o f  ou tdoor  a i r  used t o  v e n t i l a t e  b u i l d i n g s ,  many new and 
renova ted  : c i l i i n q s  a l s o  ?ere zaee :.cro a i z t i g k t  t3 izprovo 
ener3y * = = :  - :  *-'.. . . c ~ h e r  ex=certzzl;,g f a c r s r s  ~ z c l u d s d  t h o  
p ro1 i fe ra ; ion  of poor ly  des igned and o p e r a t e d  bu i ld ing  
v e n t i l a t i o n  s y s t e x s ,  overcrovding and a l t e r a t i c n  of o f f i c e  
s p a c e s ,  and changes i n  bu i l d ing  u s e  v i t ho ' u t  a p ~ r o p r i a t e  . .  - .  v e n c i l a t i z n  xc:::catians, 

A s  a  consequence o f  t h e s e  t r e n d s ,  conce rns  have energed 
abou t  p o t e n t i a l  e n i s s i o n s  from c o n s t r u c t i o n  m a t e r i a l s ,  o f f i c e  
equipment,  p e s t i c i d e  a p p l i c a t i o n s ,  and o t h e r  sources .  I n  f a c t ,  
measurable  concen t r a t i ons  of  s u b s t a n c e s  a t t r i b u t e d  t o  t h e s e  
s o u r c e s  have been observed i n  s e v e r a l  s t u d i e s .  These t r e n d s  a l s o  
have been found t o  exacerba te  the p o t e n t i a l  f o r  t h e  p r o l i f e r a t i o n  
of  b i o l o g i c a l  contaminat ion.  

Zn i:s 1987 r epo r t  e n t i t l e d  R?clicies L Prccedures f o r  
Cont ro l  of Indccr Air Q u a l i t y , "  t s e  X a t i c c a l  Ressarch Council 
(NXC) ccnc luded :  

The l e v e l s  of ba th  chemica l  and b i o l c g i c a l  
con t an inan t s  a r e  s t r o n g l y  a s s o c i a t a d  z i t h  
t k e  c l e a n l i n e s s  of  t 3 e  heaz ing ,  v e n t i l a t i o n  
and a i r  cond i t ion ing  s y s t s n .  

Moreover, t 3 e  XRC r e p o r t  noted t h e  c o m p l e x i t i e s  a s s o c i a t e d  wi th  
i d e n t i f y i n g  t h e  source  of indoor  a i r  q u a l i t y  pr:blems: 

X number of f a c t o r s  a r e  i nvo lved  i n  t t e  
gene ra t i on  of b u i l d i n g - r e l a t e d  occupant 
compla in t s .  Many of t h e s e  can  o c c u r  
s i s u l t a n e o u s l y .  I t  is r a r e  t h a t  a  
s p e c i f i c  source  f o r  t h e  c o m p l a i n t s  can 
be  i d e n t i f i e d ,  and s o l u t i o n s  can  u sua l l y  
be isplemented wichout such  i d e n t l f i c s t i o n s .  



The U.S. Environmental Protection Agency (EPA), in the Research 
Needs section (Volume 111) of its recent Report to Conqtess, 
further noted that "mote can be danm to reduce overall exposures 
and risks by altering building designs and ventilation patterns 
than by approaching the problem source-by-source or pollutant-by- 
p~llutant.~ 

W o  of the most common denominators in buildings with 
reports of poor indoor air quality are inadequate ventilation and 
poor filtration. Ventilation problems, in turn, can result from 
iRsu--. . . - - - - . a -  -:an- outicor air inz-.:ie and,'cr roor distriauticn of ::at 
air. :?ateqate f i ;r-3-.-  n is fzeS;entiy a sajor contributor :3 
the third nost common problem; the accumulation of dirt, dusts, 
and microbes inside the air handling units and their associated 
ductuork. 

T:.e .&=,rrica.-. Scciety of Heating, Refrigeration ar.6 Air 
Conditioning Engineers ( A S H U E ) ,  a standards-setting group that 
develcps voluntary consensus guidelines for building designers 
and conzractors, has recognized the importance of higher 
ve.?:il=zLc-, rates i?. ixz~oving 3ver3ll i'dccr air . u z l i t : ~ .  
ASHX:I'S ne;. vect~la~ici sTandard (ASB-UE 6 2 - 1 3 8 5 ,  Venci1a:icn 
for Acceptable Indoor Air Quality) increases the base minimus 
ventilation rate from 5 cubic feet of air per minute per pe- -son 
(cfm/person) to 15 cfn/person. In developing its new ventilation 
guideline, ASH= recognized that the previously recommended 
ventilation rate vas insufficient to provide adequate indoor air 
quality in most aodern buildings. 

? c t  c;er.eral office space, ASWZ 62-1989 reccnroends a 
ainizm rate of 20 cfa/'~erscn, assu~ing a saxisun occuzancy of 
seven ?ersar,s g e r  1300 s,yare f e e t .  The X S m E  guidelize also 
prescribes supply rates of outdoor air required for acceptable 
air quality. In addition, ASWA.E 62-1989 specifies a secsnc! 
method for achieving acceptable indoor air quality (the "Indoor 
Air Quality Prccedurow) vhich provi6es a contaminant-based 
aFprCach csnsiderinq t>e different :kinds of ventilation s y s t e m  
and incor;lorates 50th cpantitative and subjective evaluations. 

There are relativeiy fev sources of indcor air contamination 
t\at cannot be at least reduced, if not eliminated, through 
proper design and manaqenent of hea:ing, ventilation, filtration, 
and air-conditicning systems. In fact, if the prize factor in 
the design and operation of a building's ventilation system were 
a i r  quality, rather than the maintenance of a specific 
temperatare, far zore emphasis would be given to minimum outdoor 
air intake levels, filtration efficiency, and a greater awareness 
of the hygiene aspects of air handling systems. Such a building- 
systens approach, including design, operation, and maintenance, 
is the acst important and cost-effective step toward reducing 
contaminants in indoor air. 



The buildinq-systems approach incorporates the principles of 
the recently adopted A S W  Standard 62-1989 and a number of 
other AS- Standards and Guidelines as the basis for achieving 
acceptable indoor air quality. Among these other ASHRAE 
consensus documents are the following: AS= Standard 55-1981 
(for comfort); A s W  Standard 52-76 (for filtration) ; and XSHRAE 
Guideline 1-1989 (for comissioninq). 

BCIA believes the necessary technology is already available 
to achieve acceptable indoor air quality. Based on tke 
col:e=tive ex;er;ence cf SCTX sedcers and oibers, fsv lzdccr air 
quality concerns result vhen an adequate ventilation rate is 
maintained in conjunction with clean, well-maintained heating, 
Ventilating and air conditioning (HVAC) systems with efficient 
fi1tra:ion equipcent. 

i =  is, therefore, uznecessa-y and coun~er?roduc-.ive t3 
deve'cp an entirely nev argroach or avenue of research. The 
building-systems approach is a comprehensive, on-going process 
that comences at i:.e iaitial building design stage, csntinues - ->.-h -i , , ,  . , 

.,.e cs:stric:icr. 3nd csz-~;ss:cn:ng scagas, a:= l:cl:2es 
proper operacsr training and effective building operaclon. a2d 
maintenance throughout the life of the building. It requiras the 
use of appropriate design criteria, construction docusentation, 
and the provision and implementation of building systens 
operation and maintenance procedures to ensure the health and 
comfort of building occupants. 

iiithin the eqected life of the buildinq, reasonable ckanges 
in its use and occupanci ssould be anticipated in the ,iesig~. 
stage. Ccnsequently, specification of the design incanr and 
Ferr'cmance of all inszalled Suildirg systems in suitatle 
comnissioning guidelines should be a critical part o f  :he 
building desiqn. Develo~nent of sach a cmprebensive s;a:ezent 
Of the ultinate heating, ventilation, and air conditioning (:IVAC) 
systsa perfonance critaria vill przvide individuals lzceres;ad 
in building renovation or ziodification ui:h the necessaq 
infcnation to provide adequate indcor air quality. 

The key to addressing potential indoor air quality problems 
is prevention. With the cornfoe of employees at stake and the 
prospects of increased absenteeism and the potential loss of 
productivity, fordard thinking employers are finding it cost 
effective to ensure that indoor air quality and employee welfare 
are saintained. The building-systems approach, as described 
here, is an isportant nanagenent tool that should be a~plied to 
both existing and planned buildings to prevent proble-s raiher 



than attempting to cure them onca they happen. BCIA recommends 
that any requlatoq approach to addressing indoor air quality 
include the follovrnq rtems: 

I. Incorporation of the minimum ventilation rates defined in 
ASHRAE Standard 62-1989 ("Vantilatian for Acceptable 
Indoor Air Qualitym) into applicable building codes. 
These rates oil1 maintain the levels of most, if not 
all, indoor contaminants below acceptable levels. 

These ventilation rates presuppose that the air provided 
from the outdoors contains acceptable levels of any of the 
contaminants in question. If the outdoor air exceeds any 
of these levels, air cleanilg system aay be reqired. If 
such techno;ogy ii nct availz?:e, it r a y  r e  zecassa ry  z2  
reduce the amount of outdoor air during periods of hlgh 
contaminant levels (e.g., afternoon ozone level peak and 
rush-hour periods). 

. . I;. Prcv:sions for a:-oal ins:ec:icns of t?e r a l  .ca:=linq 
equipment of all comercia; bulldings tc +.-,sure clean- 
liness and proper operation. These inspections saould 
include, at a minisum: (1) internal cha&ers of each air 
handling unit, (2) coils z.r?irain Fans, ' 2 )  inzsrnzl . . insu?acion 35 ;?.e a;= i;anc-:zg c h a ~ z e r s  a:.: t2.e x i n  air 
supply duct, an6 ( 4 )  nunidifyinq eqipnenr,. 1ns;eccicns 
also should include verification of compliance vlth prcper 
schedules for filter changes and maintenance and 
calibration of W A C  controls. 

It is critically inportant that bui1dir.q s:<s'iel $erfama.-.ce 
and air quality be periodically reviewed as part of an 
ongoing building systeas accl: grocess, tLtre5y assuring 
that the health and comfot. of building cccuganrs ars =o;.'. 
monitared aad aaincained :>:~aghout t k e  ?if$ o f  =3e 
building. 

111. Specifications =>.at air har.dl:nq sys:eas L~ comercial 
buildings contain filters that meet the a??licable ASHWE 
guidelines. This ulll assure an efficiency of a;proxl- 
aately 15 to 20 percent for 'he respirable sized par2icles 
(qeneyally accepted as under 3.5 microns LA siza), vhilp 
rnlnlmlzing resis:ance to the airflow for ezerqy conser- 
vation purposes. 

These filters should be fitted to prevent air by-pass, 
periodically inspected for f i t  and conditisn, and replaced 
according to manufacturers s;ecifications :o provide 
continuous perfonance at rated efficiencies. 



IV. Prcvirions that new buildinq designs include a 
comprehensive statement of the ultimate UVAC system 
performance criteria to provide individuals interested in 
building renovation or modification with the necessaq 
information to assure adequate indoor arr quality. 

This statement should include the follovinq inforsation: 
(1) suitable design criteria for all appropriate building 
systems and components, (2) a complete description of the 
W A C  system and its intended operation and perforaance, 
(3) a commissioning plan including a complete description 
of the work to be perforsed durinq construction, 
(4) verification procedures for any tests and demonstra- 
tions to be perfomed, and (5) a complete list of 
dctuzentation subnitta:~ rer:ir$? at tie ::?.;l~:iz~: c f  
cox~issioning that can be uss: as educaci:r.al z : c ; s  fc: 
operator training of building personnel. 

A large body of experience frcn public and private enviz~n- 
nental ctganizations supports 55s 5u:iziing-sys:ezs a?;roa:?.. 
Ex?onsive field ex~erience in rscszr years has ;::own a v e r y  hi;:-. 
level of success when applying these principles. Application of 
this approach has already proven itself to be t?e sost econonical 
and effective aeans of immediazs1:i xaking indccr environzen=s 
30~2 ?1.-lsant ?laces to .cork. T>e :se 0 9  *+ c..-a - '-, ' : : " ---- ' . - -=--  r 2 . b  : - .  
apprsack ,could el~sinace conpia:nts In qcs: r~;crznd s r o b l a x  
buildings. 

Additional Research on the Buildinc-Svstens Aourgach 

Indoor air research funds should be directed tovard those 
strategies that are prcven, or 3 0 s ~  Likaly, to grsvide prac:ical, 
effectire, and pe-nanenc sclucicns. It is c?sar that prccer 
design, operation, and zaintenazce sf buildlnq systezs is the 
sOSt effective strateyy for ad2ressiag t2e .ui?es: varisty of 
indoor air quality problems. As sl;ch, BCIA rec-mends that 
greater esphasis be placed on ventiLaticn, fi?:ration, and 
building-systens.research, and ??a= this research be conducted in 
C0opera:ion vith the private sect;=. 

ktile nuch is known about tke ~otential for the buildi2g- 
systens approach to elisinate or aizigate any pczentlal indcor 
air quality problems, additional research is ceressary to refine 
our understanding of the application of such an apprgac3. k o n g  
those areas requiring additional research, aCIX includes the 
following: 

1. Ventilation optimization - Ventilation for indoor air 
quality not only depends on the quantity and quality of the 
outside air that is brought into the buildi~q, but also on 
the sovement of that air within the bui1dir.g. Xesearch 
into the distribution of outdcor air throuqh the building 
say provide insight into t i e  naxisun use of oucioor air In 



maintaininq the comfort of all building occupants. It is 
possible that ve could place less reliance on the quantity 
a f  outside air necessary to achieve acceptable air quality 
if more was known about optimal placement of the outside air 
coming into a buildinq. 

Such research could include extensive measurement of the 
actual outdoor air volumes taken into buildings and 
investigation of indoor air distribution patterns, as well 
as the design and placement a t  supply and return points 
vithin individual rooms. The use of sampling systems built 
into the construction of buildinqs should also be included 
in this research area. 

2 .  Filtraticn - .At praseci, no s:=rt3rls e x ~ s z  f:r S:l:er 
efficiency tesriag that uses parz;clss cf E size and type 
most representative of indoor air environments. Further- 
more, continued research should be encouraged in the use of 
adsorbents and absorbents for rezoval of gsseous csntaz- 
lnants in 5 0 t h  scs~l:! and :st-n 2::. 

3 .  D r y  ar.d liquid dessicants - These technologies are emerging 
as potentially useful tools in indoor aiz quality control. 
The potential for rkeir vi5esgre:d cse skcc-2 ke sstadicd. 

4 .  aiolcgical c?ntami>a;ion - There is i~suffician: ini~~$:ion 
about the extent, routes of exposure, and health 
consequences of nicrobiological contamination within 
buildings. Given that great variations occur vith regard to 
the numbers of a particular species of microbes required to 
trigger infections or allergic reactions, compounded vith 
the variability of individual suscepiibili:y, research is 
needed to elucidare the role of nicr=bes in :Se indoor air. 
It is essential t.?.at standard ze=:.ods o: sazp!isq and . culturing be os~ablished so tkaz the results oi rzdepezcent 
resear-hers a r e  csngarable. S u g g e s t e l  artzs o f  r e s e a i c 5  
include t3e heal9 effects of bacterial endotoxins and 
fungal glucans, I~cluding evaiuacions of s.Asta?ces fr:m 
cornonly found sgecies previously disc=unts.' as ''hanlo~s.~ 

3 .  Productivity - Research on the effcc's of ;car indoor air 
quality on productivity should be corbined uith building- 
systems research to provide addizlonal incanrives for =he 
isplementation of recommendations on building systems. 



s!mmrf 
BCIA recognizes t h a t  not a l l  indoor a i r  q u a l i t y  problems can 

be avoided through improved design, operation, and malntenancr of 
building systems. I t  is c lea r ,  however, t h a t  the  building- 
systems approach is t h e  nos t  cost-effect ive way t o  address the 
majority of po ten t i a l  indoor a i r  qua l i ty  problems. Consequently, 
the highest p r i o r i t y  should be placed on the promotion of 
responsible building systems design, maintenance, and operation. 
Steps t o  iden t i fy  and cont ro l  sources of individual  pol lu tants  
should be undertaken only a f t e r  it has been de temined t h a t  t h e  
building-systems approach w i l l  not adequately address the 
problem. 


