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C!.l 

NOTICE : The proj ect  that is  the subj ect of  this report was approved by 
the Go verning Board of the National Research Counc i l , whose members are 
drawn from the counc i l s  of the Nat ional Academy o f  Sc iences , the National 
Academy of  Engineer ing , and the Ins ti tute of  Medic ine . The members of the 
commi ttee respons ib le for the report were chosen for the ir special 
compe tenc ies and with regard for appropr iate balance . 

This report has been re viewed by a group other than the authors 
according to procedures  approved by a Report Review Committee cons i s t ing 
of members o f  the National Academy of Sciences , the Nat ional Academy of  
Engineering , and the Ins t i tute of  Medic ine . 

The National Academy of  Sc iences is a private , nonprofit , s e l f
perpetuat ing society of  dis t inguished scholars engaged in sc ientific and 
engineering research , dedicated to the furtherance of  sc ience and 
technology and to the ir use for the general we l fare . Upon the authority 
of  the charter granted to it  by the Congre ss  in 1863, the Academy has a 
mandate that requires it to advise the federal government on sc ienti fic 
and technical matters. Dr. Frank Pre s s  is pre s ident of  the Nat ional 
Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the 
charter of the National Academy of Sciences, as a para l l e l  organization of  
outstanding engineers. I t  is autonomous in i ts adminis trat ion and in the 
se lec tion of its me mbers, sharing with the National Academy of Sc iences 
the responsibility for advising the fede ral go vernment . The National 
Academy of Engineering also sponsors engineering pro grams aimed at meeting 
national needs, encourages education and research, and recognizes the 
superior achievements of engineers. Dr . Robert M. White is pre s ident of 
the National Academy of Engineering. 

The Institute of Medicine was estab lished in 1970 by the National 
Academy of Sciences to secure the services of eminent me mbers of 
appropriate professions i n  the examination of policy matters pertaining to 
the health of the public . The Institute acts under the respons ib i lity 
given to the National Academy of Sciences by its congressional charter to 
be an adviser to the federal government and upon its own initiative, to 
identify issues of medical care, research, and education. Dr. Samue l 0. 
Thier is president of the Institute of Medic ine . 

The National Research Council was established by the National Academy 
of Sciences in 1916 to associate the broad community of science and 
technology with the Academy ' s purposes of furthering knowledge and of 
advising the federal government. Functioning in accordance with general 
policies determined by the Academy, the Council has become the princ ipal 
operating agency of both the National Academy of Sciences and the National 
Academy of Engineering in providing services to the government, the 
public , and the scientific and engineering communities. The Council is 
administered jointly by both Academies and the Institute of Medicine. Dr. 
Frank Press and Dr. Robert M. White are chairman and vice chairman, 
respectively, of the National Research Council. 
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This report was prepared as part of  the technical program o f  the 
Federal Cons truc t ion Counc i l  ( FCC ) . The FCC is  a continuing ac tivity 
of  the Bui lding Research Board , which is a uni t  o f  the Commiss ion on 
Engineering and Technical Sys tems of the National Research Counc i l . 
The purpose o f  the FCC is to promote cooperat ion among federal 
cons truc tion agenc ies and between such agenc ies and other elements o f  
the building community i n  address ing technical issues o f  mutual 
concern . The FCC program is supported by 13 federal agenc ies : the 
Department of the Air Force , the Department of the Army , the Department 
of Commerce , the Department of Energy , the Department of the Navy , the 
Department o f  S tate , the General Services Adminis tration , the Nat ional 
Aeronautics and Space Adminis tration , the National Endowment for the 
Arts , the National Sc ience Foundation , the U . S .  Pos tal Service , the 
U . S .  Publ ic Heal th Service , and the Ve terans Adminis tration . 

Funding for the FCC program was provided through the following 
agreements between the indicated federal agency and the National 
Academy of Sc iences : Department of S tate Contrac t No . 1030 - 62 1 2 1 8 ;  
Nat ional Endowment for the Arts Grant No . 42 - 42 5 3 - 0091;  National 
Science Foundation Grant No . MSM- 8 600676 , under mas ter agreement 
82 - 05 6 1 5 ; and U . S .  Pos tal Service grant , unnumbered . 

For information regarding this document , wr ite the Direc tor , 
Building Research Board , National Research Counc i l , 2101  Cons t i tution 
Avenue , Washington , DC 20418 . 

Printed in the Uni ted S tates of America 
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ABStRACT 

Increasing inc idents of discomfort or illnes s  in the nonindus trial 

workplace that could often be traced to indoor air qual i ty problems led to 

thi s  s tudy . Guidance is  presented on how to ident ify and alleviate or 

prevent such problems . The pr imary focus is  on existing office buildings , 

al though the findings can be appl ied to other kinds of structure s and to 

bui ldings be ing planned , cons tructed , or renovated .  Suggest ions are 

directed to fac i l i t ies adminis trators , planners , des igners , and managers 

as well  as to maintenance and operating personne l and to the building 

occupants themse l ves . The various fac tors that affect indoor air qual i ty 

are described . These inc lude thermal conditions , odors , irri tants , toxic 

subs tances , and micro - organisms . Other issues that are not technically 

related to air  qual i ty but that may aggravate a s i tuation are also 

discussed . Procedures for diagnos ing and contro lling problems include 

cons ideration of the s truc ture itself , the vent ilation sys tem requirements 

and performance , and the conformance with es tablished vent ilat ion 

criteria . Several case s tudies i l lus trate typical problems and the ir  

solutions . 

iv 
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PREFACE 

In recent years there have been increas ing concerns expressed about 
the quality of air in the nonindustrial workplace , espec ially in the 
office environment . Because buildings owned or operated by federal 
agenc ies represent a s ignificant percentage of  the total building s tock in 
the Uni ted S tates , the sponsoring agencies of  the Federal Cons truc tion 
Counc i l  reque s ted the Building Research Board , of the National Research 
Counc il ' s  Commiss ion on Engineering and Technical Systems , in cooperation 
with the Commiss ion on Life Sciences , to es tabl ish a committee to provide 
guidance for deal ing with problems related to indoor air qual ity in 
exis ting bui ldings . 

This report presents the committee ' s  findings . Its  obj ective is to 
furnis h  sugges tions on how to identi fy , pre vent , and/or mitigate indoor 
air qual ity problems in existing pub l ic buildings . The report is 
primari ly directed toward three sets of personnel who are respons ible for 
the performance of  existing buildings : 

• Pol icy - makers who es tabl ish the economic , soc ial , and political 
bases for owning , leas ing , or occupying publ ic buildings ; 

• Fac i l i ties planners and adminis trators who de ve lop and 
adminis ter procedures to accomp l ish the s tated policies and miss ions of  
pub l ic agenc ies ; and 

• Maintenance and operating personnel who implement the 
procedures .  

In addition , this report provides information to occupants o f  these 
fac i l i t ies  to ass is t  them in distinguishing between human responses that 
may be due to the phys ical performance of the building and i ts contents 
and those that may be due to other influences , such as personne l 
interactions . 

Because of the interdiscipl inary nature of  the subj ect of  this report , 
committee members were selected who had broad experience in various 
aspects of building des i gn , cons truction , management , and operation or who 

vii 
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had extens ive experience wi th indoor air qual i ty issues from engineering 
and health science perspectives . As a result , it was necessary for the 
committee to formulate a common bas is  of unders tanding of  t he issues in 
order to achieve i ts obj ectives . One reference point was the material 
that resulted from the workshop on indoor air quality that was sponsored 
by the Bui lding Research Board in 1985 . However ,  because the obj ect ive of 
the report is to provide guidance for deal ing with indoor air quality 
problems , an extens ive bibliography was not comp iled . Rather ,  the 
commi ttee opted to digest  the available l i terature according to the 
members ' diverse experiences and expertise and to report consensus 
interpre tation of the relevant material . Thus the committee members have 
made an important contribut ion to the sc ienti fic community as well  as to 
those to whom the report is primarily directed . 

In two ins tances , the committee asked for spec i fic  ass i stance in 
preparing the report . Firs t , we are thankful to Phi l ip R .  Morey of  
Honeywe l l , Inc . , for his contributions on  the nature of biological 
contamination and how i t  can be moni tored and controlled . Second , we 
extend our apprec iation to commi ttee members Jean - P i erre Farant and Jan 
S tolwij k and to l iaison representative Pres ton E .  McNall for their 
diligence in preparing the case s tudies in Chapter 4 .  

The committee also extends its gratitude to the BRB s taff for i ts 
support : S tephen Montgomery for editing the materials we generated into a 
cohes ive report ; Gre tchen Bank for her helpful coordination of  the 
commi ttee meet ings and preparation of  the minutes ; Donna Allen for her 
secre tarial support ; and John Eberhard for his ins ights and direction . 

Finally , I would l ike to take this opportunity to thank·the committee 
for the profess ional manner in which it  del iberated and reached consensus 
on the guidance that is presented in this report . 

vi ii  

James E .  Woods 
Chairman 
Committee on Indoor Air Qual ity 
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1 

INtRODUCTI ON. CONCLUSI ONS . AND RECOMMENDATI ONS 

Although the impact of indoor air qual ity on occupant health and 
wel l -being is a serious concern today , the subj ect is not new . 
Evidence indicates that e fforts to control indoor air qual ity predate 
recorded his tory , as illus trated by the j udic ious placement of warming 
fires and the presence of vent holes in the roofs of caves . When 
windows came into use in early Roman archi tecture , s tyles and s izes of 
buildings changed s ignificantly . Gothic architecture embodied advances 
in struc tural des ign that allowed large areas of window to be used 
without affecting the stab i l i ty of  the wall . Renaissance architecture 
rel ied heavily on operable windows for natural ventilation . In fact , 
detailed prescriptive rules for window s izes were original ly developed 
in I taly during this time . However , when these  rules were imported to 
England in the 1600s and s tric tly applied to the smaller - scale 
buildings there , the resulting window s izes were often too small to be 
acceptable . 

Compromises among needs for shelter , security ,  safety , and health 
have been made throughout his tory . From the discovery of  window 
glaz ing to the middle of the twentieth century , the shapes and s izes of  
buildings for human occupancy were closely matched with the ir ab i l i ty 
to uti l ize natural venti lation to diss ipate internally generated 
thermal and contaminant loads . Howe ver , the development of 
twentieth - century technologies for structures and mechanical sys tems 
has permitted dec is ions about building shapes and s izes to be separated 
from the needs for natural ventilation . Thus , current concerns about 
indoor air qual i ty have e volved from fulfill ing the bas ic need for 
she lter to meeting complex requirements for personal , soc ial , and 
economic benefits . 

In a 1 9 8 1  report by the National Research Counc il ' s  Committee on 
Indoor Pollutants C [re ferences c i ted are l i s ted following Chapter 4] ,  
four bas ic reasons for  increas ing concern about indoor air quality were 
ident ified : 

1 
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• Energy conservation efforts have tended to reduce the amount 
of ventilation available for diluting indoor contaminants to acceptable 
concentrations . 

• Techniques for measuring occupant exposure to contaminants at 
low concentrations have improved . 

• Ubiquitous sources of  contaminants ,  including synthetic 
materials , exist  indoors and outdoors . 

• Awareness by the general pub l ic of the impact of indoor air 
qual i ty on health and well -be ing has increased . 

These and o ther concerns have prompted a flurry of act ivity by 
various profess ional organizations - - e . g . , promulgation of voluntary 
s tandards relating to indoor air qual i ty by the American Society of 
Heating , Refrigerating , and Air - Conditioning Engineers and the American 
Society for Tes ting and Materials . In addition , several federal 
agenc ies ( Environmental Protection Agency , Department of  Energy , 
Consumer Product Safety Commission ,  National Ins t i tute for Occupational 
Safety and Health , and others ) have undertaken s tudies and/or i ssued 
papers or directives deal ing with the subj ect . [For convenience , these 
and other organization names are abbreviated throughout this report ; a 
l i s t  of  acronyms is given following the references at the end . ] 

SCOPE 

The focus of this report is the identification and recommendation 
of operational procedures that can be implemented to avoid or minimize 
air qual i ty problems in exi s ting buildings . However , this report also 
provides guidance on what should be done by respons ible personnel if  
indoor air  qual ity problems are reported , including when to obtain 
profess ional as s istance . Although buildings of  all types can 
exper ience indoor air qual i ty problems , this report is l imited to 
existing buildings that are not used for s ingle - family res idences or 
for indus trial processes . The primary emphas is is on office buildings 
rather than other kinds of institutional s tructures such as hospitals . 

Indoor air qual i ty problems addressed in this report include those 
that e l ic i t  complaints of discomfort ( e . g . , malodors , headaches )  as 
wel l  as those that cause frank illness ( e . g . , infections ) . Because of 
the vast  number of  potential problems that can be caused by ep isodic or 
trans ient events , this report is primarily focused on dis turbances that 
can be expected to occur continuous ly , or at least repeatedly ( e . g . , 
seasonally) , and does not address occurrences such as acc idents or 
sp ills . 
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APPROACH 

In preparing this report , the committee has taken a three - pronged 
approach . Following this introduc tory chapter , which describes the 
is sues addressed and presents the conclus ions reached by the commi ttee 
and its recommendations for action by pol icy - makers and adminis trators , 
Chapter 2 addresses the bas is for current concern : human responses 
that may b e  expected from exposure to indoor contaminants and 
conditions . Chapter 3 introduces the concept o f  "acceptable indoor air 
qual ity , "  reviews methods of  ventilation system characterization , and 
describes general methods of achieving sys tem performance for 
acceptable human response . In Chapter 4 ,  case studies that reflect 
spec ific types o f  air quality problems are characterized , and poss ible 
solutions are discussed . 

ISSUES 

In develop ing this report , the committee addressed the following 
issues : 

1 .  What s ymptoms are ass ociated with indoor air qual ity problems ? 
When a s ignificant percentage (e . g . , more than 20 to 30 percent ) of the 
occupants complain o f  a set of  symptoms , including headaches ,  fatigue , 
nausea , eye irritation , and throat irri tation , when these symptoms are 
alleviated by leaving the building , and when a spec ific cause of the 
symptoms is not recognizable , a problem with the qual ity of the indoor 
air should be suspected . The phenomenon has been various ly termed 
"s ick bui lding syndrome" or "tight bui lding syndrome , "  although this 
concept is not accepted by all authorities . Moreover , when symptoms o f  
frank i llness , including infec tion , fever , and cl inical s igns of 
pathology , are identified and an airborne pathway for the s tressor is 
recognized , then a problem with the air qual ity can also be suspected . 
In this case , sometimes described as "building - related illness , " the 
percentage of occupants affected is  not a determining fac tor . Some 
investigators use two or more occupants of a building affected as a 
guideline . 

2 .  When a complaint is rece ived. how can "perce ived" and "actual" 
air quality problems be distinguished from each other? The committee 
identi fied three categories of  complaints about poor air qual ity : (a) 
perceptible phys iological s tressors as they relate to the building 
sys tems ( e . g . , odorous contaminants , heat ) ; (b ) nonperceptible 
phys iological s tressors (e . g . , airborne biological contaminants ) ; and 
(c ) perceptible nonphys iological s tressors (e . g . , j ob - related s tress ) .  

Each o f  these  categories was recognized as "actual , "  but different 
procedures are required to resolve the resulting air qual ity 
complaints . Percep tible phys iological s tressors are usually the 
eas iest to mitigate through operational changes or physical 
modifications to bui lding sys tems . Nonperceptible phys iological 
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stressors are more difficult to control because their existence must 
first be determined by appropriate tests and their abatement must be 
demonstrated through follow-up investigations. The third category, 
perceptible nonphysiological stressors, may be the most difficult to 
mitigate because social or psychological solutions may be required. 

3. Which of the existing contaminants are of principal concern? 
Major sources of contaminants can exist both outdoors and indoors. 
Outdoor sources may be above-grade (e.g., industrial air pollution; 
automobile exhaust) or below-grade (e.g., soil gas such as methane; 
radon; pesticides). Indoor sources are the occupants themselves (e.g., 
bioeffluents), building materials and furnishings (e.g., volatile 
organics such as formaldehyde), and activities that occur within 
buildings (e.g., combustion such as tobacco smoking; paper processing 
such as photocopying). 

4. Do buildings and their systems miti&ate or exacerbate exposure 
to contaminants? As noted in the 1981 report4 and several others 
since then, concentrations of contaminants indoors often exceed outdoor 
concentrations; however, for some contaminants, indoor concentrations 
are usually lower (e.g., so2, 03, fungi, pollen). The dynamics of 
building responses to indoor contaminants are just becoming known. For 
example, the emission of formaldehyde within occupied spaces is 
apparently dependent on both thermal and humidity excursions within 
that space. The levels of both chemical and biological contaminants 
are strongly associated with the cleanliness of the heating ventilation 
and air conditioning system. 

5. What can be done by those who set. administer. and implement 
policy? Most of the documentation available today about control of 
indoor air quality is of a scientific or technical nature and affords 
little or no directly usable advice for building practitioners in 
addressing complaints. One major objective of this report is to focus 
on recommendations that can be implemented without major redesign or 
system modifications. These recommendations are given in the form of 
suggested policies, management procedures, and maintenance and 
operational practices to provide acceptable indoor air quality in 
systems that are capable of appropriate responses. Recommendations are 
also provided for dealing with complaint situations; some of these can 
be resolved by in-house procedures, but others will require 
professional assistance, often accompanied by operational or system 
modifications. 

6. How important are interactions between management and occupants 
in resolving indoor air quality complaints? Complaints about 
unacceptable indoor environmental conditions can be traced to stresses 
that may be imposed by the physical environment--some intrinsic (e.g., 
organismic factors) and some imposed by the situation of occupancy 
(e.g., functional factors). These stresses may act in some additive 
way to produce physiological or psychological strains. Thus, control 
of the physical environment may become necessary to achieve more 
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acceptable conditions . In many s i tuations , complaints of poor air 
qual i ty may be exacerbated when the complainant is  dissat i s fied with 
o ther nonenvironmental fac tors . 

CONCLUSI ONS 

The committee reached the following conc lus ions based on i ts 
s tudies : 

1 .  A high percentage o f  the work force spends 3 5  to 40 hours per 
week in nonmanufactur ing buildings , and an even higher percentage of 
the federal work force is  s imilarly located . Even small reduc tions in 
productivity caused by s tresses in these environments have large 
consequences for total national productivity . 

2 .  A number o f  factors are involved in the generation of  
building - related occupant complaints . Many of  these  can occur 
s imultaneous ly . I t  is rare that a spec ific source for the complaints 
can be identified , and solutions can usually be implemented wi thout 
such ident ifications . 

3 .  Increases  in occupant dens ities beyond the des ign dens i ty often 
produce air quality complaints . 

4 .  Energy management s trategies can lead to indoor air quality 
complaints i f  ventilat ion rates or operating periods of ventilation 
equipment are reduced . 

5. Inadequate maintenance of  building sys tems and equipment can 
lead to complaints by occupants . 

6 .  I f  pos i t ive action is not taken to reduce the inc i dence of  
complaints about poor indoor air qual i ty ,  i t  is l ike ly that the 
frequency and intens ity of complaints will  cont inue and increase . 
Ongo ing interac tions and communication with occupants is essent ial if  
complaints are to  be resolved . 

7 .  A commitment to improved qual i ty of  maintenance and monitoring 
of sys tem performance could s i gnificantly reduce occupant complaints . 
Much o f  this  e ffort can be accomplished by s taff . 

8 .  Large buildings are served by complex control sys tems and 
equipment that are often more intricate than can be effec tive ly 
maintained and adj us ted by owners , managers , or operators as currently 
trained , e spec ially in the face of modi fications in loads or building 
configuration or deter ioration through inadequate maintenance . 

9 .  When measurements are needed by management to ascertain indoor 
air qual ity , or when modifications may be required to reduce 
complaints , profess ional as s is tance or consul tation should be obtained . 
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RECOMMENDATIONS 

The recommendations for action by administrators and pol icy - makers 
follow from the committee ' s  conclus ions and from the material presented 
in the balance of this report . 

1 .  Tes t ing and quantification should be performed to determine the 
e ffec t  of reduced air qual i ty on productivity . 

2 .  Energy management s trategies that could lead to reduct ion in 
indoor air qual i ty should be we ighed agains t the potential reduct ion in 
product ivity that could resul t . 

3 .  Because of the mismatch between the complexity of  current 
building sys tems and the abi l i ty of managers and operators to 
understand , adj us t , and monitor sys tem operation , training and 
education should be developed and encouraged to produce e ffect ive 
accountab i l i ty for the proper management of bui lding systems . 

4 .  Federal and local government agenc ies should build into the ir 
cap i tal budgets the funds required to correct indoor air qual i ty 
problems and to provide adequate operations and maintenance for 
accep table environmental qual i ty .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P o l i c i e s  &  P r o c e d u r e s  f o r  C o n t r o l  o f  I n d o o r  A i r  Q u a l i t y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 8 8 3
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HEALTH AND COMFORT CONSIDERATIONS 

The indoor environment is made up of many factors . The occupants 
o f  a buil ding are the receptors of a complex array of s timul i and are 
directly affected by many of these factors , such as l ight , sound , odor , 
temperature , humi di ty , electrostatic charge , and irritants of  the eyes 
and upper resp iratory passages . The factors that express  themse lves in 
a sensory awareness  are not perceived by all occupants in exac tly the 
same way , and even for an individual occupant the perception of a given 
factor wil l  vary over t ime . As a result i t  is  usually not poss ible to 
identify values for these factors that will be acceptable to all 
occupants .  Factors that are characterized by such an inab i l i ty to 
indicate absolute acceptable values are 

• Those directly affecting indoor air qual i ty - - odors , 
irritants , room temperature , and relati ve humidity ; and 

• Those affec ting satisfaction with the overall indoor 
environment - - l ighting , noise , furni ture and equipment , building 
vibrat ion and motion , crowding and personal work space , and 
psychosoc ial fac tors . 

Many other fac tors are o f  great potent ial importance to health , but 
they escape sensory detection and thus can be present without the 
occupants ' awareness . Examples are airborne or waterborne pathogenic 
micro - organisms , toxic or carc inogenic subs tances,  ioniz ing or 
nonioniz ing e lectromagne tic radiat ion , and radioac t ive subs tances . 
Occupants normally as sume that the ir indoor working environment i s  free 
of these factors . I f  the presence of any of  this category of factors 
is suspected or allege d ,  it  produces legi timate and serious concern 
that is  difficult to deal with , e ven i f  the anxiety has no bas is in 
fac t . 

This l is t  impl icates a number of  important buil ding - related 
factors , such as pr ivacy or the lack o f  i t  as perceived by the 
occupants , and the soc ial environment maintained in i t . I f  the soc ial 
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interac t ions are predominantly of a pos itive and encouraging nature , 
thi s  will have a s trong pos i t i ve modi fying e ffec t  on how the more 
directly bui l ding - related factors will be perce i ve d .  Furthermore , the 
proximi ty and ease of access to important fac i l i ties such as food 
service s , transportation , and shopp ing , or the lack of one or more of 
these i tems , can have an important e ffec t  on the way a building or 
elements of its  environment are perceive d .  

I t  is important t o  emphas ize that a general dissatis fact ion with 
the workplace o ften results in complaints focus ing on indoor air 
qual i ty ,  al though they may be rooted in other factors as well . 

ODORS 

The human sense of smell  is characterized by an extraordinary range 
o f  sens i t i vi ty , be ing capable of de tect ing and recogniz ing a threshold 
concentration as low as 0 . 47 part per trill ion of  hydrogen sulfide gas 
in air , for example , whereas for ammonia gas in air the threshol d  is as 
high as 48 parts per mil l ion .  The mechanisms o f  the sense o f  olfac tion 
and the chemical determinants of odor are very poorly unders tood . 
Neverthe less , odors are a common experience in everyday l i fe and are a 
not - uncommon source of complaint in o ffices or other indoor 
environments to which the public is  exposed .  Occas ionally odors are 
cause d  by a s ingle contaminant , and on such occas ions i t  may be eas iest 
to ident i fy the source and to diminish i ts s trength . The mos t  common 
o dors in the indoor environment will tend to be very complex in nature , 
cons i s t ing of a large number o f  subs tances . Odors of  this type include 
tobacco smoke , human body odor , and the complex odor that emanates from 
a variety of personal grooming produc ts as well as from products used 
for  the cleaning and maintenance of  buil ding surfaces . Outgass ing from 
bui l ding materials is also common . Many people associate unpleasant 
odors with an unhealthy environment . 

Measurement of  odor intens ity is  only feas ible by us ing human 
observers and ins trumentat ion that allows for sys tematic comparison of 
odor intens i ty with the intens i ty of  a known odorant in a known 
concentration . Such psychophys ical methodology has demons trate d in 
cons i derable detail that all odors cause an adaptation : The perce ived 
intens i ty from a cons tant odorant concentration decreases with t ime . 
Such adaptation causes the perce ived intens ity o f  an odor to be reduced 
by a fac tor of  2 to 3 within 6 minutes after firs t exposure . Several 
complex mixtures , such as those found in tobacco smoke , contain both 
o dorants and irritants . A person ' s  perception of an odor will be 
s tronges t  upon first  enter ing a space , but the perce ption of  the odor 
will dimini sh with time . Howe ve r , the irr i tat ion will in fac t increase 
with a prolonge d s tay in the space . 
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There are pronounced differences among indivi duals in the ir 
abi l i t ies  to detec t ,  recognize , and tolerate odors in the ir 
environment . I f  these individual differences are added to the 
pronounce d  difference between vis i tors to a space and long - term 
occupants , i t  becomes very di fficult to pre dict  with any prec is ion how 
a given group of  occupants will react to a complex and t ime -varying 
exposure to odors . 

Removal of odorants occurs mos t  commonly through venti lation (i . e . , 
dilution) with outs i de air . S ince the product ion or release o f  
odorants is  often de termined by the number of  occupants ,  i t  is  common 
to spec i fy the ventilation rate , i . e . , the volume of out s i de air to be 
introduced into the space , in terms of cubic fee t  per minute (cfm) per 
occupant or in l i ters per second per occupant . Research in this area 
indicates that for the control of human body odors it is necessary to 
provide about 6 to 9 c fm of outdoor air per occupant . I f  tobacco 
smoking is permitted and occurs in a space , it is reported that the 
venti lation rate required increases to levels spec ified as 2 to 10 
t imes greater for 80 percent of  occupants and vis i tors to accept the 
indoor air qual i ty without complaint . This range depends on the amount 
and type o f  smoking that occurs . I t  appears that the odor o f  tobacco 
smoke is  not subs tantially reduced by filtering out the smoke particles 
through , for example , an elec tros tatic air c leaner ; furthermore , 
tobacco odor is  qui te s table over time , so dilution or ventilation with 
outs ide air is  the mos t  common and mos t  e ffective manner in which 
tobacco odor can be diminished . 

There is  a complex reac tion to a mixture o f  different odors , and 
the net result appears to be a reduction in the sens i t ivity to eac h of 
the component odorants , resulting in a masking . Purposeful masking by 
adding odorous compounds to the environment is rarely a satis factory 
solution . The addition of  a masking agent does not chemically al ter 
the odorant , and therefore the dose by the odorant is  not diminished . 

IRRITANTS 

Occupants of office buildings and o ther s tructures can experience 
harmful e ffects from exposure to irritants . Typ ical complaints include 
i tching or burning eyes , watery eyes , dry nose and throat , sore throat ,  
sneez ing , coughing , tightness  of the ches t ,  and dry skin . People ' s  
sens itivities to different irri tants vary s i gnificantly . 

Several important sources o f  irritants exis t in buildings . The 
princ ipal sources are discus sed here . 

Tobacco Smoke 

The smoking of cigare ttes , c i gars , and pipes produces environmental 
tobacco smoke ( ETS ) , which is defined as the comb ination of s ides tream 
smoke released directly into the air from the burning core of  tobacco 
and mains tream smoke that is  exhaled by the smoker . ETS is a mixture 
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of gases and fine particles . It contains acrole in , phenols , 
formaldehyde , acetone , and many other compounds with irri tant 
properties . Exposure to ETS can lead to irritation of the eyes , nose , 
throat , and respiratory trac t . In sens i t ive individuals these effec ts 
can be quite pronounced , particularly for those with pre - existing 
health problems such as emphysema , bronchitis , and pneumonia .  

Building Materials and Furnishings 

Outgass ing from such things as paints , adhes ives , sealants , office 
furniture , carpeting , and vinyl wall  coverings is  the source of a 
variety of irritant compounds . The bes t known of these is 
formaldehyde , which can cause irr i tation of  the eyes and upper air 
pas sages . Other compounds include al iphatic aldehydes , s tyrene , 
xylene , e thylbenzene , dichlorobenzene , and trichloroe thylene , to name a 
few . Emiss ion rates o f  these and other hydrocarbons l ike benzene , 
toluene , alcohols , and ketones are highes t  in new or recently renovated 
buildings . 

Indoor contamination can resul t from the breakdown of man-made 
materials used for duct insulation and fireproofing . Exposure to 
mineral fibrous products can cause irri tation of the eyes , nose , 
throat , and skin . These products tend to have an affinity for 
part iculates and b ioaerosols . If the insulation material becomes wet ,  
water - soluble gases  and vapors may accumulate and later outgas 
contaminants that may be odorous or dele ter ious . 

Office Equipment. Supplies.  and Cleaning Pro4ucts 

Ozone , an irri tant of the mucous membranes and the lungs , can be 
produce d  indoors by photocop iers , laser printers , and electrostatic air 
cleaners and o ther high -vol tage electrical equipment . Photocop iers , 
other types of copying machines , and copy papers are also potential 
sources  o f  irri tating hydrocarbon compounds . Organic solvents and 
ammonia from carpe t shampooing have been assoc iated wi th eye , nose , 
throat , and skin irri tation . Bui ldings that are c leaned at night while 
the ventilation is reduced or off can accumulate high concentrations of  
irri tants that only slowly diss ipate in the morning when the 
ventilation is res tored . 

Other Irr i tants 

HVAC sys tem intakes locate d near heavy traffic , parking garages , or 
loading docks can result in contamination of a building space with 
motor vehicle exhaus t .  This may lead to the buildup of  irr i tating 
combus tion - relate d particles and gases , mos t  notably the oxides of  
nitrogen and sul fur . Mold spores (from mold growing in the HVAC 
system) and pol len (brought in from outs ide in the make - up air)  can 
cause allergic reactions . High humi di ty can result in ac tual health 
problems by encouraging the growth o f  mold and fungus . However , 
excess i vely low humi di ty ( e . g . , less than 20 percent ) can also increase 
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suscep t ib i l i ty to air qual i ty problems by  drying the eyes and mucous 
membranes .  This  can result in eye irritation (particularly for people 
who wear contact lenses ) ,  s inus problems , headaches ,  and perhaps an 
increased suscep t ib i l ity to colds and other airborne diseases . 

The occurrence o f  irri tant symptoms cannot always be explained by 
measured concentrat ions of a s ingle chemical substance . Thi s  has led 
some researchers to postulate that , s ince irritants and other compounds 
are generally present in a complex mixture , they may somet imes be 
act ing in comb ination at low levels  to induce symptoms . Moreover , the 
symptoms reported may be cons i stent with mild central nervous system 
depress ion ,  as well  as mucous membrane irri tation , and may partially 
explain the phenomenon described as s ick building syndrome . There is  
some support for this  view from experimental s tudies . 

THE THERMAL ENVIRONMENT 

People have a phys iological and psychological sys tem that i s  
des igned to keep the ir body temperature with in very narrow ranges . The 
deep body temperature is  normally kept at approximately 36 . 5  to 
3 7 . 5 ° C  ( 97 . 7  to 99 . 5 ° F) . The average skin temperature under 
these  c ircums tances is of the order of 3 3 . 0  to 36 . 5 ° C  ( 9 1 . 4  to 
9 7 . 7 ° F) . To maintain these temperatures ,  physiological sys tems 
cause shiver ing and vasocons trict ion in cool environments and 
vasodilation and sweating in warm environments . These phys iological 
adj ustments are perce ived as uncomfortable , and as a resul t they e l i c i t  
behavioral responses t o  counteract them . The behavioral responses 
include modification of  the clothing insulation and modificat ion of  the 
phys ical act ivity by increas ing i t  in the cold and decreas ing i t  in 
environments that are perce ived as too warm . 

The e ffec t  of  a bui lding ' s thermal environment on its  occupants 
depends on the air temperature , the radiant temperature , the air 
veloc i ty , and the humidity . In addition , the individual building 
occupants have different rates o f  internal me tabol i c  heat product ion, 
different body temperatures when entering the building, and different 
levels  of clothing insulat ion . All these factors will modi fy the 
effects of the external parame ters . Because of  nonuni formities  in the 
external parameters in different building locat ions and individual 
differences in me tabolic  rate , the occupants ' surface - to -volume ratio , 
and clothing worn , i t  i s  imposs ible to sat i s fy the thermal pre ferences 
o f  more than 80 to 90 percent of  the occupants under the best of 
c ircums tances (Fi gure 1 ) . 

Figure 2 shows the relationships be tween operative temperature and 
clothing insulation for conditions produc ing equal thermal comfort . 
Operative temperature is der ived from air temperature and radiant 
temperature , and at air speeds of less than 0 . 4  m/s or 80 fpm it is  
approximately equal to the average o f  these temperatures .  In mos t  
indoor spaces the a i r  veloc i ty w i l l  b e  less than 0 . 4  m/s ,  and the 
radiant temperature will  be close to the air temperature . At normal 
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reports in a population exposed to a range of ambient temperatures. 
SOURCE: Indoor Pollutants. Committee on Indoor Pollutants, Board on 
Toxicology and Environmental Health Hazards, National Research 
Council. Washington, D.C.: National Academy Press, 1981.4 

Copyright © National Academy of Sciences. All rights reserved.

Policies & Procedures for Control of Indoor Air Quality
http://www.nap.edu/catalog.php?record_id=18883

http://www.nap.edu/catalog.php?record_id=18883


13 

OPERATIVE TEMPERATURE (°C) 

2.0 18 20 22 24 26 28 

0 ..J 
� 1.5 
z 
0 
� 
� 
::> 1.0 en 
� 
(!' 
z 
% 
1- 0.6 0 
..J 
(,J 

0 
64 68 72 76 80 64 

OPERATIVE TEMPERATURE (°F) 

FIGURE 2. Relationship between clothing insulation and operative 
temperature during light, mainly sedentary, activities. The upper and 
lower limits indicate the levels within which 80 percent of the 
occupants are comfortable. SOURCE: Indoor Pollutants. Committee on 
Indoor Pollutants, Board on Toxicology and Environmental Health 
Hazards, National Research Council. Washington, D.C.: National 
Academy Press, 1981.4 
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indoor temperatures near the comfort range , the relative humidity will 
not have a strong e ffect  on sensations o f  comfort or temperature . With 
all these  provis ions , Figure 2 will give use ful est imates o f  expected 
thermal and comfort sensations and the range that can be achieved by 
adj us tment of clothing insulation . The value of the clothing 
insulation has been defined in clo units . The normal clothing worn in 
the o ffice environment in the summer will have an insulation value of 
0 . 3 5 to 0 . 6  clo , and in the winter this will increase to 0 . 8  to 1 . 2  
clo . With these clothing levels the preferred temperature during the 
summer will  be about 7 5 ° F  ( 2 5 ° C ) , and the preferred winter 
temperature would then be about 7 l ° F  ( 22 ° C ) . In many large 
buildings these temperatures are often reversed due to operational 
factors , with the lowest  building temperatures occurring in the summer 
and the highes t  be ing encountered in the winter . This causes 
additional discomfort for seasonally clothed occupants .  

Mos t  o f  the t ime male occupants will be the first to obj ect to 
indoor environments as too warm , and women will obj ect to indoor 
environments as be ing too cold . In part this is because male clothing 
often has a higher clo value than women ' s  clothing and in part because 
women ' s  responses to cool ing are more intense and occur earl ier than 
men ' s responses , and men ' s responses to heating occur earl ier and are 
more intense than women ' s  responses to the same ambient temperature 
leve l s . 

The usual parameter to regulate and measure is the air temperature , 
and in many cases this is the s ingle mos t  important factor . However , 
the radiant temperature or the air ve loc ity can modify the effect  o f  an 
otherwise acceptable air temperature to make the total thermal 
environment unacceptable in a given location . Examples o f  such 
unacceptable microenvironments may be found in winter near a cold 
window , or at any t ime when solar radiat ion affects an occupant in a 
space at normal air temperature . Cold air discharged from diffusers at 
high veloc i t ies can feel  pleasant under certain c ircums tances but can 
be extremely disagreeable under other c ircums tances .  

The conditions that mos t  frequently cause the operative temperature 
to di ffer from the regulated air temperature arise from the presence o f  
intense radiant fields . I f  direc t sunl ight s trikes an occupant or 
indoor surfaces near an occupant , the radiant temperature and the 
operative temperature for that occupant can be cons iderab ly higher than 
the air temperature . In the winter large windows will  have indoor 
s urface temperatures that fall  about halfway between the outdoor 
temperature and the indoor temperature , and under these conditions the 
radiant temperature near s uch a window can be quite low , thus lowering 
the operative temperature . This  lowering of the operative temperature 
can be aggravated by a s imultaneous cool downdraft near such a window , 
which can further reduce the operative temperature for an occupant 
pos i t ioned close to the window . 
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A s ignificant modification o f  the thermal responses t o  a given 
indoor environment is determined by the immediately preceding thermal 
exposure his tory . When a person who has j us t  experienced cold exposure 
elsewhere enters , there is greater acceptance of a warm environment . 
S imilarly , when a person enters a warm indoor environment after 
s trenuous exerc ise , there is  l ikely to be a lessened acceptance . 

When an indoor environment is  s l ightly too cool or s l i ghtly too 
warm for a given individual , there is  l ikely to be a cumulative change 
in internal body temperature as t ime goes on , which will  ultimate ly 
result in a j udgment of an unacceptable thermal environment . Such 
j udgments are thus more l ikely to occur at the end of a working day 
than at the beginning . Furthermore , i t  is unl ikely that reports of too 
cold an environment will co inc ide wi th reports of s leepiness  or 
exhaus tion , j us t  as i t  is  unl ikely that reports o f  too warm an 
environment will  coinc ide with reports o f  too high a work s tress . 
Complaints about s tuffiness  (which may be confused with poor air 
qual ity )  are much more frequent where high room temperatures and 
humidities  prevail , and complaints about drafts are much more l ike ly to 
occur at l ow room temperatures . 

PRESENCE OF TOXIC SUBSTANCES 

Potent ially there is a very wide range of  toxic subs tances that 
could find the ir way into offices or other pub l ic - access  environments . 
Sporadic or ep isodic introduction of  cleaning and maintenance produc ts 
into the environment can mean a spread o f  cons t i tuent compounds 
throughout the building and its rec irculating air - handl ing sys tem . 
Instal lation o f  new carpets or painting o f  extens ive areas is  l ikely to 
br ing recognition of unfamil iar odors and concern about pos s ible 
toxic i ty . The following discus s ion covers contaminants that are 
present in many buildings to a varying degree - - contaminants that have 
had suffic ient pub l ic discuss ion to become known to a large number of  
occupants . 

Asbes tos 

"Asbesto s "  is  the term used for a group o f  s i l ica-based minerals 
occurring in fibrous bundles . It covers a broad range of  naturally 
occurring minerals that are processed to yield a manageable form for 
use in cons truc t ion ,  ins ulat ion , and fire - retardation materials . In 
the actual processed and manufactured form used in buildings , the 
fibers can be very loosely  bound , as in sprayed- on asbestos insulation 
or asbes tos cloth ,  or they can be very tightly bound , as in 
asbes tos - cement or in vinyl - asbestos tile flooring material . Asbestos 
has commonly been used for fireproofing , thermal insulat ion , and as 
part of p ipes , in floor tiles and coverings , and as insulat ion cladding 
for structural members . In bui ldings in which asbes tos was used , 
exposure to it  is  normally ins ignificant for mos t  occupants except 
where asbes tos s urfaces are de teriorat ing or be ing abraded , thus 
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releas ing asbestos fibers . However , widespread pub l i c i ty regarding the 
problem has resulted in much anxiety about exposure to asbes tos . 

Asbes tos is  is a disease in which the lungs become progress ively 
disabled , with decreas ing lung capac i ty ( total volume ) and function 
( flow rate o f  air into and out o f  the lungs ) .  The overall resul t  is 
that the lungs lose the ir ab ility  to trans fer oxygen into the 
bloods tream . Other nonmalignant effects of asbestos on the lungs 
include plaque formation on the pleura and lung surface fissures . 
Calcium depos its can form " sheaths " envelop ing port ions o f  the lung and 
impairing its funct ion . 

Mos t  lung cancers assoc iated wi th asbestos appear to be related to 
extended indus trial workplace exposure to heavy asbestos 
concentrations . Two maj or types of  cancer appear to occur in subj ects 
with histories o f  chronic asbes tos exposure : mesothel iomas (widespread 
cancers of  the l ining of  the lungs ) and bronchial carc inomas 
originat ing in the bronchi . Evidence also exists that the risk is 
increased when chronic exposures are influenced by  c igarette smoking . 

Formaldehyde 

Formaldehyde and formaldehyde - based products occur wide ly 
throughout the man- made environment . Formaldehyde gas itse l f  is  
pungent , readily detectable by  most  people at concentrat ions wel l  below 
1 part per mil l ion by volume; some individuals can detect i t  at 
concentrations of 0 . 05 ppm . When comb ined with other chemicals ,  
formaldehyde will form res ins that are used as glues and b inders in 
numerous products . When reacted with urea , ureaformaldehyde is  
formed . The addition o f  excess formaldehyde speeds the reaction but 
then allows the excess material to di ffuse slowly out into the 
surrounding air for an extended period . When mixed with a foaming 
agent , ureaformaldehyde foam insulation (UFFI ) is formed . When UFFI is 
manufactured , there is an initial elevated release rate o f  formaldehyde 
followed by an extended period of a lower cons tant rate o f  release of 
the free formaldehyde that is  part of  the UFFI product . UFFI is seldom 
ins talled today but may exist  in some bui ldings . 

Formaldehyde res ins are used as b inders for interior - grade plywood , 
particleboard , and wallboard . Other formaldehyde res ins are used to 
give "wet  s trength" to paper ,  tissues , and cardboards , as well as in 
floor cover ings , carpe ts , and carpet backing . 

Formaldehyde is generally  not toxic in small quantities . I t  is 
el iminated readi ly from the b lood if  inges ted , with a hal f - l i fe o f  1 to 
2 minutes .  At higher concentrat ions ( 15 ppm or more ) , a number of  
chronic e ffects have been noted in animal tes ts and human ep idemiologic 
studies . These include as thma , impaired lung funct ion , and chronic 
respiratory disease . Teratogenic (fe tus -damaging) and mutagenic 
(chromosome -damaging) e ffects are not notable . 
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Formaldehyde causes sens itization reac tions in  humans exposed to  
low doses so that future exposure to  low doses may cause symptoms that 
would normally occur only at higher concentrat ions at first exposure . 
This  type of  reaction is , however ,  l imi ted to a small frac tion of  all 
individuals . Few controlled studies of humans exposed to formaldehyde 
over extended periods of time (more than a few days ) have been carried 
out . Minor resp iratory impairment has been reported in such s tudies . 

Data on human cancer init iated by formaldehyde exposure are sparse and 
often not well  controlled . The Consensus Workshop on Formaldehyde1 

found sufficient evidence to conclude that formaldehyde 1 poses a 
carc inogenic risk to humans . The International Agency for Research on 
Cancer concluded that the evidence in humans is inadequate to j udge the 
human carc inogenic ity . 8  

Radon 

Radon and its immediate radioactive decay products (progeny ) are 
ub iquitous contaminants of indoor air . They are part of a series of 
radioac t ive decays that begin with uranium and thorium,  elements that 
are widely distributed in the earth ' s crus t . Radon is  a chemically 
inert gas , and as such can migrate into buildings . There are a number 
o f  pos s ible sources o f  radon , including the soil , building materials , 
potable water , and outdoor air . Wi th some noted exceptions , the mos t  
s ignificant source o f  radon i n  buildings is  the soi l  s urrounding the 
building subs tructure . While transport of radon from soil  can occur 
through diffus ion and convection , the latter mechanism is generally  
thought to be the more important , at leas t for those  buildings where 
indoor radon concentrations exceed a few p icocuries per l i ter 
( abbreviated pC i/L ; this is  a measure of the radioact ivi ty 
concentration o f  a sample o f  air or water ) . 

In general , radon concentrations in "commerc ial" or office 
buildings are less than those found in s ingle - family res idences , partly 
because o f  the much smaller ratio of surface area in contac t with the 
soil  to building volume . Another difference is the mechanical vent i
lat ion sys tems more commonly found in  office buildings than in  res i
dences . However , l i ttle is known about the distr ibut ion of  radon 
concentrations in office buildings , especially those buildings with 
only one to three s tories that may also have partial or full  basements . 

The health risks assoc iated wi th radon exposure are caused by the 
radioactive decay of  radon progeny . These radioactive isotopes are 
chemically ac t ive and can adhere to surfaces such as airborne 
part icles , room walls , and lung tissue . The decay of  progeny depos i ted 
in the lungs (spec i fical l y  the alpha decay of two of  the polonium 
isotopes ) can cause lung cancer . Based on studies of  lung cancer among 
uranium miners , e s t imates can be made of the lung cancer inc idence 
among the general population resul t ing from e xposure to radon progeny . 
Es t imates range from 5 , 000 to 30 , 000 cases o f  lung cancer annually . 
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Tobacco Smoke 

Indoor exposure o f  nonsmokers to tobacco smoke , termed e i ther 
environmental tobacco smoke ( ETS ) or "pass ive smoking , "  has chronic 
( long- term)  and acute (short - term) e ffects . Nonsmokers exposed to ETS 
are subj ect to s imilar chronic e ffects as smokers but at a reduced r isk 
corresponding to their lower exposure . As noted in the earl ier section 
on irritants , many of the contaminants in tobacco smoke are gases and 
vapors ( e . g . , carbon monoxide , nitrogen oxides , nicotine ) ,  but a 
s ignificant portion o f  the smoke is also made up of  particles of  
various s izes . The dynamics o f  particle inhalation and retention in 
the human respiratory system are strongly dependent on the s ize of the 
particles . 

The e ffects o f  ETS can include phys ical irri tation o f  mucous 
membranes of the eyes , nose , and throat . Because of the large variety 
o f  combustion products making up both mainstream and s ides tream smoke , 
a great number o f  reac t ions can ensue in groups o f  people exposed to 
such pass ive smoking . Pos s ible long - term health consequences include 
chronic heart and lung disease and respiratory cancer . Although no 
ep idemio logic s tudies have specifically addressed risks to nonsmokers 
in the o ffice environment , there is  some evidence of  an assoc iation 
between pass ive smoking and these diseases in other settings . 

MICRO - ORGANISMS 

Microb ial contaminants in the occup ied spaces of bui ldings may 
cause i l lnesses o f  two general types , namely , those that are allergic 
in nature and those that are infect ive . The extent o f  illnesses caused 
b y  microbial exposure in buildings is  difficult to e s t imate because 
diverse types of  micro - organisms or microbial products evoke human 
responses , exposure occurs in a variety o f  occupied spaces in publ ic 
and commerc ial buildings , and human sens itivity or susceptib i l i ty to 
allergens and infective agents varies enormous ly . Desp i te uncertainty 
over the extent of health e ffects caused by exposure , the impact o f  
some micro - organisms is  appreciable . 4  

Al lergens 

Hypersens i t ivity pneumoni tis , humidifier fever , allergic rhinitis , 
and al lergic as thma are i l lnesses that are caused by exposure to 
airborne allergens . These illnesses are mani fes t  among suscep t ible 
individuals because of  a hypersens itivity response to inhaled particles 
containing viable micro - organisms , nonviable spores , or nonl iving 
c omponents of micro - organisms . In Europe and North America there have 
been numerous reports of  building- assoc iated hypersens i t ivity 
pneumonitis  or humidifier fever . 8 , 7  ,8 Affected individuals 
usually manife s t  acute symptoms such as malaise , fever , shortness of  
breath , cough , and muscle aches , and they experience relief  after they 
leave the building for several days or an extended period o f  t ime . 
These  al lergic respiratory diseases usually occur as a result o f  
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aerosol ization of microb ial allergens from HVAC - sys tem components ,  such 
as humidifiers , air washers , and fan coil  units  that may be contaminated , 
or from o ther building components that have been damaged by recurrent 
floods or moisture . The following microbial agents are but a few o f  
those that have been impl icated i n  the e tiology of  building - associated 
al lergic resp iratory diseases : 

• Acanthamoeba spp . and endotoxins present in stagnant water in 
some humidifiers 

• Thermophil ic act inomycetes ( e . g . , Thermoact inomyces and 
Micropol yspora spp . ) from air washer or water spray sys tems 

• Fungi including Penici l l i um and Aspergi llus spp . present in fan 
coi l  units , filters , and other HVAC sys tem components . 

Micro - organisms that may cause allergic i l lnesses are ubiquitous in 
both the indoor and outdoor environments . The presence of microb ial 
allergens in the indoor environment in sufficient amounts or types to 
cause hypersens i t ivi ty reac t ions in s usceptible individuals is dependent 
on a number of factors , including the type of mechani cal components in 
the HVAC s ys tem as wel l  as the program for maintenance of me chani cal 
s ystems . However , the mos t  important factor affecting microbial 
contamination in the indoor environment i s  the presence of water . Water 
is  required for the amplification of  micro - organisms that may be 
present . In large bui ldings , the HVAC s ys tem may serve to transport 
micro - organisms from the locus of amplification ( or contamination)  to the 
vic inity o f  the sens i t i ve occupants . With regard to assess ing whe ther 
the building itself  is a source of agents caus ing allergic resp iratory 
i l lness , i t  is  important to de termine if  amplification of micro - organisms 
or microb ial materials is occurring indoors , e i ther in the HVAC s ys tem or 
in the occupied space . For nonpathogenic b ioaerosols (e . g . , mos t  fungi)  
this  may be done by qual i tati ve and quantitative comparison of  indoor and 
outdoor microb ial populations . e  

Infec tious Agents 

A large number of infectious agents are potentially transmis s ible  by 
the airborne route . Thus , viruses s uch as those caus ing infl uenza and 
meas les can be infective in the form of  droplets or droplet nuclei . One 
droplet containing Mycobacterium tuberculos is is  all that is  required to 
initiate an infect ion in a s usceptible occupant . Some hosp ital - acquired 
infections oc cur as a resul t o f  airborne e xpos ure;  of  equal or greater 
importance may be contact contamination . Some infectious fungi including 
those caus ing cocc idioidomycosis , his toplasmos is , and crytococcos i s  are 
known to be transmis s ible by airborne spores or by s o i l  particulates 
containing spore s . 

Infections of  these types are very important in hosp i tals and other 
bui lding environments with highly s usceptible  occupant populations . 
However , infect ive agents have only infrequently or rarely been shown to 
cause disease in commercial and pub l i c  bui ldings . 
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One o f  those infrequent but neverthe less prominent examples of 
airborne infection caused by  micro - organisms in buildings is  
legionellosis . For the mos t  part , legionellosis  has been assoc iated 
with infiltration into the building environment of  aerosols containing 
1egionella pneumophila from external sources such as a cool ing tower . 
Some disease outbreaks have been shown to be due to transmiss ion of  
this  bacterium by the HVAC sys tem . Infective micro - organisms may also 
be disseminated into the indoor environment through use of  hot tubs 
( e . g . , dermatitis  caused by Pseudomonas spp . ) ,  whirlpools , and cool 
mist vaporizers . Control of infect ive organisms as wel l  as allergens 
in the indoor environment is bes t  achieved by proper attention to the 
reservo ir or source , amp l i fication s i te , and mode of transmiss ion o f  
the agent . Thus , control of Le&ionella pneumophila aerosol that may be 
entering a building from a cool ing tower is usually brought about by an 
e ffective maintenance program for the tower ' s  water bas in 
( amp l i ficat ion of micro - organism control led) or by attent ion to HVAC 
sys tem make - up air intakes that are near the tower ( transmiss ion chain 
to occupant broken) . 

OTHER ENVIRONMENTAL FACTORS THAT AFFECT SATISFACTION WITH AIR QUALITY 

Lighting 

In al l office environments , natural l i ghting mus t be supplemented 
with art i fic ial light . Many indoor environments have essential ly no 
natural dayl ighting at any time and rel y  comple tely on art i fic ial 
l ight . Proper , des irable , and effective l ighting depends on two 
factors : the quant ity of l ight on the work surface or in ·the overall 
environment , and the qual ity of  the lighting . The quanti ty of l ight 
refers to the s trength of  the light source and the dis tance be tween the 
l ight source and the work surface . The human e ye is able to adj us t to 
a wide range in light intens i ty ,  but e i ther excess ive brightness or 
inadequate light can cause eyes train . 

The qual ity  of  the l i ghting refers to the absence of  glare , 
reflect ions , fl icker , and contras ts and to the spec tral distr ibution of  
the l ight . There may be more l ight ing problems that result from too 
much l ight caus ing glare and reflec tions than from too l i ttle light . 
Windows often contr ibute to problems with glare and reflec tions , 
espec ially for tasks invol ving video display terminals ,  reading , or 
typ ing . Light ing prob lems can cause eyes train that can resul t in the 
same symptoms (such as tear ing or headaches )  as are caused by poor 
indoor air qual ity . Even where the severity of the l i ght ing problem is 
not so  great as to be intolerable , poor l ight ing can reduce the ab ility 
of people to tolerate air qual ity problems affect ing the eyes . 

The e ffect  of no ise  on the perception of air quality  is  indirect . 
Howe ver , no ise can affect the general percep tion of the qual i ty o f  the 
indoor environment. High background leve l s  of no ise can interfere with 
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conversations and telephone use . Intermittent noises can be  
dis tract ing , resulting in  interruption o f  ongo ing work . Low no ise 
levels  or poor no ise control can resul t in conditions where 
conversations are overheard, the resul ting lack o f  privacy be ing 
interpreted as overcrowding . 

Dissatisfaction with the office environment because o f  no ise can 
reduce the tolerance o f  people for all other environmental factors , 
including air qual i ty .  

Furni ture and Equipment 

Furni ture and o ffice equipment can cause a number o f  phys ical 
complaints that increase sens i t ivity to air qual i ty problems . The 
worst problem may be poorly des igned and nonadj us table video terminal 
units that can cause muscle s train and cannot be moved to e l iminate 
glare . The resulting headaches and eyes train can add to the symptoms 
result ing from air pollution and thereby decrease people ' s  tolerance 
for other environmental problems in the office . 

Crowding and Personal Work Space 

Air qual i ty complaints can result from an increase in the number of  
people in a work area . Effects can include an increase in the source 
of  body odors (which is  why the ASHRAE ventilation s tandard spec ifies 
the minimum level o f  outdoor air per person) , increased thermal loads 
with resul ting increases  in temperature , decreased flexib i l i ty in 
furni ture arrangement and the abi l i ty to reduce glare , and general lack 
of privacy . Even more important may be the conc lus ion by workers that 
they are not valued as employees because the management is  impos ing 
poorer working conditions on them . The result ing general 
dissatisfac tion with the j ob environment may result in complaints about 
any of the environmental factors . 

vibration and Motion 

Low - frequency vibration can be irr itating , and in extreme cases can 
cause numbness . Motion such as that resulting from the swaying o f  
high - rise buildings can cause fatigue because of  the neces s i ty for 
constant compensatory exertions and can cause symptoms of mot ion 
s ickness such as nausea and headaches .  These symptoms , if mild , can be 
mis taken for the resul ts of poor air qual i ty and can increase 
suscept ib i l i ty to air quality problems . 

Psychosoc ial Factors 

Air qual i ty is  only one o f  a large number of  interrelated factors 
that affect j ob satisfaction . In some cases , such as maj or asbestos 
problems , the presence of  disease organisms , or high levels o f  
allergens , a i r  qual i ty may directly affect human health , but complaints 
are more l ikely to arise from discomfort or anxiety about heal th 
effects than from ac tual s ickness . More common is  the case where air 
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quality is only one of a number of causes of dissatisfaction with the 
j ob environment . Whether the workers complain about air qual i ty 
( rather than some other environmental factor) depends on a number of 
factors , including mot ivation and overall j ob satisfaction , control 
over working conditions , respons iveness of the management ( and feared 
penalties for complaining) , the relative importance of air qual i ty on 
the l i s t  of environmental problems , and a consensus that air qual ity is 
the important problem . 

Air qual i ty problems will be more tolerated by people who have 
control over temperature , air flow rates , furni ture placement, 
l ighting , etc . , and if there are no sens itiz ing problems such as glare , 
no ise , or lack of privacy . 

I t  is more l ikely that there will be complaints about air qual ity 
i f  they are addressed to a respons ible person who cannot retal iate , 
such as the bui lding management , instead of one ' s  boss . Also , i t  is  
more l ikely that there will be complaints about air qual i ty when media 
attent ion on " air qual ity problems " develops a consensus among a group 
of people on the relative importance of this is sue . Air qual i ty is 
more l ike ly to become an is sue when the complaints are rej ected . 
Responding pos i t ively to complaints can increase feel ings of self-worth 
and tolerance to minor problems . 

Air qual ity complaints are almost always exacerbated as a result of  
squeez ing more clerical workers (who have no control over the ir j obs or  
working conditions ) into less space , a management that is  not 
respons ive to the whole range of j ob - related problems , and a management 
that directs complaints about air qual i ty to a third party , such as the 
building manager ,  who cannot re tal iate agains t the complainers . 

THE LIMITS OF TECHNOLOGY 

The mos t  difficult air quality problems occur in buildings where , 
by all commonly used obj ective measurements ,  the air does not contain 
any contaminants that present a heal th risk to the workers or can 
account for the ir complaints . In these cases , factors other than air 
qual i ty must be cons idered . The following represents a typ ical 
s i tuation : 

A large building is  occupied by several government agencies , and 
certain areas are devoted to clerical work . Over the pas t several 
years , the amount of  work has increased , result ing in additional 
people be ing hired and be ing added into the clerical area by moving 
the desks closer together . In addi tion , extra file cab inets have 
been ins talled , and many of  the desks now have computer terminals .  
Because the work continues to increase , the supervisors are 
experiencing pressure to improve productivity . 
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From the viewpo int of  the clerical workers, the j ob conditions have 
become more crowded , hotter, s tuffy , and s tres s ful . The computer 
terminals were installed on existing desks , and there is glare on 
the screens and the chairs j us t  don ' t fee l  right . The supervisors 
are not sympathetic because there is  pres sure on them to get the 
work out and no money in the budget to make any changes . General 
j ob dissat i s fact ion is increas ing, and complaints increase . S ince 
the l ine supervisor can ' t solve the problem, blame may shift to the 
building management . Attention is particularly l ikely to be 
focused on air quality if there is a c lus ter of colds or o ther 
addi t ional s tress , such as a worker who smokes or wears heavy 
perfume . 

By general consensus , there is now an air quality problem . 
Obj ective measurements wil l  show that certain areas are too warm and 
get less air movement than spec ified by ASHRAE s tandards , and they may 
find somewhat elevated levels of  carbon dioxide and perhaps o ther 
irritants . Rebalanc ing the air system wil l  reduce these local 
variations and may bring the ventilation up to ASHRAE requirements , but 
this may not render the workplace acceptable to the workers if 
psychological and soc ial factors are not adequately addressed . 

The problem has become use ful to the workers as a soc ial focus . I t  
has brought the workers together with a common problem , and t o  the 
extent that the ir complaints are addressed , it has amel iorated the ir 
fee l ings o f  individual and collective helplessness . 

The variab i l ity in occupant response places a l imit on the abi l i ty 
to sat i s fy all occupants of  a zone . There will always be a smal l 
fraction o f  workers who can val idly complain i f  they are so motivated . 
For example , research indicates that conditions required to satisfy the 
maximum percentage of  occupants will s t i l l  resul t in 5 percent o f  the 
population not be ing sat i s fied . These people are the nucleus upon 
whose complaints attention can be focused . I f  the conditions 
s timulating such focus ing are not addressed , no amount of adj us tment of  
the air -handl ing sys tem can cure the bas ic problem . However , failure 
to respond directly to complaints about indoor air qual ity wil l  as sure 
that the complaints will continue . 2  
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PROCEDVRES FQR DEALING WITH INDOOR AIR QUALITY PRQBLEHS 

Sources or causes of  indoor air qual i ty problems may be s imple or 
comp lex . An outl ine of  procedures for deal ing with such problems mus t 
therefore recognize a wide range of  poss ible  tac tics , only a few of  
which may need to be employed in a given bui lding s i tuat ion . 

This chapter sets out an approach for solving indoor air qual i ty 
problems in buildings . Firs t ,  a means for recogniz ing the problem is 
described , broken into the two maj or areas of l ikely professional 
act ivity - - architecture and HVAC engineering . This is followed by two 
sections concerned with problem evaluation- - evaluation of  sys tem 
performance , and comparison with existing conditions . To ass i s t  in 
this evaluation , the next section covers s tandards and criteria that 
apply to the indoor air qual ity area . Finally , some recommendations 
are o ffered to help in determining if a problem- solving e ffort mee ts 
the appl icab le criteria . 

Much o f  what is discussed in this chapter will sound famil iar to 
those who work with buildings . In many ins tances good des ign prac tice , 
good cons truc t ion prac t ice , and good operation and maintenance prac tice 
are j us t  what is needed to assure good indoor air qual i ty .  We have 
selec ted and emphasized the pract ices that are particularly important 
in the area of indoor air qual i ty and have accompanied these with 
numerous recommendations , guide l ines , and criteria that have been 
developed from recent indoor air qual i ty research . In comb ination , 
this gives as current a level of  guidance as can be offered . 

ARCHITECTURAL CONSIDERATIONS 

The s tructure , performance , and evaluat ion of existing buildings 
has been described by the Building Research Board ' s  publ ication , 
" Building Diagnos tics : A Conceptual Framework" . 1 0 

Phys ically , a building is made up of  a load-bearing s truc ture , an 
enclosure or shell  that separates the building ' s  interior from the 
external environment , an interior space , and a variety of service 
sys tems . The load-bearing s tructure cons ists o f  the foundat ion , frame , 
load-bearing columns and walls , beams , girders , trusses , e tc . The 

2 5  
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enclosure cons is ts o f  the roof and exterior walls  (both above and below 
grade ) and such o ther features as exterior windows and doors , 
balconies , e tc . The interior space is  the usable space within the 
bui lding . I t  is the space actually available to the building ' s  
occupants for the ir act ivities . I ts configuration is  determined by the 
interior walls , floors , and ce il ings , and it contains furnishings and 
equipment ( furniture , machinery , carpets , drapes ,  l ighting , traffic and 
no ise barriers ) that give it  definition .  A portion o f  this space is  
used to house elec trical wiring , ventilation ducts , plumb ing , elevator 
shafts , and o ther elements of the building ' s  service systems . These 
sys tems serve both to maintain the desired environment within the 
interior usable space and to provide the fac i l ities , services ,  and 
amenities needed to support the building ' s  activities . 

There are performance characteris tics assoc iated wi th each of  these 
building elements . For example , 

• The exterior enclosure ( outer shell ) must  not permit 
excess ive passage through it  o f  air , water , heat , or no ise . 

• The interior environment ( temperature , humidity , air 
movement , air qual i ty ,  illumination , no ise ) mus t be appropriate to the 
act ivi t ies conducted within the building . 

• There mus t  be fac i l ities and services (heating , air 
condi tioning , electric power , communications , water , was te disposal , 
fre ight elevators ) necessary for the building ' s  act ivi t ies , and the 
sys tems providing these services mus t function properly . 

Performance characteristics in these different areas cannot be 
treated independently of  each o ther for two reasons . Firs t , they are 
related in a complex manner through the ir phys ical , phys iological , 
psychological , soc iological , and economic impl ications . Phys ical 
impl ications have to do with s tructural s trength , res i s tance to forces , 
chemical interactions , etc . Phys iological impl ications pertain to the 
phys ical health and safety o f  the building occupants and the need to 
protect bas ic bodily functions - - see ing , hearing , breathing , feel ing , 
moving , e tc . - - from such conditions as fire , bui lding collapse , 
poisonous fumes , high and low temperatures , and poor l i ght . 
Psychological impl ications have to do with supporting the building 
occupants '  mental heal th through appropriate provis ions for privacy , 
interaction ,  clarity , status , change , comfort , e tc . Soc iological ( or 
sociocul tural ) cons iderations involve supporting the well -being of  the 
communi ty within which the individuals act and relating the needs o f  
individuals t o  those of  the group . Economic impl icat ions affect the 
allocation o f  resources in the mos t  effic ient manner to serve user 
needs . 

Second , in trying to fulfill one set o f  performance requirements , 
s ide e ffec ts may arise that imp inge on the fulfil lment o f  another . A 
ce i l ing l ight fixture may give forth heat and no ise as well as l ight . 
The ventilation rate chosen to achieve acceptable air qual i ty may 
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adversely affect thermal and acous t ic comfort .  Although a particular 
building component may provide adequate performance in one context, i t  
may fai l  i n  others . 

An important and val id aspec t  of  an exis ting building ' s  performance 
is the aes the t ic express ion (both externally and internally) of the 
functional requirements and aspirations of those who developed i t . 
Among o ther things , satisfactory performance in aesthetic express ion 
contributes to the users ' sense of appropriateness or " rightness "  of a 
building to mee t  performance requirements .  Such appropriate aes thetic 
express ion is  as val id for an Army barracks as i t  is  for a courthouse,  
although the des ign result may be vas tly different . Aes thetics is  not 
sugges ted here as a charac teristic that directly bears on indoor air 
quality issues , but i t  is  an important aspect  o f  a building that may 
interact ively relate to building elements as sociated with indoor air 
qual i ty problems or to the building users ' sense of  sati s fact ion with 
the work environment . 

One area of  specific interes t  to those concerned with indoor air 
qual i ty is  the contaminant emiss ion rates of  various problem 
materials . This information is  not easy to come by . Many 
manufacturers of  pressed wood panel products , furni ture , carpeting , 
fabr ics , finishes ,  and adhes ives have tes ted the ir products for 
emiss ions . This information is not normally provided to architects or 
building owners , but on large contrac ts it may be pos s ible to obtain i t  
if s trong pres sure is  put o n  the vendor . The Environmental Protec t ion 
Agency currently is  preparing a data base on emiss ion rates for a 
number of  important materials . This information should be helpful in 
making comparative evaluations be tween materials for a given 
appl icat ion . For example,  various types of  particleboard or plywood 
underlayment could be compared for formaldehyde emiss ions before 
spe c i fications are wri tten . 

Emis s ion rates,  however , mus t be used with care because they are 
only one factor in determining potential contaminant impact on an 
occup ied space . Numerous o ther factors must be cons idered , including 
area of the exposed surface as a function of room volume , any 
permeation barriers ( i . e . ,  covering materials such as plas t ic fi lms or 
finishe s ) , and venti lation rate and effectiveness . 

VENTILATION SYSTEM REQUIREMENTS 

For the purposes of this report , it is assumed that building 
sys tems were des igned according to the s tandards that prevailed at the 
time the bui lding was construc ted . An appropriate sys tem should supply 
at all t imes at leas t the minimum quantity of outs ide air for 
vent i lation . For the purposes of  this report , the minimum outs ide air 
quanti ty is  defined as that required by the late s t  edit ion o f  ASHRAE 
S tandard No . 62 or by local code ( i f the agency that owns the bui lding 
chooses to follow the code , al though this  may not be legally required) , 
whichever is  greater . This outs ide ventilation air mus t be properly 
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distributed so that it  is not short - c ircuited t o  the a i r  returns or air 
exhausts without firs t be ing del ivered to the room occupants . An air 
diffus ion performance index (ADPI ) or a ventilation e ffect iveness  rate 
of at leas t 80 percent should function as a guidel ine . An ADPI of at 
leas t 80 percent impl ies that less than 20 percent of the occupied 
space will have thermal draft or air s tagnation . 

The sys tem should provide the proper supply air flow rate to act as 
a carrier and the means for distributing the outdoor air used for 
ventilation ( Figure 3 ) . The impl ications of this requirement are that 
the total air flow rate not only must satisfy the thermal requirements 
of ASHRAE S tandard 5 5 ,  late s t  edition , but also must properly 
distribute the outs ide ventilation air . 

I t  is important that the system employ the proper means of 
filtering out particulate matter that is carried in both components of 
the air suppl ied to the occup ied space - - i . e . , outs ide air for 
venti lation and 
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FIGURE 3 .  Ventilation Sys tem . SOURCE : ASHRAE S tandard No . 62 - 1 9 8 1 , 
Venti lat ion for Acceptable Indoor Air Qual ity . 
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rec irculated air . The system should also  employ proper air cleaning , 
i f  required , of gaseous or vaporous matter that may be carried in the 
out s i de air suppl ied for ventilation and in the rec irculated air ( e . g . , 
act ivated aluminum or charcoal filters ) . 

To minimize the entry of  locally produced contaminants into the 
occupied space , the sys tem should provide local exhausts whenever 
required . These may be standard local exhausts , such as toilet 
exhaus ts and c leaning closet exhausts , or they may in fact be more 
spec ialized exhaus ts , such as fume hood exhaus ts or kitchen range hood 
exhaus ts . The ASHRAE Handbook and the ACGIH Indus trial Ventilation 
Handbook should be used as guide l ines . 

I t  is  important that the location of  the sys tem ' s outside intakes 
minimize the induction of  contaminants such as automot ive exhausts from 
street traffic , bo iler exhaus ts from chimney discharges , fume hood 
exhausts from building internal processes , cool ing tower discharges , 
and exhaus ts from other buildings . The ASHRAE Handbook should be used 
as a guide l ine . S imilarly , particular attention should be given to the 
location of exhaus t air discharges to prevent rec irculat ion back into 
supply air intakes . This wil l  require some explicit  attention to 
prevail ing wind direct ions and air flow patterns that may be created by 
adj o ining s tructures . 

I f  the sys tem requires humidificat ion , the humidification process 
should be l imited to the direct inj ection of  s team .  Furthermore , 
particular attention mus t be paid to the treatment o f  makeup water 
util ized in the s team- generat ing process so that the s team inj ected 
carries with it  no deleterious contaminants or additives . If the 
humidification sys tem installed in an exist ing building is  in fact not 
the type described here and it  is impract icable ( for economic , space , 
or other reasons ) to change the system , the procedures called for in 
the following paragraph become even more important . 

All sys tems should permit ease of  maintenance and operation , and it  
is cruc ial that , once the system is  installed and functioning , there be  
a skilled maintenance staff to operate and maintain the mechanical and 
electrical sys tems properly . Not the leas t of such maintenance 
procedures are those that assure that all water - containing ves sels 
(condensate pans , etc . )  and surfaces are kept clear of  any growth and 
accumulation o f  biological and chemical contaminants .  In addition , i t  
i s  important that the operating s taff unders tand the impl ications for 
indoor air qual i ty of the procedures employed to conserve energy during 
the operating day ( such as early -morning s tartup procedures , 
end - o f - the - day shutdown procedures , and duty - cycl ing procedures ) . 
Building s tartup procedures must be such that they not only provide the 
proper thermal environment when the space is initially occup ied but 
also provide the proper indoor air quality environment . The latter may 
be achieved by flushing the building for a suffic ient length of t ime 
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us ing the maximum amount of  outside air practicably available, as 
l imited by system des ign and the economics o f  operat ion . Also,  indoor 
air quality should not be j eopardized during operating hours by 
excess ive " off periods " for air-handl ing apparatus to save energy or by 
too early shutdown o f  air-handl ing equipment at the end o f  the day . 
ASHRAE S tandard 62 , latest  edition, includes acceptable methods to 
handle these cases . 

I t  is  important that proper attent ion be paid to the des ign, 
ins tallation, and operation of spec ial ized systems that require 
differential pressure control between adj o ining occup ied spaces to 
prevent the migration of room- developed contaminants .  Exp l i c i t  
examples o f  such ins tallations are those commonly found i n  hosp i tals 
and other spec ial ized buildings . Guidel ines may be found in Health 
Resources and Services Administration publ ications . 

I t  is  also important that attention be paid to the proper mounting 
of machinery, the proper selection of duct s izes and pipe s izes,  and 
the proper installation of acous tic attenuators within and around 
ductwork and pip ing so  that the occup ied spaces are not subj ect to 
dis turb ing sound and vibration . Al though noise and vibration do not 
affect air qual ity as such, they nonetheless increase the frequency of 
complaints about the indoor environment . 

EVALUATION OF SYSTEM PERFORMANCE 

Three important concepts in assess ing performance are suitab i l i ty, 
rel iab i l i ty, and flexib i l i ty .  Suitab i l i ty is  a measure of  the degree 
to which a building, a building sys tem , or a component meets user 
needs . Rel iab i l ity is a measure o f  the probab i l i ty that a building 
system or component will continue to perform as intended throughout the 
l i fe o f  the fac ility, given appropriate maintenance and use . 
Flexibil ity is a measure o f  the foresight o f  the building des igner in 
providing for changing functions and occupanc ies during the building ' s  
l i fe t ime . 

Suitab i l i ty has three distinct aspects . The first involves the 
capab i l ity o f  the structure and interior spaces to meet  the s tated 
purpose of the building . The second involves the abi l i ty of a 
building ' s systems to remain functional under antic ipated external 
conditions ( severe winds , earthquakes ,  floods , adj acent excavations ) 
and the capac i ty to integrate harmoniously with its surroundings (not  
only aes thet ically but also  in  terms o f  such soc ial factors as 
transportat ion , commerce, and crime ) . The third aspec t involves 
suitab i l i ty with regard to heal th , safety, and the public wel fare , as 
reflected in laws and regulat ions . 

Rel iab i l ity depends primarily on the adequacy o f  the des ign, the 
appropriateness of  the cho ice of  materials and cons truct ion techniques , 
the qual i ty with which bui lding components are manufactured and 
assembled , and the diligence with which the building is maintained . 
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Flexib i l i ty depends largely o n  the foresight of the des igner in 
antic ipating trends that might require changes in the building ' s use or 
in the way in which i ts intended act ivities  are carried out . 

The suitab i l ity of a building ' s air diffusers , for example , depends 
on the total air flow rate they provide , the ir location wi th respect to 
ce i lings , floors , walls , windows , furniture , and partitions , the 
occupant dens i ty and occupant act ivities at various times of day , the 
temperature of exter ior surfaces , and the diffusers ' interference with 
acous tic and l ighting comfort . The rel iab i l i ty of the air diffusers 
depends on the qual i ty of  the ir components - - vanes and dampers - - and the 
maintenance e ffort that can be reasonably expected , including cleaning 
schedules , e tc . The flexib i l i ty ,  or adaptab i l ity ,  of the air di ffusers 
re flects the level of  e ffort and resources  necessary to sus tain 
suitab i l i ty when the activit ies carried out in the building change . 
New act ivit ies may require different phys ical arrangements of  walls , 
partitions , and furniture , different occupant dens it ies , or different 
work act ivities ( e . g . , use of video display terminals ) , all of which 
may lead to different requirements for air diffusers . 

To achieve overall acceptable performance , therefore , i t  is 
necessary firs t to resolve confl icts and set  priorities based on the 
use to which the building is to be put . Then cho ices mus t be made 
us ing performance evaluation techniques that cons ider the complex 
interrelationships that ar ise in the spec ification , ins tallation , and 
use o f  different materials , components , and sys tems within the 
building . 

Finally , the availab i l i ty of  resource s  ( financ ial , technical , and 
material ) imposes another layer of  requirements , establishing l imits of  
feas ib i l i ty alongs ide the l imits of  acceptab i l i ty .  Dec i s ions mus t be 
tempered by a ful l understanding of  the need to manage resources  over 
time , evaluating allocations for ini t ial outlay , operating costs , 
maintenance costs , eventual replacement or convers ion costs , and 
assoc iated personnel costs . More spec ifically , the following procedure 
is recommended for assess ing the architectural aspects of bui lding 
performance that may bear on indoor air qual i ty .  

Firs t , cons ider some key factors from the recent his tory of 
bui lding cons truc tion prac t ices . The proj ect be ing examined may date 
from a period of t ime when certain construction pract ices that can 
affect  indoor air qual i ty were common . A proj ect may contain building 
wings or levels  of different age or maj or remodel ings that were done at 
different t imes . A few characteri s t ics to note are these : 

• Asbes tos - - Originally introduced as pipe and boiler 
insulation , with maj or use in the 1930s , asbestos was also ins tal led 
for fireproofing from 1 9 5 8  to 1972 , when its  installation was banned . 
Vinyl asbes tos tile  was introduced after World War I I  and continues to 
be used . 
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• Formaldehyde - - The use of formaldehyde began during World War 
I I  and continues today . I t  i s  heavily used in particleboard and 
plywood and was formerly used in ureaformaldehyde foam insulation . I t  
i s  also used in fabrics , fiberglass insulation , and ce il ing tiles . 

• Plas t ics - -With the except ion of cellulose - based plas t ics  
( infrequently used in building construction) , mos t  plas t ics  also appear 
no earlier than the World War I I  era . The increase in general use has 
been great , but use in bui ldings has lagged behind general 
appl ications . Early difficul t ies ( 19 50s and 1960s ) were experienced 
with the fire properties , particularly of suspended ce il ing panel s  and 
carpe ts . 

• Tight buildings ( low infiltration rates ) - - Improved qual ity of 
cons truc t ion ,  including better window gasket ing and better caulking and 
seal ing details , s tems from the late 19 70s . 

• Low ventilation rates - -Rates of ventilation as low as 5 cfm 
per person were allowed by ASHRAE Standard 62  in 1 9 7 3 . 

Second , review the building ' s  his tory . Obtain as much of the 
original ( as -bui l t )  documentation on the building as pos s ible , 
including drawings , specificat ions , shop drawings , and operation and 
maintenance manuals . Recons truc t the changes that have occurred up to 
the present t ime , inc luding additions , maj or remode l ing , and 
s i gnificant maintenance change - outs . A number of areas and key points 
should be checked : 

• Room use - - Are rooms properly des igned for the intended 
funct ion? Measures include occupant dens i ty ( floor area per person) ; 
work s tation arrangement ( graphic s tandards , GSA guidelines , etc . ) ;  
proportions ( a  very subj ective measure ) ,  such as low ceil ings or a 
space that is too narrow ; and tasks ( are new tasks be ing performed in 
the space that differ from those planned for in the original des ign? ) .  

• Adj acenc ies - -Are walls ,  ceil ings , and floors properly 
des igned to give adequate separation of activities to control 
temperature , air movement , odors , noise , l ight , vibration , etc . ?  Are 
c irculation paths adequately des igned to provide appropr iate separation 
of occupanc ies ( e . g . , ves t ibule entries to outdoors , to dusty areas 
such as shops , or to print rooms ) ?  

• Fire protec tion- - Have partitions or fire walls been added? 
Has exiting been changed? Have materials or ventilation sys tems been 
changed? 

• Building structure - - Is  the structure the source of indoor air 
contaminants ( e . g . , pentachlorophenol preservative - treated wood 
s tructures ) ?  Does the s truc ture allow unaccep table vibration or 
movement ( sway ) or produce or allow unacceptable no ise condit ions 
(whis tle , vibration , wind creak) ? 
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• Building envelope - - Have windows been sealed up or replaced , 
thereby reduc ing infiltration? (This may indicate a need for increased 
mechanical ventilation . )  Have windows or doors been removed and 
replaced with sol id wall  material ? (Again , additional ventilation may 
be required . )  Have windows or doors been added , affecting 
infiltration? Have opaque walls been changed , with added insulation or 
recladding? Has the roof been changed , with insulation added , etc . ?  
Are there any recently ins talled caulks or sealants that could be the 
cause o f  emiss ion problems ? 

• Inter iors - - Have internal openings been made for doors , ducts , 
p ipes , wir ing , or other purposes that could contribute to indoor air 
qual ity problems ? ( Such openings can be the pathway for dus t ,  dirt , 
and vapors from other spaces . )  Have floors been altered , such as new 
raised floors , new underlayment with sheet flooring , or new carpeting? 
( Particleboard underlayment may be a source of formaldehyde emiss ions , 
and carpet adhes ives can also be the source of  emissions . )  Have walls  
or partit ions been added or altered with forms of  construction that 
could introduce problem emissions ? (Numerous materials should be 
reviewed : panel ing of  particleboard , plywood , plastic surface 
coverings , paints , adhes ives , gaskets , sealants , insulation , and 
fabrics . )  Have ceil ings been altered or added? ( I tems of interes t  are 
ce i l ing tiles and insulation materials . )  

• Furnishings - - Have new furnishings been ins talled? (Aspects 
to cons ider are particleboard , fabrics , plas tic surfaces , adhes ives , 
finishes . )  

Once the architectural aspects of the bui lding performance are 
assessed , the next step is to address spec ific conditions that concern 
indoor air qual ity .  To begin , there should be a review of  the des ign 
drawings and spec i fications to verify that the performance methodology 
outl ined earlier is met by the des i gn .  There should be a review of the 
shop drawings and/or the as -built  drawings to veri fy that these 
drawings , in fact , comply with the design drawings . 

Particular attention should be given to the zoning arrangements to 
ensure that control action on any given zone , al though satisfactory for 
that particular zone , will not have detrimental effects on any other 
zone . This requirement is dis tinct from pressurization and smoke 
control . Also , particular attention should be given to the schematic 
layout and control arrangement for all variable - air-volume (VAV) 
sys tems to ensure that the performance characteristics wil l  be 
maintained under low load conditions . Particular attention should be 
given to the population loadings in the various zones within each air 
supply sys tem to avo id lack of  proper ventilation in heavily populated 
areas and to ensure that outs ide air ventilation is properly 
distributed wi thout us ing excess ive energy to heat or cool sparsely 
populated areas . 
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The appl ication of water- source heat pumps should be examined 
carefully . I t  is cruc ial that these be ins talled so that there is  
proper dis tr ibution of both outside ventilation air  and total air  and 
so that the environment wil l  not be acoustically obj ectionable . Unless 
such systems are designed and installed with great care , the des ired 
results will not be achieved . 

Careful attention should be given to the appl ication of 
" load - shedding" procedures when used to achieve cos t  savings by " peak 
shaving . "  Peak shaving is  a term used to mean the reduction of utility 
(usually electr ical ) short maximum- demand load conditions when such 
conditions result in inordinate billing as a result o f  existing rate 
s tructures .  The peak shaving is achieved by load shedding , a procedure 
by which selected p ieces of equipment are arb itrarily shut off when 
sys tem demand loads reach high peak conditions . I t  is important that 
load- shedding routines be set so as not to result in unsatisfactory 
indoor air qual ity or thermal discomfort . 

COMPARISON WITH EXISTING CONDITIONS 

Once a review of the des i gn drawings and spec ifications is  
completed , there should be  an on- s ite inspection of the actual 
conditions to ver i fy that the ins tallation is in fact cons is tent with 
the des ign ,  that the actual use of the space is  cons is tent with that 
for which it was des igned , and that proper maintenance and operating 
procedures are be ing observed and followed . 

In certain c ircumstances , the performance of  appropriate 
measurements may be required to confirm or elaborate on the findings of 
a walk- through inspection . Two types of measurements are usually 
made - - environmental and HVAC sys tem performance . Methods assoc iated 
with the two types of  measurements and selected for discus s ion here 
have been chosen on the bas is of the ir sens itivity , spec ific i ty ,  
accuracy , precis ion , rel iab i l i ty ,  s implicity ,  amenab i l i ty to field use , 
widespread use , and cost . The methods selec ted are also nonintrus ive 
and can be e i ther pass ive or active ( active methods require the use o f  
anc illary equipment such a s  a i r  pumps ; pass ive methods do not ) . 
Emphas is is  placed on the inherent difficulties to be expected during 
monitoring in the indoor environment and those assoc iated with 
interpretation of  results . I t  should be noted that these tes ts can 
also be quite expens ive . 

Thermal Fac tors 

Thermal comfort is a func tion of several variables , inc luding air 
temperature and veloc i ty , humidity , radiant temperature , occupant 
ac tivity level , and the insulation provided by clothing . Measurement 
of the qual ity of the indoor thermal environment is often accomp l i shed 
with a thermal comfort meter - - in essence , a portable , battery -powered 
ins trument that senses environmental condit ions via a transducer and 
yields operative temperature readings . Two parame ters are 
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preset - - namely , the thermal insulation o f  c lothes , expressed in clo units , 
and the act ivi ty level , expressed in met units . Both values are esti 
mated . The meter comb ines all fac tors , and it  can be read direc tly or 
recorded . The measurements provided are values of operative temperature - 
that is , the value of air temperature that would result in the same heat 
loss from a person by convection and radiat ion as in the actual environ
ment if air temperature and mean radiant temperature were equal . In 
essence , the me ter integrates the influence of air and mean radiant 
temperature . The stated prec is ion for these ins truments is ± 0 . 2 ° C  
for operative temperatures ranging from + s a c  to + 40 ° C . Some 
meters also provide other thermal comfort indices that may be use ful in 
performing this  assessment , such as the predicted mean vote ( PMV )  and the 
predicted percentage dissatis fied ( PPD ) . 

At air speeds of less  than 0 . 4  m/s or 80 fpm and in the absence of 
radiant fields such as those  generated by direct sunl ight or cold surfaces 
(noninsulated windows ) ,  air temperature tends to approach operative 
temperature . In mos t  indoor spaces the air veloc ity will be less  than 
0 . 4  m/s and the temperature will  be above the operative value . The 
ASHRAE -ANSI S tandard 5 5 - 1 � 8 1  and Chapter 8 of the ASHRAE Handbook ( 1985 ) 
describe details of the measurements and calculations that should be made 
in ins tances of nonuniform environments and the quantitative assessment of 
such environments . 

S ince humidity can also affect the heal th and wel l -be ing of building 
occupants , it is usually measured along with operative or air 
temperature . I ts measurement is relatively s imple and is accomplished 
with a psychrome ter or a thermohumidigraph . 

Organic Contaminants 

Organic compounds have many sources in the indoor environment and vary 
wide ly in phys ical and chemical properties , in chemical and photochemical 
reac t ivity , and in concentrat ion . As a group they are not amenable to the 
use of a s ingle universal monitor ing approach . 

Volatile organic compounds such as toluene and trichloroe thylene can 
be sampled on sorbent material with an air pump . The sorbent se lected 
will depend on the chemical and phys ical properties of the air contaminant 
samples . The subs tances collected are desorbed e i ther thermally or with 
an appropriate solvent and are analyzed by gas chromatography or by gas 
chromatography- mas s spec trometry . The latter method provides a pos itive 
ident i fication of a targe t subs tance . Volatile organic compounds can also 
be moni tored on- s ite with a portable gas chromatograph or photo ionization 
detector . However , these ins truments are rather sophisticated , the ir 
cal ibrat ion is difficult , and they are relative ly expens ive . 

Less volati le organic compounds such as polyaromatic hydrocarbons 
( PAHs ) and polychlorob iphenyls ( PCBs ) require a di fferent sampl ing 
approach because mos t  of these compounds can exist  as both particulates 
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and vapor . The collection o f  both is usually accomp l i shed with a glass 
or membrane fi lter fol lowed by a sorbent . The analytical procedure is  
s imi lar to that described for the volatile organic compounds . 

Interpretat ion of  the results is invariably difficult because 
organics are present in large numbers indoors at concentrations that 
rare ly exceed the parts - per - b i l l ion range . Several approaches have 
been used . Targe t compounds representative o f  their c las s - - e . g . , 
toluene for aromatic hydrocarbons - - or important sources such as 
nicotine for tobacco - smoke - related organics have been s ingled out for 
measurement . Alternatively , an estimate of the total organic fract ion 
can be made . For several reasons , both approaches are less than 
satis fac tory , but they can provide data that can be compared to those 
collected in reference spaces and outdoors . 

Several gases are found in the indoor environment of  modern office 
buildings , and the main source for some of  them is outdoors . These 
gases  inc lude carbon monoxide , carbon dioxide , nitrogen dioxide , ozone , 
and radon . 

Two o f  these gases - - carbon monoxide and carbon dioxide - - are 
amenable to s imultaneous monitoring on a continuous bas is with an 
infrared analyzer equipped with long - path opt ical cells . The analyzer 
is based on the absorption o f  infrared radiation at a wavelength 
spec i fic for each gas . The ins trument requires infrequent cal ibration 
and has the requis i te sens i t ivity for al l gases . 

Al ternatively , all gases , including ni trogen dioxide and ozone , can 
be  measured individual ly on a continuous bas is with dedicated 
ins truments . Thus , carbon dioxide and carbon monoxide can be monitored 
with nondispers ive infrared analyzers . Ozone and nitrogen dioxide are 
measured with instruments based on the princ iples of 
chemi luminescence . Carbon monoxide and nitrogen dioxide are also 
moni tored with electrochemical analyzers . These ins truments can detec t 
the gases at concentrat ions of concern for indoor air qual i ty 
evaluations . They are portable , rugged , and s imple to use and have 
fast  response time and few interferences .  One maj or disadvantage is 
cos t , which may be prohib i t ive . 

Formaldehyde 

Mos t  sys tems available today to moni tor formaldehyde , e i ther 
ac t ively or pass ively , are based on the chromo tropic ac id method for 
sampl ing . The ac tive sampl ing procedure requires the use of  glas s 
imp ingers fi lled with an absorb ing solut ion ( 1  percent sodium 
b isulfite )  connec ted to an air pump . A pass ive sampler based on the 
same princ iple is also avai lable and yie lds comparable results . The 
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reported accuracy for these methods is ± 1 5  percent . However , the 
method does have analyt ical and sample preservation problems . 

An alternative continuous monitoring instrument is available that 
is based on a modified Schiff procedure . The minimum detection l imit 
is 10 ppb - - i . e . , about one - tenth of  the odor recognition threshold- - and 
i t  has an accuracy of  5 percent ful l scale . However , cost may be a 
problem . 

Particulate Contaminants 

Particulates in the indoor environment may be monitored 
gravime trically or by count ing . In view o f  the relatively small amount 
o f  particulates usually present indoors , the common gravimetric 
practice of collecting the dus t on prewe ighed filters with an air pump 
is not advisable . Continuous monitoring instruments operating on the 
bas is of the p iezoelectric effect  and giving results directly in 
micrograms of resp irable dus t per cubic meter would be more useful . 
However , this technique does not provide an analys is of  the 
distribut ion of  particle s izes . 

An alternat ive approach is  based on the collection of  the particles 
on a membrane f i l ter and the ir subsequent count ing by opt ical or 
electron microscopy . The results are reported as number of  particles 
per uni t  volume of air . Asbes tos fibers are monitored in this 
fashion . This approach at best affords a crude characterization o f  
particles into fibers and nonfibers and can further allow the ir 
characterization as to s ize . The collection of  dus t samples on filters 
has a dis t inct advantage in that i t  allows the chemical 
characterization of partic les directly on the fi l ter by X- ray 
diffract ion spectrometry . 

Ins truments are available that continuously monitor particles on 
the bas is of s ize and report the results as number o f  particles per 
s ize clas s i fication . The ins truments use the princ iple of l i ght 
scattering to achieve these measurements .  

The gravimetric approach is  distinctly favored when results are 
interpreted , s ince most s tandards available for the indoor environment 
are at present expressed as micrograms per uni t  volume of air . 
However , as mentioned earl ier , this approach does no t allow the 
characterizat ion of  the particulate . A comb ined approach would 
probably be des irable . 

Biological Agents 

At present there is no consensus as to the most  appropriate manner 
to sample micro - organisms . Some me thods favor the sampl ing o f  only 
so - called viable particles , the most  widely used technique be ing the 
" settling plate " method , in which a dish o f  culture medium is set out 
uncovered for a certain period of time . However , this method does not 
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collect representative samples (heavier particles are overrepresented) ,  
and i t  i s  not quanti tative . A large number of cultural sampl ing 
devices are available that separate the particles as to s ize . However , 
viable samp l ing , even under the best conditions , can underestimate 
actual levels . Furthermore , only l iving organisms are taken into 
account , and for hypersens itivity conditions viability is probably not 
important . 

An alternative approach uses particulate sampl ing , as described 
earl ier for particulate matter , fol lowed by a visual assessment . 
However , this approach is l imited to particles such as fungal spores 
that are morphologically recognizable , and this is enormous ly 
res trictive . 

The monitoring o f  biological agents has a further compl ication in 
that , even if one were to obtain reasonably accurate and representative 
results , there are at present no available norms on which to base an 
interpretation of  the results . For these many reasons , the ACGIH has 
recently recommended that biological agents be measured in indoor air 
only when medical evidence indicates they are present . 

Radon progeny can be sampled e i ther ac tively or pass ively . For 
ac tive sampl ing , a membrane filter and a battery- operated air pump are 
used to collect particulate matter to which the radon progeny are 
attached .  After a certain time has elapsed ( determined from Kunetz 
factors ) ,  the filters are counted wi th a radon detector , essentially an 
alpha scint il lation counting chamber . The counts obtained are related 
to p icocuries per l iter ( pC i/L) , and these in turn are reported as 
working levels  (WL) ; 0 . 03 7  nuclear transformations/second/liter - 1 
pCi/L , and 1 WL - 100 pCi/L . 

Pas s ive sampl ing is  accomplished with commerc ially available 
pass ive moni tors and canisters that contain material sens i tive to alpha 
particles emitted by radon and its progeny . These integrate exposure 
for days , months , and even for a whole year . The monitors are returned 
to the manufacturer for determining the total radioactivi ty to which 
they have been exposed . The prec is ion of  this technique is  ± 10 
percent for 0 . 02 WL per month . 

Bo th active and pass ive sampl ing are s traightforward and require no 
spec ial training . The interpretat ion of  results presents no particular 
difficul ty . 

HVAC Sys tem Performance 

Heating , ventilating , and air conditioning prac tices that can cause 
building occupant s tress inc lude , but are not l imi ted to , air 
contaminant migrat ion between areas , poor air distribut ion , exhaus t air 
re - entrainment , micro - organism build-up in HVAC system components , and 
insuffic ient supply of  outdoor air . An environmental diagnostic 
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approach t o  an indoor a i r  problem requires qualitative and quanti tative 
assessment o f  al l  these parameters . Such an evaluation would make use 
of tracer gas techniques as wel l  as more conventional methods o f  
ver i fying the performance of mechanical venti lation sys tems and would 
take into cons ideration meteorological factors . 

Tracer gas techniques include the decay rate , equil ibrium 
concentration , and trans fer index methods . These are based on the 
release of a carefully se lec ted gas into the space under investigation , 
e i ther spontaneous ly or at a cons tant rate , and i ts measurement at the 
s i te of release and at remote s i tes to evaluate various facets of a 
venti lation sys tem ' s performance . The tracer gas selected mus t meet  
str ingent requirements . These include low toxic i ty ,  nonflammab i l i ty ,  
chemical stab i l i ty ,  nonreact ivity , low absorptivity by building 
materials and furnishings , low background concentrations , detectab i l i ty 
at low concentrations , ease o f  measurement , cost , and availab i l i ty .  
S everal gases meet  some or most  o f  these requirements ; one commonly 
used is sulfur hexafluoride . More conventional methods of performing 
mechanical venti lation sys tem measurements include pressure - measuring 
devices such as incl ined manometers , veloci ty meters ( Pitot tubes , 
hot - wire anemometers ) , and mechanical gas flow indicators ( ro tating 
vane anemometers ) . 

The HVAC system des ign drawings must first be carefully s tudied to 
determine the type and configuration of components ,  including the 
number , location , and s ize o f  outdoor air intakes and bui lding 
exhaus ts . Thi s  should be followed by a carefully conduc ted on- s ite 
inspection of  the HVAC sys tem to determine i ts present status , 
including the maintenance schedule , the number , type , location , and 
s ize of floor inlets and outlets , and other pertinent information . 
Once fami l iari ty with the HVAC sys tem is gained , the relationship , i f  
any exis ts , between the system and the problems a t  hand can b e  
def ined . Approaches to various potential HVAC system- related problems 
are discussed in the following paragraphs . 

Contaminant and/or odor mi gration are the result of  differences in 
pressure between bui lding areas . Such pressure different ials exist  in 
most  multiarea and multistory buildings served by more than one 
ventilation sys tem . In laboratories and hosp itals such pre ssure 
differentials are maintained to contain contaminants in low- pres sure 
areas . 

Contaminant or odor migration can be visual ized with smoke 
indicators . However , this technique is , at bes t , qualitative . A 
quanti tative assessment of this parameter is obtained through the use 
of  tracer gases . The tracer gas is released at a cons tant rate at the 
s i te suspec ted of having a primary source of contamination and its 
appearance is measured in occupied spaces where exposure is of 
concern . Such a procedure can yield relative exposure indices (REi s )  
and trans fer indices that quantify contaminant migrat ion . 1 6 This  
approach has been used to evaluate vehicle exhaus t ingress  into office 
areas from underground parking areas and the migration o f  gases and 
vapors from laborator ies to adj o ining office s . 
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Bui ldin& exhaus t re - entraiument is characterized by the detection 
of odors of contaminants in areas remote from their sources . This 
problem also tends to be episodic - - that is , it may tend to appear and 
disappear on the same day or from day to day as i t  is affected by wind 
direction or trans ient sources such as vehicle exhaust . 

A careful examinat ion of  the location of  the building ' s  inlets and 
exhaus t outlets with respect to each other and to those of  adj o ining 
buildings would be a prel iminary s tep in this evaluation . Thereafter ,  
a tracer gas is  re leased into the exhaust system at the source area at 
a cons tant rate , and its appearance in the complaint area and at the 
building air inlet is measured .  The presence of the tracer confirms 
its re - entrainment . The severity of this re - entrainment can be 
quantified . Such an evaluation should be performed on days 
characterized by different wind directions . This type of problem is  
common in bui ldings that accommodate both office areas and laboratories 
or indus trial processes . 

Insuffic i ent supply of outdoor air occurs because mos t  HVAC sys tems 
rec irculate re turn air . The percentage of rec irculation is usually 
dependent on the indoor - outdoor temperature relationship . Thus , higher 
percentages of  rec irculat ion are observed when the temperature 
di fference is great and lower when it is smal l . ASHRAE recommends in 
its S tandard 6 2 - 1981  various outside air ventilation rates for occup ied 
spaces . The amount o f  outs ide air should not fall below the rate 
recommended . Unfortunately , this is often not the case , for a variety 
o f  reasons . Although it  is pos s ible to determine the rates with 
convent ional methods by measuring airflows of outs ide air intake , the 
HVAC sys tem main air supply , and the air supply to the space 
investigated , these measurements may on occas ion be difficul t to 
perform . For ins tance , there may not be sufficient access to allow the 
measurements to be made . One al ternative is to de termine the thermal 
energy balance between rec irculated air , outs ide air , and the supply 
air streams to obtain the percentage of outs ide air in the supply 
sys tem . 1 6 However , this approach assumes effic ient mixing o f  
supply a i r  i n  the occup ied space , which is  not always the case . 

Another alternative is the tracer gas decay method . Thus , a 
homogeneous equil ibrium concentration of the tracer is established in 
the occupant space , and i ts decay rate is moni tored . The occupant 
space ventilation rate ( e . g . , cfm/person) is calculated from the data 
obtained . An interest ing version of  this test makes use of " in s i tu" 
carbon dioxide generated by the occupants . The test is ini t iated at 
the end of the work day when all the occupants have left the building . 
The ventilation rate is determined from the decay of the carbon 
dioxide . The tes t  is s imple and does not require sophisticated 
equipment . 

Inadeguate room air dis tribut ion may be characterized by local ized 
comp laints of s tuffy air from occupants of certain parts of a floor . 
Adequate room air distribution should provide acceptable thermal 
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condit ions , suppress ion of air  contaminants , and acceptable air for 
resp iration . The e ffect iveness of supply air distribution to all parts 
of  an occupant space can be evaluated in terms of the air di ffus ion 
performance index (ADPI ) . I t  is based on the abi l i ty of supply air to 
diss ipate heat from an occup ied space , but it can also serve as an 
index for evaluating the uniformity of thermal conditions of the air 
throughout a room . A minimum ADPI of  75 percent has been proposed . 
However , the ADPI is cons idered to be insuffic ient as an overall 
evaluator of room air distribution . The "within- room" ventilation 
effic iency index can provide such an evaluation . 1 8 I t  is  expressed 
as a funct ion of the percent o f  rec irculated air and a s trati fication 
factor . Tracer gases are used in this latter determination . The 
tracer gas is introduced within the supply air duct to the room , and 
the decay in concentration is measured in the return air duct from the 
room . A minimum value of  80 percent has been proposed for this index . 

Although the tracer gas techniques are very useful to the 
evaluation of the performance of  a venti lation sys tem , they have one 
important drawback . The methodology for conduct ing the tests requires 
further development . At present there are no standard methods for 
releas ing the tracer gas , there are no adequate methods for collecting 
tracer gas samples , and the method used to measure tracer gas 
concentrations - - gas chromatography - - is somewhat sophisticated and 
requires trained personnel to operate . I t  is felt , however , that when 
these difficulties are overcome the technique will be indispensable to 
the evaluation of ventilation sys tems . 

PERFORMANCE CRITERIA 

Performance criteria , as presented in this section , provide a bas is 
for evaluating the performance of  a given building during an indoor air 
quality investigation . A use ful l isting of standards , regulations , and 
other technical cr iteria relating to indoor air qual ity ,  including a 
brief summary o f  each document ' s  content , has been prepared by the 
National Institute of  Building Sciences . 1 1  A current set of 
research -based guidel ines that cover venti lation sys tems , pol lutants , 
and human factors is  also available . 1 2 A number of  important 
spec ific criteria are described in the fol lowing paragraphs . 

Temperature 

ASHRAE has recommended the temperatures shown in Table 3 - 1  for 
thermal acceptab i l i ty (comfort)  of sedentary or s l ightly active persons 
at 50 percent relative humidity . The standard (ASHRAE 5 5 - 1 9 8 1 )  
spec ifies condi tions i n  which 80 percent or more o f  the occupants will 
find the environment thermally acceptable . The s tandard further 
spec ifies the comb ination of  factors necessary for thermal comfort in a 
buil t  environment . I t  takes into cons ideration current seasonal 
clothing habits ; introduces limits on the thermal nonuniformities in a 
workplace such as drafts , temperature variations , and radiant asymmetry 
that can cause local discomfort ; inc ludes temperature adj us tments for 
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ac t ivity ; and allows for higher temperatures in summer i f  air movement 
is corre spondingly increased . 

I t  should be understood that occupants '  satisfaction wi th the ir 
thermal environment is subj ective and depends on many interacting 
variables . Des ign and cons truction of the occupant space as well  as 
heating , cool ing , ventilation , and controls  wil l  have an e ffec t . 

Humidity 

The ASHRAE s tandard ( 5 5 - 1 9 8 1 )  cons iders that the acceptable range 
o f  allowable dew point temperature in an indoor environment is between 
3 2 °  and 60 ° F .  

TABLE 3 - 1 . Temperatures Recommended for Thermal Acceptab i l i ty 

Season 

'Winter 

Summer 

Typical 
Clothing 

Heavy slacks , 
long- sleeved 
shirt , 
sweater 

Light slacks , 
short 
sleeved shirt 

Minimal 

Optimal 
Operative 
Temperature.! 

7 1  2 1 . 7  

7 5  24 . 4  

80 2 7 . 2  

Operative 
Temperature for 
80 percent Thermal 
Acceptab i l i t� 
( O F) ( o c >  

68 - 74 20 . 0 - 2 3 . 6  

7 3 - 78 2 2 . 8 - 26 . 1  

7 8 - 84 2 6 . 0 - 29 . 0  

�e ighted mean average air and average radiant temperatures ;  
temperature that satisfies the greatest  number of people at a given 
clothing and act ivity level . 

�Slow air movement - - i . e . , 30 fpm ( 0 . 15 m/s ) or less - - and 50 
percent relative humidity . 

SOURCE : ASHRAE S tandard 5 5 - 1981  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P o l i c i e s  &  P r o c e d u r e s  f o r  C o n t r o l  o f  I n d o o r  A i r  Q u a l i t y
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Airborne Contaminants 

The primary sources  of performance criteria on acceptable exposure 
to environmental contaminants include NIOSH criteria documents ; ACGIH 
threshold l imit values ; OSHA ; ASHRAE indoor air qual ity standards ; and 
EPA . The first three sources are usually used to assess  industrial 
worker exposure to airborne contaminants for an 8 -hour work day and 
40 -hour work week to ensure a working l ifet ime without adverse health 
effects . The remaining two s tandards , on the other hand , are 
appl icable for the general population and refer to a 24 -hour day of 
continuous exposure without known toxic effects . Norms available for 
some of the contaminants found in nonindus trial environments are given 
in Table 3 - 2 . 

Or&anic Contaminants 

At present , there are few s tandards governing exposures to organic 
chemical contaminants in nonindus tr ial buildings . ASHRAE has 
recommended guidel ines for cont inuous exposure for a relatively small 
number o f  chemical compounds and c ites OSHA s tandard levels  divided by 
10 for al l other subs tances if other information is not available . I t  
should b e  real ized that these are derived s tandards and are intended to 
be appl icable to the nonindus trial sector . Conversely , ACGIH and OSHA 
have set s tandards for exposure to chemicals generated by indus trial 
processes in the workplace during an 8 -hour work day and 40 - hour work 
week . 

In the absence of  spec ific s tandards for office area exposure to 
organic contaminants , the 1/10 threshold l imit value (TLV) appl ied to 
the ACGIH t ime -we ighted average ( TWA) s tandards could be cons idered 
with certain reservations . The resul ting s tandards are probably more 
rigorous than neces sary ; also , there is no toxicological bas is for 
recommending the use of such s tandards for o ffice buildings . 

Part iculate Contaminants 

Indoor air particulates may have outdoor sources  ( e . g . , automobi le 
exhaust )  or indoor sources ,  a maj or contributor in this  ins tance be ing 
tobacco smoke . Particulates are usually categorized according to s ize 
as resp irable ( less  than 3 �m diameter)  and nonrespirable ( greater 
than 3 �m diame ter ) .  

A typ icallS reported range for total particulates of all s izes is 
30 to 100 �g(m averaged over 24 hours , with maximum readings 
of 2000 �g/m . The indoor/outdoor ratio typ ically varies 
from 0 . 3  to 0 . 4 .  The following s tandards have been e s tab l i shed : 
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TABLE 3 - 2 .  Norms , Guidelines , and S tandards for Indoor Air Contaminants 

Recommended Typical Indoor 
Contaminant Concentration Source Concentrat ion 

Carbon dioxide s 1000 ppm ASHRAE.I < 1000 ppm 
5000 ppm ACGIHI2 

Carbon monoxide 9 ppm ASHRAE/EPA2 0 . 5 - 5  ppm 
( 8 -hour exposure ) 

Chlorofluorocarbons 1000 ppm ACGIHi TLV 
( 8 -hour explosure ) 
1/10 ACGIH standard ASHRAE 

Nitrogen dioxide 3 . 0 ppm ACGIH TLV 0 . 01 - 0 . 53  ppm 
( 8 -hour exposure ) 
0 . 05 ppm ASHRAE/EPA 

annual average 

Organic vapors 1/10 ACGIH ASHRAE < 1 . 0  ppm 
TLV ( component 
( 8 -hour exposure) compound) 

Particulate S 260 pg/m3 ASHRAE/EPA < 600 pg/m3 
contaminants ( 24 -hour exposure ) 

< 75 pg/m3 
annual average 

Fibers ( asbes tos ) 0 .  2 fibersjcc OSHA < 0 . 1  fiberjcc 

.IASHRAE S tandard 6 2 - 1981R 
i2ACGIH Threshold Limit Values (TLV) and Biological Exposure Indices for 1986 - 1 987  
iEPA National Amb ient Air Quality S tandards 
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ACGIH 
ASHRAE and EPA 

10 mg/m8 ( for nuisance dus t , 8 -hour TWA) 
260 pg/m8 ( 24 - hour exposure , not to 
exceed once per year ) 

7 5  pg/m8 ( annual average ) 

Fibers 

Fibers can include several types of mineral or organic fibrous 
mater ial . The mos t  important of these from a health s tandpo int is  
asbes tos , and only this  type of  fiber is  cons idered here . Asbes tos can 
occur in many forms , including amos i te , chrysotile , and croc idol ite . 
I t  may be found indoors through its use as a cons truction material 
( insulation) , although this use has been severely curtailed in recent 
years . The fol lowing standards have been established : 

OSHA 

ACGIH 

ASHRAE 

0 . 2  fibers ( 7 5 pm opt ical ) /cc ( 8 -hour TWA 
for indus trial exposure ) 
0 . 2  to 2 . 0  fibers ( 7 5  pm opt ical ) /cc ( 8 -hour TWA 
for indus trial exposure ) 
lowe s t  feas ible level 

Allergens and Infective Agents 

Bas e l ine data have not been es tablished for the numbers and kinds 
of airborne viruses , bac teria , fungi , and other microbial materials 
that may be present in indoor environments .  Even i f  basel ine data were 
present , it is unl ikely that exposure s tandards based on dose - response 
relationships could be es tablished for the following reasons : Human 
suscep t ib i l i ty to microbial agents varies enormously ; one concentration 
(of  allergen) may sens itize , and lower concentrations may then trigger 
adverse heal th responses ; some microbial populations ( e . g . , fungi ) vary 
qual i t ively and quanti t ively by season ; and nonviable spores , 
endotoxins , and submicrome ter - s ize particulate ant igens should be 
cons idered in exposure s tandards . For indoor environments where 
exposure to nonpathogenic bioaerosols is of  concern , the ACGIH 
Bioaerosols  Committee recommends comparison of indoor and outdoor 
microb ial populations and rank - order identi fication of predominant 
indoor and outdoor genera . 8  With this procedure i t  is pos s ible to 
de termine i f  the bui lding itself is a reservo ir or ampl ifier of 
microbial populations . 

HYAC Sys tem 

The princ ipal sources of the complex criteria for HVAC sys tem 
performance are the ASHRAE l i terature , primari ly the Handbooks and the 
standards , which cover a number of components and subsys tems . In 
general , the HVAC system should ensure the s imultaneous control of  the 
temperature , humidity , air veloc ity , and air qual i ty ( c leanl ine s s ) to 
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provide the proper environment and to mee t  the appl icable bui lding 
codes on thermal conditions and ventilation for air qual ity .  In 
addition , noise criteria are usually involved .  Bui lding codes in most  
areas are based on  ASHRAE s tandards ( 55 - 19 8 1  for thermal control , 
62 - 1 9 8 1  or i ts predecessor for ventilation , and 90 - 7 5 or 90A- 1980 for 
energy use ) . The ASHRAE Handbook is  the de finitive guide , covering 
components ,  sys tems , equipment , and applications to enable des igners to 
provide adequate des ign ,  ins tallation , operation , and maintenance 
procedures so that HVAC systems can meet their intended functional use 
in an economical manner .  

Achievin& Compliance Witb Criteria 

Approaches to remedying problems of indoor air qual i ty assoc iated 
with architectural elements are largely those that are used in 
conventional cons truc t ion , remodel ing , or repair . De termining the 
cause of the indoor air qual ity problem is the key to necessary 
ac tions . The methods and approaches outl ined in previous sections will 
aid in this  identi fication . 

Achieving compl iance with performance characteristics  is  a 
three - s tep process :  

• Verify that the design is proper . 

• Verify that the ins tallat ion complies with the des ign and 
that the installation is subj ect to proper maintenance and operating 
procedures . 

• Verify in the early s tages of planning that existing building 
sys tems can in fac t be adopted in the " as - is "  condition or can be 
retrofitted within the governing economic and spatial res traints to 
accomplish any intended change in space use . I f  this is not the case , 
plans mus t change . 

I f  there is  any noncomp l iance , corrective act ion mus t be taken . 
There can be only two l imit ing factors that would prevent corrective 
ac tion : phys ical space conditions and/or available capital funding . 
Obvious ly , both of these l imi tations mus t be dealt with in some 
satis factory manner .  

Well - documented procedures for the modification of building 
elements to reduce indoor air qual i ty problems are qui te l imited , and 
experience to date is concentrated on a few pollutants . The following 
sugges tions need to be carefully cons idered for appropriateness and 
tailored to any spec ific proj ect . Guidel ines related to spec ific 
pollutants are included because experience has developed in treating 
these  materials , not because they necessarily represent large or small 
indoor air qual i ty hazards in commerc ial buildings : 
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• In any new work involving highly volatile products  such as 
paints , sprayed coatings , or adhes ives , use higher building ventilation 
rates for a brief initial period . Rates such as 50 percent outs ide air 
24 hours per day for a few days might be cons idered . Operating 
unoccupied bui ldings at elevated temperatures ( 100 ° F) has been used 
to speed up outgass ing . 1 7 However ,  extreme care is  required to 
assure that equipment and building components will not be damaged by 
this procedure . 

• Cons ider delaying the move - in of occupants until  initial 
evaporation and outgass ing of volatiles have taken place . Periods of 
up to 4 weeks have been sugge s ted . Any delay , however , is  helpful , and 
the earl ies t  days ' delays are the mos t  benefic ial . 

• For some materials that are caus ing problems because of 
formaldehyde emiss ion ,  the appl ication of f.ermeation barriers can be 
qui te e ffec t ive . S tudies have indicated 1 • 14 that plas tic 
surfaces such as vinyl l inoleum or polyethylene shee t  work wel l  in 
reduc ing emis s ion rates . 

• Ureaformaldehyde foam is a type of insulation for which the 
spec ific nature of  ins tallation should be carefully reviewed . Good 
practice suggests  that well - isolated cavities are des irable so that 
outgass ing products cannot reach interior spaces . 

• Sprayed fireproofing in locations where moving air can carry 
off fibers into space - conditioning airs treams should be checked if  
problems are indicated . 7 

• In housekeep ing operations , the use of carpet shamy,oo that 
was underdiluted left a very irritating powdery res idue . 4 
Vacuuming was insuffic ient to remove i t , and wet extraction had to be 
used . 

Finally , i t  should be unders tood that all of the forego ing 
criteria , me thodology , and des ign ,  installation , and operating s teps 
are necessary to achieve satis factory indoor air qual ity .  Even when 
all of these are compl ied with , however , there may be complaints of one 
type or another by the building occupants . Some of these complaints 
may be the result of building- related causes ,  or in fac t they may be 
the resul t of causes  completely extraneous to any s ituat ion resul ting 
from bui lding characteristic s . Informat ion regarding this subj ect  is  
lacking , and i t  is  hoped that continuing s tudy will find solutions . 
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APPRQACHES TO SOLVING IYPICAL INDQOR AIR OUALIIY PROBLEMS 

A general diagnostic procedure such as that described earl ier is  
use ful in planning an approach to remedy , antic ipate , and/or minimize 
indoor air qual i ty problems . However , it is often necessary to tailor 
a general procedure to a spec ific case . In mos t  ins tances the 
approaches to solut ions will include both operational and profess ional 
methods . Operational me thods are mainly as soc iated wi th modificat ions 
of existing HVAC systems to improve the ir performance . These include 
filtering outdoor , return , or mixed air , cleaning we t surfaces and 
coils , controll ing humidity , providing local exhaus t ,  improving air 
distribution , cal ibrat ing the sys tem , ins tal l ing sys tem air cleaners , 
protecting makeup air intakes , and improving system maintenance . 
Profess ional me thods include treatment of health e ffects , 
identi fication and quantification of contaminant sources , sys tem 
modifications , re - evaluation of conditions , and consul tation with known 
experts . Appendix A discusses some of the factors that are taken into 
account by NIOSH in the evaluation of health hazards in the workplace . 

This  chapter provides guidance for develop ing approaches to certain 
typ ical indoor air qual ity problems . The actual case histories on 
which these  examples are based suffered from the same deficiences as 
mos t  evaluations of remedial actions : lack of funding and lack of 
des ire to rekindle complaints that have become quiescent . The success 
of these cases can only be evaluated by inference . 

CASE 1 .  AIR DISTRIBUTION PROBLEM 

Office workers on the 14th floor of a large o ffice complex 
complained for several years of  various ailments , including recurring 
headaches ,  general lethargy , inability to concentrate , difficulty in 
breathing , and eye and throat irritation . The symptoms usually 
manifes ted themse lves on Monday afternoons and worsened as the week 
progres sed . The symptoms generally disappeared whenever employees left 
and reappeared when they returned . Management noted a measurable drop 
in s taff produc t ivity and morale and a s ingular increase in 
absenteeism . This concern led to a reques t  to investigate the 
problem . The investigation was conducted in the spring of the year . 
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Prel iminary Findin&s 

A walk- through of the 14th floor , inspection of the HVAC sys tems , 
and a s tudy o f  the floor and HVAC sys tem blueprints and des ign 
specifications gave the following information : 

• Buildin& .  The 20 - story building , cons tructed in 1972 , has a 
brick , concre te , and glass envelope wi th sealed windows . No asbestos 
or formaldehyde - containing materials were used in construc tion . 

• flQQx . There were 18 , 000 square feet  o f  effect ive working 
area , with peripheral c losed o ffice areas ( several addit ions s ince 
cons truc t ion) , semi - enclosed office areas subdivided by 5 - to 6 - foot 
textile - covered partitions extending to floor leve l , and a central core 
area hous ing various fac i l i ties such as board rooms , toilets , photocopy 
rooms , elevators , s tore rooms , a small kitchen and cafeteria , and 
computer rooms . There was a thick pile synthe tic floor covering , and 
some walls  were textile - covered . Floor - to - ce i l ing part itions had been 
added to isolate the core area from the remaining floor for secur i ty 
reasons in 1979 ; doors to the area had no grilles and were always 
locked . 

• Facil ities . The three photocopiers in the photocopy room 
used dry toner and were not provided with local exhaus t venti lation . 
The three elevators serving the floor allowed access  to an underground 
parking garage that was poorly ventilated . 

• HVAC Systems . Two separate cons tant - air-volume systems 
served the floor - - one for the core and one for the per imet�r area . 
They were modified in 1979  to economize on energy . Outdoor air was 
filtered ( fi l ters changed quarterly) and tempered and del ivered to 
hot/cold  decks in plenum and perimeter induction units located at the 
windows ; air distribution to the floor was via ce i l ing tile s lots ; 
re turn air intakes were located on walls in the core area . Return air 
from perime ter and core areas was re turned via a common chase to the 
respective sys tems ; both systems served the lOth through the 15th 
floors . The core area sys tem was shut down at 6 p . m .  and reactivated 
at 6 a . m . , wi th total shutdown over weekends . The perimeter area 
sys tem operated at 40 percent capac ity during off hours . The 
percentage of  rec irculation of  air was determined by the temperature of  
outdoor , mixed , and return air . Humidification was provided through 
l ive s team inj ection . 

• Workforce . There were 142 employees , mainly concentrated in 
the semi - enclosed office area ; they were primarily secretarial and 
clerical . The greate s t  concentration of s taff was in the northeastern 
sec tor o f  the floor ; the northern sector was the source of  mos t  
complaints . Few occupants o f  closed offices complained except for s ome 
in the northeas t sector . Mos t  employees questioned expressed 
satisfac tion with the ir j obs but unhapp iness wi th the ir working 
environment , complaining of lack of air or s tuffiness . Several 
employees reportedly had left during the pas t  few years for this  
reason . There were no reports of frank illness . 
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Obseryations 

The investigators noted a dis t inctive odor of s tale c igarette smoke 
on entering the floor , a lack of air c irculation , and a warm , humid 
sensation . 

Approach 

The procedures used for this  inves tigation were those  recommended 
by ASHRAE to measure air contaminants and to measure air dis tribution 
and supply . 

• Act ions 

The lOth floor was selected as a 
control to match as c losely as 
pos s ible the working population , 
act ivi t ies , and sys tem 
characteristics of the problem 
area . The lOth floor had 
received minimal s tructural 
changes but o therwise  matched the 
14th floor closely . 

Particulates , organic vapors , and 
formaldehyde were measured on the 
lOth and 14th floors and at the 
outs ide air intakes . A minimal 
number of samples were taken , 
mos tly in the northeast sector of 
the floors . 

In the HVAC sys tem , the intake 
air temperatures were measured 
hourly . Carbon dioxide was 
measured in the outs ide air and 
at 12 carefully chosen 
representative s i tes , beginning 
at 7 : 00 a . m .  and continuing unt il  
the sys tem was shut down in the 
evening . All personnel were 
asked to leave at 4 : 00 p . m . , and 
the carbon dioxide decay was then 
measured every 1 5  minutes ;  carbon 
dioxide was also measured 
continuous ly after working hours 
to obtain s trat ification . 

• Rationale 

The control floor was 
needed to compare the 
results obtained from 
various measurements in 
the problem area wi th 
those obtained in an area 
that had experienced few 
complaints . 

The measurements were to 
ascertain that there was 
no gros s source of 
pollutants ( asbes tos , 
fungal spores , etc . ) in 
the building and to 
alleviate workers ' 
concerns that pollutant 
concentrations did not 
exceed normal s tandards . 

These measurements were to 
allow the inves tigators to 
charac terize the HVAC 
sys tem performance , 
including supply and 
dis tribution to occup ied 
spaces and return . It was 
also necessary to know if  
the carbon dioxide leve l 
exceeded the ASHRAE l imits 
of 1000 ppm . 
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Population counts were taken 
within a 1 5 - foot radius of the 
measurement s ites . The 
temperature and humidity were 
measured hourly with a 
psychrome ter . 

• Results 

Concentrations of contaminants 
did not differ s ignificantly from 
outdoor air ; outdoor air was 
satisfactory . 

Ventilation rates were markedly 
less  in the northeas t sector of 
the 14th floor , - where the 
population dens i ty exceeded 7 
persons per 1000 square fee t . 
Temperatures were dec idedly 
higher in the sector but were 
marginal ly in compliance with 
ASHRAE s tandards . 

The carbon dioxide decay data 
from the return air ducts 
indicated that s ignificant 
s tratification occurred on the 
14th floor , whereas ventilat ion 
rate s for the lOth floor were 
relatively uniform and the 
s tratification fac tor was 
nonexis tent . 

• Interpre tation of Results 

The complaints and symptoms were 
the result of inadequate 
ventilation caused by the 
ins tallation in 1 9 7 9  of  
floor - to - ce i l ing partit ions and 
by overcrowding in the northeas t 
sector . 

52  

• Conclus i ons 

No gross contamination was 
coming from outs ide . 

The ventilation rates for 
outdoor air were 
s ignificantly less than 
not recommended by ASHRAE . 

The outdoor air supply did 
not effective ly ventilate 
the occupied space on the 
14th floor . 

• Recommendations 

The eas iest and leas t 
expens ive solution would 
be the ins tal lation of  
return - air grilles in  the 
doors to the core sect ion 
or above those doors . 
However ,  because the 
integrity of the zone had 
to be maintained for 
security reasons , it was 
recommended that duc ted 
re turn- air sys tems be 
ins talled to all perime ter 
offices and that grilles 
be ins talled in the doors 
to the perimeter offices . 
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CASE 2 .  POPUlATION DENSITY PROBLEM 

5 3  

Occupants of the aeronautical engineering section of a wel l - known 
aircraft manufacturer complained bitterly about the quality of the ir 
working environment . The complaints concerned lack of air , s tuffiness , 
thermal discomfort ( too hot ) , and an inability to concentrate . 
Conditions had deteriorated to the po int that the workers intended 
walking off the j ob if there was no ame l ioration . 

Prel iminaty Findin&s 

A walk- through of the premises was conducted in July when weather 
conditions were hot and humid .  During this vis it HVAC sys tems were 
inspected and system blueprints and des ign spec ifications were 
s tudied . The following observations were made : 

• Auildin& . The 4 - story building was cons tructed during World 
War II (ca . 1942 ) ; it  had cement - asbestos s iding on a wood frame and a 
sawtooth roof ; all windows were sealed s ince 1 9 7 7  to conserve energy . 

• Floor . There was a 60 - by 200 - foot open- concept area with a 
few perimeter offices , board rooms , s torage room , computer room , and 
toilets . I t  had seamless  floor covering , fluorescent lighting , and 
painted walls . Conventional desks and drafting tables were provided 
for workers ( this  description applies with minimal di fferences to all 
four floors ) . 

• HYAC Sys tems . All four floors were served by four 
conventional HVAC systems located in a crawl space created by isolating 
north -wall perimeter offices from the sawtooth roof area . Access to 
the HVAC sys tems was gained via a trapdoor in the c e i l ing of the four 
perimeter offices . The HVAC sys tems were cons tant - air-volume sys tems 
modified in 1 9 7 7  to conserve energy . The percentage of rec irculated 
air depended to a great extent on outs ide air temperature and varied 
from 50 percent to 80 percent . The air suppl ied was filtered and 
cooled or heated with cool ing or heating coils  ( cold/hot deck) that 
were thermos tatically controlled . There had been complaints in the 
pas t that the air suppl ied was alternately too hot and too cold . The 
air was de l ivered to the work area via fifteen 18 - inch ceil ing 
diffusers . Twelve 6 - by 1 2 - inch louvered air return grilles were 
located on the south wall ( 1  foot below ceil ing leve l ) . The HVAC 
sys tem outdoor air intakes were located in the north sawtooth roof 
window . The air exhaus t outlets we re located on the north wall . The 
HVAC sys tems operated on a 24 -hour bas i s , 7 days a week . 

The floor area was steam-heated by uni ts located along the north 
and south walls . The firs t , second , and third floors had large windows 
along the north and south walls . The fourth floor area had sawtooth 
roof windows and a few large windows along the north and south walls . 
Each floor also had two floor -based air - conditioning units duc ted to 
air supply duc ts . 
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• Workforce . All four floors were originally conce ived to 
accommodate 80 to 90 persons per floor , and unt il  1978  the population 
of the floors did not exceed 100 . However ,  increas ing demands during 
the pas t 9 years caused the population of all four floors to increase 
to 130 to 150 persons per floor . A large portion of the workforce was 
aeronautical engineers and technic ians ; they worked at desks p laced 
face - to - face , with l ittle or no privacy . The drafting section on the 
second floor accommodated three times the original number of 
draftsmen . According to one worker , " Conditions are such that one 
needs to make an appointment to go to the men ' s room . " Only a few 
secretaries and clerks worked in the building , and mos t  were located in 
crowded quarters on the fourth floor . Although unhappy with their work 
environment , mos t  expressed satisfac tion and even enthus iasm for the ir 
j obs . However , several employees fel t  that the environment was such 
that it interfered with their produc tivity . 

Observations 

The inves tigator noted that all four floors fel t  s tuffy ; the air 
was s tale and uncomfortably warm . Lighting was satis factory . The 
number of  occupants and the open- concept office area gave rise to a 
high noise level for this type of office . Body odors and c igarette 
smoke were noticeable in certain densely populated areas of the floor . 
Area fans did not help the s i tuation . 

Approach 

On the bas is of the prel iminary findings , it was dec ided to monitor 
operative temperatures and carbon dioxide levels at s ix representative 
s i tes  on all four floors . 

• Actions 

Operat ive temperature was 
monitored with thermal stands on 
an hourly bas is during the work 
day . 
Carbon dioxide was moni tored at 
the outs ide air inlet and at s ix 
s i tes per floor on an hourly 
bas is during the work day , on a 
15 - minute bas is at the end of the 
work day ; and on a continuous 
bas is in the return air ducts . 

• Rationale 

The measurements were to 
determine if and when 
there were thermal 
discomfort problems . 
These data were to 
determine if  carbon 
dioxide exceeded the 
recommended ASHRAE level 
of 1000 ppm , to determine 
the amount of outdoor air 
suppl ied to selected work 
stations , and to determine 
if the suppl ied air 
reached occupied spaces 
( s tratification) . 
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Return , outs ide , and mixed air 
temperature were measured on an 
hourly bas is . 

• Results 

The operative temperature 
exceede d  the ASHRAE norm for 
summer conditions at mos t  s i tes ; 
some overcrowded s i tes were 
decidedly warmer (> 30 ° C ) . 
Mos t  s ites were markedly warmer 
in the afternoon . Only perimeter 
offices were marginal ly within 
the norms . 

Mos t  ventilation rates were well 
within the acceptable range . 
Only very overcrowded areas had 
ventilation rates below the 
norm . The measurement of the 
decay of carbon dioxide concen
trations in  the return air duc ts 
indicated that the air suppl ied 
to the floors e ffectively swept 
the occup ied space s .  

• Interpretat ion of Resul ts 

The air conditioners were 
inadequate to cope with the 
comb ination of heat , humidity , 
and dense population of the 
floors . 

CASE 3 .  ENERGY MANAGEMENT PROBLEM 

55  

This information was 
needed to determine the 
percentage of air 
rec irculation . 

• Conclus ions 

Thermal discomfort 
problems were pervas ive , 
with some areas greater 
than others . 

Stratification was not a 
factor in the problem . 

• Recommendations 

The c l ient faced two 
alternatives : 
( 1 )  to reduce the 
population of  the four 
floors and relocate some 
people to other buildings 
or ( 2 )  to improve the air 
conditioning provided to 
each floor . The thermal 
controls on the HVAC 
sys tem should also be 
inspected periodically to 
increase optimal 
performance . 

Complaints by nearly 20 percent of the employees in a 450 , 000 
square - foot mult i s tory government - owned office building were regis tered 
with the safety manager at the fac i l i ty .  Typ ical complaints included 
fat igue , eye irritat ion , headaches ,  afternoon drows iness , sore throat ,  
and nausea . Indus trial hygienists  had previous ly investigated the 
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comp laints , taken some samples of the air qual ity , and concluded that 
concentrations of measured contaminants did not exceed OSHA l imits . 
Because complaints pers isted , a more detailed inves tigation was 
commiss ioned . 

Prel iminary Findin&s 

A meeting in October with the safety manager and fac i l i ties manager 
of  the bui lding revealed that complaints had existed s ince initial 
occupancy of the new building in 1978 , but the attitude of the 
employees had become more negative in recent months . A review of  the 
architectural and engineering plans of the fac i l i ty indicated that the 
building was well  insulated and windows were small and not operable . 
Much of the floor area was des igned as " open-bay" with provis ions for 
subsequent ins tallation of semi - enclosed partitions and other interior 
furnishings . Twelve primary HVAC sys tems were designed to serve the 
building from a central mechanical room located in the basement of the 
building . To protect the value of some of the paper documents in this 
fac i l i ty ,  the amount of outdoor air provided to occupants was a fixed 
minimum of 15 percent , which was prefiltered with 60 percent 
atmospheric dus t  spot e ffic iency fi lters and a bed of charcoal and 
permanganated alumina granules for gas and vapor removal . For added 
protection , a sprayed- coo l ing coi l  was ins talled in the mixed air to 
absorb water- soluble contaminants and to provide humidity control . For 
energy e ffic iency , the HVAC was designed as a s ingle - duct 
variable - air -volume sys tem with terminal reheat . 

Observations 

During the initial walk- through of the fac ility in October ,  three 
environmental factors were perce ived to be , at bes t , only marginally 
acceptable : The thermal conditions were notably warm and humid ; a 
s tale , mus ty odor permeated the fac i lity ;  and the lighting was 
unusually harsh in some areas . 

Aoproach 

Because previous investigators had obtained measures of contaminant 
concentrations and found them to be within OSHA l imits , i t  was dec ided 
to focus this investigation on the sys tem performance and on 
operational and maintenance procedures .  

• Actions 

The ac tual control s trategies in 
use were compared to the original 
des ign .  

The current l i ght ing and other 
thermal loads were compared to 
the original des ign .  

• Rationale 

Because of a government 
mandate to reduce energy 
consumption by 5 percent 
per year , and to reduce 
operational costs , a 
series of changes in 
s trategies was expec ted to 
be found . The hypothes i s  
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The management procedures for 
housekeeping and maintenance were 
compared to those  of previous 
years . 

• Results 

Many fluorescent l ight fixtures 
had been replaced with metal 
halide fixtures to reduce energy 
consumption throughout the 
bui lding . 

Occupancy dens i ty in many areas 
of the bui lding had increased 
s ince init ial occupancy . 

Temperature set  points were 
adj us ted to 7 8 ° F  as a pol icy 
to save energy . 

Duty cycl ing and nighttime 
shutdown of pr imary air-handl ing 
units were implemented after 
init ial occupancy . 

5 7  

adopted was that the 
pressure for demons trating 
savings , the cuts in 
operating budget ,  and 
constraints on protect ing 
the documents resulted in 
changes to sys tem control 
s trategies that were 
manifested in the 
frequency and intens i ty of 
employee complaints . 

• Conclus ions 

The metal hal ide lamps 
provided l ight in a narrow 
range of  the vis ible 
spectrum around 550 nm ,  
which can produce a 
sensation of nausea . 

The reduct ion in l ighting 
power compensated for the 
increased sens ible loads 
from occupants ,  but latent 
loads in these areas 
increased . 

Because thermos tats 
respond only to changes in 
sens ible loads , the 
variable - air-volume 
systems suppl ied less air ; 
humidities increased 
because of increased 
latent loads ; and amounts 
of outdoor air decreased 
( i . e . , percentage s of 
outdoor air remained at 
the fixed minimum 
values ) .  Therefore , 
complaints of warm , humid , 
s tale air could be 
expec ted . 

Temperature , humidity , and 
ventilation control was 
further hampered during 
these periods . 
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Periods of housekeep ing duties 
were changed to daytime hours to 
reduce labor costs and because of 
nighttime shutdown of  the HVAC 
sys tems . 

• Interpretation of  Resul ts 

Energy - e ffic ient operation and 
acceptable environmental quality 
were not incompatible polic ies . 
However , i f  both were to be 
achieved , the impl ications of 
each proposed procedure should 
have been careful ly evaluated 
before implementation . To 
rect i fy the problems resulting 
from the changes in system 
control s trategies and 
operational procedures ,  and to 
reduce complaints of employees , a 
number of  different fac tors had 
to be dealt with . 

5 8  

Employee exposure to 
cleaning agents increased 
because of temporal and 
spatial proximity to these 
sources .  Complaints of 
odor and irritation of 
eyes , nose , and throat 
could eas ily result . 

• Recommendations 

Install lamps that provide 
a broader spectrum of  
l i ght . Also attempt to 
improve color coodination 
of  walls and flooring to 
" soften" the l i ght ing in 
the work areas . 

Lower the set po ints on 
thermostats to 7 5 ° F  to 
increase diss ipation rate s 
of latent heat ( and 
corresponding mo is ture ) 
and other contaminants 
within the occupied 
spaces . 

Lower the chi lled water 
temperature at the 
chiller , increase s torage 
capac ity for the chi lled 
water , and charge s torage 
during nighttime hours to 
improve energy 
efficiency . These changes 
may ful ly compensate for 
the energy required to 
satisfy the lower 
thermostat sett ings during 
occupancy . 

Increase the percentage of 
outdoor air suppl ied to 
occup ied spaces when 
sens ible loads are reduced 
wi thout corre sponding 
reduc tions in latent loads 
or indoor contaminant 
generation rates ( e . g . , 
when housekeep ing 
operat ions occur during 
occupancy ) . 
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CASE 4 .  MAINTENANCE PROBLEM 

For the pas t  few years , employee complaints of the s tandard 
symptoms assoc iated with indoor air qual ity problems were filed with 
the safety manager of a 500 , 000 - square - foot multis tory 
government - leased office building . However , within the las t  year , 
several cases  of  acute hypersens itivi ty pneumonitis were diagnosed by 
private phys ic ians of the employees . About that same time , some of the 
senior managers of the agency began to complain of the same symptoms . 
This investigation was authorized with some sense of urgency . 

Prel iminary Findings 

An initial meeting with the fac i l ities manager , the senior managers 
of the agency , and the safety manager was held in May . It was learned 
at this  meeting that the lease agreement for the building was for 8 
more years , that the annual charge was quite reasonable , and that the 
government was respons ible for all maintenance and repairs on the 
fac ility .  I t  was dec ided that this investigation should result in 
identification of the source of the problem , i f  pos s ible , and 
recommenations should be made as to whe ther remedial action would be 
appropriate or whether the government should terminate its lease and 
relocate the employees . I t  was also learned that the building was 
original ly des igned as a condominium and was subsequently renovated to 
funct ion as an office building . 

A review of the architectural and engineering plans revealed that 
the building was original ly des igned in 1972 and redesigned to meet  the 
agency requirements in 1972  and in 1973 . Occupancy commenced in 1974 . 
The bui lding enclosure was moderate ly insulated and contained large , 
nonoperable windows . Mos t  of the floor space was des igned as " open 
bay"  with provis ions for installation of semi - enc losed partitions for 
office areas . Enc losed offices , however , were des igned along the 
perimeter on several floors . Heating and cool ing were provided by 2000 
fan - coil  units located throughout the fac i l i ty .  Of these , 800 were 
vertical units ins tal led in interior wal l cavities . Return air grilles 
were located only at the fan - coil  units . Supply ducts distributed air 
within the zone . Low- e fficiency , throw- away type air filters were 
specified to be located in the return air gri l les of  the interior 
fan- coil  uni ts ; the perimeter fan - coil units were unfiltered . The 
plans also revealed that a drain system for the pans beneath the 
cool ing coils  of the units was not spec ified . Venti lation was provided 
by e i ght separate make - up air units located in two penthouses on the 
top floor of  the building . Outdoor air was distributed to the ceil ing 
plenums and to the interior fan- coils on each floor . Exhaus t air was 
intended to be provided by 16 local to ilet exhaus t fans . 

Qbseryations 

An ini tial walk - through of the building revealed that the occup ied 
spaces  were unusual ly humid and that s ignificant soil ing exi s ted around 
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the supply air diffusers . Discuss ions with occupants revealed that a 
mus ty odor and the odor of s tale tobacco smoke were often bothersome . 
Discus s ions with the maintenance personnel revealed that the interior 
zones required cool ing all year long . Inspection of  several of the 
inter ior fan - co ils  revealed that s tanding water exis ted in the pans 
under the cool ing co ils  and that obvious microbial contamination was 
present in the s ludge in the pans . This inspection also revealed that 
many of the interior fan - co i l  uni ts had been sealed ins ide wall 
cavities and that i t  was not pos s ible to service the uni ts without 
destroying the walls . 

Approach 

Because of the nature of  the complaints ( i . e . , headaches , eye 
irritation , fatigue , drows iness , sore throats , hypersens i t ivity 
pneumoni t is ) , it  was dec ided to focus this investigation on the 
performance of the fan - coi l  units and the ventilation sys tem . The 
hypothes is adopted was that inacces s ib i l i ty of  the fan - co i l  units 
prevented reasonable service to many uni ts ins talled in the bui lding , 
resulting in those uni ts becoming secondary sources of contamination in 
the occup ied areas . 

• Ac tion 

Airborne microbial samp les were 
obtained in representative areas 
of occupancy . 

Microb ial samples were obtained 
from the pans of  the fan - coils  
serving the same representative 
areas . 

Temperature and humidi ty samples 
were obtained in the same 
representative areas . 

Tracer gas data were obtained on 
venti lat ion air exchange rates in 
the same representat ive areas . 

• Rationale 

Results may indicate the 
presence of microbials 
assoc iated with 
hypersens ivi ty 
pneumonitis . 

Results may indicate the 
presence of the same 
microbials found with the 
airborne samples . 

Results may indicate the 
conditions conduc ive to 
presence of microbial 
contaminants and other 
complaints associated with 
" s ick building syndrome . "  

Results may indicate if  
suffic ient outdoor air  
exchange exists  in  these  
areas . 
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• Results 

Concentrations of aspergil lus and 
penic i l l ium were found in samples 
of air in several representative 
areas o f  the fac i l i ty ,  in samples 
taken from the pans in the 
fan - co i l  units , but not in the 
make - up air uni ts or in the 
outdoor air . 

Temperature and humidity 
conditions in the representative 
areas were near or s l ightly 
exceeded the upper bounds of  
thermal comfort defined in  ASHRAE 
55 - 1981 . 

Air exchange and ventilation 
rates calculated from the tracer 
gas data were less than 
recommended by ASHRAE 62 - 19 8 1 . 

• Interpretation of Results 

The type of HVAC control 
original ly des igned for this  
building provides flexible 
control des irable for condominium 
fac i l i ties but requires extens ive 
maintenance because of the large 
number of fan c o i l  units . 
Moreover , the loads imposed by 
large occupancy dens ities in 
these office fac i l i ties intens ify 
the need to c lean these uni ts 
frequently . To reduce exposure 
of the occupants to continually 
increas ing concentrations of  
chemical and b iological 
contaminants without relocating 
them to other fac i l ities , several 
changes would be required . 

6 1  

• Conclus ions 

Aspergi llus and 
penic i l l ium fungi are 
known to cause 
hypersens itivity reac tions 
in susceptible 
individuals . Results 
indicated that primary 
sources of these  fungi 
were in the occupied 
spaces , not outdoor air . 
The pans of the fan- coil  
units probably served as 
secondary sources  of the 
fungi and there fore 
aggravated 
hypersens i t ivity 
pneumonitis reac tions . 

These conditions can 
elicit  some of the 
reported symptoms . In 
addition , they can enhance 
generation rates of  the 
fungi in the occup ied 
spaces . 

Low venti lation rates can 
prompt  symptoms assoc iated 
with s ick building 
syndrome and prevent 
e ffective dilution of the 
fungi . 

• Recommendations 

Access doors mus t be 
provided in the walls  
conceal ing the interior 
fan- coil uni ts so the 
units can be maintained . 

Either drain l ines mus t be 
ins talled on the 
condensate pans under the 
cool ing co ils  of the 
fan- coil units or frequent 
c leaning of them mus t be 
implemented .  

The low - e ffic iency air 
filters in the return air 
grilles of the fan - co i l  
units should b e  replaced 
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with 40 to  60 percent 
atmospheric dust spot 
effic iency filters to 
provide better protection 
of the coils from 
contaminant build-up and 
to reduce the 
concentration of 
particulates be ing 
distributed by the supply 
air to the occup ied 
spaces .  

The temperature and 
humidity in the occupied 
spaces should be reduced 
from those found to be 
approaching thermal 
discomfort as spec i fied in 
ASHRAE 5 5 - 1981 . 

The distribution of  the 
venti lation air from the 
eight primary air handl ing 
units to the occup ied 
spaces must be improved to 
achieve at least the 
minimum venti lation rates 
per occupant spec ified in 
ASHRAE 62 - 19 8 1 . 

The performance of the 16 
toi let exhaus t fans mus t 
be improved to be 
compatible with the 
capabilities  of the 
revised ventilation 
systems . 

A rigorous preventive 
maintenance program mus t  
b e  implemented t o  ensure 
that contaminant 
concentrations are 
maintained within 
acceptable l imits for the 
duration of the lease . 

In this case i t  was recognized that s ignificant costs would be 
required to modify the system and to train and s taff personnel to 
maintain the system with acceptable conditions for the next 8 years . 
I t  was also recognized that s ignificant costs would be required to 
relocate the occupants . When these factors were cons idered , together 
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with the loss of agency product ivity that would b e  incurred during the 
t ime of relocation , the recommended alternative was to inves t  in the 
present location . 

CASE 5 . IMPROPERLY LOCATED AIR INTAKES PROBLEM 

Occupants of a downtown Washington , D . C . , building complained of 
nausea , headaches ,  eye and throat irritation , and difficulty in 
breathing . The occurrences were episodic and usually co incided with 
the detection of " car exhaus t - l ike " odors in the building . Other odors 
detected included skunk , garbage , diesel exhaust ,  and sulfur dioxide . 

Prel iminary Findings 

The affected bui lding was inspected in late fal l . HVAC system and 
floor blueprints and des i gn specifications were also s tudied . The 
investigators observed the fol lowing : 

• Buildin& . The 9 - s tory bui lding was cons tructed in 1979 ; i t  
had a brick and concrete exterior and sealed windows . 

• Floor . All nine floors ( 100 by 100 feet )  had a s imilar 
arrangement of perimeter office areas and open- concept core areas . 
Some fac i l i t ies  ( toilets , board rooms , elevators , s torage rooms ) were 
located in the core area . Air was distributed to the floors via 
ce i l ing s lots ; air return inlets were located in the c e i l ing . 

• HYAC Sys tems . The building was served by four variable - air 
volume systems located in a penthouse on the roof ; the four air intakes 
were located at ground level at the rear of the building . Two of the 
intakes were located near a parking lot , and the other two were near 
the loading dock . A garbage disposal uni t  was noted 30 feet  from the 
intakes . I t  was also noted that the bui lding ' s  chimney was located at 
the rear of the building . Prevailing winds were known to blow from the 
front to the rear of the building . Air suppl ied to the floors by the 
HVAC sys tems was filtered and tempered . 

• Workforce . There were 50 to 70 workers per floor , mainly 
secre tarial or c lerical . Inc idents of nausea and other symptoms had 
been widespread throughout the building . Mos t  workers expressed 
sat i s fac t ion with the ir j obs and cons idered the ep isodic odor 
occurrences  an annoyance .  

Approach 

Pollution migration procedures were adopted for this  investigation . 

• Ac t ion 

The tracer gas sulfur 
hexafluoride was released from a 

• Rationale 

Resul ts may demons trate 
that car or truck exhaus t 
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cyl inder at a known rate on the 
loading dock and at the edge of 
the parking lot neares t  the air 
inlet  on 3 days when di fferent 
wind condit ions prevailed ( light , 
brisk , different direction) , and 
air samples were collected on all 
floors during the test . 

• Results and Interpretation 

I t  was shown that when the wind 
conditions were optimal an 
inordinate amount of car or truck 
exhaus t or emanat ions from the 
garbage disposal uni t  could enter 
the building via the air intakes . 

64 

can gain access  to the 
bui lding via its air 
intake . 

• Recommendations 

Relocate the air intakes . 
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Appendix A 

COMPILAIIQN OF NIOSH HAZARD EVALVATION FIELD SIUDIES 

IN BUILQING - RELAIED PRQBLEM REPQRTS 

The National Institute for Occupational Safety and Health will 
evaluate any pos s ible health hazards in the work environment at the 
request  of employers , employees ,  or the ir representatives . In a number of 
cases in the pas t decade these evaluations have involved problems in 
nonmanufacturing workplaces , such as office buildings and schools . The 
reports made after such evaluations are relatively uniform in format , 
although in their content they respond to the particular investigation and 
the findings . 

The Centers for Disease Control in Atlanta made available a set  of 7 3  
such reports . To demonstrate the cumulative unders tanding o f  the 
bui lding- related problems , these reports were abs tracted by not ing in a 
sys tematic form 31 different i tems of information that could be expected 
to be present . 

I t  is  not known how representative the collection of reports is  of all 
the buildings s tudied . The number of reports in the sample is probably 
more than 10 percent and less than 40 percent of the total universe 
s tudied . There are numerous sources of pos s ible b ias , s tarting with the 
bias in the population that seeks and gets access to the NIOSH , 
resources . That b ias would cause oversampling of government buildings and 
of workplaces that are unionized . On the part of CDC and NIOSH , there 
might be a very understandable b ias toward making available the more 
competently produced reports with the clearest  outcomes and 
recommendations . 

As can be seen from Table A- 1 ,  a large fraction of the s tudies ( 3 7 to 
40 percent) yielded no i tems reported out of acceptable ranges and 
resulted in no spec ific or even general recommendations . One of the 
reasons for this high percentage of negative findings mus t be that 
investigations often follow complaints with an unavoidable delay , and a 
condi tion assoc iated with the original complaints no longer exists . 

Another reason is  the use of workplace s tandards and workplace 
measurements that are geared to industrial and manufacturing workplaces . 
This practice leads to concluding that formaldehyde concentrations of 0 . 1 5 
to 0 . 4  ppm are clearly acceptable , or that asbestos concentrations of 
100 , 000 fibers per cub ic meter are acceptable . These are , after all , well  
below the workplace standards that these teams enforce at  other workplaces 
they investigate , al though they may not be cons idered appropriate for an 
office environment . 

A final reason may be that the complaints in fact are not so much 
based on spec ific complaints about the indoor air qual ity but relate more 
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to the complex of all workplace condit ions s imultaneous ly and thus cannot 
e ffect ively be addres sed by improving only the indoor air qual i ty .  

Table A- 1 also makes c lear that in the great maj ority o f  buildings 
inve s tigated there was e ither no factor or only a s ingle factor reported 
out of  range ( 86 . 3  percent ) , and in only 13 . 7  percent of the cases were 
two factors reported out of range . There was not a s ingle ins tance in 
which more than two factors were reported to be in an abnormal range . 
S imilarly , in 9 3 . 2  percent of the cases there was e i ther no recommendation 
or only a s ingle recommendat ion ; in j ust  6 . 8  percent of all the cases was 
a recommendation made for improvement in two factors s imultaneous ly . 

The s tudie s  also clearly document the important role of ventilat ion in 
many of these instances : Lack of  adequate vent ilat ion will produce many 
reports of many symptoms , ascribed to any of a number of poss ible causes . 
At the same t ime i t  is  also made clear that an increase in ventilation 
rate is  the s ingle mos t  frequent recommendat ion . This  again affirms that 
increased ventilation is  universal in its ab i l i ty to reduce concentrations 
of all contaminants s imultaneously . 

In fac t , the s imilarity of the results of  so many of  the hazard 
evaluations indicates that the need for these field s tudies could be 
reduced subs tantially by sugges t ing to the building management or the 
employer in que s t ion that poss ible inadequac ies in the effective 
vent ilat ion rate be checked and corrected be fore a field evaluation team 
is  formed and dispatched . 
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Table A- 1 FREQUENCY OF OCCURRENCE ( IN PERCENT) OF DIFFERENT 
CHARACTERISTICS AND REPORTS IN STUDIES OF BUILDINGS BY NIOSH TEAMS 

Complaints 
Justifying NIOSH 
tiiOSH V1sU; 

Condition Yes No 

Temperature 8 . 2  91 . 8  
Pollutants 16 . 4  8 3 . 6  
Bioagent 8 . 2  91 . 8  
No ise 1 . 4  9 8 . 6  
S tuffy 5 7 . 5  42 . 5  
Drafty 0 100 . 0  

Percentage of cases with 0 i tems 

Report items 39 . 7  
Recommendat ions 37 . 0  

tiiOSH Rel!orts 
Yes 

11 . 0  
7 8 . 1  

8 . 2  
2 . 7  

5 2 . 1  
0 

1 item 

46 . 6  
56 . 2  

No 

89 . 0  
2 1 . 9 
91 . 8  
9 7 . 3  
47 . 9  

100 . 0  

Res:ommendations 

2 items 

13 . 7  
6 . 8  

Yes 

4 . 1  
42 . 5  

5 . 5  
1 . 4 

5 8 . 9 
0 

No 

9 5 . 9 
57 . 5  
94. 5 
9 8 . 6 
41 . 1  

100 . 0  

3 i tems 

0 . 0  
0 . 0  
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Appendix B 

BIQGBAPHICAL SKETCHES OF COMMITTEE MEMBERS 

RICHARD T .  BAUM is a princ ipal of Jaros , Baum & Bol les , an engineering 
firm estab l i shed in New York City in 1946 . He is a Fellow of the 
American Consulting Engineers Counc il  (ACEC ) , the American Society of 
Mechanical Engineers (ASME) , and the American Soc iety of Heating , 
Refrigerating , and Air - Conditioning Engineers (ASHRAE) . He has been 
named to the National Academy of Engineering and is  also a member of 
the National Soc ie ty of Profe s s ional Engineers and the Nat ional Society 
of Energy Engineers . He rece ived his B . A . , his  B . S .  in mechanical 
engineering , and his M . S .  in mechanical engineering from Columbia 
Univers ity .  

BARRY J .  DAVI S i s  an environmental health engineer involved with the 
inve s t igation of airborne and waterborne infectious disease outbreaks 
at the Ep idemic Investigations Branch , Center for Infectious Diseases , 
Centers for Disease Control . His profess ional experience includes work 
with the Mob i l  Oil  Corporation , the U . S .  Army Environmental Hygiene 
Agency , the U . S .  Environmental Protection Agency , and the U . S .  Pub l ic 
Health S ervice Commissioned Corps . He is  a regis tered profe s s ional 
engineer with his B . S .  in c ivil engineering and his M . S .  in 
environmental health engineering from the Univers i ty of Texas , Aus tin . 

J EAN - PIERRE FARANT has been an assoc iate professor in occupat ional 
hygiene and the D irector of Environmental Laboratories at the School of 
Occupational Health , McGill  Univers ity ,  s ince 1982 . Prior to that , he 
was advisor in environmental toxicology for the Medical Services Branch 
of Health and Welfare Canada . Other posts held at that agency include 
the chief of laboratory services for the Medical Services Branch , 
industrial hygienis t for the Heal th Protection Branch , and organic 
chemist for the Health Protect ion Branch . He holds a Ph . D .  in 
analyt ical toxicology and a B . Sc .  in chemis try , both from Carleton 
Univers ity . 

JAMES T .  GOLDEN has served as International Representat ive of  the Sheet 
Metal Workers International Association s ince October 1 9 8 5 . In this 
capac ity , he ins t i tuted a s tudy of 1500 members exposed to asbes tos , 
coordinates a nat ional training and education program in the safe 
handl ing of asbes tos , and coordinates the tracking of all federal , 
s tate , and local legis lat ion regarding asbestos handl ing and vict im 
compensation . He has been assoc iated with the SMWIA in various 
capac ities  s ince 1 9 7 9 . 
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DOUGLAS A .  GREENAWAY is Director of Regulatory Affairs for BOMA 
International ( Building Owners and Managers Assoc iation) , where his 
respons ib i l i t ies are focused on SOMA ' s activit ies in the areas of model 
codes , s tate and local codes , voluntary consensus standards , federal 
regulatory initiatives , and building industry representatives . 
Previously he served as market ing director for the Washington office of 
Leo A.  Daly Company , one of the largest  architec tural/engineering firms 
in the United S tates . He has also worked as a fac i l ities  management 
consultant and contract administrator with FACE Associates , an 
organizat ion of consultants interfac ing with NATO . He holds a Master 
of Architecture and Planning from the Catholic Univers ity of America 
and a B . A .  in pol it ical sc ience and sociology from Carleton Univers i ty .  

JOHN K .  HOLTON is a Senior Assoc iate with the architecture firm Burt 
Hill  Kosar Ritte lmann Assoc iates . Previous ly he has held numerous 
pos itions with such organizations as the General Services 
Adminis trat ion as Director of the Energy Conservation Divis ion ; with 
the National Bureau of S tandards as the Proj ect Leader for Solar 
Criteria and S tandards Deve lopment ; with the American Institute of 
Architects/Nat ional Bureau of S tandards as architect in res idence ; and 
with the Mark VI I Corporation of Perkins and Wil l  as Director of 
Phys ical Planning and Des ign .  He holds a Mas ter o f  Architecture from 
Harvard Univers ity and a B . C . E .  from Cornell Univers ity . 

GEORGE T .  JACOBI is currently Corporate Vice Pres ident for Technology 
at Johnson Controls ; previous ly , he was the director of Building 
Automat ion Sys tems , also at Johnson Controls .  From 1959  to 1 9 7 7  he was 
at the liT Research Ins t i tute , where he was ass is tant director of 
elec tronics research and then direc tor of computer and management 
sc ience research . Prior to that he was with the General Electric 
Company in several capac i t ies . He holds the M . Sc .  and B . S .  degrees in 
electrical engineering , both from Ohio State Univers i ty . He has 
several patents to his credit and is listed in American Men and Women 
of Science . 

LEONARD LEVIN currently is  proj ect manager for the Air Qual ity S tudies 
Program at Electric Power Research Institute . He is  a certified 
consulting meteorologis t . At the inception of this s tudy , Dr . Levin 
was Senior Meteorologis t with Woodward-Clyde Consultants ,  where he 
spec ial ized in workplace and community air exposure to toxic materials , 
hazardous was tes , and other air pollutants . Other professional 
experience inc ludes director of Phys ical Science Programs at Ecological 
Analys ts , Senior Sc ientist  with Sc ience Appl ications International , a 
postdoc toral fellowship in fluid mechanics at Johns Hopkins Univers i ty ,  
and s taff as soc iate at the American Geophysical Union . He holds his 
Ph . D .  from the Univers ity of  Maryland in fluid dynamics and appl ied 
mathematics , his M . S .  from the Univers ity of Washington in atmospheric 
sciences , and his B . S .  from Massachusetts Ins t i tute of Technology in 
earth and plane tary sciences . 

Copyright © National Academy of Sciences. All rights reserved.

Policies & Procedures for Control of Indoor Air Quality
http://www.nap.edu/catalog.php?record_id=18883

http://www.nap.edu/catalog.php?record_id=18883


75  

JAN A .  J .  STOLWIJK is the Susan D .  Bl iss  Professor of Epidemiology and 
Public Health and Chairman of the Department of Ep idemiology and Pub l ic 
Health at the Yale Univers ity School of Medic ine , a pos ition he has 
held s ince 1982 . He has been assoc iated with the School of Medic ine in 
various capac i t ies s ince 1962 in both the Department of Ep idemiology 
and Public  Health and the Department of Phys iology . He has also been 
assoc iated with the John B .  Pierce Foundation s ince 1957  as 
b iophys icis t , assoc iate fellow , fellow ,  and assoc iate director ( the 
las t from 1 9 74 to the present ) . Dr . S tolwij k has served on several 
other National Research Counc i l  committees . He holds the B . S . , M . S . , 
and Ph . D .  degrees  from Wageningen Univers ity , The Netherlands . 

ROBERT A .  WESTIN is  a Senior Chemical Engineer with Versar , Inc . , a 
firm based in Springfield , Virginia , that spec ial izes in toxicological 
diagnoses and decontamination management . He has over 20 years ' 
engineering experience involving hazardous and toxic chemicals .  During 
the pas t 8 years he has managed over $8 mill ion dol lars in contract 
research sponsored by the U . S .  Environmental Protect ion Agency , s tate 
governments ,  and indus trial firms . He is a registered profess ional 
engineer . His degrees include the B . A .  in chemistry from Kalamazoo 
College , the B . S . E . in chemical and metallurgical engineering from the 
Univers i ty of Michigan , and the M . B . A .  in operations research and 
market ing from the Univers ity of Chicago . 

JAMES E .  WOODS is  Senior Engineering Manager with the Honeywel l  
Bui lding Controls  Divis ion . Prior to this pos ition , he served as 
Senior S taff Sc ient i s t  with the Honeywell  Phys ical Sc iences Center from 
1983  to 1986 , where he was respons ible for research and development in 
indoor air qual ity . Before j o ining Honeywell , Inc . , he was a professor 
of mechanical engineering and architecture at Iowa S tate Univers ity . 
He is  a regis tered professional engineer , with many publ ications in the 
areas of indoor air qual i ty and energy conservation . His degrees 
include the B . S .  in mechanical engineering from the Univers i ty of New 
Mexico , the M . S .  in phys iological sciences , and the Ph . D .  in mechanical 
engineering from Kansas S tate Univers i ty . 

CARY L .  YOUNG has been Proj ect Manager of the Health S tudies Program in 
the Environmental Asses sment Department at the Electric Power Research 
Ins t i tute ( EPRI ) s ince 1980 , where he is respons ible for a maj or part 
of the community health activities aimed at gaining a be tter 
understanding of health risks from exposure to inhalable pollutants . 
He is a preventive medic ine phys ic ian and epidemiologi s t  who has worked 
in the area of environmental and occupational health research for 12  
years . Other profess ional experience includes a pos it ion as Senior 
Medical Sc ient i s t  in the Center for Occupational and Environmental 
Safety and Health , SRI International , and a pos i tion as Medical Officer 
with the Centers for Di sease Control , U . S .  Public Health Service . He 
holds an A . B .  from S tanford Univers ity , a M . D .  from Baylor College of 
Medic ine , and a M . P . H .  from the Johns Hopkins Univers i ty School of 
Hygiene and Public  Health . 
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