


Fig .  1 Example o f  the i n s t a l l a t i o n  o f  a l iqu id-coup led heat recovery 
system. 
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Fig.  2 Var ia t ion  o f  the  temperature e f f i c i ency  as a f unc t i on  o f  the supply 
a i r  temperature upstream o f  the heat exchanger. (The e f f i c i e n c y  i s  reducea 
a t  about -17 "C i n  order t o  avoid f ros t ing . )  

F ig .  3 Supply a i r  system i n  Example 1. A: o r i g i n a l  design, B: a f t e r  the 
i n s t a l l a t i o n  o f  the heat recovery system. 1) r o l l  f i l t e r ,  2 )  preheating 
c o i l ,  3) humid i f ie r ,  4) reheat ing c o i l ,  5) supply a i r  fan, 6 )  panel 
f i l t e r ,  7 )  heat recovery c o i l .  
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Summary 

m e  re la t ionship  between ven t i l a t ion  r a t e  and indoor a i r  qua l i ty  i s  being 

invest igated with a mobile laboratory designed spec i f i ca l ly  f o r  s tudies  of 
1 

indoor a i r  qua l i ty  and energy u t i l i z a t i o n  in buildings'before and a f t e r  

energy conservation r e t r o f i t s ,  and i n  new buildings insorporating energy- 
I 

e f f i c i e n t  designs. The character iza t ion program includes measurement of 

i n f i l t r a t i o n  r a t e  (continuous C2H6 and N 0 t r a c e r  gas mkthod), CO, CO 
2 2' 

NO, NO2, SO2, 03, formaldehyde, to te l  aldehydes, radon and pa r t i cu la t e  

mass and chemical composition. Results of t h e  i n i t i a l  phases of t h i s  pro- 

gram indicate  t h a t  t h e  concentrations of some a i r  pol lu tants  i n  t h e  b u i l t  

environment a re  higher tfian outdoor l e v e l s  and i n  some cases even exceed 

recommended heal th  and comfort c r i t e r i a  when i n f i l t r a t i o n  and ven t i l a t ion  

f r a t e s  a r e  reduced. 

~ u a l i t ;  de l ' a i r  i l ' i n t i r i e u r  de bktiments 

i f f i c i e n t s  du point de vue inerg;tique 

~6sum6 

La r e l a t ion  ent re  l e s  taux de ven t i l a t ion  e t  l a  qualit ;  de l ' a i r  i n t i r i e u r  

I e s t  etudige avec un laboratoi re  mobile const rui t  sp6cialement pour l e s  

i tudes  de qualit ;  de l ' a i r  e t  d ' u t i l i s a t i o n  d1;nergie dans l e s  immeubles 

I ex i s t an t s ,  avant e t  apr& cer ta ines  mesures pour Bconomiser l r i n e r g i e ,  e t  

dans l e s  immeubles nouveaux, & haute Bfficience ;ner&tique. Le programme 

de ca rac t i r i s a t ion  s e  compose de mesures des taux de renouvellement d ' a i r  

(mithode & i n j ec t ion  continue des gaz t r aceur s  C H 2, H2, N 01, des taux de 
2 

CO, Cop, NO, NO2, SO2, 03, aldihyde formique, aldihyde t o t a l e ,  radon, e t  

l a  masse e t  l a  composition chimique des pa r t i cu le s  en l ' a i r .  Les r i s u l t a t s  

I de l a  phase i n i t i a l e  de ce programme indiquent que l e s  concentrations de 

i quelques polluants dans l'environnement i n t i r i e u r  dGpassent l e s  niveaux 

1 extBrieurs e t  parfois  i l s  excGdent m6me l e s  crit;res recommand& de sant; 
l 

e t  confort ,  sur tout  quand l e s  taux de renouvellement d ' a i r  e t  de vent i la-  

i t i o n  Bont r i d u i t s .  



Introduction 

Reduced i n f i l t r a t i o n  and ven t i l a t ion  r a t e s  i n  buildings can lead t o  elevat-  

ed l e v e l s  of indoor generated a i r  contaminants (1 ) .  Chemical and biologi- 

c a l  contaminants released i n t o  indoor environments a re  undesirable but  

of ten  unavoidable by-products of  human a c t i v i t y ,  building materials and/or 

furnishings within enclosed spaces. Typical indoor contaminants include 

gaseous and pa r t i cu la t e  po l lu t an t s  from indoor combustion processes (such 

a s  cooking, heating, tobacco smoking), t ox ic  chemicals and odors from 

I cooking and cleaning a c t i v i t i e s ,  odors and v iab le  microorganisms from 

humans, odor-masking chemicals used i n  severa l  a c t i v i t i e s ,  and a wide 

I assortment of chemicals re leased from indoor construction mater ia ls  and 

furnishings.  Table 1 l i s t s  some of tHe major indoor air po l lu t an t s  i n  

r e s iden t i a l  buildings and t h e i r  sources. 

When these  contaminants a r e  generated i n  indoor environments i n  excessive 

concentrations,  they may impair t he  heal th ,  safe ty ,  or  comfort of  t he  

occupants. Building occupants a re  normally protected from the  accumulation 

of undesirable indoor a i r  contaminants i n  two ways: t h e  random introduc- 

t i o n  of outdoor a i r  by i n f i l t r a t i o n  (through cracks i n  t h e  building enve- 

I lope) ;  o r  regulated introduction by na tu ra l  ven t i l a t ion  (opening windows 

l and doors) o r  mechanical ven t i l a t ion  ( fan  and duct systems of .varying 

complexity). In i n s t i t u t i o n a l  and commercial buildings,  t h e  primary 

I engineering con t ro l  f o r  t h e  maintenance of indoor a i r  qua l i ty  i s  mechanical 

ven t i l a t ion ,  i . e . ,  the  use of control led  flows of a i r .  The l eve l s  of in- 

I door a i r  contaminants can be lowered by 1 )  d i lu t ion  with f resh  outs ide  a i r ;  

2)  t he  use of r ec i r cu la t ion  systems incorporating chemical and physical 

I contaminant con t ro l  devices; or  3)  a combination system employing both 

d i lu t ion  and r ec i r cu la t ion .  

I The United S ta t e s  has begun t o  examine i t s  energy consumption because of 

r i s i n g  concern about the  a v a i l a b i l i t y  of  conventional energy resources. It 

i s  c l e a r  t h a t  we have entered a per iod i n  which increasing a t t en t ion  w i l l  

I be devoted t o  discovering new methods of conserving energy. Because of 

I t h i s  increased energy conservation awareness, measures a r e  being taken t o  

make buildings more energy-efficient.  These include t ightening the  build- 

ing envelope t o  reduce e x f i l t r a t i o n  and i n f i l t r a t i o n ,  improving insula t ion,  

and reducing ven t i l a t ion .  As these  measures a re  implemented and l e s s  f resh  

I a i r  i s  introduced i n t o  buildings,  t h e  qua l i ty  of t he  indoor air may dete- 

r io ra t e .  Unfortunately, t he re  i s  l i t t l e  agreement i n  t h e  United S ta t e s  or  

elsewhere, on the  l eve l  of f resh  a i r  required f o r  t he  heal th ,  s a fe ty  and 

Table 1 Indoor Air Pollution i n  Residential  Buildings 

SOURCES 
I 

POLLUTANT TYPES 

OUTDOOR 

Ambient A i r  SO2, N O ,  NO2, 03, Hydrocarbons, 

CO, Pa r t i cu la t e s  

Motor Vehicles CO, Pb 

INDOOR 

Building Construction Materials 

Concrete, stone Radon 

Par t  i c  leboara,  Plywood Formaldehyde 

Insula t ion Formaldehyde, Fiberglass 

F i r e  Retardant Asbestos 

Adhesives Organics 

Paint Mercury, Organics 

Building Contents 

Heating and cooking 

combustion appliances CO, SO2, NO, NO2, Pa r t i cu la t e s  

Furnishings Organics, Odors 

Water service;  na tu ra l  gas Radon 

Human Occupants 

Metabolic a c t i v i t y  C02, NH3, Organics, Odors 

Human Ac t iv i t i e s  

Tobacco smoke CO, NO2, HCN, Organics, Odors 

Aerosol spray devices Fluorocarbons, Vinyl Chloride 

Cleaning and cooking products Hydrocarbons, Odors, NH 3 

Hobbies and c r a f t s  Organics ............................................................. 
comfort of building occupants. 

Ventilation s t a n h r d s  f o r  buildings with d i f f e ren t  funct ional  uses have 

been i n  exis tence  fo r  over s ha l f  century. In  general,  they do not take  

energy conservation requirements i n t o  account and, s ince  they have been 

es tabl ished by a va r i e ty  of groups, they frequently vary f o r  t h e  same ap- 

p l i ca t ion .  A comprehensive e f f o r t  i s  now underway i n  severa l  laborator ies  

i n  khe United S ta t e s  and Europe t o  e s t ab l i sh  a s c i e n t i f i c  bas is  fo r  a l l  

such ex i s t ing  standards,  t o  measure t h e  ac tua l  l e v e l s  of indoor a i r  con- 

taminants i n  several c l a s ses  of buildings,  and t o  provide a consis tent  s e t  

of recommendations fo r  t h e  establishment of energy-efficient ven t i l a t ion  

standards i n  r e s iden t i a l ,  i n s t i t u t i o n a l  and commercial buildings.  
The ult imate object ive  i s  t o  reduce energy consumption a s  much as  



possible without impairing the  hea l th  and comfort of t h e  occupants. C u r -  

r en t ly ,  there  i s  incomplete information fo r  determining indoor a i r  qua l i t y  

c r i t e r i a .  These c r i t e r i a  a r e  required f o r  es tabl ish ing ven t i l a t i on  require- 

ments i n  buildings.  This information gap i s  due in  l a rge  measure t o  t h e  

complex nature of indoor a i r  pol lu t ion .  In p a r t i c u l a r ,  t h e  complex bio- 

l og i ca l ,  chemical and physical  mix of indoor a i r  po l lu t an t s  has been 

recognized only very recent ly .  Most s tud ie s  of indoor a i r  pol lu t ion  have 

l a rge ly  assumed t h a t  indoor pol lu t ion  a r i s e s  from and i s  d i r e c t l y  r e l a t e d  

t o  outdoor sources. Recently, it has been recognized t h a t  a number of in- 

door a i r  contaminant sources can be t r aced  t o  t h e  b u i l t  environment i t s e l f .  

In order t o  e s t ab l i sh  c r i t e r i a  f o r  s e t t i n g  energy-efficient ven t i l a t i on  

standards,  t he  Lawrence Berkeley Laboratory (LBL) under contrac t  t o  t h e  

U.S. Department of Energy i s  involved i n  a comprehensive assessment of in- 

door a i r  qua l i t y  i n  s eve ra l  bui ld ing types under a va r i e ty  of i n f i l t r a t i o n  

and ven t i l a t i on  conditions.  LBL and i t s  subcontractors a r e  assess ing a 

s ign i f i can t  number of t h e  po l lu t an t s  shown i n  Table 1. The general  

parameters a r e :  

e temperature and r e l a t i v e  humidity 

odors 

0 t ox i c  chemicals (gases and p a r t i c u l a t e s )  

a microbial  burden 

Experimental Methods 

The Energy Ef f i c i en t  Buildings (EEB) Mobile Laboratory ( 2 )  i s  designed 

t o  f a c i l i t a t e  both f i e l d  indoor a i r  monitoring e f f o r t s  and research s tud ie s  

of ven t i l a t i on  requirements and energy u t i l i z a t i o n  i n  r e s i d e n t i a l ,  in-  

s t i t u t i o n a l  and commercial buildings.  

The labora tory  contains sampling, ca l ib ra t ion  and monitoring systems 

which provide an index of t h e  ove ra l l  a i r  qua l i t y  i n  a building.  A i r  ex- 

change r a t e s  a r e  measured using a t r a c e r  gas system ( 3 )  developed a t  LBL 

i n  which e i t h e r  n i t rous  oxide o r  ethane i s  i n j ec t ed  i n t o  t h e  bui ld ing and 

monitored continuously a t  various sampling s i t e s  i n  t h e  bui ld ing under con- 

t r o l l e d  conditions.  Tracer gas concentrations and other  continuously- 

monitored parameters a r e  recorded on a microprocessor-controlled floppy 

disk.  The recorded information i s  t ransmit ted  back t o  LBL by telephone 

o r  by sending t h e  floppy disks  back t o  LBL where they may be read i n t o  t h e  

LBL computer system. 

The EEB Mobile Laboratory i s  pos i t ioned outs ide  the  bui ld ing t o  be 

s tudied .  A i r  i s  drawn through t e f l o n  sampling l i n e s  from four l oca t ions  

within t h e  s t ruc tu re  i n t o  t h e  mobile l a b  f o r  analys is .  By sequent ia l ly  

sampling the  l i n e s  (one of which i s  used t o  monitor outdoor ambient a i r ) ,  

t h e  a i r  qua l i t y  can be monitored i n  severa l  rooms. The four l i n e s  a r e  

sequent ia l ly  sampled f o r  ten-minute i n t e rva l s  t o  allow monitoring of t h e  

gas concentrations (cO, C02, NO, NO2, SO2 and 0 ) i n  a l l  four  l oca t ions ;  
3 

consequently, ten-minute samples a r e  taken From each s i t e  every f o r t y  

minutes. 

For some po l lu t an t s ,  grab sampling techniques a r e  used. The s i z e  d is -  

t r i b u t i o n  of t h e  pa r t i cu l a t e  matter i n  t h e  sampled a i r  i s  measured by 

means of an op t i ca l  s ca t t e r ing  instrument and automatic dichotomous a i r  

samplers; t h e  l a t t e r  a r e  a l s o  used t o  co l l ec t  pa r t i cu l a t e  matter f o r  chemi- 

c a l  analys is .  The dichotomous a i r  samplers (41, developed a t  LBL, separa te  

t h e  aerosols  i n t o  respi rable  and non-respirable f r ac t ions  (below and above 

2.5 micron s i z e  respect ive ly)  using a flow-controlled v i r t u a l  impaction 

system, which deposi t s  t he  pa r t i cu l a t e  matter on t e f lon  f i l t e r s .  The par- 

t i c u l a t e s  col lec ted  on t h e  f i l t e r s  a r e  analyzed a t  LBL using beta-ray 

a t tenuat ion  t o  measure mass concentration,  and x-ray fluorescence t o  deter-  

mine chemical composition f o r  27 elements. Some of t h e  contaminants must 

be col lec ted  with gas bubblers and other  sampling techniques requir ing  

subsequent labora tory  analys is .  These contamintmts include formaldehyde, 

t o t a l  aldehydes, o ther  se lec ted  organic compounds, radon and airborne 

microbes. 

Results and Discussion 

LBL i s  monitoring indoor a i r  qua l i t y  a t  severa l  hosp i t a l s  and educational 

f a c i l i t i e s  i n  t he  United S ta t e s  before and a f t e r  energy-conserving re t ro-  

f i t s  a r e  implemented. In  addi t ion ,  prototype energy-efficient r e s iden t i a l ,  

i n s t i t u t i o n a l  and commercial bui ld ings  a r e  being s tudied  as  poss ib le  models 

f o r  energy conservation p r a c t i c e s ' i n  fu tu re  bui ld ing design. 

The f i r s t  four s i t e s  t o  be included i n  t h e  LBL indoor a i r  qua l i t y  f i e l d  

monitoring program a r e  an air-conditioned high school i n  Concord, Califor-  

n i a ;  occupied and unoccupied Minimum Energy Dwellings (MED) i n  Mission 

Viejo, Cal i fornia ;  t h e  Naval Regional Medical Center i n  Long Beach, Cali- 

fornia ;  and t h e  Iowa S t a t e  University Energy Research House (ISU-EM) i n  

Ames, Iowa. 

The indoor a i r  qua l i t y  a t  t he  MED and ISU-ERH houses i s  of considerable 

i n t e r e s t  because these  r e s i d e n t i a l  bui ld ings  were constructed t o  have low 

a i r  i n f i l t r a t i o n .  A i r  change r a t e s  measured a t  t h e  unoccupied MED house, 

using a simple exponential  decay-rate method, y ie lded values of approxi- 

mately 0.2 a i r  changes per hour (ach) .  I n f i l t r a t i o n  r a t e s  a t  t h e  ISU-ERH 

were measured using t h e  N20 continuous t r a c e r  gas system. The i n f i l t r a t i o n  



r a t e  varied from about 0.15 ach t o  0.75 ach with an average of about 0.3 

ach. 

Preliminary r e s u l t s  from these  f i e l d  monitoring s i t e s  show t h a t  t h e  

pol lu tants  s tudied  f a l l  i n t o  t h ree  major c l a s se s ,  those f o r  which t h e  

primary sources a r e  indoors ( e . ~ ; . ,  C02, H C H O ) ,  those f o r  which t h e  primary 

sources a r e  outdoors ( e .g . ,  0 1, and those f o r  which the  sources a r e  com- 
3 

bustion processes i n  e i t h e r  t h e  indoor o r  outdoor environment ( e . g . ,  CO, 

~ 0 ~ ) .  Substances i n  t h e  f i r s t  c l a s s  have indoor concentrations which in-  

crease and may present heal th  r i s k s  a s  bui ld ings  a r e  t ightened and 

ven t i l a t i on  r a t e s  reduced, while substances i n  t h e  second c l a s s  tend t o  

be shielded from t h e  indoor environment a s  ven t i l a t i on  r a t e s  a r e  reduced. 

Figure 1 shows a histogram of ten-minute nitrogen dioxide (NO ) con- 
2 

cent ra t ions  both indoors and outdoors a t  t h e  occupied MED house. These 

concentrations a r e  higher indoors s ince  NO2 i s  a combustion product of 

na tu ra l  gas used i n  cooking. The NO indoor l e v e l s ,  however, a r e  s i g n i f i -  
2 

cant ly  below t h e  U.S. Environmental Protec t ion  Agency annual average NO 
2 

a i r  qua l i t y  standard of 50 ppb and t h e  proposed short-term ( 1  hour) 

standard of 250 ppb (1). Figure 2 shows histograms of t h e  ozone (0  ) con- 
3 

cent ra t ibns  indoors and outdoors a t  t h e  occupied MED house s i t e .  I n  t he  

case of t h i s  po l lu t an t ,  t h e  house serves t o  sh i e ld  t h e  occupants from t h e  

0 produced i n  t h e  outdoor environment. The short-term (1 hour) a i r  qual i -  
3 

t y  standard f o r  O3 i s  120 ppb. 

Tota l  a l i p h a t i c  aldehydes have been measured ( a s  formaldehyde) a t  t h e  

occupied and unoccupied Minimum Energy Dwellings (MED) i n  Mission Viejo, 

Cal i fornia ;  a t  t h e  Naval Regional Medical Center i n  Long Beach, Cal i fornia ;  

and a t  t h e  Iowa S t a t e  University Fhergy Research House i n  Ames, Iowa. 

Preliminary r e s u l t s  i nd i ca t e  t h a t  t h e  average concentration of aldehydes 

i n  t h e  occupied MED house with an a i r  exchange r a t e  of 0.2 ach i swabout  116 

ppb compared t o  38 ppb i n  t he  unoccupied MED house and 1 4  ppb i n  outdoor 

a i r .  The well-venti lated hosp i t a l  i n  Long Beach had low l e v e l s  of alde- 

hydes ( t y p i c a l l y  <30 ppb) and no s ign i f i can t  d i f ferences  between indoor 

and outdoor aldehyde l e v e l s  were observed. 

Figure 3 i s  a histogram showing t h e  range of t o t a l  a l i pha t i c  aldehydes 

and formaldehyde during t h e  monitoring a t  t h e  Energy Research House i n  

Ames ( a i r  exchange r a t e  $0.3 ach) .  The concentrations of t o t a l  a l i pha t i c  

aldehydes were between 109 and 186 ppb (133 ppb average) when unoccupied. 

Simultaneous sampling of outdoor a i r  yielded an average aldehyde concen- 

t r a t i o n  of 13.5 ppb with a maximum value of 30 ppb and a minimum value of 

2 ppb. The formaldehyde f r ac t ions  of t h e  indoor samples were between 51 

Figure 1. Indoor/Outdoor Nitrogen Dioxide 

and 125 ppb and averaged 74 ppb. The outdoor formaldehyde concentrations 

were below 5 ppb f o r  t h e  e n t i r e  sampling period.  

These r e s u l t s  i nd i ca t e  t h a t ,  i n  general ,  indoor a i r  has higher 

formaldehyde/aldehyde concentrations than outdoor a i r .  
The concentration 

of aldehydes of ten  exceed t h e  recommended U.S. and European formaldehyde 

standards (100 ppb) (1) f o r  indoor a i r  i n  r e s i d e n t i a l  bui ld ings .  
Common 

building mater ia ls  such as  plywood and par t ic leboard  constructed with 

urea-formaldehyde r e s i n  a r e  poss ib le  indoor fomaldehyde/aldehyde sources. 
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Figure 2. Indoor/Outdoor Ozone 

In  addi t ion,  t h e  a c t i v i t i e s  of t h e  building occupants, e.g. ,  cooking, 

smoking and cleaning, a l so  generate s ign i f i can t  amounts of aldehydes. 

Preliminary r e s u l t s  from t h e  Cal i fornia  school indicate  t h a t  t h e  f resh  

a i r  ven t i l a t ion  r a t e  could be subs tan t i a l ly  reduced without compromising 

t h e  hea l th  or  comfort of t h e  occupants. The a i r  qual i ty  i n  two classrooms, 

i n  a corr idor ,  and outdoors was monitored under t h r e e  ven t i l a t ion  r a t e s  i n  
3 t h e  school. The f i r s t  ven t i l a t ion  r a t e ,  22.6 m /h of outs ide  a i r  

per  occupant was t h e  normal operating mode5 with roof dampers i n  t h e  f u l l  
t t e  

i 
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Figure 3. Indoor/Outdoor Formaldehyde/Aldehyde 

open posi t ion.  The second and t h i r d  r a t e s  (4 .3  m3/h and 2.6 m3/h, respec- 

t i v e l y )  r e s t r i c t e d  t h e  t o t a l  f r e sh  a i r  vented i n t o  t h e  school. The deci- 
3 sion t o  r e s t r i c t  t h e  f resh  a i r  t o  2.6 m /h was not made u n t i l  it had been 

es tabl ished t h a t  t h e  indoor a i r  qua l i ty  a t  4 . 3  m3/h was s t i l l  very good. 

Data col lec ted a t  these  t h r e e  ven t i l a t ion  r a t e s  indicated t h a t  carbon 

dioxide was the  only pol lu tant  detected i n  s ign i f i can t  concentrations 

ins ide  t h e  school. This i s  not surpr is ing,  s ince  the re  were no obvious 

indoor sources of pol lu t ion other  than t h e  occupants themselves. The 

school borders on a main road and during rush-hour periods when increased 

l eve l s  of nitrogen oxides and ozone were present outs ide ,  smaller but 

measurable concentrations were observed indoors. Indoor concentrations of 

these  po l lu t an t s  ac tua l ly  decreased a s  t h e  "fresh" a i r  ven t i l a t ion  r a t e s  



were reduced. Although C02 concentrations i n s ide  t h e  classroom increased 

a s  vent i la t ion  r a t e s  were lowered, a t  no t ime d id  they exceed 2000 ppm, and 

only occasionally d id  they exceed 1500 ppm. This should be compared t o  t h e  

eight t o  ten-hour maximum values of 5000 t o  10,000 ppm recommended by 

various U.S. hea l th  agencies (5 ) .  

In order t o  assess  t h e  p o t e n t i a l  r eac t ion  of t h e  s tudents  t o  t h e  changes 

i n  ven t i l a t i on  r a t e s ,  a questionnaire on t h e  qua l i t y  of t h e  indoor environ- 

ment was d i s t r i bu ted  t o  t h e  classroom occupants. The s tudents '  subjec t ive  

judgment of odor l e v e l  a t  various ven t i l a t i on  r a t e s  was of p a r t i c u l a r  

' e res t  s ince  odor con t ro l  i s  probably t h e  bas i s  f o r  current  v e n t i l a t i o n  

reqc. ements i n  schools. The questionnaires were f i l l e d  out every o ther  
day a t  . 

same time. Resul ts  of t h i s  survey showed no de t e r io ra t ion  of 
student cml .  

caused by decreased v e n t i l a t i o n  r a t e s .  
The - ?ol  was a l s o  one of t h e  two s i t e s  included i n  t h e  

b io logica l  f i e l d  moni~.  
'ng p ro j ec t .  The r e s u l t s  a t  t h e  school do show 

that decreasing the ventih' -? r a t e  d id  not increase  t h e  microbial  burden 
i n  t h e  classrooms. 

In s m a r y ,  r e s u l t s  of t h e  f i e l d  mot,- project at the California 
school i nd i ca t e  no s ign i f i can t  change as  a I. of decreased ventilation 
i n  any of t h e  parameters measured, with t h e  except., . of carbon dioxide. 

In  f a c t ,  t h e  a i r  qua l i t y  improved i n  t h e  school f o r  some 

(ni t rogen dioxide and ozone) when t h e  ven t i l a t i on  r a t e  was reah ,,=,. A1- 
though indoor C02 l e v e l s  increased, they were st i l l  f a r  below thos r  2,vels 

considered t o  be a hea l th  hazard. 

Since t h e  amount of outs ide  a i r  enter ing  t h e  school could be decreased 

without any adverse e f f e c t  on t h e  hea l th ,  s a f e ty  o r  comfort of t h e  occu- 

pants,  subs t an t i a l  energy savings could be achieved by lowering t h e  f resh  

a i r  ven t i l a t i on  r a t e s  a t  t h e  school. Tota l  e n e r a  use f o r  t h i s  700-student 

high school, including gas and e l e c t r i c i t y  (used f o r  space conditioning, 

l i gh t ing  and hot water)  cos t s  about $40,000 per year.  I f  t h e  
3 ven t i l a t i on  r a t e s  were changed from 22.6 m3/h per occupant t o  2.6 m /h,  it 

i s  estimated t h a t  savings would be $3500 t o  $4000 per year o r  9% of t o t a l  

annual energy cos t s  f o r  t h e  building.  

Conclusions and Recommendations 

Because of increased energy p r i ce s ,  t he re  a r e  f i nanc ia l  incent ives  t o  re- 

duce a i r  exchange r a t e s  and thereby reduce heating and cooling loads.  

Nevertheless, measures p re sen t ly  under consideration t h a t  would reduce 

i n f i l t r a t i o n  and ven t i l a t i on  r a t e s  could s ign i f i can t ly  increase  exposure 

t o  indoor contaminants and perhaps have adverse e f f e c t s  on occupant comfort 

and heal th .  

Preliminary r e s u l t s  from t h e  LBL f i e l d  monitoring program indica te  t h a t  

t h e  indoor l eve l s  of severa l  po l lu t an t s  exceed t h e  l eve l s  found outdoors; 

however, i n  general  (except f o r  aldehydes),  t h e  l eve l s  a r e  s t i l l  within 

l i m i t s  es tabl ished by a i r  qua l i t y  standards.  It i s  expected t h a t  an ex- 

t ens ive  f i e l d  monitoring program i n  a number of energy e f f i c i e n t  buildings,  

wherein pol lu tant  l e v e l s  and a i r  exchange r a t e s  can be determined over a 

range of occupancy conditions,  w i l l  a l low us t o  de l inea t e  more prec ise ly  

t h e  sources of indoor po l lu t an t s ,  t h e  e f f e c t s  of conservation measures on 

indoor pol lu tant  l e v e l s ,  and t h e  hea l th  and comfort e f f e c t s  of such 

changes. 

Indoor pol lu t ion  l e v e l s  a r e  s t rongly  a f f ec t ed  by human a c t i v i t i e s  i n  

a building and by t h e  manner i n  which mater ia ls  a r e  incorporated i n t o  a 

bui ld ing,  a s  well  a s  o ther  aspects  of t h e  building design,  pa r t i cu l a r ly  

t h e  i n f i l t r a t i o n  or v e n t i l a t i o n  r a t e .  There a r e  severa l  building design 

options t h a t  might be adopted spec i f i ca l ly  t o  l i m i t  increases  i n  indoor 

a i r  pol lu t ion .  Options include a ca re fu l  s e l ec t ion  of building mater ia ls ;  

t h e  use of in tegra ted  mechanical v e n t i l a t i o d h e a t  exchanger systems i n  

r e s i d e n t i a l  buildings t o  allow moderate ven t i l a t i on ,  while recovering 

heat l o s se s  from a i r  exchange; t h e  use of contaminant cont ro l  devices; 

and t h e  coating of various bui ld ing mater ia ls  with s ea l an t s  t o  reduce 

emissions of. po t en t i a l l y  harmful po l lu t an t s .  
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