
Chapter 80 
Air Pol lution 
Seppa T. Rinne• Joel D. Kaufman 

Air pollution 1s a heterog neous mt\. of suspended solids, 
liquid\ and gas s. E\en in the absence of human acttv1ty, aero­
ob ar' emi tted b) Yolcanic a t1vity, wind torms, wildfire , and 

oc 'an wa1 es. Trad,ttonally, however, the term mr pollutwn re er 
to the human 1mpa ·t of b,oma s and fo sil fu I ombustton 
primaril y from ,nclustry and vehicular traffic The fo u of th,' 
chapter ,s on th e a,r pollutants with the most ev,d n e of 
ongolllg and w,despreacl threa t to publi c health , lllclud,ng both 
outdoor and incloor pollutants. p c,fic top, s relatecl to air 
pollut10n, inLlucling ennronmental tobacco smoke, plant anti­
gens, ,rnd \1 llldblo,, n agricultural dusts, are primarily addre ed 
in other t hapters. 

HISTORY 

A,r pollutton h.1, pmed a threat to human health SlllLe the 
adwnt of hrL'. 'i00,000 years ago. b,denLe of soot in preh,stonc 
caYes 11ld1LalL', that earh humans werL' '\.POSL'd to h,gh le\els 
of indoor a,r polluuon Outdoor pollution began to nse as 
populattons grl'\1 and dustered ,n u ,e, [ uring the lndu tnal 
ReHilutton , the re \1 as a dramattc increase in LOJI use hv facto­
ries and holl',eholds. The resulttng smog L,lu,ed '>lgndiLant mor­
b1dtt1 and mortaltt1, part1Lularh when Lomblll •d 111th stagnant 
atmosphertl u1nd1ttons. Dunng the Great London 'mog of 
1952, hean pollutton for - davs Laused at least 000 e\.cess 
deaths (Figun' '0- 1) This ep1,0Lk highlighted the relauonsh,p 
bet\\L'L'n air pollutton and human ht·,ilth and, together 111th 
other L'ptsodes. 11..'d to dean-air poltul''> 111 turOJll' and 111 the 
Llntted ~tatcs. 0\·er the ne\.t sc1eral deLade,, \11 h 1mpro\e­
ments 111 the regulaton frame\1ork, a,r qu.1ltt1 111 the dcn•lopcd 
world stead,h 1mpro1·cd E\ en as enl..'rg\ LOmumptton and 
greenhousL' gas L'm1Ss1ons ha\ e lllL rcasl..'d, pollutants that arc 
tO\.t C to humans ha\ c heL'n bl'tter ron trolkd NcYl..'rthcless, I, 6 
mtllton 1\menLans, or 60' , of th t' populauon, s ill Inc in coun­
ttes \11th k•\ els of a,r pollutton h,glwr th,rn l' ~- E1111ronmental 
ProtcL tt on 1\ genL \ (EPA) standards (Figure , 0-2) ,\tr pollutton 
abo conttnm's to lw c1 gro\1lllg probk•m 111 UllL", and households 
of the de\ L'loplllg \1 orld 

COMPOSITION OF AIR POLLUTION 

!any d,fkrcnt substan e are cons,dere I "a ir pollutants," which 
typ ically exist Ill Lombination in the e111 ironment, these include 
particulate matter (P~ l), arbon mono'1de ( ), 01011e (0,), 
nttrogen O\.td 'S (N x), su l ur oxid s ( \.), and 110/cwle orga111c 
compound (V s). T he composi t ion van' by seas n and 
regions, and the h m ist ry, tat , and 1ze of a pollu tant 111flu-
n th re u lting hea lth effect (Figure 0- ) . !though 

has p ifi toxi ity affect ing o yg n t ra nsport, many pollutan t 

appear to cause d, ea e by tnggenng inJur1 through inflamma­
tion and o,,datn·e stre . Phy 10log1c effects can be confirmed 
by e\.perimental tud,e , but health impacts of a,r poll ution on 
populations ca n be d,fficult to attribute to a 111 le pollu tant 
becau e the) oft n hare our es and vary tog ther. A multipol­
lutant approach to und r tanding h alth effects 1s becomi ng 
mor ommon everthele s, this sectton d, cusse ome of the 
ph ys1olog1c e f ct of ind,ndual pollutants before a descrip tion 
of th e health out omes seen \1 nh exposure to a,r pollution. 

Particulate Matter 

Among air pollutant , Pil.l i most consistently a o iated with 
111creas d mortality effects at ambient e\.po ure oncentra tions 
regularly encountered today Al hough P~l can be formed by a 
\1 ,de vanet1 of natural and man-mad proce e , one of the 
largest sources of PJ\I pollution 1s through combu t ion of 
biomass and fossil fuels PJ\l I compo ed of organic and inor­
gantL LOmpounds that \ ary greatly in size (Figure 0-4). Fine 
P~l ( <2 ::; µm) has the most well-recog111z d hea lth effects, and 
th e 11/1mfi11e P/\1 ract,on (<0 I µm) may be especially impor­
tant Larger P 1 ,s filtered and trapped 111 the proxi mal re pira­
tor1 trall, but hne particles can penetrate deep in to the lung, 
\\ here the1 are efficiently depo ited, ca u e local effects, and 
ma\ he w tem,calh ab orbed 

The LOmposi tto~ of Pil.1 al o influence its heal th effects. The 
mechanism of PJ\I toxicity in the lung I ull being elucida ted 
but " ltkch mult,factonal and LJl1 111clude impaired ciliary 
funu,on dam,1ge to eptthe!tal cells, 111flammation, and oxida­
ll\ e ,trL''' l'\eutrophtl and maLrophage phago yt ize the 
poorl1 soluble partICle and intt,ate mflammatory a ade . PM 
also LJLI L'S o,,dau\·e stress b) generat111g rea tive oxygen 
speoe (R ) on the urfacc of parucles that may then cause 
LL'llular L'ITL'cts lnflammatton and 0\.1dat1Ye tre apparently 
pro\ oke L.1rd10\ ascular d1sea,c through athero clero 1 , throm­
bogenl..'st,, 1 a,oconstnct1011, and r ,d uLcd heart rate va riabili ty 
(Figure ' 0- - ) 

Lp1Lkm1olog1c stud,e ha\ L' assouated Lhanges in P I with 
resp1raton ,\ mptoms, re p1rator1 tract mfection , impaired 
pulmonary funu,on, a,thma e \.acerbatton , hronic obstructive 
pulmonan disease ( OPD), ardtO\ a cular events, cerebro­
\ JSLular acudent ( \'A, stroke), lung an er, and all- au e 
mortality 

Ozone 

Thl' stratospheric ozone layer ,s a norma l part in the Earth ' 
atmospherl' that ab orb h,gh-frequen y ultraviolet (UV) ray 
and protects u from their damagm 0 effe t . In ontrast, ground­
level ozone I an a,r pollutan t, w hich ha harmful respiratory 
and ardiova ular effect . Ground-level 3 is largely the result 
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Figure 80-1 Weekly mortal, 1n greater London, October 1952 to March 1953, So,. oxygen saturation (Modified ram Bell ML, Davis DL. Reassessment 
of the lethal London og o 1952 novel md,cators o acute and chronic consequences of acute exposure to a,r pol/ut1on, Environ Health Perspect 7 09(suppl 
3).389-394 . 2001 I 

Counties Designated "Nonattainment" Figure 80-2 Counties designated as 
"nonattainment areas for EPA at1onal 
Ambient Air Qual1 Standards ( AAQS) o 
various pollutants . including particulate ma er, 
ozone. sulfur d1ox1de, carbon monoxide, and 
lead (From US Env,ronmen al Pro ec ,on Agency 
Green Book, 2071 www.epa govloaqps001 / 
greenbkl mapnpo/1.htm/.) 

for Clean Air Acts National Ambient Air Quality Standards (NAAOS) 

of l \ pho olys1s of '0, and \'O s (proJuc s of Yl.'htLular and 
mdustnal combu lion} Inhaled O rLJLts \,·nh b1omolecules o 
form free rad1cab,, \,·h1Lh tnggl.'r promflamma on and proo,1-
dat1\·e mediators. lnueased nt'utrophtls, cosmoph1b, and 1nflam­
maton C\ toktnL'S han• all been notl'<l 111 bronLho,1h l'olar lavage 
(BAL) fluid m respomt' to e,posure l:.,posure to e\en \t'r) 
lo\\' le\·els of O leads to air\\'a) m lammat1on and bronchocon-
tnctton lm1calh , e,posure to O causes e,ac •rbat1on of 

asthma and OPD, 1mpaired pulmonar) function, and 111creas ,d 
respiratory s1mptoms, and tt has been a 0C1ated \,·1th mcreased 
mortality The ef ects of O are further potent1ated b) exposur 
to PM 

Sulfur Dioxide 
Combu tton of sulfur-contammg fuels, mcludm, oal and 
petrole um , produc sulfur d1ox1de ( 0 .), a highly water­
soluble ga that 1s readily absorbed 111 the mucosa of the eye 
and upper r p1ratory tract . 0 2 1 a trong 1mtant that leads 

Legend 
County designated nonatta1nment for 4 NAAQS pollutants 
County designated nonattainment for 3 NAAOS pollutants 
County designated nonattainment for 2 NAAQS pollutants 

• County designated nonatta1nment for 1 NAAOS pollutant 

to loLal mflammallon O can abo hind to organ1L Pi\ I and 
affeu thL' dis tal a1n, a\·s. SO 1nueases \ asL uL1r d1stenuon. 
muLosal edema. smootl1 mu sci' LOntrau1on, and 111traa1n, a, 
,ecrell ons. l.ung function 111 health} mdl\ 1duab 1s relall\ eh 
resistant to the dfeLts of LOns1derable doses of. C ppm), 
but eYen lo\,er doses (e.g., <1 ppm) eltu t acu tL' and su hstant1 al 
bronLhoconstnct1on m some as thmal!L pallL'nts. Although 
causes mult1pl' respirator) S} mptoms, ll d oes not St'L'm to 11L' 
mdependentl} responsible for air po llutio n re la ted monalll) 

Nitrogen Dioxide 

Nnrogen d10,1c.le ( 2} is formed dunng the Lombusu on of 
fo sd fuels, prec.lommantly a t powe r plants and 111 veh1 les. 
Bem g re lative ly msoluble, , 1s not 1gn1fican tly absorbed by 
proximal mucosa. In tead, 2 travel to th e more distal 
airways, wh re 1t rea ts wi th water m th respiratory tr e to 

reate nttn a 1d. H 0 3 cau both lo al and sys te mi inflam-
mation. A ut ly, th, can I ad to broncho pa m . 0 2 i 



Rhinitis and laryngitis 
Large particles are deposited in the nose, pharynx, and larynx. 
More soluble gases (e.g., sulfur dioxide) are absorbed by upper respiratory 
tract mucous membranes, causing edema and mucus hypersecretion. 

Tracheitis, bronchitis, and bronchiolitis 
Large particles (more than 1 O µm in diameter) are deposited 
and then cleared by cilia. Small particles and fine fibers are 
deposited in bronchioles and bifurcations of alveolar ducts. 
Less soluble gases penetrate to deeper small airways. 

Asthma and chronic obstructive pulmonary disease 
Allergens and irritants are deposited in large airways by 
turbulent flow, causing chronic inflammatory changes. 

Cancer 
Carcinogens (asbestos and polycyclic aromatic hydrocarbons) 

80 Air Po\lu 10n -

come into contact with bronchial epithelial cells , causing mutations -----;----''-'-­
in proto-oncogenes and tumor-suppressor genes. More than one 
such contact results in malignant transformation. 

Interstitial disease 
Small particles (<10 µmin diameter) and fibers are 
deposited in terminal bronchioles, alveolar ducts, and alveoli. 
Penetration to the interstitium results in fibrosis and the 
formation of granulomas. 

Figure 80-3 Phys1olog1c effects of air pollutants on the respiratory tract (Modified from Beckett WS Occupac,onal resp1ratory diseases, N Engl J Med 

342406 413 , 2000.) 
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Figure 80-4 Size classification of particulate matter with reference)o e· a statement for healthcare professionals from the Expert Panel on Population 
Brook RD, Franklin 8, Casc,o W, et al: Alf pollut,on and cardiovascular ,se~65S-2677 , 2004) 
and Prevention Science of the Amencan Heart Assoc1at1on, Circulation 7 09 



Section 15 SP ECI AL CLI ICAL CO NDITIO NS 

Combustion-derived 
nanoparticulate 

Oxidative stress and inflammation 

------ i i ------~-A-th-e-ro_m_a-~) ( Endothelium ) PI ate I et s ) (~_H_e_a_rt_r-hy-t-hm~ 

i 
Plaque Vasometer F1bnnolyt1c Activation and Reduced heart 

progression dysfunction imbalance aggregation rate variability 

PlaquJ rupture Vasoc0Ltnct1on L Thromb~genesis 

L Myocar} al ischem1a and 1nfarct1on ~ Arrhythmia 

Cardiovascular death 

Figure 80-5 echanism o cardiovascular disease rom exposure o air pollution (From Mills NL, Donaldson K, PW Hadoke, et al: Adverse 
cardiovascular e eets o alf polluc1on, a Clin Pract Card1ovasc Med 6:36 44 2009 J 

generally le s potent than other pollutant. and 1s Itkt,]y to haH' 
it mot harmful effe t b) aLtmg 111 S)nerg\ \\tlh the,e otlwr 
compound . !though high le\ , ]s of mdoor N can m rea,e 
su epubt!1ty to \·tral m ectt0n, this has not been ob,en·ed \\ nh 
outdoor le\·els of ~O pollution In eptdl'm1olog1c research, 
N concentrations are often considered a surrogate for e-..po-
ure to traffic-related air polluuon, thus the relattonsh1p o NO 

wnh d1 ease 111 he e tud1es 1, probabl) Laused b\ other pol­
lutants that share e-..posure profiles 

Polycycl ic Aromatic Hydrocarbons 

Pohn·cltc aromattL h\·droLarbons (PAHs) mclude a number of 
organtc molecule hat .ire found m biomass and fossil fuels or 
are formed m heir combustton L\e of these fuels aeros0It1es 
PAHs along\\ 1th o ther \ "O , \!though there are many d1 fer­
ent types of PAH, small and l1pophil1L P,\l ls are the most 
readily ab orbed m he resp1ra ory rac The effec s of each 
PAH pec1es depend, on I s underlnng compostt1on and struc­
ture i\.lany PAH arc 1rr1 an , o resp1raton muLo,a O her\ 
uch as benw( a Jpyrene one of the carunogem first described, 

and he d10-..m , arl' mu a::l'ntL and carunogen1L, \\ 1 h speual 
concern regardmg cancer of he mouth, nasopharyn-.., lar\'n'-, 
and lung. 

OUTDOOR AIR POLLUTION 

Ou door air pollution I mfluenced by the ,ource of emission, 
and he surroundmg ennronmen In recent d 'cade\ motor 
\ eh1cles ha\ e become a predommant source of pollutton, par­
ti ularh m urban areas. oal and fossil u •l combustion abo 
conttn~e to he a maJor source of emissions from mdw,try and 
pO\\·er plants. Together, \eh1cles and po\,·er generation make up 

0% of ou tdoor air pollution m the Untted ates. Other 
our e include biomass combustion from wood fires During 

wmter months, \\'Ood burn mg 1s a principal source of pollut1on 
m some parts of the L'n1ted tates. 

Topography, climate, and local leg1slatton further impact the 
air quality. In Los Angel s the n arby mountam trap pollut­
ants, largely from lo al mobtl vehicular sou rces, and mtense 
UV rays act to r at high 0 3 lev ls. In Pitt burgh, a maior c ity 
with ome of the high e t PM levels in the Uni ted tates, most 

pollutton 1s nm, largely derived from regional sources, ea rned 
b\ sou theasterly \\ mds bnng111g l'm1ss1ons from more distant 
p \\·er plants and fac orie. Out,1de the de'\ e loped \\·orld, there 
are fe\\·er ennronmental control\ resulttng 111 higher le\ eb of 
polluuon, espec1a lh m areas of rapid mdustnal11allon and 
urhanizatton hma has many of the most polluted uti s 111 the 
\\·orld, a faLtor of tl hea\ y coal use and l1m1ted c't1\ 1ronmental 
protection 

HEALTH EFFECTS OF OUTDOOR AIR POLLUTION 

Ou door air pollutton has many di\ erse health effects, ranging 
from mild respirator\ 1rntatton to hospttaltzatton and death 
Th ' Vv'orld I lea Ith Organ11auon esttma tes that an e-..cess 

00,000 ckaths occur annua ll y belause of e-..posure to outdoor 
air pollutton Oath fluLtuatton 111 ll'\ eb of air pollutton L,1Uses 
an acu t mcrease 1n monaltt), mostly from Lard10\ascular 
causes. hrontc air polluuon e-..posure abo contributes to mor­
h1dn, and mortaltt\ through a \anet} of Lard1opulmon.ir) t!l­
ne,ses. ome of he rst e\ldence for mortaltt\ of chro!llc 
e-..posurt• to Pi\.! \\JS demonstrated hy he t"\ 1-1e tudy , m 
\\ h1ch utt;ens of '" U uttes (represent111g a range of air 
pollutton se\ertl\) \\ ere studi ed a, a prospl'L 1\"e cohort 1l1cs 
mth higher le\·els of fine P1\ I had an mcre,1,ed mk of .ill-cause 
mortaltt) (nsk ratto, l 26 for most pollutl•d \ "S. least polluted 
ut\, Figure 0-6) lam other c.ohort studtl'S conhrm this rcla­
uonsh1p, \\ 1 h 1m11ro\·ed de ermmauon of e-..posures and health 
outcom •s. 

Acute Respiratory Illnesses 

E-..posure to air pollutton producl's acute chan ges 111 lun g funL­
tton m health, adu lts These chan ges usually •o unnou ed b, 
patients \\ho are not predi posed to bronLhospasm Among 
pauents \\ 1th asthma and OPD, howev ' r, exposure to pollu­
ti on c.an I ad to s ' rious eff cts. Asthmauc patients experience 
mcrea ed cou 1 h, whee11ng, breath le sncss, and med1 ca tton 
n ds on days with high air pollution I lospn al11 att ons for 
as thm a, OPD, and pneumonia all increase as air pollutton 
n es. There are al o more re ptratory ymptom and upper 
respiratory mfe tion m the general population. v n 
mall hange in PM con entration an lead to th e e e ffe t 



(Figure 0-7) . For every IO µg/m3 ri e in PM, there is approxi­
m ately l % in rease in all respiratory disea es. Although this 
ff l t siz seem small , it has a notable impact when applied 

to large populations. 

Chronic Respiratory Illnesses 

Just as a ute ex osure to air pollution an cause transient 
hanges 111 p ulm onary fun ction , chronic expo ure to pollution 

is assoua ted with tructural and fun tional lung changes. 
Stud ies show th at children living 111 more polluted areas have 
low •r !o r ed xpiratory volume 111 l econd (FEV1) . In patients 
with cysu c hb ros1s, exa e rbati ons are mor ommon in com­
muniti es \\ 1th higher PM 2 , concentrations (PM <2. 5 µm in 
di am ter) One study observed that e,po ure to air pollution 
in pregnant women led to ubsequent impaired lung develop­
m ent 111 children. There 1s also v1den e th at ex posur to pol­
lutio n may contribute to the path ogene is and 111cidence of 
asthm a am ng children . C hildren livin g clo e to motor vehicle 
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Figure 80· 6 Assoc1a 10n o fine part1cula e concen ration and mortal! 
from Harvard S1x C1t1es Study (Mod, ed from Dockery OW et al· Engl J 
Med 329 7753-7759 7993) 
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traffic have been found to have hi gher pr va lence of a thma 
and smaller FEV 1 after controlling fo r pot nti al confounders. 
European and U. . ohorts also show that hddren expo ed to 
higher amounts of air pollution have a higher incidence of 
a thma . 

The association b twe n outdoor air pollution and the 
d velopment of COPD is less clear, with studies showi ng 
in onsistent and inconclusive resul ts. The great t risk factor 
for OPD remain tobacco smoke. However, air pollution 
cau es recurrent re p1rato ry symptoms and infections, both of 
whi h may contribute to COPD. 1mdarl y, data are limited on 
the asso ia t1 on of outdoor air pollution and lung cancer. Lung 
ca ncer 1s a rare disease wnh a long latency period, although a 
few tud1es fo und a mode t increase 111 lung ca ncer with expo­
sure to outdoor air pollution 

Nonrespiratory Illnesses 

ome o the most important and well- tudi ed di eases associ­
ated with air pollution are cardiovascular illn s, incl uding 
ischemic heart d1 ease, arrh ythm ias, conge tive heart fa ilure, 
and sudden ca rd iac death A metaana lysis on air pollution and 
ho p1tal adm1 ion fou nd that or every 10 µg/m3 increase in 
PM , there was 0. 0 o increase in heart fa ilure admis ions and 
0. 7% 111crease 111 1 chemic hea rt d1sea e admi sions. Driving or 
o thern·1 e being in traffiL has been as ociated wi th an acute 
increase in risk of myocardial in fa rction (odds ratio, 2.92), 
although poll uu on 1s on l) one potential culprit . Air pollution 
has further been as oc1ated with ventricular arrhythmias, 
im plan table defib rillator shocks, and atrial fibrillation. The 
maJOnl) of ex ess dea ths a oCJated with air pollution are 
fro m card1m·ascu lar ca uses. There 1s le s onclusive data on 
the as ouauon of air pollution with other nonre piratory 
d iseases, including t roke, peripheral vascular disease, deep 
1·enous thrombos1 , and adverse perinatal outcome . 

GENETICS AND AIR POLLUTION 

There has been substan u al 1n,·e tiga tion of respiratory gene­
ennronment interau1on \\'1th pec1al attention to the ambient 
air pollution T his research may ultimately inform identifica­
tion of not only espe ially u ceptible populations but also 
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Figure 80· 7 Meta-analysis results demonstrating the increase in mortal ity, morb1d1ty, and symptoms assoc iated with acu te, 10 µg/ m3 increase in 
PM ,o. COPD, chronic obstructive pulmonary disease; resp., respiratory (Modified f rom Donaldson K, Mills N, MacNee W, et al: Role of inflammation in 
cardiopulmonary health effects of PM, T oxicol Appl Pharmacol 207(2 suppl):483-488, 2005.) 
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molelular me hani m involved in th environmental effect. 
enes that regulate lllflammation and oxidativ tre play a 

1 ndicant role 111 modulating the e individual differen e . 
everal tud1 hav identified polym rphi m in o idative 
tres gene, (1 QO I, G T,'vll, and G TP I) and in fl ammatory 

g ne (TNF) that are a so iated with re pira tory mptom , 
de rea ed pulmonary fun l ion , and ri k of as th ma. For example, 

QOI (N DPI lquinone ox1doredu ta e 1) i an RO 
aveng r lutallons Ill th1 gene have been a o ia ted wi th 

de rea ed FE I Ill healthy Jlldividual expo d to ozone. Poly­
morphisms of IQO I are al o orrelated wi th higher rate of 
a thma among children Ill J\ I ,1 o ity ldent1fylllg oenetic 
u epllbiltt1e to air pollution not only help characterize 111di­

vidual who arc at the greate l risk, but also help target inter­
,. nllons. A l1111cal tnal of Lh tldren ,,1th a mutation 111 the 
ant10,1dant gene G T,\/ I found a protcLt1,e effect of anttox1-
dant , 111cludlllg \ 1tam1ns and E, on pulmonary funcllon 
Further studie. are needed to Lharactenze these genellL us­
cepttbil1t1e further and ocu, 111ten·ent1on,. 

AIR QUA LITY INDEX 

Governmen tal aoenc1es world,,1de measure and r<?pon on th<.' 
air quali y 111 ma1or c.tlles and uburhan ar<?as The EPA 
produce an 1r Qualtty Incle, (A 1) tor more than l 00 

1t1 s and region . The AQI 1s reported on a ,lal<.' rom O to 
-oo. ,,1th higher ,alues be111g more hazardow, (Tab! ' 0-1) An 
AQI core more than 100 111d1LJ es unhealth, air quality, e,pe­
c.tall) ,, hen compounded by h1gh-n,k ,, <.'a th c>r condtt1on . uch 
a hot and sunny days .\!any ne,,spapc>r,, ,,c>,Hl1<.'r reporter, 

Table 80-1 Defin it ions of Air Quali ty Index (AQ I) Levels by 
U.S. Environmental Protection Agency 

AQ I Levels 
of Health Numeric 
Concern Value 

Good 0-50 

Moderate 51-100 

Unheal thy fo r 101 -150 
sensitive 
groups 

Unhealthy 151 -200 

Very 
unhealthy 

Hazardous 

201-300 

301-500 

Description 

Air quality 1s considered satisfactory, 
and air pollution poses little or no 
risk. 

Air quality 1s acceptable; for some 
pollutants, however, there may be 
a moderate heal th concern for a 
small number of people unusually 
sens1t1ve to air pollution 

Members of sens1t1ve groups may 
experience health effects, the 
general public 1s not likely to be 
affected 

Everyone may begm to experience 
heal th effects; members of 
sensitive grou ps may experience 
more serious heal th effects. 

Health ale rt ; everyone may 
experience more serious health 
effects. 

Health warn ings of emergency 
cond itions. 

The entire population is more likely 
to be affected . 

Data from www a,rnow gov Accessed March 2011 

and radio ta tions report thi s ore On days with high AQI 
core , it i re ommended that peopl • stay 111door a much a 

po ible. usceptible ind ividuals should also limit phy ica] 
a ti vity, whi h in rea es v ntilat1on and ulllmat ly lead to five 
times th amount of Ptvl d po tt1on 111 lungs. 

INDOOR AIR POLLUTION 

The vast maionty of adverse hea lth dlelts related to ai r pollu­
tion likely o ur in develop111g countri es,,, here ther are higher 
I v I of both outdoor and indoor a11 pollullon tvl o re than ha lf 
of the world 's populallon d p 'nds on solid fuel as the primary 
sour e o domesllc energy for lOok111g and heat. tvlost of this 
1 in rural region of the de,elop111g ,,·orkl ,, here cookmg is 
done over open fires 111 poor!) ,enll l,ned homes (Figure 0- ). 
Thi crea tes 111tense e,posure to 111door mr pol/111w11 (IAP) wnh 
de, astallng hea lth con equences 

mong households that rel~ on solid fuels fo r enerID, 
appro,1mately 9-o, use lno111<1 s.1 fuels (,,·ood, Lharcoa l, crop 
residue<;. dung) 111 open indoor hrcs. I louschold loa l use 1s less 
LOmmo n and 1s pnmanly USL'd 111 p,1rts of h111a and outh 
Afn a O,erall, solid fuels are less l'ffll1L'n t and ha\'e grea ter 
e111 1s\Jom than costli er fu els smh as gas and L' il'Ltnuty. In fact, 
although de,·cloped lOuntrtL", U'>l' se, era I limes more enerID' 
pl'r household, the fucb used are Li<'am•r ,, tth ks, c>,posure to 
pollutants The e d1 ferenc s 111 doml'Slll energy are referred to 
as th • · energy ladder" (Figure 0-9) 

Combusllon of solid fuels Lan c>mtt m,ll1\ of the same Lhem1-
cal pollutants as ou tdoor pollullon, 111clud1ng Pi\I , 0, '0_, 
. 0 . and PAHs, although thl' conlen trati ons of thes sub­
stances tend to be muLh h1glwr !·or <',ample, LOnLentra llons 
of P 1 111 households that reh on ,olid fuels of en reach le,cls 
more than l 00 lime >reater th an ou tdoor concen trallons. 
\Vomen and ch ild ren are d1sproporl1onateh c,posL·d to this 
poll ullon On a, erage, women 111 the de, elop111g ,,·orld spend 
3 to - hoUJ, per day near the fire, preparing food They frc­
quenth do so ,,1th large childrc>n by their s1d • and small chil­
dren on their balks As the populallon \\tth the greatest 
e,po urc to lt\P, ,,·omen and children al,o suffer the most 
damag111g health effeLts. 

Figure 80-8 Ecuadorian child s1tt1ng next to indoor cooking fire (From 
Rmne ST, Rodos EJ. Rmne ML, et al: Use of biomass fuel 1s associated with 
infant mortol1ty ond ch,ld health m trend analysis, Am J Trop Med Hyg 
76:585-591, 2007.) 



HEALTH EFFECTS OF INDOOR AIR POLLUTION 

The World I lea lth O rgan iza tion e timate that exposure to 
solid fuel smoke cau e 1.6 mi llion deaths annuall y, prima rily 
in the dcveloring world (Figure 0-10) . Thi includes d aths 
aused by rneumon1a, OPD, and lung can er (Table 0-2) . 

Increasing C\1d nee also is rcveallllg th role of IAP in other 
J11feLt1ous and nonJ11fect1ous d1 cas's Most d1 ea es as ociated 
wnh ou tdoor rolluuon are also llllkcd to IAP exposure. Overall , 
!AP 1s resronsibl for 3 .5 mill ion disabi lity-adjust d life years 
(I Al Vs) , making Jt th th leading ca us of DALYs and 11th 
t.ausc of death worldwide. 

Very low income, Low 111come Middle 111come , High 111come 

Electnc1ty 

Natural gas 

Gas. liquefied petroleum gas 

Ethanol. methanol 

Non-solid fuels 

Solid fuels 

Crop waste 
dung 

Coal 

Charcoal 

Wood 

Increasing prospenty and development 

Figure 80-9 "Energy ladder" emphas1z1ng the assoc1a 10n of 
development with household energy (Modified ram World Health 
Organ1zat1on Fuel for life household energy and health, Geneva, 2006, 
WHO.) 
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Acute Respiratory Illnesses 

Worldwide, acute lower respiratory tra t lllfections are the 
most importan t cause of mortality ll1 hildren younger than 5 
yea r . Exposure to I P mor than double the ri k of develop­
lllg acute lower r piratory lllfecuon . Annually, th i leads to 

I 0,000 of the 2 million deaths cau ed by pn umonia. Several 
studie al o show an a o ianon between indoor air pollution 
and urper respiratory 1n~ lions, including otiti media and 
mast iditis. In addition to infe tious disea e , expo ure to 
ind or smoke leads to increased airway reactivity, which can 
exacerbate a thma and COPD 

Table 80-2 Results from Metaanalyses on Associat ion of 
Indoor Air Pollution with Various Health 
Outcomes 

Health 
Outcome Population 

Pneumonia Ch ildren 0-4 yr 

COPD Women ~30 yr 

Men ~30 yr 

Lung cancer Women ~30 yr 
(coal) 

Men ~30 yr 

Lung cancer Women ~30 yr 
(biomass) 

Relative 
Risk 95% Cl Evidence 

2.3 
1.9-2.7} 
2.3- 4.8 3.2 

1.8 1.0-3.2 Suffic ient 

1.1-3.S 1.9 

1.5 1.0- 2.5 

1.5 

Asthma Children 5-14 yr 1.6 1.0-2.5 Insuffi cient 

1.0-2.1} 

-------------
Adu Its ~15 yr 1.2 1.0-1 .5 

Cataracts Adults ~15 yr 1.3 1.0- 1.7 

Modified from World Health Organ1zat1on: Fuel for life· household energy and 
health, Geneva. 2006, WHO 
Cl, con dence in erval COPD. chronic obstruc 1ve pulmonary disease. 
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Figure 80-10 Distnbution of mortality from indoor air pollution (!AP) throughout the world (Modified from World Health Organ1zat1on: The World 
Health Report 2002 reducing risks, promoting healthy life. Geneva, 2002, WHO.) 



., Section 15 SPECIAL CLI NICAL CO NDITI ONS 

Figure 80-11 Axial h1gh-resolut1on CT scan of chest demonstrating 
characteristic findings in domestic acquired particulate lung disease 
including nodular interlobular septal thickening (arrowheads) and 
bronchovascular thickening w1 h nodular appearance (double arrows). 
(Modified from Diaz JV Ko }. Cotway MB et al. Case report a case of 
wood-smoke-re/a ed pulmonary disease, Environ Health Perspect 
174'759-762, 2006.) 

Ch ronic Resp iratory Illnesses 

hrolllc. e\.po ure to llldoor ,moke causes a broad range of 
hrolllc disorders referred to as do111e.mc {IC<Jll lred /1llrllculnte 

hrng d1sen e (0 PLO) or "hu t lung O PLO lllcluJes nonlll­
fect1ou , nonmalignan d1 eases ,uch as OPO and pulmonar, 
fibro 1 \\'omen \,·ho cook \\·1th ,oliJ fuels are three lime more 
like!) o de,elop COPO than \,·omen who Look \,1th cleaner 
fuels. lobalh, l,\P LJuses 22° of OPO case,. Although most 
people e\.posed to LhrDlllL indoor ,moke deYelop obstruct!\ e 
pulmonan funL 1011, ,ome al<,o ha\ e restrictwe patterns Bron-
hoscop~ , p1Lalh re\ eals an hraLOllL plaque,. ompu ed 

tomograph\ ( T) ma\ demonstr,ne a \ arie , of pat erns, 
includlllg retiLldauon, peribrond11al h1ckenlllg, nodules, and 
ground-glass oparn1es (Figure 0- 1 I ) ,\I though studies are still 
fe\, and lllCOnsi tent , some reports finJ a higher llludenLe of 
a thma among children e\.po ed o lllJoor smoke 

trong e\ldence llllk indoor Loa! smoke to lung Lancer, 
agalll \\ 1 h mo research from hllla, \,·here coal use 1 
common Coal smoke ha high concentrations of Larclllogen1c 
PAH . ChroniL exposure to coal smoke doubles the nsk o lung 
c.ancer Fe\\' tud1es ha\·e examllled the relat1onsh1p be ween 
lung c.ancer and other solid uels, but the cone. ' rn 1s that e\.po-
ure o the e pollutan s al o mcreasL'S risk of malignancy 

Nonrespiratory Illnesses 

A d1 ussed pre\'1ousl), exposure to paruculat, matter from 
outdoor air pollut1on has consistent!) been ass 1ated \\ nh 
c.ard10, ascular disease and mor ah y Research on sim il ar effe ts 
of mdoor moke 1s m101mal , although the sam, relati on hips 
hould hold true If these risks \,·ere con I tent among hou e­

hold cookmg \\1th solid fuel,, IAP \\'Ould repre •nt a maior 
risk factor for morbidtt) and mortality world\\'1de 

ll\ented cookmg \,1th olid fuels has be n a sooa ted with 
poor pregnancy outcome, mclud1ng low birth w 1ght and 
m reas d perinatal mortality. This 1s likely ca used by a comp! x 
interaction of pollutant m olid-fuel moke, includmg PM and 

. PM pred1 pos s to maternal illness affecting ~ ta! growth, 
whereas O avidly binds hemoglobin and d crea es oxyg n 
delivery to th pla enta. On average, babi s born to h u eholds 

that cook with bioma fu el weigh 3 g le than those born 
in household that u e leaner fu ls. 

ataract are ommon in th e devclopm g world and fre­
quently lead to b lindne . Large ep1d miologic studies in India 
have hown a 30% in rea e m ca tara ts am ong people li ving in 
hou eholds dependent on solid fu ls after adJus ting fo r con­
founding fa tors. The mec han1 m for thi s effc t rem ains a 
matter of peculauon . 

CONTROVERSIES AND PITFALLS 

En\'ironmental lllfluences on rL",pirator\' health L<rnnot be inter­
preted m 1solat1on I o t on! ) ,lrL' these em 1ronmen tal a t rs 
mher ntly mteraLtmg \\ 1th the gene t1 L pred1spo 1t1on of th e 
md1\'1dual, but Yanous n\lronmcntal prtKcsscs are closely 
!lllked hangc Ill air polluuon arc a%ouatcd \\'1th changes in 
!tmate, and both are currenth dmcn primarily by fossil fuel 

Lombu tion As global \\ arm mg progrcsse\ 1t 1, likcl) to af ect 
air polluuon patterns, although the 1mpaLt 1, ,u ll un ertam 

lobal !tmatc c.hange 1s dnn•n b\ greenhou,e gases, such a 
Larbon <l10,1de and methane, \\ h1 l h arc not genera lly ons1d­
ered to ha\'e direct health effec ts at ambient concentrations. 
Nc\·erthele s, \,·armer days arc a,,ouated \\ 1th \\'Orse air quality, 
and most 1ent1sts belie\ c th at limate c.hange \\ di s1gn 1ficantly 
111Lrease the number of summer day, that c,Lecd air quality 
, tandards. This change Ill climate \\'di !tkch 1nLrl'a e ground­
le\ el ozone a, \\ armer temperatures promote O formation In 
LOn trast, particulate matter lewis to uld cone ' t\abl ) de rease, 
1 globa l warmmg leads to muc.1sed preup1tat1on or a on­
Lerted effort at reduung fos ti fuel use 

CONCLUSION 

J\Jd1uonal rcsear ·h 1s ne ded to define th e effects of ou tdoor 
air polluuon Ill a mulupollutant conte,t ,\lost published 
research e,amtlll''> the health effects of md!\ 1dual pollutants, 
\,·hile the 111 erau1on bet\,cen muluple pollutants and the role 
of particular ,ourLes of polluuon 1s likely 1ust as important . 
Ongomg re earth should also foLu, on 1denufy1ng ,a e le\ els 
of air pollut1on and effec t1w \\ ays of deueasm~ c,posure to 
polluuon In the deYeloped \,·orld, re earch into dean energy 
ma\ prO\ 1dc \ aluahle ans\\crs to 1mpro\lng human health a, 
\,ell as the L'mironm ' Ill In the de\'elopmg \,·orld , soluuons 
rclatmg to 1mprorn1g mdoor air qualny and deLreasmg solid­
fuel dependence \,·ould abo han~ a \\ 1desprcad and dramatic 
impact. 
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