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INDOOR AIR QUALITY

Concern over the guality of outdoor air has been an active issucin r-ecen! Yea-rs. P9ople are çoncerned that the air they breatheis free from harnful contaminants. tttost, recently, atteïtion*-þi¡s
!-he quality of, air fn lndoor eñvironment¡,ln

spchd between 80
I0'000 breaths

oxygen f'or" hu¡nan lnetâbo1isn.
indoo!s¡ ,¡¿lr¡t,aining èaf e indor
erior,itYo ' .. 

,.,./
fnrcröäbed'r awareness aböuÈ 'the merÍts of residentlai .insulatitn
ànd'wçiithëriz'àtion have motivat,ed many to tigtrten1n" -nã-Cui{F
v'ent,lT:éItion rate of their ho
increased co¡nfort of ihouse ti
thesc'lcqnsduvation rnpasureE hav
aöooûntÈ for incidences of adv

yond, f'esidential
in schools and co¡r
OD. ;i :

l,l:r. ,: ,,r:,,i ..;;,i ti:t". ..,,, ."¡ff *f+.tll ¡).¡:



-2-

The single most ortant factor in indoor air ''qual ity

1, .¡. +a- - -"' 
'.'

guidelines or standards for home indoor air environments as
well. As there are almost no regulatorytstandards forrpollutant
levêls in United States residences (and no inexpensive way to
know a wide range of pollutant concentraþions), Èhe question of
maintaining a healthy indoor air eÍivä.ronrnent requires an
unde¡standing of pollutãnts, where they come fromti and teehniques
for ¡nitigatiñg poLential problems. '' , ... 1 

'
TEE pRoBLEIrr rN pERspEcrrvE ' ''' 'íd'' ,",

imP
andllutant source its rate of emissÍon. lhe greatér "t,he

is:the
'soürcepo

1n the indoor enviro nment and Èhe hígher its rate of emission,
the greater the potential for unhea lthy air in the home. Thi s
combinati¡on of source and emmission can be thou ghtofaËa

¡ building loading factor. Most homes do not con t ain enèbgh
pollutants to create a b-ad indoor air environment,. where the load
of pollutant sources i's'high, however, Èhe reduction ofrnatural
ventilation by,. conservation measures coulä aggravate or ifitensify

,, an air quality problem. Thusr whi'Le venti'Latioiu does, iiltäInost
all cases, reduce indoor air con'taminants, the besÈineehod f or
pr_o_tecting indoosr aÍr is to reduce or e.ilininate potential

. polluÈ1on sourceg. . '; Àì

,: i-- i:) t' " J l' ' r : á

'. COMIi@N EOUSEEOÍ,DTPOLLUTANTS : " I"+
" ,ùt only accept,ed building naterials änd

furnisb.ings' emít air :polLutanÈs. Partiêlê: bóard f urniture,
r,, p.abineÈsr' f looring, oven ."cleanersr disinf ectanùs, carpets,
:sbampgesr in'üsrand fuÊníture stripÉrs are just a

. Jsgant f éw dlecrs;ssion w ill highl i'ght pä,rticular
conta¡nina o'¡t Sgôf¡rces, and accepted,'ineChods f or
reducing their presence in indoor air. Again, Èhe existence of

,;'4¡lY qns,;þr Írore qf 'the pcoducts in^ the hörne does nót mean 'an)air
"r Qt{âlity '$m.blem exists.':i -i '* :., j '-'- ': r. ' i

...ii,..i :' !, 
= 

'jb\ -ì i-ti- : l

,:'Eg¡8.a.Ld.ghy.dE,.,,,,; r'r '" .t :j : t

,: fn 1983.È productÈon of ,f,ormaldehyde in the"United SËatéS :fiá's'5.7
s,ebi,ll,ion':¡rounds'i The.,ma!ord.Èy:o i this via¡!'liuged - as 'äh: ¿Idhdgtvb- f or
sjJPêÃÈicle:b e
;¡ r ttPhQ{Lsleryr e
,-:, ùttg¡¡,Latienr s

stoves and Some of this material ends up in
the home as shelvingr cabinets, or structural members sucñ as
sheathing or sub-f looring. t a..¿f,.;i'-r; " '*:",

î.f: -: -i: : Ë; i. - .'. a¿ : , i 'i r,-.' ' '"1 :
e;BO gnal:ùehy"Êe e'may" ¡¡¿þ6"s;$'2 6i m
s,j{C e¡npEratü: eõ r,&B'; irtrldoor; oÞnë€ e
, eQeÇuÞânts.wtlÞ:rbegÍn-to.'€'*pê e
r -Eêâc*tilo¡s'dif f ereby,ind'iv'ldua h
,..,,tg1ated, ,fåct,oæri.': {Chart I ,":

"' rinditvÍdual , .rtlr"nerstrolôs).:" Con¡n
: ;þgadaç,hes¡i,i.d.*2'z iness.¡ nEus€b, r,

s k in"r :1¡f,nr;þat io.ns. ¡ AS¡,i €h+Ët :''
sensitivity to formaldehyde ma

.7..whethêr the::indoor air is over

..:presence of physical- sympt,

.. .EnvironmentaiLr*experts drÍ,sagroe
level for the'general populat,io
sensitivities). The National f ndoor Enriirönn-ental Instttrlte,
ASHRAE' and the American National Standards Institute recommend a
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linit of .lppm (parts per mill1on) for indoor Ievels.

Formaldehyde may continue to vaporize from its sources for an
indefinite period of time. The rate of its emission is not
constant, however, but is affected by a number of other factors.
Ifood products with urea formaldehyde resins outgas at a higher
rate when nerí. Thus, over time, forrnaldehyde concentrations from
these s.ources can be expected to decline. Eowever, outgassing
will continue fron these sources over a number of years.
Additionallyr high temperature and humidÍty levels can lriple or
quadruple formaldehyde levels. g

Lowering the indoor concentration of formaldenyaå starts
with avoiding the use or removing the sources from the home. The
lower the source strength, the lower the indoor concentrations
will be. Being astare of the compositÍon of home furnishingsr such
as kitchen counters, cabinets, bookshelves and coffee tables, to
avoid excessive use of particle board is a start. Being aware of
buildíng materials and potential alternatives can also make a
difference. Loose fill insulation such as cel1uIose or mineral
fibers can be used Ín pla*c.e of urea-formaldehyde foam-insulation
(UFFI), Exterior grade plywood uses a Iower emitting phenol-
formaldehyde resin than does interior grade plywood. l{ood product
manufacturgrs are now p_roducing particle board that is nlow
emiÈtingn. Specifying Lt¡is produCt, upon purchase can help to
avoid poss.ible air quality probleúrs.,Care should be taken that
the low enitting materiaL has a manufacturers guaranÈee of less
than .lppm emíss ion rat ing. This nay requi re .cont4ct ing t,he
particle board manufacturer. i

Where f ormaldehyde-based wood produ,cts are used in S'ignif icant
quantity , applying a sealing coatiirg ;may help reduce emíssions.
Vapor barrier points can be used f;o! this. Formaldehyde f rbm
sourcesisuch as-upholsLery Eusq,þe Èèmbved fçgm the,rhomè to have
an ef f ect' of¡ coìcent¡ai iön i's.vef ^s-i urea' lf o rmia jdehyde f oam
insulation'prbserits a unique prodletn th that rÍÈ iË di.fficult and
expensirrg-to rertrove; There 1s-a coTtimêrcially avallaöl'e ammonia
treatment whìch;Wþen applied to the pFf'I causes a .,reaction which
reduces formaldÇþyde emissions. ThiË'¡irocedure has not, to date,
had wide spread.'aÉplication, howevê_r^. -

i: '. -l'.r ; i.'.ti .: ,

A final I lower
increase n and
increase withou
air-to-aÍr heat êxèhanger. An ai
powered' app$.i.4r1cþ: which reclai
exhausted Ëgp-+:dir f or f resh
'Air to Airrftéôt, gxchangersn¡
depth. The ãi-r---tö=äïr hèäU' êxdh
o r f ilt,rat ieq-àpÞliiance. Commo
-charcoal' f iltek"S, :aiqe not eff ecti'
theair.j :,p:1å1', , ,,:

i-t-Radon 't
Radon is a Ëådioactive gas created by the decay of radium. Radium
is conmon in soil, rocks, and gthêfrsr.nineral deposits. Radon is
therefore constantly emitted int thê 'at,mosphere and cân be foundin ground or w911 water. l,Ihen radoh f inds its way into the indoor
environmenÈ t. fras a smal1 volung,oÉ.a-ir in which to.pix. Thus,

I 'l :ii " ' .'. i.t :; i,o
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concentrations levels can increase. ..
I .. ï. :i "'Ì
-'. Il: _s.ou.r_ce, . of qadoo" in houses is Èypicalty not building¡nat,erialsr, but instead Èhe soil arouñd the home or.t d.n¡, Èhecrawlspace. Well waþer can aLso contain radon. Typ.ical poinÈs of

manating f rom the soil are:r, cracks
walls; service peneÈratal^ons and

ect diffusion. Concentration of
measure in picocuries per liter

: ; : .Ç 
o,Dc erlr r a,Çíons i n, ho u s e s, b ur 

1åur4""." 
::? t å:i: :":, 

"" 
1 -;";å ii ;

$ur.ing .the wi¡tgr montþç. 
=*

;,.:F
.l rF"+¡e radioactive .by-pro-ducts of radon attach to dust particles and

+Fe deposited into t,he lung when a person breatträs. If ghese
. -,¡pê,rticles remain in the lungr ê
.: they can, over a long period of- t

' i.cancer. . The specter gf a c
.,, the- jã9il, ca-q¡ring þbtent

c
f

r radon concenù,rations in housesevels in Èhe, soil. Generally,
e of geologic formations that aieental Protect ion ,A"fèricy r (EtrtrÐ , has

"" 
es_taþlished a g!¡.ideIine for maximum indoor öo.nËentratio¡i of 4

. !Ci/,\: 9,trfy thr_ougþ a Ieborato¡y analysis,,rcan :r.adon
concentrations be deternined, however. -Small dofleè'tioh ideviêes

- àre currenf;Iy .ava_ilah$ç, fqr m.easuling iãAãñ- levels,r:r iirhese
i.9SFS"!ors.al". ."impli efpdsed::t-,q. ¿oOoãi-aír (or wef,f watài) fr"tt-t-
,,I mgpths and then sent to a labc4aù-ory for analysis.r-,, tlq.. ìirl.

ï : "l' i * )i
t i,ÊuþÊsÈ*.to sea] t"he ciro'u,se tf rome addiLional venÈila;ü-ion.i . Shese

p odf,c +frËr +Lto n ; b'e f o ne ji,Ë.:é.ËEê r s
,ir.:.:l c,r:¿ ír.1 .i¡- í,r J:': È ;?rì;o.'r.':

.lr;,- .-G¡r; ,-'lr,(,ì'i-:.I lt " .,ìt l- . ^*i -i,t i¡": "çíÌ.-t'-gj;-; :,i -' .r:C {=CJParticulates
cant number of solid particles
tüarlqing s:'i¡zes eånrd to¡f,-' ryärSöus

sgfi fl F n i e,n:gênçs{ a Ee f o1¡ti¡iÞ ri,]äs$h eîi¿
bis

irni.Èy. ; Bhe :ailr , cân
,,itho'ug,h'r.Eher latèe r
than: Ê,Éhaf,a¡tion; r,

r.. -t -tj l. ,,¡ 1'' Y!.'.1 
=, . ,i L: , l

nt in t,he effect ,they
suspended particulatä
ttrp ;uppér and r Lower

êêns'-:J.arger partiöles from the
10 microns or less (a,micron is



0
0
0

I
2
5

liì

IClihrt, t.

ôr

I
-tl

I
',I

{l!

t

t-?1 ,h Lr

ri!-
À

I
-Â
h

fÞLLutÀ¡rr :l

I
t-
I
I

-----+--ir:--- _____È___
fonn¡.nE¡yoC- . g¡a proôuced by ln-
duatrtr for uio tn ur¡¡-forratdehydc 

-.bond.il eood proalucta. -- a.

_ l.r'" i

lng,

côll lng
cl oèhln9, È

terô, u[F
vtttea, and

ed to
lz!'l.nc3a,
lon.-and f¡

""¡d..reNeurophye lologl
Odor Tlircehold
Eye ¡(rlÈrtlon
Upper Àt{ray lrrltation
úóse¡' Àlrury ¡ pulmnrry

Effecta
Pulnonrry EdeR, lnflara-

tlon, Pneumnlâ
DerÈh ..1,

üEÀLTH EFPECTS

c Ineøai canccrtr-l
problars, heldrchea,
lnaorntar-cyc trrlta-

cr¡ Fffectg
CONCEI|¡RÀTIOI¡ t¡¡g¡t

.05 - 1,5

II¡TIGÀTIOII
bortd, - ScÀ¡lng cortlnga (vâpor

brrrl.r pâtnÈ.|
- nrnoya Sourca
- lncÍ.¡sld Vantllrtlon

v B¡ol

oa

t-l
. !-'
,) .- nlr lO

tga

duat

-l ! ?

r1

-T z,

-.,, {)
J
{j

.05 -

.01 -

.I0 -2

1.

f){t-.-

r-r-f

{-1

:-n

¡', rf l"
I ;: '{ 

rT)
t1 :i ii

5.0 - 30.0

50.0 -t00.0
100+

at tôch thêDoalvaå to p¡rtlclGs
Furthar

- EPÀ,lndoor !lr ¡ttndrralr lpcl,/¡.
r¡¡ lhuuln

:ì

rñ

côn
of

augge3t thc
th. lltêÈlnc

follovlng rough

thê l$ngr.
drDaòB ¡nd
lung:dancer

er[rcaura to !
lel of lung
rel'te sndflngr

8a!l Èh. hour. lfor Èh.
Drdon ¡ou¡c¡

- Incraâa. vonÈtlttton- Ãvarrgc rlntcr ¡GvGl ln U.8. hol.ar
L - 2 ñ,t,/L

-t
i:;

-*.::;;",,:;;..,;;; -i_

I
I
I
t-
I

. I pcl ol ¡¡don hrs 0.03? dla-
lnÈ.gf¡Èlonr ocôbrrlng r¡ch ¡cèond.

i.i\

co!¡¡är-loon ot
ghròn'draton Icvcl ànd th€ r

LfrnacE ¡aaoctaÈcd Tflþ clSr

1.lt
+
>'

L¡ LI¡ i tt:
-l!

t:
1

í*etal

ti

s

t--,

'{r :-¿cL/tlilay - I clgareÈt.,/dây

- EPÀ c¡tl]ttea 101000 lnnual lung csncer
'aleàÈh. ¡ttrlbut¡blo to lndoor Rtdon. OthÊr
:èsÈl¡rtoE-by.'.clcntlats glvG r r!,nge of
13.000 - ?,9,*0._. ¡l
Effoci,¿ åic.uaultly fclr rftGr l5-20 yearo
ot ctlÉsufe.(l

:", þ

Eye lnd noae lrrttaÈton,
Âllérglc'lnflâmatlon n¡all Ducoua nenbtrnea

._ tl

ncnovc aourcc (Êrc?pÈ
rrbartosl

Lorcr hunldtty lcvcl (fung¡l
grovthl

- S!ôl lcôk! ln rood stova
pl¡rce

- Alr tllÈrrttoti, Glectro-
atatlc pr.ctpltrtor.

",".*H",7

other actlsltlêa

ducÈ
ccl ¡ tng

lnsulâtlon
f fungll.r

sl .

- Îrlngnlsslon of lllnsBseg :

-tlìuirg canccr (Asbêatoo, dlnzælat-pyrenet

- Acta r{ncrgiattcally rtt¡ oÀer pollurânra(1.e.'car¡la¡ of Râdon progenyl -
t .._q, tJ --i' |'

.\ f ';' i"
'-t il ''t'{ }¡

t,
¿.

f'.', t)

lft
I

f ltt
rnd



.',,.1}

IDEI

PoLLUiÀ'Èi't

eôrßUstrol, EÉltgDllÊEll- a-=

ÀI,,DBlltDB8 t¡crrOru$¡OeUYDåt

DÊrt(> (Àl -gtnEìr
f,tcotrNE
NSADIRÀBLE PÀnÎTCLBS
ONGÀN¡C CO;EOUMIA

¡r ,--
(arG P RIIC-

UI.À18}

,

li

¡, l:j:

Ll

I

+iFl-

c rl)

I r]}

EAÀLÎH BPPECTS

- hlghfy lrrlÈrtlng to rtln, cyea and aucoua
nêabf¡'le.

. I pp¡ lconatructlon ol ut)t,er alrraya
occu¡¡l

19 pp¡ (ryr ônd throäÈ lrrltâElon pccuÍ¡)

- Àrphy¡trnÈ cruaca hêâdlchea l0g/¡3 irr

L tt blgher conc.nÈr.ttona (dlzzlnrss, shorÈ-
nesa of brêath, it¡ovslneee) i!'

- l,ong-Ècr[ affêcta of lor lcvcla not preaant-
Itr knorn

I¡EVEL EFFAClS

lnprlr¡ant of vlaual
rculttr tnd br¡ln func-
ttontng.

hr¡. Irrsgul!r hcarÈ func-
tlonlng rnd headlchês.

I hour lla¡drcha, n¡u¡c¡ ¡nd
¡anÈlt confuslon.

80p[n, I hour Da¡Èh

l¡lghly to¡lc, c¡n cauaê lung daragG

ttür@R AIR SIAìI)ÀRnA (lt r¡rull LEVELSI I

0.5 ppr rccomcndcd by ASUn B

2150 ppn rÊcoNrnd.d by ÀsHR E
lll00 ¡gl¡rl

llrlrGÂltot

U¡. alactrlc rppllrncor

¡n¡t!ll pllotl.¡. lppllrncr¡

8trct Vrntllrt.

Scp.rrÈa g¡¡¡gc fro¡ hou..

IT.. SOLFUR DIOIIDE¡

(ir :-
Þ

t5ô¡ccoAILÄII DIO¡¡IB (sor
colofl.!a, ¡uftocaE

| ;¡ hc¡vtr,
lñgltgra¡

t:

LL
{>

ih
r¡ln|-lGnt.d :h.al.rt and sÈoves

¡oËö"oJrr" c¡hrubt
tttach.d g/ârìge

fror ân

;-1

CÀ8AO[ D¡OI¡DE
odorlaa¡. gaa.
[blanÈ rlr.

(co,'¡ -
corôon Èo

{5

i
itì

r rlr
,4uf,ru& 

"Drq[¡DE,:'. ¡lÌ
."1.-

:.r '1: tr
\a

¡ r¡- ri.

:Ì l-rL
(.c. tat tfuryÞ!8llûE, \ i

.r .,
r¿. i'
(!

tÌ

---L----

Cò88Ot IO¡II¡DE (cot - ù¡tortc¡¡, .,j
odorlml, blghly polionoua' g¡a..

5 pp¡ rccoruondad by 
^6llRÀE

0.5 pp¡ rGcoMcnded by ÀSF¡ÌÀE

2.5 pp¡ recomèndêd by A8HRÀE

1... 8ULfUn D¡OI¡OE¡

lrc. SULFUn DIOxIDEI

(!.c SULFUn DIOIIDSI

íì_ì

L:.-

{T,

,,tji¡
¡.-

¡Gt

lfi
ir

r2ltlc

i,

¿

u

l!Ì

rFt

.r¡4goEEI prolrpE lNg¡ t - e polronoùr
rcdôl.h brorn 9¡!. ç ,,, , ,

'I
{.,
t,--

-1

1i'

I

sur.ru{bror

¡¡ì
0.16 -.2lPP¡ tP¡û'rlologlcrl dânage ¡ltrrl

occu r I

û. ¡Opp¡ lloecsÈ obaerved conêentrrtlon
caualng pul¡onart¡ problensl

rrl¡rc OII¡¡ (lot - colorlceå 9¡a
,[ ,.J,

6ULiUi: D¡oI¡DE¡.I¡¡ -) :j

Elghlyi.lrrltatlirg to stln, eyea, ând qucou¡
re¡brane.

l? I lzoppr (cauae''lMedlatc lrrttaÈlon of
nose and thtoatt coughlng anô
burr.lng ln the Èhrort and

¡_- ..h cheet.

iÌ
tì

ir

þ
ll'



-5-

one mflrionth of a met,er), also known as respÍrable suspendedparticulates (nSp) r can enter the blood or lynph tissue and- causea.host of.resPiratory-problems. For Èhose inãiüiduats allergic tot_hg.respirable par_ticlesr Èhe reaction can cover a ran-ge ofclinical syndromes from allergic rhinitis to bronchial asÈhnla.

Tobacco smoke is probably the single greatest contributor toparticulate concentration in tl e hõne õutside of house dust. Aburning cigarette noÈ only enits respirable particles, but a hostof other contaminants including aldehydes ánd benzo-(a)-pyrene.
The health effects to the smoker and those exposed to the Ënokeare welL documented. Other combustion devices such as wood orcoal stoves ald fireplaces also cont,ribute to particulateconcentration in the air (other combustion by-produïts will bediscussed lat,er) .

Microbial air conta¡uinanÈs can range from bacÈeria and viruses Èofungi and spores. fndoor air can contain a mult,ítude of thesebacterial or vlral_ agents, prima-rily introduced by human activity
ranging f rom p.negzing to the shedäing of skin Ëcales. Many oithese agents thrive on moist house dust and can be relpirãä UVoccupants. Normal body defense nechanisms screen most ót tnesêmlcrobial ag-ents before they enter the lungs.
other microbials in the forn of fungi fron damp surfaces orrottin.g wgod can concentrate and caúse allergic reactions insertsitive individuals¡ Seemingly i_nnocent activiÉy such as wãfingacross a ca¡.p9t, s_haking ouÈ bed covers, or duËting can causesuspension o'f- fungal sporãs (and house dust). -

Eeavy metals can also be found as part of the TSp in the indoorenvironment._ These meÈa'J.s, such äs Iead, cadmium, zinc andmercury typically - infiltrate from outside ìEources such asautoniobile êxhaust. LiÈtIe is currently known-"on. their effects at'r-espirable levels found in homesr- which are Èlzpicarly quite row.

rn the area of particulate contamination, asbestos deservessp-ecial mention_.. For many ylars, asbestos was. a common component
9f_ many_building_mateiiars inctuding flopr and ""i1lnõti1e, roof irg, and duct insul"ation. rrf maiy inètances the nerepr
1t
ai
re
Beri

-'; --"
Ilhen matérials cbntaining asbesit is generally recommended
attempting to remove the r¡ateÍia
or other activity is cont,emplate
appropriate safeguards shouid .be
in asbestos removal or contacÈing Èhe locêl puÈtic health,of-liceis recommended. : "-" Ji 

:---

To reduc.e particulate concentrat,ion Ín the home, a nor¡u., ofstlategies can be emproyed. trf ost obvious is to reduce o relininate tobacco smoke from the indoor environment'. r'ungaigrowth can be affected by reducing the humidity lçyel of Éhã
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indoor air (more on that, later).
Particulate removal can be accomplished by using air
f iltrationrelectrostatic precipitators, and air ion,i zers.
Filtêrs¡ like those common in furnace systems t ?Íe typic.a}ly a
coarsely woven fiber that traps only the largeSÈ of pardÍcles.
fhey are not particularly effective at reducing RSP (10 miCi'ons
and smaller). Other filter types that screen very small particles
are available, however. Each f ilË'er type will be ratett by t,he
size particle it traps, its resis'tance to.air flow, and its"service 1ife. Recently, a new type of Í,

¡narket which has a permanent neg
fibers attract particles as t
t,herefore act as a very effectiv
Electrostatic precipitaÈors work in much 'dñä same way'by'attracting particlès to charged collection pla.tes. fhesèprecipitators are avairable for installation in the',,duct of a
forced air furnace or as"portable uniÈs for in'dlependent
operation. These electrostatic
of removable"plates t.hat can b
opposed to filt,erb which"
units may produce a snqll.
filt'ers which effectivefy 

_room ai'r. .ì , it" .: 
")'

1"r'
erators emit negative ions which-,negqtive ch4gge makes the

.t'ö room surfaöes-which have
Ls is, howeverr trot as desirableas removing the parÈiculat

resuspensiqn is alpêys there.
of mu-ch deöate a'ú'drdritfeisÍÀ.'adverri"i{ts blainð ror g.!¡ec¡fVe

?



of moisture in the indoor air environment are numerous and
varied. A partial list includes human occupants, kÍtchen and bath
functionsr house plantsr laundry facilitiesrfish tanks, unvented
combustion from space heaters or gas stoves, and díffusion from
c¡,?J-l sPacê - o r basemenÈ areas. The I{EES f acÈsheet nReducing
t'fo'iþture Problemsn contains a comprehensive discussion on sources
and: control. i

ç.. If qdpquate ventT.Lation or source cont,rol is not exercised, house' hunidlty levels can increa5é and cause ¡noisture related prbblems.
n cooler building surfage.
can host a variety of fungi
air currents. These fungal

reactíon in some individuals.
Bacteria and viruses also thrive in moist house air. The presenceof these nicrobes .is not in any way unique to this iyp" of'environment, howeverr âs microbiãl cóntamination is conJistentwith every_ t_ype of, 

- 
environrnent exceþt specially designed nclean

, roorns" ,l;"a for nedical or speci4lized.manufactuling tãsks.

checking moisture problems di

ç
c

I È

rosen
com

ùii f-r
- rrield ''srüaie3 ".tr-:'d"ot þgnr¡pd¿9[rs-:of .'r.rþ., ñdu;: qe,' aäa- cflzi ,t¡r.lhd*eswith unvented ûäËräppï.ia?rceiss' 

rå¡fia='uttüiinrãâ'Ëãió¡ãi¿"tããtË'f."r,äiä
been conducted. fn homes with

possible lung danage from long
t 9 fË a, wod-d'stoV.e, oJ fire¡lace has also b..nìr as- a so-ü.çce foi ãnã.l]"'ftrqeen oriaes "l¿;s 

fFlf i$Eaies lând Slþnel. r':fña -3"dsa-}jå*_rã
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studies of
however.

wood burning residences. have þeen - quite'- limiËed:;È'î. -:i

More research has been done on tobaccd smoke combuËtion
(dlscussed earlier as a contributor to' particulaþe
concentration). fndoor air pollut,ants from snokíng include COt
benzo-(a)-pyrene, nicotine, and aldehydes... The concentrations of
Èhese pollutanÈs obviously vary by the amòunt of srnoking anq Èhe
type of cigarette that ls smoked. !{hile thê smokei iS erposed to
much greater levels of these pollutants, -a11 buildihg occupa¡Ès
are exposed to npassive smokeú. - . ,,'-

The existence of numerous organic compounds in a vapór,'Ftate or
as p?Eticulates in the home is quite Èypical. THe homets
furnishings. and intqrior building materials emit org4nic vapors
as they age and deg-rade. Carpets, waIl covetingsr pçsticídest
plastiõsr-household cleaners and solvenÈs are typïcal sources.
(Organic particulates such as
been previously discussed). In
these vapors is low'enough tha
Eoweverr às with a1.1
pollutant is in suffiç i
high¡ health.problens-. :.,. :. : . r r,,: .ì ".i. ::*¡.

Most common orgåàics are rèf u rr¡hich can
be träced to souEces such plinltferr
solvents, drain cleaner, and n etnissions
can þç an as pç11. PolymFF
chlolide iciZêrS,can a1sö
Home furp =a major--Êource.a. -

Organic ' ComDounds

ncreased vent,ilation will also lower

.compounds such.,as vinyl
" be fotind in indoor air.

.-, i¡

'rhê tist: of' orQaíiic'Va!b:å'aonùai¡is niqhv ,cötqbóu¡itì3îovþt .250 ,if+ve
been f ound in resÍdential air nvironrnenÈd.- The ones aböVê are

j - ..,,..1., .¡-î rt:-.. . \ i, _:r:.a;..,-.ii,," 1,'rarttl,;lu,,,-.''rl',,1r. :,1Of eôurse, tlie"re'r¡iöväl 'or IiñiÈ,ation oJ"-soìuiceH iË- Lhe möst,
effective nay t'o reduce org ¡ni-ê'c'örnÞ'oúfd concentratiöäs.

ln_ ¡n_in'4
n" -fhþ ,aior'thá¡
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HOME VENTILATIO-N'ifriË iãctstrõfA¿rE reconrfiended thaÈ reducing "building loadingn
or the el-imination of pollutant sources is the best strategy to
minjmize in{oo; air pollutants. A second sÈrategy of increased

* .venËi1aÈion ís 'recömmended in cases where problems or potential
', .problems existo .ì,

'ef tl. houses have a "natural ventil-ation" rate referrecl to as
infiltration.. Outsdde air enters (and indoor air exits) from

^.cracks andu gaps in -'the building construction. The amount of
'- i'itfiltratidn that oi'öurs depends on the quality of construction,

the presence of weatherization materials, wind speed and
direction, and occupant lifestyle. Different classifications of

as mobile homes, also make a
t of air exchange in a .residence
n an expression of a.broad range
is not nei,essarily.'accuratê to

in air ctrange per hour (ACH)
that is replaced by outdoor air

der than fivb years have typical
omes hgVe,Iower rates typicaJ.ly
:H'^iiê!dË,.pf. 2 .to 3 is .certainlypossible in houses thaÈ are poÖrl!- mai'fiÈàined and/ör lack ap-

eratherLzaÈi-ot1 materiÊ+s,".On the other hand,r special
_i:çtliqseêltal a1=?ó "u" utilize.d to IoweÍ -nãtural

i.:. ..,r_+è3, to'$etów'.: AôF. t ,,r,u 'r:i1 ' *r^,
'-"y'taktng weatheiti"ãtiion 's.t.èþs such a=s- cqulki¡i'g. and"-weaÈh'érstripping, the ÈraditidÌi.ëf_ home'-3'ACH''.ç-arl b"e.-reOuöed,
which saves -e-ner-gy and increases'?cð*forÉ-. the {rfest iði¡-'treie i å

oor a1 c

e
e
r
I
,

hiqh*."the decrease of natural ventilaÈion could u:g,graqatE, ?rit.tiÈlehièdåaä.äfrfuu'¿ítît{v pfo'urdT¡.:.t, .': e:ir15J'"*'ii1..:i-..
9l- .;r'iioí'! r:sno f ';' ,l.ifÎs¡i"11 ....,vfìs *IÂ ¡f¡.'?f1 9r,.:¡1: i.J D^'^.r iì _

S

Esls
th * effects
sl.ibË1e or

natural ventilation must take p
devices Èo insure th.at suff icient air is provided for completertombr¡sgioh ånd,ctffmneù äËafÉ.rrriir .,r -.:\jÐj.r': r -åf -1 1sç íior1

"'.-iñ'l----.--^-r-.---. -ii-,'T,ì.iii--'l-:i iì j F '-)Íjfl'-);iì ! ',;:.r -:',' i.': * ii
1 lrubhrr:Ë'rbntrd* xño rgsl¡*6: "*'
1'' A'3

li;,, ilûr--;-- !,:ii,['i" f'ì s*ï

iÈj no mai,high 1CU .T
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nUÏn
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t e" i t].c

1
b'e
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ä rji..í:'i: .ó-4' "1ii' st,
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aiy. 'eoÈètnglarü
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all-ty
pe1 r
rrèäl_v

will also vary widely and can, Ín some cases, b vdelayed. Obviously, a medical doctor should be consu
health related problems.

Ited for any
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The analysis of alr quality in the home can be done in a variety
of ways. The easiest is to fully air a building and carefully
observe where problens or odors occur. If specific pollutants ate
suspected, the least expensive nethod of analysls is a passive
sarnpling device. The devices are designed as badges or buttons
and provide concentrat,ion informat,ion on a specific pollutant; Iç
some, the badge will change color to indicate excessive levels
and in others the device must be analyzed in a laboratory. Thiþ
approach of passive saurplers, whlle inexpensiverihas obviouS
f i.¡nitattons. : " .: r;.

'i:l

A more sophisticated, but expensive approach is to obtain
laboratory analysis of indoor air:samples. This can be done in
varieÈy of way. Pollutant concent-tations can be measured as a
'instantaneous sampler, that is, the air quality at oqe point i
time or a sanple-ltbat is gathered over a longer t,ime period o
hours or dayS, A mo'st expensive approach, t,ypical'o:f researc
projects, is a conÈinuous monitoring of air quality.
!Íhen choosing a uret,hod of:ranalysisr remember that pollutant
concentrations will change acc
ventilation, and other factors

. also provide congulting servi
measurements. If an air quali
important to work wiÈh professionals who have e¡perience !vÍth thê
w ide "ranse of indoo'i pãrruCâ"ù" llana havã- th-ã::;;ãilJft
instru¡nentÉ f or detecting itreÍr, presence. 'i' r' -:
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* Bonneville Power Admínistration. fndoor Air
BsåIdÅJrg Ene¡gy:Effi-si,eJrg
Conservation. 1984.

ôrra itv and

Good overview on the entire range of pollutanÈs with
infornation on existing standards.

HgSgE. BPA Offíce of

Berkeley Laboratory. ttlqnuatr:9Il Indoor AirElectric Power Research InstitrJte. 1984.

by R.C. Diamond and D.T. Crinårud, this is a
work, buÈ., .understandable for the non-Èechnical

tt

W r itten
de!¡i1ed
reader, "
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!r_eY g 5'. çBeqt_.- ^ å¡dgg¡ Aå¡ Qga].j.!&¡-,,,Add i s on-rrtes 1 ey
=P3þ]ishing. 1993+, ;. * ,.,"". l

a:l-'a. ì " ::1, t... ., .tr' .- ji;(jì : :"
.,C9mpr_ehensive and tech¡ical work,,on air qgalityr,; Even
though it is very delail_ed, it is so: we"lI writÈen that
anyone can benefit fron the information. should be
standard reference for any air qualtiy specialist.
Sachsr Eêrvey. nClearing Èhe Airt, Rodalets Neg ShelÈer.
Roda1e Press. September 1984.

sachs is one of the prernier names in indoor air qualit,y.
Ee gives nlce overview of the issues in this article.
spengler, John and Ken sexton. nrndoor Air polrutíon: APublic EeaLÈh Perspective'. Science. July 1993.

Landmark article on indoor air quality from a public
health perspective.
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