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1.1 Background 

1 • 0 INTRODUCT ION 

Criteria for acceptable air quality have existed for many years for the 

industrial workplace and outdoor environments. Only recently, however, h as 

widespread attention been drawn to potential hazards posed by the presence of 

airborne contaminants in non-industrial indoor environments. Several factors 

h ave contributed to this awareness: 

- a trend towards tigh ter building construction, as incentives are qiven to 

conserve fuels; 

- th e presence of an increasinq ly complex array of synth etic chemicals used 

in buildinq and insulating products, furnishings, consumer products and 

h obby and craft materials; 

- th e use of alternative heating systems which , if not properly installed or 

designed, can release combustion by-products; 
· 

- a recognition th at prolonged exposure even to very low concentrations of 

chemical contaminants may result in delayed toxic effects; and 

- the realization that a very high proportion of the average individual's 

time is spent indoors. 

1.2 Sources of Indoor Air Contaminants 

Th e quality of indoor air is influenced both by the quality of outdoor air 

and by th e emission characteristics of indoor sources. 

1. 2.1 Outdoor Sources 

In almost all inh abited enclosed spaces , there is a continuous exchanqe of 

air with the outside. Therefore, all contaminants of outdoor air are likely 

to be present indoors. Important pollutants in th is category include carbon 

monoxide, oxides of nitrogen, oxides of sulphur, particulate matter, oz one 

( and other ph otochemical oxidants ) and lead. 

Th ese pollutants originate, to a large extent, from automobile and factory 

emissions and oth er combustion processes. Generally, in the absence of 

indoor sources of th ese contaminants, concentrations indoors will be close to 

or  lower than those outdoors. 

A natural pollutant is radon-222 , a radioactive gas that decays to 

non-gaseous radioactive species wh ich can be adsorbed onto suspended 

particulate matter and hence be deposited in the lung. Domestic water, 

natural gas, underlying soil and groundwater can be significant sources of 

radon in dwellinqs. 

, 



... 

- 2 -

1.2.2 In door Sources 

Internally generated airborne pollutants fall in to one of th ree categories: 

- those formed in combustion processes for heating and cooking ;  

- those derived from con struction materials and furnishings; 

- th ose rel ated to human activity or presence. 

Concen tration s of contaminants in the first and last categories tend to vary 

with time; those in the second are likely to be more con stan t, assuming that 

air exchange rates remain con stant. 

(i) Combustion Processes. Furnaces and other combustion appliances can be 

sources of indoor pollutan ts, n otably carbon monoxide, especially if 

they are not properly ven ted or routin ely serviced. Since combustion in 

wood-burning stoves is much less complete than in oil and gas furnaces , 

pollutan t emission s from them can be greater. Th ough by-products should 

be v en ted to the outside, leaks and improper operation of these 

appliances can cause emission s to the indoors. Con taminan ts associated 

with wood-burning stoves and fireplaces include carbon mon oxide, oxides 

of nitrogen and sulphur , al dehydes and polycyclic aromatic 

h ydrocarbon s. 

A major poten tial source of combustion by-products is gas- fired stoves. 

Emission s from the oven and pilot ligh t are not always vented and can contri­

bute to indoor levels of carbon mon oxide , nitrogen oxides and formaldeh yde. 

Kerosene heaters are becoming increasin gly popular for space heatin g. Since 

these systems are often unvented, the potential for h igh con taminant levels 

again exists. In particular ,  the improper use of kerosenes with high sulphur 

contents or of poorly designed un its could result in emissi on of oxides of 

sulphur as well as some of the other combustion by-products previously 

men tioned. 

(ii) Building Products and Furnishings. Syn thetic polymers used in fur­

nishings and decorative mat erials can slowly degrade, releasing small 

quantities of the original constituents or reaction by-products. 

Draperies, rugs and fabrics, the great majority of which contain 

man-made fibres, are sources of a variety of organic and, potentially, 

microbiological contaminan ts. 

.., 
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Formaldehyde is released from wood laminates and particleboard in which 

formaldehyde-containing resins have been used. Urea-formaldehyde foam 

insulation is a sianificant source of formaldehyde and possibly other qaseous 

products. 

Fibrous materials such as asbestos and fibrous glass are present in some 

building materials and may be released to the indoor environment especial ly 

when such products are disturbed during building-alterations. 

(iii) Human Activity. T he variety of contaminants that resul t  from human 

activity is extremely broad. 

T obacco smoking is a major source of indoor air pollution. While smokers 

subject themselves to mainstream smoke, bystanders can be involuntarily 

exposed to significant amouhts of respirable particles , carbon monoxide and 

oxides of nitrogen, as well as numerous harmful organic contaminants, in 

sidestream smoke. Over fifty components of ciqarette smoke are known to 

cause adverse health effects, and twelve of these are known or suspected 

carcinogens. 

Human metabolic activity itself influences air quality by reducing the 

concentration of oxygen and increasing the level of carbon dioxide. 

R espiration, perspiration and food preparation add water vapour as well as 

odour-producing substances to the indoor atmosphere. A large variety of 

biological agents may be present in the home, for example , rnicro-orqanisms 

from occupants, pets and insects; microbial growths may also occur on moist 

surfaces or in staqnant water. Pollens , spores , cell debris and insects are 

present in dust originating both indoors and outdoo rs. 

Air fresheners, furniture waxes, polishes , cleansers , paints , pesticidal 

formulations, fabric protectors, deodorants and other products frequently 

used in the home are sources of various inorganic and organic chemicals. 

Many substances found in the workplace may also occur in the home as a result 

of hobby or craft activities. Moreo ver, workers exposed to chemicals in the 

workplace may bring these contaminants into the home on their clothing. In 

some circumstances this may be a means by �hich significant amounts of 

potentially harmful substances are introduced into indoor air. 
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2.0 PURPOSE AND SCOPE 

Generally, people can be at home for as much as 70% of th eir time and, for 

some segments of the population (the very yo ung, th e old and the infirm), 

this percentage can be much h igher. In developing recommendations for the 

domestic environment, the Working Group co nsidered it prudent to assume that 

certain segments of the population are at home on a continuous basis. 

Furthermore , some individuals may be at special risk from indoor air 

po llution. Such individuals comprise those whose physio logical processes are 

either not fully developed or are deteriorating, or for whom patholo gical or 

physiolo gical changes impair the ability to surmount the adverse effects of 

expo sure to a po llutant. Th erefore, a primary objective was: 

"to develop guidelines for the concentrations of selected 

contaminants of residential indoor air, taking into account 

such factors as the sensitivity of groups at special risk and 

the sources and mechanisms of action of contaminants". 

These guidelines may not provide co mplete protection for the hypersensitive 

portion of the population which requires extraordinary measures to achieve 

such protection. 

The need to specify ventilation rates for domestic premises that reflect the 

indoor air quality guidelines was also considered but was deemed to be beyond 

the expertise of members of the Working Group. Moreover , a prescription for 

ventilation requirements is o nly one of several strategies that might be 

adopted for controlling the presence of airborne contaminants in the home. 

Other po ssibilities include specifications for building design and materials 

and co nsumer products. In many instances, measures to minimize expo sure to 

chemical contaminants can be taken by the occupants. Public education is an 

important strategy for attaining an acceptable quality of indoor air , and the 

Working Group therefore established as its second objective: 

... 

"to develop, where practicable, other guidelines or 

recommendations for measures that will preserve or improve 

air quality in domestic premises". 

... .. 
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As a guiding principle , air within domestic premises should be sufficiently 

free from biological, physical and chemical contaminants to ensure that there 

is a negligible risk to the health and safety of the occupants. 

Following an examination of the av ail able infor mation , 17* substances,  or 

gr oups of substances, wer e selected for detailed rev iew because of their 

potential to cause adver se h ealth effects and their possi ble pr esence 

indoor s. Guidelines expr essed in ter ms of concentr ation r anges wer e 

dev eloped for nine of these. For the other s it was not possible to expr ess 

th e guidelines in quantitative terms,  either because the data base was 

inadequate or because human exposur e l imits wer e deemed inappr opr iate; wh er e 

possible, however , recommendations are made in th is document on measur es that 

can be taken to contr ol indoor exposur e to contaminants. 

Th e guidelines in th is document ther efor e encompass two categor ies of 

contaminants: 

th ose for whi ch recommendations are expressed in terms of ranges of 

concentr ations; 

th ose for which recommendations ar e specified as practical measur es that 

can be taken to reduce exposure. 

Section 4, Par t A of th is document deals with th ose contaminants for wh ich 

exposure limits could be der ived exclusiv ely on th e basis of health consider a­

tions (see Section 3.2.1). These are specified for the following substances: 

aldehydes (total) 

car bon dioxide 

car bon monoxide 

nitr ogen dioxide 

ozone 

par ticulate matter 

sulphur dioxide 

water vapour 

The potential for adv er se effects fr om long-ter m exposur es as well as fr om 

sh or ter-ter m  high er-lev el exposur es has been consider ed. Two kinds of 

exposur e limits ar e ther efor e speci fied. 

* Information on radon was also rev iewed but no recommendations were developed by 

the Wor king Gr oup on Indoor Air Quality. 

, 
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The Acceptable L ong-Term Exposure Range (AL TER) is that concentration range 

to which it is believed from existing information that a person may be 

exposed over a lifetime without undue risk to health. 

The Acceptable Short-Term Exposure Range (AS TER) is that concentration range 

to which it is believed from existing information that a person may be 

exposed over the specified time period without undue risk to health. 

An important consideration in deriving acceptable exposure ranqes is the 

possibility of interactive effects, since many contaminants are likely to be 

simultaneously present in the home en vironment. Where possible, due account 

was taken of the potential for synergistic and additive effects. However, in 

most cases there were insufficient or inadequate data to completely resolve 

this problem. 

Sect ion 4, Part B contains recommendations for lonq-term exposure to 

formaldehyde, on the basis that it is a possible human carcinogen. For 

carcinogenic effects, guidelines were not established exclusively on the 

basis of health consideration s; rather they were set as low as possible 

taking into account the cost and technical feasibility of attainment, as well 

as the associated health risks ( see Section 3.2.2). 

Section 4, Part C of these quidelines deals with those contaminants for which 

the formulation of exposure ranges was deemed inappropriate or was not 

feasible. This group comprises: 

biological aq ents 

chlorinated hydrocarbon s 

fibrous materials 

lead 

pest control products 

polycyclic aromatic hydrocarbons 

product aerosols 

tobacco smoke 

R ecommendations for procedures that would reduce or eliminate exposure in the 

home are provided for these substances. 

I n developing the recommendations for these 17 substances or qroups, the 

Working Gr oup critically reviewed the available literature. T he criteria an d 

rationale on which these quidelines are based are briefly outlined in this 

., 
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document. A more detai led des cri pti on of the s ci enti fi c cri teri a and 

reference materi al is  avai lable i n  a s eparate publi cati on enti tled ''Exposure 

Gui deli nes for Res i denti al Indoor Ai r Quali ty : Supporti ng Documentati on". 

It is recogni zed that the above lis ts do not fully represent the range of 

compounds found i n  the home envi ronment. As new data become avai lable, the 

need for developi ng exposure gui deli nes for addi ti onal contami nants or groups 

and revi s i ng the current gui deli nes , should als o be cons i dered. 

2. 3 General "I ndi cators " of I ndoor Ai r Quali ty 

2. 3.1 Carbon Di oxi de 

I ncreasi ngly, complai nts made by occupants of s ome large bui ldi ngs are bei ng 

li nked wi th poor i ndoor ai r quali ty . The occurrence of some of these 

complaints (headache, fati gue, unpleasant odours, s tuffi ness and undue 

warmth) has been associ ated wi th elevated concentrati ons of carbon di oxi de. 

Whether a concentrati on range could be pres cri bed for carbon di oxi de that 

would be i ndi cati ve of acceptable ai r quali ty from the vi ewpoi nt of comfort 

or aes theti c consi derati ons was therefore consi dered. 

Carbon di oxi de i s  produced by human respi rati on and can be reduced s igni fi­

cantly only by ventilati on of the buildi ng. The concentrati on of carbon 

di oxi de i n  i ndoor air i s  therefore clos ely related to the venti lati on rate. 

The degree of venti lati on needed to maintain carbon di oxi de at a low level 

wi thi n a bui ldi ng als o helps to reduce the levels of other i ndoor pollutants 

and to i mprove overall i ndoor ai r quali ty. Carbon di oxi de is  us eful as an 

jndi cator of general ai r quali ty only i n  bui ldi ngs where there are s i gni fi­

cant metaboli c and/or combus ti on s ources of carbon di oxi de. Otherwis e, 

carbon di oxi de levels wi ll be low over a wi de range of venti lati on rates ( for 

example, i n  large houses wi th only one or two occupants and no unvented 

combus ti on appli ances ). 

The trend in recent years towards mi ni mi zi ng venti lati on wi thi n houses i n  

order to reduce energy consumpti on for heati ng and cooljng can lead to 

i ncreases i n  carbon di oxi de levels wi thi n resi dences and to a general 

deteri orati on i n  i ndoor ai r quali ty . 

In several s tudi es, comfort factors have been correlated wi th carbon di oxi de 

concentrati ons. Collecti vely, these studi es s ugges t that carbon di oxide 

concentrati ons above 1800 mg/m3 (1000 ppm) are i ndi cati ve that there is an 

i nadequate supply of fresh ai r, although complai nts have been documented at 
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concent rat ions as low as 1100 mg/m3 (600 ppm) . However, from a review of the 

direct ph ysiological effect s of exposure to carbon dioxide, as opposed to 

subject ive sympt oms, a h igher maximum exposure concent rat ion is recommended 

( Sect ion 4.A.2). 

It must be not ed that these studies were conduct ed in  buildinqs with mechani­

cal vent ilat ion syst ems and with occupancy rat es quite different from those 

of residences. Moreover, t he effect s observed are probably not att ribut able 

t o  t he presence of elevat ed concent rat ions of carbon dioxide, but rather t o  

undesirable concent rat ions of ot her subst ances that result from inadequat e 

vent ilat ion, and for which carbon dioxide provides a suit able surrogat e 

paramet er. Therefore caution must be used in interpreting carbon dioxide 

concentrations as a general indication of residential indoor air quality. 

2.3.2 Wat er V apour 

Relat ive humidit y has also been considered as an indicat or of indoor air 

qualit y. Air-t o-air heat exchangers which are designed to bring in out side 

air and t o  t urn on and off at pre-set relative humidit y levels, have been 

developed. The cont rol of indoor air pollut ant s other than excessive wat er 

vapour by h eat exchangers operat. ing in t h is way may not be sat isfact ory for 

t he following reasons: 

in a larqe house wit h a low occupancy, relative humidit y may not rise 

sufficient ly t o  t rigger air exchange, alt.hough other pollut ants may be 

present at unaccept able concent rat ions: 

changes in occupancy th roughout. the day affect the rat e at which wat er 

vapour is generat ed, whereas ot her pollut ant s may be emit ted cont inuously: 

t h e  variat ion in indoor relat ive humidit y with geographical area and 

season necessit at es different cont rol set t ings for each locat ion and 

season. 

Therefore, relat ive humidit y is not suit able as a qaneral indicator of 

resi dent ial indoor air qualit y. 

.. .. ... 
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3. 0 DERI VATION OF GUIDELINES AND RECOMMENDATIONS 

3.1 Data Base for Derivation of Exposure Guidelines 

Since research into the health effects of residen tial indoor air quality is 

at an early stage, there is a dearth of reliable in formation on the health 

effects that result from exposure to 
'
the low levels and mixtures of contami­

nan ts likely to be found. In most cases, therefore, the Working Group relied 

upon the results of laboratory experimen ts using animals,  clinical studies 

with human volunteers, and epidemiological investigations of urban air 

pollution and the occupational environ ment. The results of epidemiological 

and clinical studies are the most relevant for establishing acceptable levels 

of exposure of humans to air pollutants . Nevertheless , the application of 

each of these types of study involves a number of assumptions and hence 

uncertain ty in the derived dose-respon se relation ships. 

3.1.1 Epidemiological Studies 

Most of the relevant epidemiological studies of populations are observational 

(non -experimental) in nature ; that is, the allocation of individuals in to 

study groups on the basis of exposure is not under the con trol of the 

investigator. Such observational studies can be further classified as des­

criptive (cross-sectional) or analytical (cohort or case-control) studies. 

In cohort studies, exposure and outcome are monitored over time ; as a result , 

the quality of evidence obtained from such longitudinal investigations is 

generally considered to be superior to that from cross- sectional studies , in 

which populations are monitored at one time. However, the results of all 

observational studies must be evaluated again st the foll owing features of 

study design ; 

a) Estimation of Exposure - In most observational studies conducted to date , 

pollution data are usually obtained from one or several outdoor mon itor­

ing station s;  however , the exposure burden can vary greatly between 

individuals living in the same neighbourhood because of local climatic 

conditions and special features of the indoor environ men t. For example, 

for pollutants generated mainly in the outdoor environment (oxidants, 

sulphur dioxide) , indoor concen trations will normally be less than those 

outdoors ; however , indoor levels (from indoor sources) may have greater 

temporal peaks with concomitant effects on health. Exposures to some 

pollutan ts (nitrogen dioxide, carbon monoxide) are n ot well represented 
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by ambient air measurements if there are significant indoor sources of 

these pollutan ts. Only in very recent studies have investigators 

attempted to take such factors in to accoun t in estimating exposure. 

b) Role of Con founding Variables - In observational studies of populations 

exposed to air pollutan ts, a host of con founding variables (e.g., 

socioecon omic status, smoking, occupational exposure, meteorological 

factors), many of which have greater effects than air pollution, must be 

con sidered. 

c) Measurement of Outcome - There is substan tial variation in the method of 

measurement of many health-state indicators in the studies conducted to 

date; such in dicators include lung function , hospital admissions and 

frequency of symptoms. In many of the studies, outcome is determined by 

questionnaire, and respon ses may be biased by the way and condition s 

under which the questions are asked. 

Even in those studies where the design is acceptable, interpretation of the 

results is complicated. For example, it is often difficult to attribute 

effects observed in populations exposed to air pollution to a single 

con taminant. It is possible that the con taminant investigated may serve as 

an indicator, or surrogate, for the effects of another contaminant or a 

combination of contaminants. Also, since exposures are not subject to the 

manipulation of the investigator, it is difficult to determine whether mean 

or peak concen trations, variability, or some other aspect of air pollution is 

the most importan t determinant of health effects. 

In summary, those epidemiological studies considered most relevan t for 

developin g the guidelines have the followin g features: 

longitudinal study design ; 

adequate control of appropriate confounding factors; 

some attempt to take individual variations in exposure into accoun t, 

(e.g., area of residence, gas stove use). 

Epidemiological investigations of the effects in the general population are 

considered to be the most relevant. Studies of persons exposed to airborne 

pollutants in the workplace may not reflect potential problems of the general 

population, since the young, the elderly and other high-risk groups are not 

accounted for. Moreover, exposure periods and the mixture of pollutan ts will 

be different from those in the home. 

" " 
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3.1.2 Clinical Studies 

Clinical studies are generally , thoug h not always, conducted in controlled 

laboratory environments. These studies probably pro v ide the most reliable 

da ta from which to derive exposure-response relationships that form the basis 

for air quality standards. Ho wev er, clinical studies are restricted for 

ethical reasons to the examination of mild, temporary effects of short-term 

exposures in a limited number o f  subjects. As such, they are most suitable 

for developing short-term exposure limits. 

A good clinical study should control for extraneous variables and experi­

mental bias. In order to satisfy this need, most clinical studies employ a 

control group. Co mparison with this group prov ides an indication of the 

effects that the experimental conditions exert on exposed individuals. The 

inclusio n o f  such a group is very important if the effect of the experimental 

interv ention is to be isolated. 

In order to further reduce experimental bias in clinical studies, the allo­

cation of subjects into experimental and control g roups should be a rando m 

process. That is, all subjects should hav e  an equal chance to be assigned to 

either the experimental group or the control group. Through this process the 

study will hav e  a good chance o f  obtaining co mpara ble groups, such tha t the 

measured and unknown characteristics of the subjects at the time of g roup­

allocation will be, on the averag e, ev enly balanced between groups. Also , 

since most statistical procedures are based on normal distributions, the 

rando mization procedure is necessary in order to meet the assumptions o f  the 

statistica l desig n. 

In order to reduce experimental bias to a minimum, so me studies employ 

designs in which the subjects, and so metimes the inv estigators, are not aware 

of the particular intervention to which a subject has been assigned. The 

advantage o f  these " blind" designs is that they reduce the possibility tha t 

the subjects and/or inv estigators will favour certain outcomes based on group 

status. 

Only through the employ ment of blind designs can the inv estigator be 

reasonably assured that extraneous variables and experimental bias have been 

controlled as much as po ssible. Howev er, it is so metimes impo ssible to 

employ such a design for practical reasons. If, for example, the 

investigators are testing the pulmonary effects o f  ozone, and the subjects 
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and inves tigators can detect the treatment condi tion by the smell of ozone, 

it is clearly not practical to attempt a blind study. This is a limitation 

of many clinical s tudies of airborne pollutants . 

3.1.3 Animal Studies 

Although numerous studies of the effect of ai rborne pollutants in animal 

s pecies have been conducted, levels of exposure have, in general, been much 

higher than those in ambient air . In addition, extrapolation of the results 

to ambient levels is complicated by the dis tinct anatomical differences 

between the respiratory tracts of animals and man. Also, studies are fee-

quently confined to unusually hiqh concent rations of no more than one or two 

pollutants, rather than to the low concentrati ons and mixtures of substances 

generally found in the home. However, the results of such studies are useful 

in the i dentification of target organs and sys tems, in the clarification of 

mechani sms of toxicity and in the assessment of carcinogenicity. 

The reliability of carcinogenes is bioassays in animal species is evaluated on 

the basis of several features of the design and the results of the study. 

Thes e features include the s ize of the experiment ( i.e., the numbers of 

exposed and control animals ) ; the influence of environmental factors ( e.g. , 

diet) ; the route and method of expos ure ; the dos es adminis tered; the species , 

strain and sex of the animals ; the types, s ite, incidence and ti me to the 

development of tumours ; and the nature of the exposure-respons e relations hip. 

Information concerning the kinetics, metabolism and mechanism of action, and 

the results of epidemiological studies in human populations are als o 

cons idered when the relevance of the results of carcinogenes is bioassays for 

man is assess ed. 

3.2 Approach Used in Deriving Exposure Guidelines 

In order to es tablis h accurate, defensible exposure quidelines it is ess en­

ti al to determine the quantitative relation between a qiven pollutant and its 

effects . The terms "exposure-response" and "exposure-effect" denote this 

quantitative relations hip. Owing to ethical considerations, such quantita­

tive relationships are difficult to determine with precision in human 

populations . Nevertheless clinical and epidemiological studies combined with 

laboratory animal studies can provide a s ubstantial amount of quanti tat.ive 

information concerning the effects of exposure to a given pollutant. 

... .. .. ... 
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3.2.1 Non-carcinog enic Substances 

Regulatory agencies hav e  traditionally attempted to determine a lev el of 

exposure below which there are no apparent detrimental effects. This 

so-ca lled " threshold level" is closely related to the lo west lev el at which 

minima l ,  or rev ersible, effects can be observed - the " lowest-o bserv able­

adv erse-effect level'' ( LOAEL). A sa fety factor may be incorporated into the 

deriv ation of a regulatory standard or guideline depending upo n the number 

and quality of studies upon which the LOAEL is based. This approach has been 

used to establish guidelines for a number of indoor air pollutants considered 

in this do cument. 

The size of the safety factor depends to a larqe degree on whether human 

rather than animal data a re availa ble, whether studies have been conducted 

directly on those segments o f  the population believ ed to be at high risk, and 

the quality of the studies themselv es. Ultimately the choice is based on a 

consensus decision by experts, but strictly has no scientifically defensible 

basis. 

Owing to uncertainty concerning data obtained in observational studies, the 

World H ea l th Organization has used a sa fety fa ctor of two in reco mmendi ng 

g ui delines for daily and annual exposure to air pollutants; this value has 

been adopted in deriving some o f  the guidelines specified in this document. 

In instances where there are sufficient data from reliable clinical studies 

of transient changes in groups at risk ( for example, cha nges in pulmona ry 

function in exercising asthmatics), no safety factor is inco rpo rated in the 

deriv ation of a short-term exposure guideline. 

Because of the wide variati on in indiv idual susceptibility to irritants, 

notably al dehydes, short-term expo sure guidel ines have been derived by 

applying a fa ctor of  f.iv e to the lo west value reported to cause a significant 

increase in symptoms of irritation. 

I t  has been suggested that occupational hygiene li mits could be adapted for 

the residential indoor env ironment by applyinq a sa fety factor to accommodate 

differences such as exposure times, pollutant mixtures and po pul atio n sensit ­

iv ities. Without a thorough knowledge of the scientific basis for the 

occupational limits, howev er, the Working Group considered such an approach 

to be scient ifically indefensible. 
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3.2.2 Carcinogenic Substances 

There is evidence that fo r carcinoqenic substances threshold lev els may not 

exist. It fo llows in such cases that there is no lev el of  exposure at which 

a hazard does not exist, although at v ery low concentrations the health risks 

may be so small as to be undetectable. Fo r carcinogens , the deriv atio n o f  

acceptable exposure limits using experimentally deriv ed LOAELs and safety 

factors is considered inappropriate. 

Ideally ,  exposure to known or suspected carcinogens sho uld be avoided. 

Howev er, it is not possible to eliminate certain carcinogen� from the 

env ironment. The maximum concentrations in the exposure ranges listed in 

this document for formaldehy de, a suspected carcinogenic substance, are the 

lowest lev els that it is practical to achiev e and at which there is no undue 

public hea lth risk. 

To ascertain the lev el o f  risk, o r  probability of  adv erse respo nse at the 

low co ncentrations likely to be enco untered in the environment, several 

statistical procedures hav e been dev eloped to predict the shape o f  the 

dose-respo nse curve at doses below those a dministered in experimental 

studies. The shape o f  the extrapo lated dose-response curv e can influence 

considerably the v alue o f  the exposure co ncentrations at which there appears 

to be a negliq ible human health risk with estimates so metimes ranging over 

sev eral o rders of  magnitude, depending on the mathematical mo del employed. 

In deriv ing the long-term exposure guidelines fo r form aldehyde, the mathemat­

ical procedure for determining cancer risk was selected taking into account 

as far as possible informatio n concerning the mechanisms of action. Nev er­

theless, it must be recognized that the calculated risk at low lev els o f  

exposure is probably overestimated owing to the conserv ativ e assumptio ns upon 

which the mathematical model is based. 

3.3 Monitoring Procedures 

Metho ds fo r monito rinq indoor air quality have not been standardized to this 

day. Many studies hav e  been carried out with a combination of  older metho ds 

and instruments (used also for ambient air monitoring) together with tho se 

that hav e  only recently been dev eloped. There is now a trend towards 

dev eloping sma ller portable instruments which can serve both as personal 

monito rs and as stationary (area) monitors. Passiv e and activ e perso nal 

monitors that measure particulate matter (filters) and gases (absorbers and 

" 
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adsorbers) have been developed. The small size and quiet operation of this 

newer equipment render it suitable for use in inrloor environments. Such 

monitors also offer the possibility of determining pollutant levels near the 

breathing zone of individuals, thus enabling direct estimates of personal 

exposure to be made. 

Monitoring to ascertain compliance with the short- term exposure guidelines 

should be conducted when "worst case" situations are anticipated, and pro­

cedures should be designed to provide an accurate assessment of occupants' 

actual exposure. It is recommended that samples be taken when and where 

maximum concentrations are expected and that the averaging times specified 

along with-the ASTER be used. 

In the case of the long-term exposure it is more difficult to specify 

appropriate monitoring procedures. Sampling should be conducted over periods 

long enough to encompass any diurnal, seasonal or other temporal fluctua­

tions. The magnitude and frequency of these fluctuations may vary consider­

ably from contaminant to contaminant and be a function of dwelling type, 

location and the activity of the occupants. In many cases annual averages 

have served as a basis for formulating long-term air quality standards. 

Frequently, annual averages are based on random sampling of 24-hour average 

readings. Monthly or weekly averages are typically determined using daily 

averages, although passive monitors now available may have collection periods 

of 7 days to 90 days. 

It is recommended that a minimum sampling period of 24 hours be used and that 

samples be taken when concentrations are expected to be at their highest. 

Should concentrations be outside the specified long-term exposure range, 

additional samples should be taken to ascertain whether levels are likely to 

remain elevated, or whether fluctuations will result in the long-term ( often 

annual ) average concentrations falling within the guideline value. 

If contaminant levels are found to be outside any of the recommended exposure 

ranges, the source of the problem should be identified. Any possible cor­

rective measures should be taken or advice sought from health authorities • 

.;. 
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4.0 GUIDELINES AND RECOMMENDA TIONS 

PART A: SUBSTANCES WI TH EXPOSURE GUIDELINES - NON-CARCINOGENIC EffECTS 

4.A. 1 Aldehydes* 

In cases where more than one aldehyde is detected in indoor air, the sum 

Cl C2 C3 
�+�+�should not exceed 1, where c1, c2, and c3 are the concentrations 

C1 C2 C3 
of formaldehyde, acrolein and acetaldehyde, respectively, as measured over a 

5-minute period, and C1, C2 and C3 are as follows: 

cl (formaldehyde) - 120 µg/m3 (0. 10 ppm) 

c2 (acrolein) - 50 µg/m3 (0.02 ppm) 

C3 (acetaldehyde) - 9000 µg/m3 (5.0 ppm). 

Aldehyde concentrations in indoor air generally exceed those outdoors. The 

primary sources include gas stoves, space heaters and tobacco smoke. 

Identities of al l the aldehydes produced during incomplete combustion of 

organic fuels are not yet known, but measurements in indoor locations have 

shown that formaldehyde, acetaldehyde and acrolein are the major aldehydes 

present. 

Concentrations of acrolein in indoor air range from 2 to 50 µg/m3 (0.001 to 

0.02 ppm); limited data available indicate that levels of acetaldehyde 

average about 17 µq/m3 and range from 1 to 48 µg/m3• 

The major effect on human health of airborne aldehydes is irritation of the 

eyes, nose and throat. In recently conducted clinical studies, siqnificant 

increases in symptoms of irritation have been observed at levels of formalde­

hyde qreater than 1200 µg/m3 (1 ppm) (exposure periods 1.5 to 30 minutes). 

Data derived from observational studies of populations exposed to �rmalde­

hyde in the occupational environment or in public or residential buildings 

are less reliable owinq to limitations of the investiqations conducted to 

date. In the best-conducted studies, symptoms of irritation have not been 

associated with exposure to levels less than 600 µg/m3 (0.5 ppm). 

* See also Section 4.B.1, "Formaldehyde" 

.... 
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There are few reliable data available concerninq levels of the other 

aldehydes that induce symptoms. Acrolein is one of the most irritatinq of 

the aldehydes identified in indoor air, with most people reporting eye 

irritation at levels of less than 1 mg/m3• A significant increase in 

symptoms of eye irritation has been associated with exposure to levels as low 

as 210 µq/m3 (0. 09 ppm); in the same study, however, eye irritation at a 

concentration of 800 µg/m3 was only slight. Severe irritation results from 

exposure to concentrations of 1900 µg/m3 (0. 8 ppm). Chronic effects 

following exposure to acrolein have not been reported and there has been no 

evidence of carcinogenicity in lonq-term bioassays with laboratory animals. 

Acetaldehyde is considerably less irritating than acrolein; symptoms of 

irritation have been associated only with exposure to levels greater than 

46 mg/m3 (25 ppm). In a lonq-term bioassay in rats, significant increases in 

the incidence of nasal adenoc�rcinomas and squamous cell carcinomas were 

observed followinq inhalation of acetaldehyde; however, the administered dose 

levels (1400, 2700 and 500 mq/m3; 750, 1500 and 3000 ppm) and mortality rates 

during the study were extremely high. Moreover, data qiven in the published 

report of the investigation were insufficient to permit meaningful quantita­

tive risk estimation. 

The recommended values for C1, C2 and C3 are 5 to 10 times less than the 

concentrations reported to induce siqnificant increases in symptoms of 

irritation. Concentrations satisfying the relationship given above should be 

low enouqh to minimize additive irritant effects of the specified aldehydes 

in the general population. 

4. A. 2 Carbon Dioxide 

Based on health considerations, the acceptable long-term exposure range 

(ALTER) for carbon dioxide in residential indoor air is ( 6300 mg/m3 

(( 3500 ppm). 

Carbon dioxide is a colourless, odourless and non-flammable gas, which is 

produced by metabolic processes and by the combustion of fossil fuels. The 

average concentration of carbon dioxide in the atmosphere is about 620 mg/m3 

(�340 ppm), but levels vary widely with time and location. Indoor levels 

tend to be higher than outdoor levels. Gas stoves and unvented kerosene 

heaters are major sources of carbon dioxide indoors, but in poorly ventilated 

rooms, levels may exceed 5400 mq/m3 (3000 ppm) from human metabolism alone. 
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An increase in the ambient level of carbon dioxide brings about a rise in the 

acidity of the blood and an increase in the rate and depth of breathing. 

Over prolonged periods, of the order of days, regulation of blood carbon 

dioxide levels occurs by kidney action and the metabolism of bone calcium. 

The latter process leads to some demineralization of the bone. Exposure to 

levels of 27 000 mg/m3 (15 000 ppm) or more for several days has induced 

reversible changes in the lung membrane of guinea pigs. In humans, exposures 

to carbon dioxide levels of over 90 000 mq/m3 (5 0 000 ppm) have produced 

effects on the central nervous system such as headache and dizziness and 

visual distortions: there is some evidence of cardiovascular effects at 

similar concentrations. Subjective symptoms such as fatique, headaches and 

an increased percept ion of warmth and unpleasant odours have been associated 

with carbon dioxide levels of 900 mq/m3 to 5800 mg/m3 (500 to 3200 ppm). In 

some of these studies the symptoms may have been caused by other subst.ances, 

with the carbon dioxide acting as a surrogate measure of air quality 

(Sect ion 2. 3. 1). 

The lowest concentration at which adverse health effects have been observed 

in humans is 12 600 mg/m3 (7000 ppm), at which level increased blood acidity 

has been observed after several weeks of continuous exposure. A maximum 

exposure level of 6300 mg/m3 (3500 ppm) should provide a sufficient margin to 

protect aqainst undesirable changes in the acid-base balance and subsequent 

adaptive changes such as the release of calcium from the bones. This level 

should also provide an adequate safety margin for sensitive qroups. At such 

a level, the effect of carbon dioxide as a ventilatory stimulant is likely to 

be small and so would not greatly increase the dose received of other 

pollutants present in the air. 

Changes in the acid-base balance and release of calcium from bones occur in 

response to chronic carbon dioxide exposure rather than to brief excursions 

in concentration. Thus, a short-term exposure ranqe is not required for this 

substance. 

4. A. 3  Carbon Monoxide 

... 

The acceptable short-term exposure ranges (ASTER) for carbon monoxide in 

residential indoor air are: 

( 1 1  ppm - 8 hour average concentration 

( 25 ppm - 1 hour average concentration • 

... " 
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Carbon monoxide is a colourless, odourless gas that is produced in the 

combustion of carbonaceous materials and also in human metabolism. It 

combines with haemoglobin to form carboxyhaemoglobin (COHb), which reduces 

the oxyqen supply to body tissues. Endogenous levels of carboxyhaemoqlobin 

are approximately 0. 5 %  of the total haemoglobin (written, 0.5 COHb%). 

Sources of carbon monoxide in indoor air include gas and oil appliances, 

tobacco smoke, and the infiltration of carbon monoxide in polluted outdoor 

air. Outdoor levels of 0.05 to 0.9 mg/m3 (0.04 to 0.8 ppm) have been 

measured in rural areas, and levels as high as 57 mg/m3 (50 ppm) have been 

found in urban areas, although levels of 1.1 to 11 mg/m3 (1 to 10 ppm) are 

more typical. Indoor levels generally follow outdoor levels except in houses 

with unvented or poorly vented combustion appliances or where there is 

tobacco smoking; carbon monoxide levels of approximately 115 mg/m3 (100 ppm) 

have been found in the kit chens of some houses immediately after gas stoves 

were used for cooking. 

Exposure to carbon monoxide levels leading to carboxyhaemoglobin con­

centrations of approximately 2.5�6 to 10% has been shown to cause adverse 

effects on the cardiovascular system, to decrease exercise capacity and to 

impair psychomotor performance. Elevated carboxyhaemoglobin levels in women 

who smoked during pregnancy have been associated with low birthweight and 

educational retardation of their children. Groups that may be at particular 

risk from the effects of carbon monoxide exposure include those with 

cardiovascular, cerebrovascular and peripheral vascular diseases, foetuses, 

the newborn, pregnant women and individuals living at high altitude. 

Experimental results suggest that. in general, such sensitive individuals can 

tolerate increases in carboxyhaemoglobin levels of up to 1.5 COHb%: the 

guidelines are intended to ensure that increases due to ambient carbon 

monoxide remain below this limit. Since carboxyhaemoglobin levels depend on 

the concentrations of both carbon monoxide and oxygen, levels are express ed 

only as ratios (parts per million by volume) so that the guidelines will be 

independent of ambient pressure. 

4.A.4 Nitrogen Dioxide 

The acceptable exposure ranges for nitrogen dioxide in residential indoor air 

are: 

ALTER: ( 100 µg/m3 {' 0.052 ppm) 

ASTER: (480 µg/m3 {< 0.25 ppm) - 1 hour average concentration. 
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Nitrogen dioxide (N02 ) is the only oxide of nitroqen which has been shown to 

be detrimental to human health at concentrations that may be encountered in 

indoor air. 

The primary outdoor sources of nitroqen dioxide are vehicular and industrial 

emissions. In general, nitrogen dioxide concentrations in urban atmospheres 

are hiqher than those in rural atmospheres, reflectinq the large contribution 

of nitrogen dioxide from technological sources. In North America, the 

background level of nitrogen dioxide in rural areas is less than 19 µg/m3 

(0.010 ppm). In urban centres, nitrogen dioxide levels are at least double 

this value. During the period 1977 to 1981 the average of nitrogen dioxide 

annual means for Canadian urban centres decreased from 60 to 44 µg/m3 (0.031 

ppm to 0. 023 ppm). The highest annual mean reported in Canada for nitrogen 

dioxide (80 µg/m3; 0. 042 ppm) occurred at a commercial site in 1981. 

Gas stoves and unvented combustion appliances are major sources of nitroqen 

dioxide indoors. The indoor/outdoor ratio of nitrogen dioxide concentrations 

is generally less than unity in dwellings in which there are no major indoor 

sources, and greater than unity in dwellings with gas stoves and/or other 

combustion appliances. Families living in rural or low-pollution areas and 

who use gas for cooking are exposed to indoor nitrogen dioxide levels of 

roughly 30 µg/m3 (0. 015 ppm), although average concentrations of 100 µq/m3 

(0.050 ppm) have been recorded in some homes. 

Interpretation of the results of available epidemiological studies on health 

effects associated with nitrogen dioxide exposure is rendered difficult by 

the lack of accurate exposure data and by confounding factors such as expo­

sure to other pollutants. Despite these limitations, the epidemiological 

studies have provided some useful data concerning exposure-effect relation­

ships. In these studies an increased prevalence of respiratory illness in 

adults and children chronically exposed to mean levels of near 200 µq/m3 

(0.10 ppm) nitrogen dioxide was observed. 

The results of clinical studies indicate that both normal and asthmatic sub­

jects can experience detrimental respiratory effects when exposed for brief 

periods to concentrations of approximately 960 µq/m3 (0. 5 ppm). The short­

term effects of nitrogen dioxide exposure below 960 µg/m3 (0. 5 ppm) have been 

examined in only a few studies. A "no-adverse-effect level" cannot be clear­

ly identified from the results of these studies; therefore a safety factor of 

two was applied to arrive at the recommended short-term exposure range. 

" ... 
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4 . A.5 Ozone (Oxi dants ) 

The acceptable short term exposure range (ASTER) for ozone in residential 

indoor air is < 240 µg/m3 (< 0 . 1 2  ppm) - 1 hour average concentration . 

I nfi ltrati on of outdoor air is the pri ncipal source of oxi dants in i ndoor 

air. Ozone, ni t rogen di oxi de, hydrogen peroxi de and peroxyacylnitrates are 

photochemical oxidants that may be present in i ndoor air. Ni trogen di oxi de 

is exami ned i n  Secti on 4.A.4. Of the remai ni ng oxi dants, ozone i s  the most 

prevalent. Concentrati ons of oz one i ndoors are generally much lower than 

those outdoors, but may approach outdoor levels if wi ndows are open. I ndoor 

concentrati ons of oz one follow outdoor fluctuations wi th a time lag of one 

hour or less. The average annual outdoor concentrati on for urban centres in 

Canada was 30 µ g/m3 (D.015 ppm) i n  1979. I ndoor ozone concentrations are 

typi cally less than 40 µ g/m3 (0.02 ppm ) ,  although peak levels of 200 to 400 

µ g/m3 (0.1 to 0.2 ppm) have been reported. Ozone can be generated i n  the 

home by arci ng of electri c motors and by i mproperly installed or maintai ned 

electrostati c  ai r cleaners. 

Ozone is an i rri tant that can cause coughs, chest di scomfort, and i rri tation 

of the nose, throat and trachea. Oz one consi stently causes detrimental 

effects on the lung functi on of healthy subjects at concentrati ons at or 

above 600 µ g/m3 (D. 30 ppm) . Furthermore, ozone causes detri mental effects on 

the lung functi on of healthy subjects engaged i n  strenuous physi cal acti vity 

at concentrat i ons lower than 600 µ g/m3 (0. 30 ppm) ,  possi bly as low as 

240 µ g/m3 (0.12 ppm) . Results of epidemi ologi cal studi es conducted to date 

support this fi ndi ng. The avai lable epidemi ologi cal data are, however, 

insuffi ci ent to serve as a basi s for establi shing an acceptable long term 

exposure range. 

I ndi vi duals exposed to concentrati ons of ozone between 200 and 800 µ g/m3 

(0.10 and 0.40 ppm) have exhi bi ted an adaptive response, at least i n  terms of 

lung functi on. At present, i t  is  not known i f  thi s adaptati on is benefi ci al 

or detri mental i n  the long term. Avai lable data are insuffi ci ent to serve as 

a basis for establishing an acceptable long-term exposure range for ozone. 

4.A.6 Parti culate Matter 

The acceptable exposure ranges for fine particulate matter ( < 2 . 5  µm mass­

median aerodynamic diameter - MMAD) in residential indoor air are: 

ALTER: < 40 µg/m3 

ASTER: < 1 00 µg/m3 
- 1 hour average concentration. 

� 
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Airborne particulate matter is a mixture of physically and chemically diverse 

substances, present in air as suspensions of s�lids and/or liquid droplets, 

varyi ng in  size from about 0 . 005 µm to 100 µrn. T he size range of concern 

when human health effects and indoor air quality are considered is from 0. 1 

to 10 µm in aerodynamic diameter, particles smaller than this generally being 

exhaled . Above 15 µm, most particles are too larg e to be inhaled. V irtually 

all particles between 10 and 15 µm are deposited in the nasopharyngeal region 

of the respiratory tract; health effects are associated primarily with the 

deposition of particles in the thoracic (tracheobronchial and pulmonary) 

regions. Particles have been further divided into a coarse fraction, 

normally around 2.5 µm and above, and a fine fraction under this size. It is 

this latter fraction that can reach the lung alveoli. 

Indoor particles come from both indoor and outdoor sources, but the indoor 

matter differs in both size and chemical composition from that originating 

outdoors. Indoors, particles occur primarily in the fine fraction, because 

i ndoor sources such as combustion appliances and cigarettes tend to produce 

fine particles , and the building envelope acts as a partial filter to screen 

out larger particles. Indoor particulate matter contains a much higher 

fr action of organic matter than that of outdoor air, largely because of 

household activities such as cooking, cleaning and use of consumer 

products. 

Indoor concentrations of fine particulate matter tend to be higher than those 

outdoors. Average concentrations of particles under 3.5 µm (respirable 

suspended particulates or RSP) range between 20 and 30 µg/m3• Higher 

concentrations have been noted in " dirty" cities with high outdoor levels, 

and in homes with smokers or wood stoves. Cig arette smoke appears to be the 

most sig nificant indoor source of particulate matter, and the presence of 

resident smokers has been shown to raise levels of fine particles in homes by 

between 12 and 40 µg/m3 per smoker. 

Numerous epidemiological studies indicate that human health has improved as 

concentrations of airborne particulate matter have decreased. Despite the 

many uncertainties in these studies, they provide some useful information on 

levels at which adverse health effects might be expected. Increases in 

.., .. .. 
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I ncreases in mortality have been observed especially amonq the elderly and 

those with pre-existinq respiratory or cardiovascular disorders , when they 

were exposed to concentrations of particles (including coarse particles) 

above 500 µ q/m3 accompanied b y  high sulphur dioxide levels for periods of one 

to four days. Increases in hospital admissions and in respiratory clin ic 

visits were also noted at about the same levels, while increased prevalence 

of respiratory symptoms and discomfort in persons at i ncreased risk because 

of pre-existing respiratory conditions were first observed at levels in the 

range 250 to 350 µ q/m3 • In children , marginal decrements in lunq function 

lastinq several weeks were also associated with short exposures at about 

these levels , which were correlated with outdoor and indoor R SP levels 

estimated to be ab out 80  µ g/m3 • Clin ical studies , whi le not necessarily 

representing usual exposure conditions,  also indicated that short exposures 

to concentrations of fine particulates (expressed as sulphuric acid) above 

100 µ g/m3 could result in irritation and alterati ons in respiratory function 

in asthmatic sub jects an d in slowing of bron chial clearance in normal 

individuals.  

Chronic exposures �r periods of several years to moderate levels of  airborn e  

particles estimated to b e  around 1 80 µ q /m3 total suspended particulates or 80 

µ g/m3 fin e  particles (respirable suspen ded particulates or RSP )  appear to b e  

co rrelated with increased prevalence of respiratory symptoms and chronic 

respiratory disease, accompan ied by reduce d respi ratory-functi on measure­

men ts,  in adults and children . 

4. A.7 Sulphur Dioxide 

The acceptable exposure ranges for sulphur dioxide in residential indoor air 

are: 

AL TER: < 50 p g/m3 (< 0.01 9  ppm) 

ASTER: < 1000 p g/m3 (< 0. 3 8  ppm ) - 5 minute average concentration . 

Sulphur dioxide is the main oxide of sulphur found in in door air. I n door 

concentrations are generally lower than those outdoors by a factor of about 

two, primarily because most sources are outdoors , and sulphur dioxide is 

readily ab sorbed by furn ishings and fabrics. 

In terpretation of t he result s of availab le ep idemiological studies on health 

effects associated with exposure to sulphur dioxide is complicated by a 

paucity of representative expo sure data and by confoundin q factors such as 

-
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exposure to other air pollutants . However, such studies have provided some 

useful albeit uncertain data concerning exposure-effect relation ships. 

Excess mortality, par ticularly among the elderly and those with pre-existin g 

cardiopulmonary disease, has been observed in  populations exposed to  24-hour 

pollution episodes in which sulphur dioxide concentrations exceeded 300 to 

400 µ g/m3 (0. 12 to 0. 15 ppm) . In creases in hospital admissions and emergen cy 

room visits have also been associated with exposure to these levels. 

I n cr eased prevalence of acute and chronic respir atory symptoms and impaired 

pulmonary fun ction have been observed in adults and children exposed for 

extended periods (> 1 year ) to mean levels of 100 µg/m3 ( 0 . 038 ppm) sulphur 

dioxide . 

R elevant data have also been obtain ed from clinical studi es ; however, 

exposures in such investigations are short and do not necessarily represent 

usual exposure conditions. In normal subjects, incr eased air way and nasal 

flow resistance and a chan ge in the mucociliary flow rate have been observed 

foll owing exposure to 2600 µg/m3 (1 . 0  ppm) sulphur dioxi de; r eversible 

in creases in specific airway resistance have been observed in asthmatics 

exposed by natural br eathin g for brief periods to concentrations exceedin g 

1000 µg/m3 (0 . 38 ppm) . 

4 . A. 8  Water Vapour 

Based on health considerations, the acceptable short-term exposure ranges 

(ASTER) for water vapour in residential indoor air are: 

30% to 80% relative humidity - summer 

30% to 55% relative humidity - winter* 

* unless constrained by window condensation. 

For purposes of indoor ai r quality, the most useful measure of water vapour 

levels is relative humidity, the ratio of the concentr ation of water vapour 

present to t he concentr ation needed to saturate air at t hat temperature . 

I ndoor humidity is determined by the humidity and temperatur e of outdoor air 

as well as by indoor sources and sinks of water vapour . The main in door 

sour ces are human an d animal metabolism, and such activ ities as bat hing, 

cooking, and t he washing and drying of clothes. Small amounts of water 

vapour are also produced by combustion. 

... ... .. 
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The moisture content of indoor air is reduced by dilution with drier outdoor 

air , by condensation on cold surfaces , and by absorption or adsorption of 

water by materials in the home. Homes heated electrically are likely to have 

higher indoor relativ e humidities in winter than comparable homes heated by 

combustion furnaces, since the latter tend to in crease the infiltration of 

dry outside air. Relative humidi ties in Canadian homes hav e been found to 

range from 21�6 to  68�6 . 

I n  conjunction with temperature and air flow, relativ e humidity affects 

comfort, conditions of 20% to 60% relative humidity at temperatures between 

20° and 25 ° C  usuall y being judged comfortable. L ong periods of low relative 

humidity are believ ed to cause dryness of the skin and mucous membranes, 

which may lead to chapping and i rritation. High humidity at high 

temperatures leads to increased sweating and a loss of electrolytes from the 

blood ; prolonged exposures may lead to heat exhaustion or heat stroke. 

Groups that may be at particular risk from high humidity are those suffering 

from cardiov ascular disease , infants born two or three weeks before term, and 

the elderly. Arthri tis sufferers have been found to experience increased 

symptoms when a rise in humidity accompanies a drop in atmospheric pressure. 

Sufferers from asthma develop symptoms of bronchoconstriction after exercise 

more readi ly when breathing air at low humidity. 

Several species of bacteria and v iruses surv iv e best at low or high , rather 

than intermediate, humidities. Humidity levels above 50% have been found to 

increase the population size of moulds, fungi and mites that may cause 

allergies. The ev idence suggests that humi dity lev els should be maintained 

between 40% and 50% to reduce the incidence of upper respiratory infections 

and to minimize adv erse effects on people suffering from asthma or allergies. 

Such a range would be hard to maintain , however , and exposure to higher or 

lower lev els is unlikely to affect the health of most people. 
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PART B: SUBSTANCES W ITH EXPOSURE GU IDEL INES - CARC INOGEN IC EFFECTS 

For substances desiqnated as human, or potential human carcinogens, a 

continuing effort should be made to reduce exposure to the lowest possible 

level. It is recognized that attainment of this q oal must be considered in 

light of the cost and feasibility of remedial measures and tech nological 

changes. I t  was, therefore, considered desirable to specify exposure 

guidelines both in terms of what can be attained now ( action level) and �hat 

should be striven for as a longer term objective ( target l evel). 

4.B.1 Formaldehyde* 

The exposure guidelines for formaldehyde in residential indoor air are: 

ACT ION LEVEL: 

TARGET LEVEL: 

1 20 µg/m3 {0. 10 ppm ) 

60 µg/m3 {0.05 ppm ) 

Formaldehyde is a colourless qas with a pungent odour. I t  combines readily 

with water to form a non-volatile compound and has a tendency to be absorbed 

on to surfaces and textiles, such as carpets and curtains. An equil i brium is 

established between formaldehyde in air and that adsorbed on surfaces and 

within wood products such as particl eboard. 

Formaldehyde is formed naturally in the environment ; outdoor concentrations 

in remote regions are about 7 µg/m3 (0.006 ppm). Outdoor levels in Canadian 

locations are about 10 µg/m3 (0. 008 ppm). Man- made sources of formaldehyde 

include combustion and the decomposition of formaldehyde resins used in wood, 

paper, textiles or urea-formaldehyde foam insulation (UFFI). In two large 

Canadian surveys, average formaldehyde concentrations of 14 and 42 µ g/m3 

(0.01 1 and 0.034 ppm) were found in homes that did not have UFFI ; hiqher 

average levels were detected in homes with UFFI ( 66 µq /m3 ; 0.054 ppm). 

Levels in mobile homes which generall y  contain a high proportion of 

urea- formal dehyde resin pressed wood products tend to be even higher than 

the concentrations in homes with UFFI. 

Formaldehyde is a vitally important intermediate in the nor mal metabol ism 

of cel ls. I t  serves as a building-block for the synthesis of purines, 

pyrimidi nes and many amino acids and lipids and is a key molecule in 

one-carbon metabolism � It is present at low levels in body fluids, and 

exposure to exogenous sources does not lead to any appreciabl e increase in 

these levels. 

* See also Section 4.A.1, "Aldehydes" • 

... ... " 
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Formaldeh yde gas is a sensory irrit an t, primarily affecting the nasal pas­

sages, respiration an d the eyes (see Section 4.A.1). In addition, in two 

well-conducted bioassays and a more limited study, formaldeh yde has been 

carcinogen ic in two strains of  rats, producing a h igh incidence of  nasal 

squamous cell carcinomas (38% to 50%) fo llowing admin istration o f  approxi­

mately 18 mg /m3 (15 ppm). Formaldeh yde is also genotoxic in a number of  

assays and is weakly mutagen ic in cultured h uman cells as well as in o th er 

mammalian cells, Drosoph ila, fungi  and bacteria. Although the epidemio log i­

cal �tudies conducted to date provide little convincing evidence that 

formaldehyde is carcinogen ic in human population s, the possibility cannot be 

excluded owing to limitations of  the available data. 

Because of  the possible carcinogenicity o f  formaldehyde, it would be pruden t 

to reduce indoor levels as much as possible. The action level of 120 µ g /m3 

is the lowest concen tration considered to be feasible at the present time. 

However, it is recommended that in future, and where remedial measures are 

taken, every effort be made to reduce concen trations to below the target 

value (60 µ g /m3). 

_; 
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PART C: SUBSTANCES WITH RECOMMENDATI ONS FOR CONTROLLING E XPOSURE 

In examining th e need for guidelines for pollutants listed in this part of 

the document, the scientific literature was reviewed as it was for pollutants 

listed in Parts A and B of th is Section. The development of quantitative 

exposure guidelines was, however, considered inappropriate for a number of 

reasons : 

for some gr oups of substances the i ndividual components may have widely 

differing toxicological properties; the complexity of the mixtures 

precluded establishing a guideline for each constituent or for the group 

as a wh ole; 

establishment of air quality guidelines may not be the appropriate 

strategy for control, especially wh ere inhalation is not the most 

significant route of exposure; 

there are deficiencies in the scientific data base. 

For these substances or groups, information on potential adverse health 

effects and possible sources has been provided, and recommendations that 

sh ould help to eliminate or reduce exposure to them developed. 

4.C.1 Biological Agents 

In order to prevent many of the common indoor problems due to biological 

agents , measures should be taken to ensure that � 

excess humidity and condensation are not present ; 

sur faces are kept free of dust ; 

stagnant water sources, such as humidifier tanks , are kept clean and 

occasionally disin fected ; 

a high standard of appropriate personal hygiene is maintained. 

The indoor environment can present the potential for illness due to exposure 

to biological agents. Th ese agents may include micr oorganisms fr om humans, 

pets or insects with in the h ome, or from gr owth on surfaces or in stagnant 

water. Dust from outside and inside the home includes pollens, spores, 

cells, cell debris and insects . Such materials in the air may cause 

infectious diseases or allergic illnesses in sensitized per sons in the home. 

Illnesses must be systematically investigated in order to reveal the cause 

and to determine possible means of control. Control measures include 

disinfection and physical removal of the agent wh ere possible and various 

means of controll ing particulate matter and excess humidity. Due 

" .. .. 
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to di fferential indi vidual sen sitivity, however, in some cases extraordi­

n ary measures may be requi red to prevent symptoms from occurrin q. 

The variety of biological aqents that may occur in air is immense, and 

thei r potential �r effects on susceptible in dividuals is unpredictable. 

The complexity of the problem and the lack of data from which contaminati on 

levels can be related to disease inci dence mean that it is not possi ble to 

recommend limits for biological agents in general. 

Con sumer Products 

It is recommended that exposures resulting from the use of consumer pro­

ducts be kept to a minimum by ensuring adequate ventilation and observing 

any other precautionary measures described on the product label, and in any 

accompanying information . 

Pest control products should be used only when absolutely necessary. 

4. C.2.1 Chlorinated Hydrocarbons 

Large quantities of chlorinated hydrocarbons are produced and used 

annually, worldwide. They are presen t in the home environment 

principally as solvents, clean sers and aerosol propellan ts, and 

some indi viduals may be exposed to relatively h i gh levels of them 

in the pursuit of hobbies. In some cases, chlorinated h ydro­

car bon s may be released continuously from household products; 

they have also been detected in drinkin g  water. 

Chlorinated h ydrocarbons are absorbed into th e body princi pally by 

inhalation,  but also through the skin and gastrointestin al tract ; 

t h ey tend to accumulate in fatty tissues such as the brain , bone 

marrow and body fat. Recovery from the acute effects of exposure 

to the volatile ch lorin ated hydrocarbon s is usually complete, but 

after repeated exposures, adverse health effects can include 

depression of, or permanent damaqe to, the central nervous system, 

i rritation of the eyes and lungs, and damage to the skin , liver 

and kidneys. In the case of dichloromethane, a metabolite is 

carbon monoxide, which can cause cardi ovascular stress ( see 

Section 4. A.3) . 

In the home, exposures occur primarily throuqh th e use of con sum er 

products and can be of short duration, but levels may be suffici­

ently h igh to have the poten tial for adverse health effects. 
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4 . C. 2. 2  Pest Control Products 

Pe st control products comprise a very large number of diverse 

chemicals . The y  are widely used in and around the home environ­

ment, both by resi dents and by professional pe st control appli ­

cators. These products are em ployed to control insects i n  the 

home, to prevent i nsect damage to fabri cs, to treat houseplants 

aqainst both insects and funq i ,  to treat pets, and to disi nfect 

the ai r, water and surfaces around the home . Occasional 

inadvertent exposure may occur because of impregnation of bui ldinq 

products or household articles with pesticidal preservatives and 

subsequent release of the se into the ai r. Surfaces i n  the home 

may be coated with pesticides after normal use, and food prepared 

or store d in the room during or after pesticide use can also be 

contaminated. Pesticides may also i nfi ltrate homes after outdoor 

application. Many pest control products contai n, i n  addition to 

the active i nq redi ent(s), non-active i ng redients such as solvents, 

wettinq aqents and stabili ze rs. Such ingredients may have much 

h i qher vapour pre ssure s, and hence be present at hiqher ai rborne 

levels, than the active ingredients, and a few have biological 

activity of their own. 

E xposure to pe st control products i n  the hom e  can occur both by 

i nhalation and by absorption through the skin, for example , 

followinq contact with pesticide-treate d surfaces.  Pe sticides may 

also be i nge sted followi ng i njudici ous use i n  the vici nity of 

foods . 

Avai lable data on exposure leve ls in the home indicate that air­

borne levels of most pe sti cides are very low if products are used 

as directe d.  Misuse of pestici des, whether through failure to 

follow the i nstructi ons provide d, through heavy use in areas 

where food is stored, prepar ed or eate n, throuqh use in poorly 

ventilated spaces, or through mi sapplication of products desi gned 

for outdoor use , provides the greatest potential for exposure in 

the home, and levels can then be h igh enough to create a health 

hazard. 

,., ., ... 
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Adverse human health effects from exposure to low levels in the 

home tend to be non- specific, similar to ai lments caused by many 

other chemical agents: respiratory effects, coughing, burning of 

eyes and nose, rhinitis, headache, dizz iness, tiredness and 

general malaise. Two major groups of pesticides are anticholin­

esterase agents, causing _ augmentation of secretory activity in 

bronchial, lachrymal, salivary and other glands, and contraction 

of smooth muscles of the bronchioles. Allergic reactions to a few 

pesticides occur very occasionally. Most pesticides used in 

Canada today break down quickly in body tissues. No pesticides 

available for domestic use in Canada have been assessed as human 

carcinogens. 

Pest control products are subject to extensive revi ew and 

regulati on by several federal and provincial departments before 

they are released to the market. This ensures that the consumer 

is provided only with products that, although potentially toxic, 

are safe if used as di rected and that adequate instructions and 

warnings regarding the use of these products are also provided. 

Thus, the consumer is ultimately responsible for the proper use 

of pesticides in the home . 

4.C.2.3 Product Aerosols 

An aerosol can be a suspension of fine liquid or solid particles 

in air or other gases ; in these guidelines, product aerosols are 

consi dered to be consumer products that are dispersed under 

pressure from disposable containers. 

An aerosol product has three main components: the active 

ingredient or ingredients, the propellant, and miscellaneous 

addit i ves used to improve the product, such as plasticizers, 

synthetic resins, surfactants, and emulsifiers. Some products 

consist of gaseous components only and therefore do not result in 

the production of an aerosol. 

Aerosol propellants used currently i n  Canada include hydrocarbons, 

such as propane, butane and i sobutane ; nitrous oxide ; 

dichloromethane ( which is commonly called methylene chloride) ; 

carbon dioxide; dimethyl ether ; and nitrogen. Nitrous oxide may 

also be used as the propellant for food products. 
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Pr oduct aer osols ar e for mulated fr om a wide var iety of chemicals, 

some of which ar e potentiall y  toxic at hiqh concentrations . 

Cer tain components may be subjected to r eview, and hence contr ol , 

under feder al legislation such as the Hazar dous Pr oducts Act and 

the Envir onmental Contaminants Act. For example, pr ior to 1980, 

fluor ochl or ohydr ocar bons wer e used as pr opellants for most aer osol 

sprays. Fluor ochlor ohydr ocar bons are still used as aerosol 

pr opel l ants in many pr oducts, including aer osol cooking sprays, 

but tr ichlor ofluor omethane and dichlor odifluor omethane have been 

banned, under the Envir onmental Contaminants Act, for use as 

pr opell ants in hair spr ays, deodorants and antiper spir ants. 

Gener all y the use of pr oduct aer osols in the home is of shor t 

duration and inter mittent, ranging from about once or twice a day 

for deodor ant spr ays to four times a year for oven cleaner s. 

Fibrous Mater ials 

Precautions should be taken to minimize inhalation of, and skin contact 

with mineral fibres during home renovations and installation operations . 

Materials and products containing fibres should also be examined 

periodically for signs of deterioration. Advice should be sought before 

removing or damaging any materials thought to contain asbestos. 

Asbestos is the general term for six fibr ous silicate minerals that are 

useful because of their high tensile strength, durability, flexibility and 

r esistance to heat and chemicals. A lar ge pr opor tion of total asbestos 

pr oduction is used in the construction industr y in mater ials such as 

asbestos-cement sheeting and pipes. Under nor mal conditions of use, 

asbestos fibres are not expected to be released fr om such mater ials. 

Fibr es may, however , be released fr om friable sur faces ( such as sprayed 

asbestos-containing insulation or low-density insulation blocks) , or fr om 

other construction mater ials in the cour se of r enovation or maintenance. 

Available data indicate that, in general, asbestos levels in homes are not 

significantly gr eater than those in ambient air . Concentr ations as much as 

t hr ee or ders of magnitude higher have been measur ed dur ing such operations 

as sanding of dr y-wall taping compounds. Under the Hazar dous Pr oducts Act, 

asbestos is now pr ohibited in most consumer pr oducts where r espirable dusts 

ar e gener ated dur ing normal use • 
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Pr olonge d exposur e to elevated levels of asbestos fibre s  cause s asbe stosis , 

lung cancer ,  me sothelioma and possibly lar yngeal cancer and malignancies of 

the gastr o-inte stinal tract. The r isk of dev e loping asbe stosis associated 

with exposur e to levels of asbe stos in indoor or ambie nt air is pr obably 

negligible . It is difficult to quantify the ri sks of lung cancer s  and 

mesothelioma associated with exposure to indoor ( and outdoor ) lev e ls owing , 

in par t, to pr oblems inherent in using data from historical epidemiological 

studie s for extr apolation , but mainly owning to the complexity of asbe stos 

itself ( i .e . , v ariations in r isk associated with different sizes and 

pr oper ties of the fibre s). Nev e r thele ss ,  it is likely that these risks are 

small. 

Man-made mine r al fibre s  (MMMF) include fibr ous glass , mineral wool and 

ceramic fibre s. Fibr ous glass accounts for appr oximately 80% of all MMMF 

pr oduced and is used mainly as ther mal or acoustical insulation. There are 

few data on levels of fibr ous glass in r e sidence s; mean lev e ls measure d  

dur ing the installation of glass-fibre insulation hav e ranged fr om 0 t o  8 

fibre s/ml . Levels in homes are pr obably not significantly above ambient 

levels except dur ing such installations or modificati ons. Levels in public 

buildings have been found t o  range fr om 0 to 0.008 fibr es/ml . 

Glass fibr e s  cause transient ir rit ation of skin and e ye s  in wor ker s  occu­

pationally exposed to t he m. L ong-term  studies have pr ov ided only equiv ocal 

ev idence of respir at or y  disease as a result of exposur e to glass fibr e s ;  

however , an excess of lung cancer deaths (not consiste ntly related to dose 

or dur ation) has been found i n  miner al wool wor ker s  20 or more year s after 

fir st exposure .  Sma l ler excesses have been obse r v ed in fibr ous glass 

wor ke r s  expose d for more than 30 years. The av ailabl e data indicate that 

man-made miner al fibres are le ss pathogenic than asbestos, possibly because 

of their size distr ibution and lower tendency to fragment in the lung. 

4 . C.4 Lead 

In order to minimize the exposure of people , and especially children , to 

lead of airborne origin , it is recommended that surfaces that may be 

contaminated be cleaned frequently and that a high standard of overall 

cleanliness be maintained. 

Air borne lead is present mainly as inor ganic lead compounds in dust 

par ticle s. More than 90% of the global emissions of air bor ne lead are from 

man-made sources,  principally the combustion of leaded gasoline , followe d 
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by mining and smelting . Atmospheric levels of  lead in remote areas are in 

the range 0.05 to 8 ng/m3 • Levels in urban areas depend upon proximity to 

roadways and industrial sources, and upon such factors as traffic density, 

wind speed and height above the ground. Annual geometric mean lead 

concentrations measured in Canada declined steadily from 0.74 µ g /m3 in 197 3 

to 0.27 µ g /m3 in 1982. 

The major indoor source of airbo rne l ead is the outside air, and indoor 

levels tend to be lower than outdoor levels. 

People are exposed to airborne lead both directly by inhalation and 

indirectly by ingestion of lead that has settled as dust. In adults, 

approximately 10% of  the ingested lead is absorbed; for young children the 

figure may be as high as 53%. The amount o f  lead absorbed from the lung s 

is believed to range from 30% to 50% of the total inhaled lead. 

Once lead is absorbed, it is distributed to the soft tissues and the 

skeleton. L ead in blood reflects current expo sure to lead and has a 

biological half-life of  about 16 days. Lead in the skeleton represents 

long-term accumulation and its half-life is several decades. 

L ead can produce many toxic effects in the body . The main symptoms of lead 

poisoning include anaemia, abdomi nal cramps, constipation, renal damage and 

encephalopathy . Children are mor e  sensitive than adults to the harmful 

effects of lead and may also experience irritability and loss of appetite. 

L earning impairment and alterations in neurobehavioural responses may occur 

at low exposure levels. 

There is uncertainty in determining total expo sure to airborne lead because 

of  indirect expo sure to lead of airborne origin that has settled as dust. 

Therefore it is not po ssible to derive an acceptable air lead level for t he 

indoor environment. 

Although lead is introduced into the domestic environment mainly as an 

airborne pollutant, the major pathway for expo sure is through ingest ion 

o f  dust once it has settled. Expo sure to lead can be co ntrolled to some 

extent in homes by frequent cleaning of surfaces, including food 

preparation areas. 

Polycyclic Aromatic Hydrocarbons (PAHs) 

Exposure to polycyclic aromatic hydrocarbons indoors should be kept to a 

miniumum by: 

.. .. 
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ensuring that any combustion systems, for example wood- and 

coal-burning stoves , are properly instal led and maintained and 

operated under conditions of satisfactory ventilation ; 

adhering to the guidelines and recommendations given in this 

document for particulate matter and tobacco smoke . 

Polycycli c aromatic hydrocarbon s (PAHs) are a large class of organi c  

compoun ds, most of whi ch are n on -volati le soli ds that are very i nsoluble i n  

water. They are frequently adsorbed onto the surfaces of parti culates, and 

over 100 PAHs have been detected in ai rborne parti culate matter. 

Polycycli c aromatic hydrocarbon s are produced when materi als contai n i n g  

carbon and hydrogen are burned. Coal-burning and the use of internal 

combusti on engines are reported to be major sources, although it has also 

been clai med that resi denti al wood-burning i s  the major source of PAHs in  

the USA. Outdoor levels have been measured in  the range 0.1 to 60  n g/m3 in  

urban areas and 0.001 to 2 n g/m3 in rural areas. Indoor levels are often 

dominated by levels in the outdoor ai r, but cookin g  ( where charrin g  of food 

occurs), i mproperly operatin g  wood stoves and open fi replaces and tobacco 

smokin g  can add sign i fi cantly to indoor exposures. There are few quanti ta­

ti ve data on levels of ai rborne PAHs in  houses, and li mi tati ons in the 

avai lable methods for collecting and measurin g  PAHs may mean that the 

available data are unreli able. 

Exposure to PAHs is possi ble through skin contact, inhalati on and inges­

ti on .  Although it  has been esti mated that in gesti on of foods accounts for 

most of the exposure to PAHs, exposures through the dermal and inhalati on 

routes appear to have more si gn i fi cant effects on human health . In 

particular, in  some instances elevated concentrati on s  of PAHs have been 

found in  ai r, and t he concern over exposure to ai rborne PAHs centres on the 

potenti al of these compoun ds to cause lung cancer. 

There i s  a paucity of toxi cologi cal data ( especi ally inhalati on data) for 

most i n di vi dual PAHs and almost no data for PAH mi xtures. Epi demi ologi cal 

studi es of humans are li mi ted by the fact that exposures are usually to low 

levels of PAH mi xtures, and often in the presence of other pol lutants. As 

a result i t  i s  i mpossi ble to i denti fy the effects of any parti cular PAH and 

to reli ably quanti fy the ri sks to human health. 

The lack of reli able data on which to base dose-response relati onshi ps and 

the di ffi culty of di stingui shin g  the effects of PAHs in the envi ronment 

� 
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from those of other pollutants pr event a guideline for exposur e to PAHs in 

indoor air fr om being assigned. Since some PAHs are known to be car cino­

genic, exposur e to these substances should be minimized . 

T obacco Smoke 

In view of the carcinogenic properties of tobacco smoke , it is recommended 

that any exposure to tobacco smoke in indoor environments be avoided . 

T obacco smoke is a complex mixtur e of substances, including carbon dioxide, 

car bon monoxide, oxides of nitr ogen, and a lar ge number of or ganic vapours 

and solids. Over fifty of the components are known to cause adver se health 

effects; twelve ( including vinyl chlor ide, 2-naphthylamine, benzo( a) pyr ene 

and for mal dehyde) are k nown or suspected car cinogens . Car bon dioxide, 

car bon monoxide, oxides of nitr ogen, for maldehyde and par ticulate matter 

ar e among the components of tobacco smoke for which individual air quality 

guidelines ar e recommended elsewher e in this document . 

T he lar gest amounts of most components ar e found in the smoke emitted into 

the envir onment directly fr om the bur ning end of the cigar ette. Symptoms 

r eported by non- smoker s exposed to such ' ' sidestr eam'' smoke include eye, 

nose and thr oat irr itation, headache, nausea, dizziness and loss of 

appetite. Fur ther mor e, the lingering odour and reduced visibility fr om 

tobacco smoke ar e aesthetically unpleasant to many people . 

Incr eased r isks of lung cancer have been obser ved in non-smokinq popula­

tions exposed to sidestr eam smoke.  Other suspected health effects of 

tobacco smoke on non- smokers include the aggr avation of such conditions as 

asthma and angina pector is, increased r isks of spontaneous abor tion, 

congenital malfor mation or sudden infant death syndr ome in the childr en of 

smoking mother s, and retarded development of children whose mothers wer e 

exposed to tobacco smoke dur ing pr egnancy. Incr eased r isk s of r espirator y 

diseases have been observ ed amd ng childr en whose parents wer e smokers, and 

non-smoking wives of smoker s have been found to have incr eased r isks of 

death fr om nasal sinus cancer and ischaemic hear t disease. 

Estimates have been made showing that non- smoker s repeatedly exposed to 

t obacco smoke are at a significantly higher r isk of contracting 

tobacco- smoke-induced lung cancer . While these calculations involve a 

number of assumptions that lead to uncer tainty in the actual magnitude of 

the hazar d, it is widely believed that there is no level of exposur e to 

car cinogenic substances below which a r isk does not exist . 

.. ... " 



Adenocar cinoma 

Aerosol 

Allergy 

ALTER 

Alveolus 

Anaemia 

Angina pector is 

Ar omatic 

Asbestosis 

ASTER 

Asthma 

Bronchiole 

Br onchus 

Carcinoq en 

Car cinogenesis 

Car diovascular 

Confounding factor 

Der mal 

Der matitis 

Encephalopathy 

Endogenous 

Epidemic 

Epidemiolog y 
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GLOSSARY 

malignant tumour of glandular orig in. 

particles dispersed in a g as. 

unusual sensitivity to par ticular food, particles, irr itants, 
etc. 

acceptable long-term exposure ranqe. 

sma ll cavity or socket ( usua lly in lung where oxygen and 
car bon dioxide are exchanged) . 

deficiency of r ed blood cells or their haemoglobin . 

thor acic ( � hest) pain with a feeling of suffocation. 

compound having physical and chemical pr oper ties r esembling 
those of benzene. 

chr onic lung inflammation caused by inhalation of asbestos 
fibr es. 

acceptable shor t-term exposur e r ang e . 

disease ( especia lly aller g ic) of r espiration, especially 
with par oxysms of difficult breathing . 

minute br anch of bronchus. 

either of the two main divisions of the trachea ( windpipe) . 

cancer-producing substance. 

production of a car cinoma . 

per taining to the heart and blood vessels. 

a variable that distorts the appar ent magnitude of the effect 
of a study factor on r isk. 

of the skin. 

inflammation of the skin. 

any degener ative disease of the br ain .  

developing or orig inating wit hin the organism. 

pr evalent amonq a community at a par ticular time ( wi de­
spr ead) . 

science of epidemics. 



Exogeno us 

Genotoxic 

Haemo globin 

Hydrocarbons 

Ischaemia 

Larynx 
( adj . Lar yngeal) 

Mesothe lioma 

Morb idity 

Mor phology 

Mor tality 

Mucoc iliar y 

Muco sa 

Mutagen 

Mutation 

Pathogen 

Pesticide 

Pho to chemical 
oxidant 

Pulmo nar y 

R enal 

R hinitis 

Squamo us 

Sur factant 

Sur rogate 

Syner gi sm 
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developed or o riginating outside the or ga nism. 

toxic to the genome ( i . e. ,  DNA). 

the oxygen-carr ying pigment o f  the r ed blood cell. 

compounds compo sed of hydrogen and carbon. 

r eduction of blood supply to part of  the body. 

the voice-box at the entr ance to the windpipe in front of the 
neck. 

malignant tumour der ived from mesothelial tissue . 

incidence o f  sickness in a given per iod. 

compar ative anatomy. 

death rate in a given per io d. 

r emoval of inhaled par ticles from the lung by the clearance 
ciliated and mucus-co ated epithelium o f  the conducting 
air ways. 

mucous membr ane. 

agent causing mutatio n .  

genetic change which when transmitted to o ffspr ing gives rise 
to her itab le variatio n. 

aqent causing disease. 

sub stance for destro ying pests. 

any chemical which enter s into oxidation r eactions in t he 
presence o f  l ight o r  other radiant energy . 

pertaining to the lung s. 

per taining to the ki dneys. 

inflammation o f  the lining o f  the nose. 

covered with, or compo sed o f  scales. 

sur face active agent, decr eases sur face tension. 

something that acts for, or t akes the place of another . 

combined effect o f  dr ugs, pollutants, etc. that exceeds 
the sum of thei r individual effects. 
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an age nt causi ng defects in a deve loping foet us. 

pert aininq t o  t oxicoloqy , t he study of the nat ure and effect s 
of hazardous substances. 

windp ipe. 
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Contaminant 

Al dehydes (total ) 

Carbon Dioxide 

Carbon Monoxide 

For mal dehy de 

Nitrogen dioxide 

Ozone 

Particulate Matter C e) 

Sulphur Dioxide 

Water Vapour 

Summary o f  Exposure Guidelines 

Acceptabl e  Exposure Ranges 

ASTER 

I: q /Ci.;;; 1(a) 

.;;; 11 ppm - 8 h ( b )  
<; 25 ppm - 1 h(b ) 

(c) 

<; 480 µ g/m3 (.;;; 0.25 ppm) - 1 h 

<.; 2 40 µ g/m3 (.;;; 0. 12 ppm) - 1 h 

.;;; 100 µ g/m3 - 1 h 

<; 1  ODO µ g/m3 (.;;; 0.38 ppm) - 5 m 

30-80% R.H. - summer 
30-55% R.H. - winter (f) 

ALTER 

.;;; 6 300 mg/m3 (.;;; 3 500 ppm) 

(d) 

<; 100 µg/m3 (.;;; 0.05 ppm) 

.;;; 40 µ g/m3 

.;;; 50 µ g/m3 (.;;; 0.019 ppm) 

a Ci = 120 µ g/m3 (for mal dehy de) ; 50 µ g/m3 (acr olein); 9000 µ g/m3 (acetal dehyde), and Ci are 
respective concentrations measured ov er a 5 minute period. 

b Units giv en only in parts per mil l ion so that guidel ines are i ndependent of ambient pressure. 

c See Al dehydes (total ). 

d See page 26. 

e <.; 2.5 µ m  mass median aerodynamic diameter - MMMD. 

f Unless constrained by window condensation. 
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Contaminant 

Biological Agents 

Consumer Products 
(chlorinated hydro­
carbon s, pest control 
aerosols) 

Fibrous Materials 

Lead 

Polyc yclic Aromatic 
Hydrocarbons ( P AHs) 

Tobacco Smoke 

APPENDIX B 

Summary of Exposure Control R ecommendations 

R ecommendation 

In order to prevent many of the common indoor problems due to biological 
agents, measures should be taken to ensure that: 

excess humidity and condensation are n ot present; 
surfaces are kept clear of dust; 
stagnan t water sources, such as humidifier tan ks , are kept clean ai d  
occasionally disinfected ; 
a high stan dard of appropriate personal hygiene is maintained. 

It is recommended that exposures resulting from the use of consumer products 
be kept to a minimum by ensuring adequate ventilation an d observing an y 
other precautionary measures described on the product label and in any 
accompanying in formation. Pesticides should be used only when absolutely 
necessary. 

Precautions should be taken to minimize inhalation of, and skin contact with 
mineral fibres during home ren ovations and in stallation operation s. 
Materials and products containing fibres should be examined periodically for 
signs of deterioration. Advice should be sought before removing or damaging 
an y materials thoug ht to contain asbestos. 

In  order to min imize the exposure of people, and especially children to 
lead of airborne origin , it is recommended that surfaces which may be 
contaminated be clean ed frequently and that a high stan dard of overall 
cleanliness be main tained. 

Exposure to PAHs indoors should be kept to a m1n 1 mum by: 
ensurin g that combustion systems, for example wood- and coal-burning 
stoves are properly installed and maintained and operated under 
conditions of satisfactory ventilation ; 
adhering to the guidelines and recommendations given in this document 
for particulate matter and tobacco smoke. 

In view of the carcinogenic properties of tobacco smoke, any exposure 
to tobacco smoke in in door environments should be avoided. 
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