+HDOWKDQG&OHDQ$LU1HZVOHWWHU
6SULQJ
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$LUSROOXWLRQDQGUHVSLUDWRU\LQIHFWLRQLQFKLOGUHQ
%U-3UHY 6RFLDO0HGLFLQH²
3,866 children followed for a period of five years. All were adopted into other families.
Categorized as living in high, moderate, low or very low regions of pollution. Logging of
lower chest infections over a three-year period showed 12.9 percent incidence in high
pollution region, versus 4.3 percent in very low region. This study had an important
influence on the deliberations of the U.S. Senate Committee responsible for the first US
Clean Air Act.
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$VWXG\RQWKHHSLGHPLRORJ\RI$VWKPDLQ&KLOGUHQLQ3KLODGHOSKLD
-$OOHUJ\²
The: “Citizen’s Guide to Air Pollution” on page 94 notes: “The first study of the
relationship between hospital emergency visits and pollutants would appear to be one
conducted in Philadelphia in 1965 by Girsch and his colleagues.” Comparing 1,346
patient visits to the Emergency Department of the Children’s Hospital, they concluded:
‘There was a threefold greater incidence of bronchial asthma during days of noteworthy
high pollution. This was compared to the observation that very few asthma attacks
occurred during the ragweed season. It is remarkable that very little attention seems to
have been paid to these data.”
(3) Roughton FJW, Darling RC. “The effect of carbon monoxide on the oxyhemoglobin
dissociation curve.” Am J Physiol 1944;141:17–31.
(4) Longo LD, Hill EP. “Carbon monoxide uptake and elimination in fetal and maternal
sheep.” Am J Physiol 1977;232:H324–30; and, Bureau MA, Monette J, Shapcott D, Pare
C, Mathieu J-l, Lippe J, Blovin D, Berthiaume Y, Begin R. “Carboxyhemoglobin
concentration in fetal cord blood and in blood of mothers who smoked during labor.”
Pediatrics 1982;69:371–73.
(5) World Health Organization, Tobacco Free Initiative,
http://www.emro.who.int/TFI/SharedWorld-Women-Mums.htm.
(6) U.S. Environmental Protection Agency, National Air Quality and Emissions Trends
Report, 1999, Table A-2, pp. 132–35 (Washington, D.C. 2001).
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2XWGRRUDLUSROOXWLRQORZELUWKZHLJKWDQGSUHPDWXULW\

(QYLURQPHQWDO+HDOWK3HUVSHFWLYHV²
Study based on 67 districts of Czech Republic in 1991. Maternal exposures to SO2 TSP,
and NOX in each trimester of pregnancy estimated as arithmetic means of all daily
measurements taken by all monitors in the district of birth of each infant. Odds ratios of
low birth weight, prematurity, and intrauterine growth retardation calculated. Low birth
weight and prematurity associated with SO2 and less strongly for TSP. No effect on
intrauterine growth retardation. Low gestational age accounted for the association
between SO2 and low birth weight. Effect greatest in relation to SO2 in first trimester.
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Relation between ambient air pollution and low birth weight in the northeastern United
States
Environ Health Perspect 109 (suppl 3); 351–356 (2001)
Low birth weight (LBW) evaluated in relation to ambient CO, PM10, and SO2 data. Births
between January 1994 and December 1996 in six northeastern cities, Boston, Hartford,
Philadelphia, Pittsburgh, Springfield, and Washington DC. LBW consisted of birth
weight below 2,500 grams. Risk of LBW increased with increasing CO or SO2 exposure.
No association with PM10. 26 references.
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7KHHIIHFWRIDPELHQWFDUERQPRQR[LGHRQORZELUWKZHLJKWDPRQJFKLOGUHQERUQLQ
VRXWKHUQ&DOLIRUQLDEHWZHHQDQG
Environ Health Perspect. 1999 Jan;107(1):17–25.
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,V$LU3ROOXWLRQDULVNIDFWRUIRUORZELUWKZHLJKWLQ6HRXO"
(SLGHPLRORJ\²
All full term births in Seoul over the period of two years from January 1996 to December
1997. Adjustment for gestational age, maternal age, parental educational level, parity, and
infant sex. Smoothing plots used. The results showed that the adjusted relative risk of low
birth weight was 1.08 for each interquartile increase for CO during the first trimester;
also 1.07 for NO2; 1.06 for SO2; and 1.04 for TSP—all for interquartile increases in
exposure. Exposure estimated from 21 monitoring sites—main pollutant is vehicle
exhaust. 276,763 births included. 75th percentile of NO2 exposure was 35.4 ppb. Mean
birth weight changes more or less linear with each pollutant. For NO2, from lowest to
highest was a drop in birth weight of about 30 gm.
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$PELHQW$LU3ROOXWLRQDQG5LVNRI%LUWK'HIHFWVLQ6RXWKHUQ&DOLIRUQLD
$P-(SLGHPLRO²

&DOLIRUQLDKDVD%LUWK'HIHFWV0RQLWRULQJ3URJUDPGDWDIURPWKLVEHWZHHQDQG
ZHUHXVHGSODFHRIUHVLGHQFHZDVFRPSDUHGWRORFDOO\PHDVXUHGDLUSROOXWDQWV²VWDWLRQV
PHDVXUHG&2FROOHFWHG2 GDWDDQGKDG30 PRQLWRUV(OLJLEOHFDVHVZHUHDOOOLYH
ERUQLQIDQWVDQGIHWDOGHDWKVGLDJQRVHGEHWZHHQZHHNVRIJHVWDWLRQDQGRQH\HDUDIWHU
ELUWKZLWKLVRODWHGPXOWLSOHV\QGURPLFRUFKURPRVRPDOFDUGLDFRURURIDFLDOFOHIWGHIHFWV
5HVLGHQFHKDGWREHZLWKLQPLOHVRIDPRQLWRULQJVWDWLRQ5HVXOWVIRUVL[JURXSV
DQDO\]HG³DRUWLFGHIHFWVGHIHFWVRIDWULXPDQGVHSWXPHQGRFDUGLDODQGPLWUDOYDOYHGHIHFWV
SXOPRQDU\DUWHU\DQGYDOYHGHIHFWVFRQRWUXQFDOGHIHFWVVXFKDVWHWUDORJ\RI)DOORWDQG
YHQWULFXODUVHSWDOGHIHFWV$OOFDUGLDFGHIHFWVFRQILUPHGE\DXWRSV\RUE\VXUJLFDOUHSRUWV
FDWKHWHUL]DWLRQRUHFKRFDUGLRJUDP2URIDFLDOGHIHFWVDOVRVXEGLYLGHG




Results showed that odds ratios for ventricular septal defects increased in a dose-response
fashion with increasing second-month CO exposure (Odds Ratios over 2.0 in some
cases). Similarly, risks for aortic artery and valve defects, pulmonary artery and valve
anomalies, and conotruncal defects increased with second month ozone exposure. Animal
data which supports these findings are summarized. Very thorough hierarchical two level
regression model used to adjust for multiple comparisons. Control infants and fetuses
numbered 10,649. There were 313 ventricular septal defects. 50 references.
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$LUZD\DOYHRODUDWWDFKPHQWSRLQWVDQGH[SRVXUHWRFLJDUHWWHVPRNHLQXWHUR
$P-5HVSLU&ULW&DUH0HG²
LQIDQWVZKRGLHGIURP6,'6JURXSHGDFFRUGLQJWRWKHLUSHULQDWDOFLJDUHWWHVPRNH
H[SRVXUH'LVWDQFHEHWZHHQDOYHRODUDWWDFKPHQWVRQWKHDLUZD\VZDVPHDVXUHGDQGZDV
IRXQGWREHJUHDWHULQLQIDQWVH[SRVHGWRFLJDUHWWHVPRNHLQXWHURRUERWKLQXWHURDQG
GXULQJWKHSRVWQDWDOSHULRGEXWQRWGLIIHUHQWLQWKRVHZLWKRQO\SRVWQDWDOH[SRVXUH$XWKRUV
FRQFOXGH´7KHVHILQGLQJVVXJJHVWWKDWLQXWHURFLJDUHWWHVPRNHH[SRVXUHPD\UHVXOWLQ
DEQRUPDODLUZD\IXQFWLRQGXHWRDUHGXFWLRQRIWKHIRUFHVRSSRVLQJDLUZD\QDUURZLQJµ
Figure illustrates method of measurement with photomicrograph of a membranous
airway from an eight-month-old infant. Distance between attachments was 0.10 mm in
those exposed and 0.08 mm in those not exposed. 82 airways examined in nonexposed
group, 46 in those exposed in utero only, and 147 in those with both in utero and
postnatal exposure.
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7KH(IIHFWVRI$LU3ROOXWLRQRQ&KLOGUHQ
(QYLURQ+HDOWK3HUVSHFW 6XSSO ²
'UHZDWWHQWLRQWRWKHLQFUHDVHGPRUWDOLW\LQFKLOGUHQLQWKH/RQGRQHSLVRGH7DEOHDV
IROORZV
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7KH(IIHFWRI$LU3ROOXWLRQRQ,QIDQW0RUWDOLW\DSSHDUVVSHFLILFIRUUHVSLUDWRU\FDXVHVLQWKH
SRVWQDWDOSHULRG
(SLGHPLRORJ\²
$OOELUWKVUHJLVWHUHGLQWKH&]HFK5HSXEOLFEHWZHHQDQG)RUHDFKLQIDQWGHDWK
FRQWUROVUDQGRPO\VHOHFWHGIURPLQIDQWVRIWKHVDPHVH[ERUQRQWKHVDPHGD\DQGDOLYH
ZKHQWKHFDVHGLHG([SRVXUHDVVLJQHGDVWKHDULWKPHWLFPHDQRIDOOKRXUDLUSROOXWLRQ
PHDVXUHPHQWVLQWKHGLVWULFWRIUHVLGHQFHRIHDFKFDVHDQGFRQWUROIRUWKHSHULRGEHWZHHQ
WKHELUWKDQGGHDWKRIWKHLQGH[FDVHLQIDQWGHDWKV5HVSLUDWRU\GHDWKVDQDO\]HG5LVN
5DWHUDWLRVIRUDPLFURJUDPP LQFUHDVHLQSDUWLFOHV IRU62 DQGIRU
12 2QO\SDUWLFOHVVKRZHGDFRQVLVWHQWDVVRFLDWLRQZKHQDOOSROOXWDQWVHQWHUHGLQRQH
PRGHO1RHYLGHQFHRIDQDVVRFLDWLRQEHWZHHQDQ\SROOXWDQWDQGPRUWDOLW\IURPDQ\RWKHU
FDXVH&RQFOXGH´WKHHIIHFWVRIDLUSROOXWLRQRQLQIDQWPRUWDOLW\DUHVSHFLILFIRUUHVSLUDWRU\
FDXVHVLQWKHSRVWQHRQDWDOSHULRGDUHLQGHSHQGHQWRIVRFLRHFRQRPLFIDFWRUVDQGDUHQRW
PHGLDWHGE\ELUWKZHLJKWRUJHVWDWLRQDODJHµ






7KHFUXGH55IRU62 ZDVDGMXVWHGIRUVRFLRHFRQRPLFZDVDGMXVWHGIRUSHULQDWDO
IDFWRUVZDVDQGDGMXVWHGIRUDOOFRYDULDWHVZDV7KHVHYDOXHVZHUHKLJKHUWKDQ
WKRVHIRU7636LPLODU55VIRU12 ZHUH 




Respiratory deaths numbered about 133.
 >@
&+$<.< *5((16721(0
7KH,PSDFWRIDLUSROOXWLRQRQLQIDQWPRUWDOLW\HYLGHQFHIURPJHRJUDSKLFYDULDWLRQLQ
SROOXWLRQVKRFNVLQGXFHGE\DUHFHVVLRQ
1DWLRQDO%XUHDXRI(FRQRPLF5HVHDUFK0DVVDFKXVHWWV$YHQXH&DPEULGJH0$

0DQXVFULSWRIDERXWW\SHZULWWHQSDJHVZLWK)LJXUHVDQG7DEOHVVHQWWRPHE\'U0LFKDHO
%UDXHU,WKDGEHHQVHQWWRKLPE\KLVEURWKHUZKRLVDQHFRQRPLVWLQ:DVKLQJWRQ'&
,Q²WKHUHZDVDQHFRQRPLFUHFHVVLRQOHDGLQJWRVXEVWDQWLDOUHGXFWLRQVLQ
SDUWLFXODWHSROOXWLRQLQVRPHUHJLRQVRIWKH86,QWKLVSDSHUQHRQDWDOPRUWDOLW\ZDV
DVVHVVHGLQUHODWLRQWRWKHUHGXFWLRQVLQ763ZKLFKRFFXUUHG UHJLRQVEHLQJFODVVLILHGDV
WKRVHZKLFKKDGODUJHUHGXFWLRQVPHGLXPUHGXFWLRQVDQGVPDOOUHGXFWLRQV $ODUJHEDQNRI
GDWDZDVDQDO\]HGDQGLWZDVVKRZQWKDWDYHUDJHLQFRPHGLGQRWFKDQJHRYHUWKLVSHULRG
WKDWRWKHUYDULDEOHVWKDWPLJKWKDYHDQLQIOXHQFHRQQHRQDWDOPRUWDOLW\GLGQRWFKDQJHDQG
WKDWPHDQELUWKZHLJKWDQG$SJDULQGLFHVGLGQRWDOWHU

,WLVVKRZQWKDWWKHUHZDVDUHGXFWLRQLQLQIDQWGHDWKV ZLWKLQWKHSHULRGRIRQHGD\DQGRQH
PRQWKRIELUWK GXULQJWKHSHULRGRIORZHUSROOXWLRQ7KLVDPRXQWHGWRIRXUWRHLJKWIHZHU
LQIDQWGHDWKVSHUOLYHELUWKVDWWKHFRXQW\OHYHOIRUDPLFURJUDPP UHGXFWLRQLQ
763>QRWHWKDWLQWKH$EVWUDFWDQGLQWKH06H[FHSWRQSDJHZKHUHLWLVFRUUHFWO\ZULWWHQ
WKLVLVPLVVVSHOOHG´PJPµ@7KHDXWKRUVEHLQJHFRQRPLVWVQRWHWKDWWKLVFRUUHVSRQGVWR
DQHODVWLFLW\RI²


,QDVXEDQDO\VLVRI3HQQV\OYDQLDZKHUHWKHGURSLQ763ZDVJHQHUDOO\ODUJHWKH\QRWH´,Q
DOORI3HQQV\OYDQLDPHDQ763·VSROOXWLRQZDVUHODWLYHO\VWDEOHDWDERXW²XQLWVIURP
²DQGWKHQGHFOLQHGSUHFLSLWRXVO\WRDERXWXQLWVE\²$WWKHVDPH
WLPHLQ²LQIDQWGHDWKVZLWKLQRQH\HDURIELUWKDWWULEXWDEOHWR´LQWHUQDOµFDXVHV
HJUHVSLUDWRU\DQGFDUGLRSXOPRQDU\GHDWKV ZHUHVWDEOHDQGRFFXUUHGDWWKHUDWHRI²
SHUOLYHELUWKV%XWIURP²WKHLQWHUQDOLQIDQWPRUWDOLW\UDWH
GHFOLQHGIURPWRDQGUHPDLQHGDWWKLVORZHUOHYHOLQ²:KLOHQRW
FRQWUROOLQJIRUDOOFKDQJHVWKDWPD\KDYHRFFXUUHGLQWKHDEVHQFHRIWKHSROOXWLRQGHFOLQH
WKHVHQXPEHUVLPSO\WKDWDPLFURJUDPP GHFOLQHLQ763·VPD\UHVXOWLQDERXW²
IHZHULQIDQWGHDWKVSHUELUWKVZKLFKLVDQHODVWLFLW\RI²µ


$OVR´%DVHGRQRXUTXDVLH[SHULPHQWDOUHVHDUFKGHVLJQZHILQGDVLJQLILFDQWLPSDFWRI
SROOXWLRQUHGXFWLRQVRQGHFUHDVHVLQLQIDQWPRUWDOLW\UDWHVDWWKHFRXQW\OHYHOZLWKD
PLFURJUDPP GHFOLQHLQVXVSHQGHGSDUWLFXODWHVDVVRFLDWHGZLWKDERXWIRXUWRHLJKWIHZHU
LQIDQWGHDWKVSHUOLYHELUWKV D²HODVWLFLW\ 7KHUHVXOWVDUHGULYHQDOPRVW
HQWLUHO\E\IHZHUGHDWKVRFFXUULQJZLWKLQRQHPRQWKDQGRQHGD\RIELUWKVXJJHVWLQJWKDW
SROOXWLRQH[SRVXUHDGYHUVHO\LPSDFWVWKHIHWXVEHIRUHELUWKµ


7KHSDSHUFRQWDLQVILJXUHVWKDWLOOXVWUDWHWKHFKDQJHVDQGPDQ\WDEOHVZLWKDFRPSOH[DUUD\
RIGDWDIURPWRDGGUHVVLQJRWKHUIDFWRUVWKDWPLJKWKDYHLQIOXHQFHGWKHUHVXOWV
7KHGDWDDUHFRQYLQFLQJDQGWKHFRQFOXVLRQVVHHPYDOLG
The paper is written in a somewhat roundabout way (perhaps characteristic of the style of
economists?) but the complex data are well presented and discussed.
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Air Pollution and child mortality: a time-series study in Sao Paulo, Brazil
Environ Health Perspect 109 (suppl 3):347–350 (2001)
Mortality from respiratory causes of children under the age of 5. Daily levels of SO2, CO,
PM10, and ozone used. Temperature and humidity data included. All three pollutants were
associated with death rate, and the observed associations were dose dependent and “quite
evident after a short period of exposure (2 days).” The estimated proportions of
respiratory deaths attributed to CO, SO2, and PM10 when considered individually, were
around 15 percent, 13 percent, and 7 percent respectively. Reliability of death
certification process is described.
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,QGRRUDLUSROOXWLRQLQGHYHORSLQJFRXQWULHVDQGDFXWHORZHUUHVSLUDWRU\LQIHFWLRQVLQ
FKLOGUHQ
7KRUD[²
Review article. 116 references. 4.1 million deaths annually from acute respiratory
illnesses in children under five in developing countries. This is compared with 3.0 million
from intestinal disease, and 0.68 million from malaria. Measured particulate levels
indoors recorded in Papua New Guinea, Kenya, India, Nepal, China, and the Gambia.
Description of biomass cooking. Important review.
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7UDIILFUHODWHGDLUSROOXWLRQDIIHFWVSHDNH[SLUDWRU\IORZH[KDOHGQLWULFR[LGHDQG
LQIODPPDWRU\QDVDOPDUNHUV
$UFK(QYLURQ+HDOWK²
Eighty-two children attending elementary school either in Utrecht (more polluted) or in
Bilthoven (classified as suburban) studied. Black smoke in Utrecht was 53
micrograms/m3 compared to 18 in Bilthoven. NO2 and CO were 1.5 and 1.8 times higher
in Utrecht. Nasal lavage showed that levels of interleukin-98, urea, uric acid, albumin,
and nitric oxide metabolites were significantly higher in the Utrecht children. PEFR was
5.3 ml/min less in Utrecht children. Coughing and respiratory disease levels appeared to
be higher in suburban children, and parents of suburban children smoked more
cigarettes/day. Odds ratios for different parameters reported. Authors conclude that
children in area of higher traffic-related air pollution show increased levels of
inflammatory nasal markers; increased response in PEFR; and increased levels of exhaled
NO.
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)LQH3DUWLFOHVDQG3HDN)ORZLQ&KLOGUHQDFLGLW\YHUVXVPDVV
(SLGHPLRORJ\²
1LQHW\WZRFKLOGUHQIURPRQHFDPSDQGIURPDQRWKHU7KHVHZHUHGD\FDPSV(LJKW\
IRXUZHUHDJHGWHQRUROGHU7ZHQW\IRXUZHUH´HYHUGLDJQRVHGµDVWKPDWLFVXVHGDQ
DVWKPDLQKDOHU(DFKFKLOGSHUIRUPHGWKUHHVXSHUYLVHG3)5PHDVXUHPHQWVWZLFHGDLO\XSRQ
DUULYDODPDQGGHSDUWXUHSP3DUWLFOHVWURQJDFLGLW\DQGILQHVXOIDWHZHUHERWKPHDVXUHG
30 DYHUDJHGDERXWPLFURJUDPVP R]RQHDYHUDJHGDERXWSSEDVDKRXUDYHUDJH
LQGD\WLPH/RZHUPRUQLQJ3()5·VDVVRFLDWHGZLWKERWKLQKDODEOHSDUWLFXODWHPDWWHUDQG
ILQHVXOIDWHSDUWLFOHV(IIHFWZDVOPLQSHUPLFURJUDPP LQFUHDVHLQVXOIDWH3DUWLFOH
VWURQJDFLGLW\DQGWKHFRDUVHSDUWLFOHPDVVZHUHZHDNO\DVVRFLDWHGZLWKORZHUSHDNIORZV
$FXWHO\ORZHUSHDNIORZVZHUHDVVRFLDWHGZLWKILQHVXOIDWHSDUWLFOHVEXWRQO\ZHDNO\ZLWKWKH
DFLGLW\RIWKHVH)RUW\REVHUYDWLRQGD\V






Twelve hour ozone also associated with flow decrements. 20 ppb O3 increment
associated with -1.38 l/min change in PEFR.
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5HVSLUDWRU\SUREOHPVDVVRFLDWHGZLWKH[SRVXUHWRDLUERUQHSDUWLFOHVLQWKHFRPPXQLW\
$UFK(QYLURQ+HDOWK²
Rural area of Israel; one unpolluted and the other exposed to pollution from a cement
factory and quarries. 638 children aged 7–13 in polluted community compared to 338 in
clean community. Map of location of school, cement factory and quarry in polluted
region. Graph of TSP and PM10 has erroneous ordinate, but peaks of PM10 might have
exceeded 300 micrograms/m3. PM10 level of 150 micrograms/m3 said to be violated very
often in polluted region. No particle analysis. Children in polluted region had: more
respiratory symptoms, more cough, and more cough accompanied by sputum. Asthma
also more prevalent. No differences in PFT’s, but PEFR was lower in children in polluted
region.
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$FXWHHIIHFWVRIXUEDQDLUSROOXWLRQRQUHVSLUDWRU\KHDOWKRIFKLOGUHQZLWKDQGZLWKRXW
FKURQLFUHVSLUDWRU\V\PSWRPV
2FFXS(QYLURQ0HG²
6WXGLHVLQWKUHHFRQVHFXWLYHZLQWHUVVWDUWLQJLQ3()5DQGGDLO\UHVSLUDWRU\V\PSWRPV
UHJLVWHUHGGDLO\LQSDQHOVRIFKLOGUHQDJHG²LQDUHDVLQWKH1HWKHUODQGVZLWKKLJKWUDIILF
GHQVLW\6LPXOWDQHRXVO\SDQHOVRIFKLOGUHQLQUXUDODUHDVVWXGLHG'DLO\PHDVXUHPHQWVRI
30 EODFNVPRNH %6 62 DQG12 SHUIRUPHGLQDOODUHDV´,QFKLOGUHQZLWKV\PSWRPV
IURPERWKDUHDVVLJQLILFDQWDVVRFLDWLRQVZHUHIRXQGEHWZHHQ30 %6DQGVXOSKDWH
FRQFHQWUDWLRQVDQGWKHSUHYDOHQFHRIV\PSWRPVRIWKHORZHUUHVSLUDWRU\WUDFWDQG
GHFUHPHQWVLQ3()5µ








$OVRQRWHGWKDWSDUWLFOHFRQFHQWUDWLRQVLQWKHXUEDQDUHDVZHUHDVVRFLDWHGZLWKLQFUHDVHGXVH
RIEURQFKRGLODWRUV$PLFURJUDPP LQFUHDVHLQWKHILYHGD\PHDQ30 ZDVDVVRFLDWHG
ZLWKDWZRIROGLQFUHDVHLQWKHXVHRIEURQFKRGLODWRUVDSHUFHQWLQFUHDVHLQORZHU
UHVSLUDWRU\V\PSWRPVDQGDQSHUFHQWLQFUHDVHLQGHFUHPHQWVRI3()50XFKVPDOOHU
HIIHFWVLQFKLOGUHQZLWKRXWDQ\SUHH[LVWLQJUHVSLUDWRU\V\PSWRPV
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Authors also conclude that the use of medication for asthma does not prevent the adverse
effects of particulate air pollution. Excellent discussion.

(22) Committee on Environmental Health, American Academy of Pediatric, “Ambient
Air Pollution: Respiratory Hazards to Children,” Pediatrics, 91:6 (June, 1993),
http://www.aap.org/policy/04408.html.
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BURNETT, R.T., SMITH-DORION, M., STIEB, D., RAIZENNE, M.E., BROOK, J.R.,
DALES, R.E., LEECH, J.A., CAKMAK, S., & KREWSKI, D.
$VVRFLDWLRQEHWZHHQR]RQHDQGKRVSLWDOL]DWLRQIRUDFXWHUHVSLUDWRU\GLVHDVHVLQFKLOGUHQOHVV
WKDQWZR\HDUVRIDJH
$P-(SLGHPLRO²
\HDUSHULRG²LQ7RURQWR LQFOXGLQJFLWLHVRI7RURQWR1RUWK<RUN(DVW<RUN
(WRELFRNH6FDUERURXJK <RUN 'DLO\QXPEHURIHPHUJHQF\RUXUJHQWKRVSLWDODGPLVVLRQV
IRUFURXSSQHXPRQLDDVWKPDDQGDFXWHEURQFKLWLVEURQFKLROLWLV*DVWURHQWHULWLVXVHGDV
FRQWURO VHFRQGOHDGLQJFDXVHRIKRVSLWDOL]DWLRQ 3UHGLFWLRQHTXDWLRQVSUHYLRXVO\YDOLGDWHG
XVHGWRSUHGLFW30 IURP763DQGVXOIDWHVDOVRXVHGLQWKHVXPPHU/2(66
QRQSDUDPHWULFVPRRWKLQJPHWKRG$GMXVWPHQWIRUZHDWKHUGHVFULEHGDQGWHPSRUDOWUHQGV
DQGGD\RIWKHZHHNHIIHFWVWDNHQRXW0HDQYDOXHVIRUR]RQHSSE30 
PLFURJUDPVP 30 12 SSE62 SSE&2SSP0HDQ
DGPLVVLRQVGD\IRUUHVSLUDWRU\SUREOHPVPHDQ*,DGPLVVLRQV












3HUFHQWDJHLQFUHDVHLQGDLO\DGPLVVLRQVLQ0D\²$XJXVWSHULRGZDV
SHUFHQWDVVRFLDWHGZLWKDSSELQFUHDVHLQ2  GDLO\RQHKRXUPD[LPXP
LIODJRIRQHGD\XVHG,IODJRIGD\VZDVSHUFHQWLQFUHDVH%DVHGRQ
ILYHGD\DYHUDJHSSELQFUHDVHLQR]RQHDVVRFLDWHGZLWKSHUFHQW
LQFUHDVH7KLVEHFDPHSHUFHQWDIWHUDGMXVWPHQWIRUHLWKHU30 RU
12 &RUUHODWLRQRI2 ZLWK30 ZDVDQGZLWK12 ZDVZLWK
&2ZDV












Increases for asthma were 31.3 percent; croup 45.3 percent; acute bronchitis/bronchiolitis
45.7 percent; and 23.3 percent for pneumonia. Note of CO relationship since this showed
strongest relationship after adjustment for ozone.
(24) Burnett et al. “Effects of Low Ambient Levels of Ozone and Sulfates on the
Frequency of Respiratory Admissions to Ontario Hospitals.” Environ Res, 1994; 65:172–
94.
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7KH(IIHFWVRI$PELHQW$LU3ROOXWLRQRQ6FKRRO$EVHQWHHLVPGXHWRUHVSLUDWRU\LOOQHVV
(SLGHPLRORJ\²

“An increase of 20 ppb of O3 was associated with an increase of 62.9 percent for illnessrelated absence rates, 82.9 percent for respiratory illnesses, 45.1 percent for upper
respiratory illnesses, and 173.9 percent for lower respiratory illnesses with wet cough.”
The effects were larger in communities with lower long term PM10 values. A remarkable
feature of this paper is the sophistication of the statistical analysis—rewrites the book on
how such information should be handled. Lag effect is somewhat confusing, since a 15day lag provided the best fit, but the peak effect occurred five days after the O3 peak and
fell off slowly after that.
(26) Air Pollution Causes Increased School Absences; Researchers in Utah discovered
that increases of inhalable particulate matter (PM10) resulted in a 40 percent increase in
overall absences from school by children. Ransom M.R., Pope C.A., “Elementary School
Absences and PM10 Pollution in Utah Valley,” Environ Res 1992; 58:204–19.
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$VVRFLDWLRQRIDLUSROOXWLRQZLWKVFKRRODEVHQWHHLVPGXHWRLOOQHVV
$UFK3HGLDWU$GROHVF0HG²
'DWDIURP6HRXO3ROOXWLRQGDWD0HDQYDOXHV30 PLFRUJUDPVP 12 SSE62
SSE&2SSPDQGR]RQHSSE&RUUHODWLRQFRHIILFLHQWEHWZHHQ12 DQG62
ZDVDQGEHWZHHQ12 DQG30 ZDV6WXG\SHULRGIURP0DUFKWR
'HFHPEHU$YHUDJHHQUROOPHQWZDVER\VDQGJLUOV´$WHDFKHUUHFRUGHGDQ
LOOQHVVUHODWHGDEVHQFHE\SDUHQW·VUHSRUWLQDQDWWHQGDQFHUHFRUGIRUHDFKFODVVµ
















/2(66DUHJUHVVLRQVPRRWKHUDSSOLHGLQDWLPHVHULHVDQDO\VLVXVLQJDJHQHUDOL]HGDGGLWLYH
PRGHO0RGHOVHOHFWHGXVLQJ$NDLNH·VLQIRUPDWLRQFULWHULD$YHUDJHQXPEHURIGDLO\DEVHQFHV
ZDVZLWKGXHWRLOOQHVV+HQFHDEVHQFHUDWHZDVSHUVWXGHQWGD\VDQG
LOOQHVVUHODWHGDEVHQFHUDWHZDVSHUVWXGHQWGD\V
Relative risks of illness related absences per interquartile range of PM10 (42
micrograms/m3) 1.06; per IQ range of NO2 (14.5 ppb) was 1.02; per IQ range of ozone
(15.9 ppb) was 1.08; per IQ range of SO2 (5.68 ppb) was 1.09; and per IQ range of CO (
0.52 ppm) was 0.96. No significant increased risk for non-illness-related absences.
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,PSDFWRIFKDQJHVLQWUDQVSRUWDWLRQDQG&RPPXWLQJEHKDYLRUVGXULQJWKH6XPPHU
2O\PSLF*DPHVLQ$WODQWDRQ$LU4XDOLW\DQG&KLOGKRRG$VWKPD
-$0$²
&RPSDULVRQRIWKHGD\VRIWKH2O\PSLF*DPHV -XO\²$XJ WRDEDVHOLQHSHULRG
FRQVLVWLQJRIWKHZHHNVEHIRUHDQGZHHNVDIWHUWKH2O\PSLF*DPHV3HDNRQHKRXUOHYHO
RI2 IHOOWR²SSEGXULQJWKHJDPHVIURPDSUHGLFWHGYDOXHRIDERXW²LQWKH
FRPSDULVRQSHULRGV30  KRXUOHYHO ZDV²FRPSDUHGWROHYHOVRI²12 ZDV
RQO\VOLJKWO\ORZHUUXQQLQJDWDERXWSSESHDNRQHKRXUOHYHOFRPSDUHGWRYDOXHVEHWZHHQ
²&2DOVRVOLJKWO\ORZHU7UDIILFGHQVLW\PHDVXUHPHQWVVKRZHGGHFUHDVHVRISHUFHQW
LQZHHNGD\KRXUPRUQLQJSHDNWUDIILFFRXQWVGXULQJWKH2O\PSLF*DPHV2]RQHOHYHOVIHOO






VOLJKWO\RYHUWKHVDPHSHULRGLQWKUHHGLIIHUHQWSODFHVNPWRNPIURP$WODQWDEXW
WKHVHFKDQJHVZHUHRQO\DERXWRQHILIWKRIWKHGURSLQ$WODQWD
Citywide acute care visits and hospitalizations for asthma were logged. Results showed
no changes in nonasthma diagnoses; decreases of 41 percent in Medicaid claims file, 44
percent decreases in HMO database; 11 percent decreases in two emergency pediatric
departments; and decreases of 19 percent in Georgia Hospital Discharge Database. Lack
of change in other diagnostic categories indicates that children did not leave Atlanta over
the period of the Olympic Games.
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,PSURYHGDLUTXDOLW\LQUHXQLILHG*HUPDQ\DQGGHFUHDVHVLQUHVSLUDWRU\V\PSWRPV
Epidemiology 2002 13; 394–401
Three study areas. Questionnaires administered to 7,632 children aged 5–14; collected in
three phases: 1992–1993; 1995–1996; and 1998–1999. The region was the State of
Sachsen-Anhalt formerly part of East Germany. Details of air pollution levels. Odds
ratios (and confidence limits) for a 50 microgram/m3 change in TSP were 3.0 (1.7–5.3)
for bronchitis; 2.6 (1.0–6.6) for sinusitis; and 1.9 (1.2–3.1) for frequent colds. Effect sizes
for a 100 microgram/m3 increment in SO2 were similar. Effect estimates noted to be
stronger in children not exposed to gas stove emissions, visible molds or dampness, cats,
or ETS. Impressive linear relationship with all points plotted between prevalence of
bronchitis and TSP, such that prevalence was 35–40 percent when TSP below 40
micrograms/m3 as an annual mean, and up to 62 percent when TSP was 75
microgram/m3. There was a drop in bronchitis prevalence from 54 percent to 38 percent
between the first and third surveys.
(30) Kopp, M.V., Bohnet, W., Frischer, T., Ulmer, C., Studnicka, M., Ihorst, G., Gardner,
C., Forster, J., Urbanek, R., & Kuer, J.; “Effects of ambient ozone on lung function in
children over a two-summer period,” Eur Respir J 2000; 16; 893–900.
(31) University of Toronto, The Mechanics of Respiration Supplementary Notes,
www.utoronto.ca/respgrp/MechSN.pdf.
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$VVRFLDWLRQEHWZHHQDLUSROOXWLRQDQGOXQJIXQFWLRQJURZWKLQ6RXWKHUQ&DOLIRUQLD&KLOGUHQ
$P-5HVSLU&ULW&DUH0HG²

1,678 children enrolled as fourth graders in 1996 and followed for four years. Results
essentially the same as for the first cohort, namely significant deficits in lung function
growth associated with exposure to acid vapor, NO2, PM2.5, and elemental carbon.
MMEF reduced by 11 percent and FEV1 by 5 percent across the observed range of acid
exposure. Exposure to ozone associated with reduced growth of PEFR (the p value for
this was = 0.006).
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7KHDGYHUVHHIIHFWRIORZOHYHOVRIDPELHQWDLUSROOXWDQWVRQOXQJIXQFWLRQJURZWKLQ
SUHDGROHVFHQWFKLOGUHQ
(QYLURQ+HDOWK3HUVSHFW²
1,001 preadolescent children in Krakow, Poland. City center residence contrasted with
control area with less pollution. Cohort prospective study over two years. Asthmatic
children excluded. No differences in girls but boys in polluted region had lower FVC and
FEV1 changes. TSP values polluted vs cleaner were 52.6/33.2 micrograms/m3, and for
SO2 were 43.87 vs 31.77 micrograms/m3. Too short a period of follow-up for the study to
be definitive.
(34) Van Louveren H.S., Wagenaar S., Walvoort H.C., Vos J.G.; Effect of ozone on the
defense to a respiratory Listeria monocytogenes infection in the rat. Suppression of
macrophage function on cellular immunity and aggravation of histopathology in lung and
liver during infection. Toxicol Appl Pharmacol, 1988; 94:374–393.
(35) Gardner D.E.; “Use of experimental airborne infections for monitoring altered host
defenses,” Environ Health Perspect 1982; 43:99–107.
(36) “Executive Summary,” Air Quality Criteria for Ozone and Related Photochemical
Oxidants, United States Environmental Protection Agency, (Washington, DC: Office of
Research and Development), February 1994.
(37) Hyde, D., Plopper, C., Harkema, J., St. George, J., Tyler, W., Dungworth, D.;
Ozone-induced structural change in monkey respiratory system; Atmospheric Ozone
Research and Its Policy Implications, Eds. Schneider, T., Lee, S.D., Wolters, G.J.R. and
Grant, L.D., Elsevier, 1989.
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$VWXG\RIWZHOYHVRXWKHUQ&DOLIRUQLDFRPPXQLWLHVZLWKGLIIHULQJOHYHOVDQGW\SHVRI$LU
3ROOXWLRQ
Am J Respir Crit Care Med 1999: 159; 760–767.
Basic description of the study and analysis of questionnaire data; no very striking
differences between the 12 communities in spite of considerable differences in air
pollution.
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7KH(IIHFWVRI$PELHQW$LU3ROOXWLRQRQ6FKRRO$EVHQWHHLVPGXHWRUHVSLUDWRU\LOOQHVV
(SLGHPLRORJ\²
“An increase of 20 ppb of O3 was associated with an increase of 62.9 percent for illnessrelated absence rates, 82.9 percent for respiratory illnesses, 45.1 percent for upper
respiratory illnesses, and 173.9 percent for lower respiratory illnesses with wet cough.”
The effects were larger in communities with lower long term PM10 values. A remarkable
feature of this paper is the sophistication of the statistical analysis—rewrites the book on
how such information should be handled. Lag effect is somewhat confusing, since a 15day lag provided the best fit, but the peak effect occurred five days after the O3 peak and
fell off slowly after that.
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$VVRFLDWLRQEHWZHHQ$LU3ROOXWLRQDQGOXQJIXQFWLRQJURZWKLQ6RXWKHUQ&DOLIRUQLD&KLOGUHQ
$P-5HVSLU&ULW&DUH0HG²
7KLVLVWKHEDVLFORQJLWXGLQDODQDO\VLVSDSHU&RQILUPHGE\LGHQWLFDOGDWDIURPVHFRQG
ORQJLWXGLQDOFRKRUW SUHVHQWHGDW$GYLVRU\&RPPLWWHH0HHWLQJLQ-DQXDU\ 
Four-year period of observation in three cohorts of children (n=3035). Deficit in lung
growth associated with higher exposures to PM10, PM2.5, PM10-2.5, NO2, and inorganic
acid vapor. No association with ozone. Comparing most polluted with least polluted
environments, loss of FEV1 was 3.4 percent, and in MMEF was 5.0 percent. The deficits
were larger in children spending more time outdoors. Data is well presented and graphs
of adjusted annual lung function against pollutants are convincing. Deficits generally
larger than those reported for ETS exposure.
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$VWKPDLQH[HUFLVLQJFKLOGUHQH[SRVHGWRR]RQHDFRKRUWVWXG\
/DQFHW²
)URPWKH6RXWKHUQ&DOLIRUQLD&KLOGUHQ·V6WXG\5HOHYDQWQXPEHUV
FKLOGUHQFRPSOHWHGEDVHOLQHTXHVWLRQQDLUHV
H[FOXGHGEHFDXVHWKH\ZHUHQRWDWVFKRROZKHQWKHTXHVWLRQQDLUHZDVDGPLQLVWHUHG
H[FOXGHGIRUDKLVWRU\RIDVWKPD
H[FOXGHGEHFDXVHRIPLVVLQJDQVZHUVWR´ZKHH]LQJµTXHVWLRQV
H[FOXGHGIRUFKHVWLOOQHVVHVVXFKDVF\VWLFILEURVLV
H[FOXGHGEHFDXVHWKH\KDGOHVVWKDQRQH\HDURIIROORZXS
7KLVOHIWFKLOGUHQZLWKQRLQLWLDOKLVWRU\RIDVWKPDRIWKHVHKDGQRKLVWRU\RI
ZKHH]LQJSOD\HGVSRUWVSOD\HGWKUHHRUPRUHWHDPVSRUWV

7KHUHZHUHORZSROOXWLRQFRPPXQLWLHV 2 GD\WLPHPHDQSSE DQGKLJK
SROOXWLRQFRPPXQLWLHV 2 PHDQSSE 30 WZLFHDVKLJKLQKLJKR]RQHFRPPXQLWLHV
YV DQG30 WKUHHWLPHVKLJKHU YV 12 WKUHHWLPHVKLJKHULQKLJK
R]RQHFRPPXQLWLHV YVSSE 










It was shown that development of asthma prospectively was three times higher in
children participating in more than 3 sports in high ozone communities, compared to
children who did no sports in both communities or did fewer than 3 sports in high ozone
communities. No differences in development of asthma if other pollutants were studied.
Excellent discussion; 32 references. Convincing argument as to why standard crosssectional comparisons might show no differences in prevalence of asthma.
(42) Galizia, A., & Kinney, P.L.; “Long-Term residence in areas of high ozone:
associations with respiratory health in a nationwide sample of nonsmoking young adults,”
Environ Health Perspectives 107: 675–79; 1999.
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$VVRFLDWLRQEHWZHHQOLIHWLPHDPELHQWR]RQHH[SRVXUHDQGSXOPRQDU\IXQFWLRQLQFROOHJH
IUHVKPHQ³UHVXOWVRIDSLORWVWXG\
(QYLURQ5HVHDUFK²
130 Berkeley freshmen aged 17–21 (all never smokers) participated twice; calculation of
8 different indices of lifetime ozone exposure (all were closely correlated). “FEF25-75
and FEF 75 percent decreased with both effective exposure and ecologic assignment of
O3 exposure.” FEV1 and FVC not significantly related. This finding is described as being
“consistent with biologic models of chronic effects of O3 in the small airways” Note that
the findings have to be confirmed in a larger sample that is representative of the target
population. PM10 not related to function test changes. Acute and subacute effects of local
air pollution were unlikely. Very detailed discussion but forgot to quote Richards study in
young smokers.
(44) Committee on Environment and Public Works, U.S. Senate, Legislative History of
the Clean Air Act Amendments of 1970, 93d Cong., 2d Session, 1974, Committee Print
(Washington, D.C.: U.S. Government Printing Office, 1974) p. 358. The proposed
tailpipe standards had been arrived at by estimating the aggregate reduction in emissions
that would be required to reduce ambient concentrations to levels meeting the healthbased standards, then back-calculating to the gram-per-mile limits cars would have to
meet to achieve the reductions.
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3,866 children followed for a period of five years. All were adopted into other families.
Categorized as living in high, moderate, low or very low regions of pollution. Logging of
lower chest infections over a three-year period showed 12.9 percent incidence in high
pollution region, versus 4.3 percent in very low region. This study had an important
influence on the deliberations of the U.S. Senate Committee responsible for the first US
Clean Air Act.
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3,535 Southern California school children with no history of asthma enrolled in 1993 and
followed for five years. 265 reported a new diagnosis of asthma during the follow-up, and
of these 163 had reported no history of wheeze at baseline. In those with no wheezing, an
increased risk of developing asthma was associated with a humidifier, any pet, or
specifically a dog in the home. An estimated 32 percent of new asthma cases could be
attributed to pets. 23.6 percent of boys and 20.8 percent of girls reported a wheeze. 25
percent white, 19.8 percent Hispanic and 17.1 percent black. Air conditioning in 62.3
percent of homes in those with wheeze, and in 59.9 percent of homes in those with no
wheeze. Well written discussion. 52 references.
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3,535 Southern California school children with no history of asthma enrolled in 1993 and
followed for five years. 265 reported a new diagnosis of asthma during the follow-up, and
of these 163 had reported no history of wheeze at baseline. In those with no wheezing, an
increased risk of developing asthma was associated with a humidifier, any pet, or
specifically a dog in the home. An estimated 32 percent of new asthma cases could be
attributed to pets. 23.6 percent of boys and 20.8 percent of girls reported a wheeze. 25
percent white, 19.8 percent Hispanic and 17.1 percent black. Air conditioning in 62.3
percent of homes in those with wheeze, and in 59.9 percent of homes in those with no
wheeze. Well written discussion. 52 references.
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$LUZD\DOYHRODUDWWDFKPHQWSRLQWVDQGH[SRVXUHWRFLJDUHWWHVPRNHLQXWHUR
$P-5HVSLU&ULW&DUH0HG²
32 infants who died from SIDS grouped according to their perinatal cigarette smoke
exposure. Distance between alveolar attachments on the airways was measured, and was
found to be greater in infants exposed to cigarette smoke in utero or both in utero and
during the postnatal period, but not different in those with only postnatal exposure.
Authors conclude: “These findings suggest that in utero cigarette smoke exposure may
result in abnormal airway function due to a reduction of the forces opposing airway
narrowing.”
 >@
*$8'(50$1:-*,//,/$1'*)925$+$92/(675$0'0&&211(//
57+20$6'/850$11)0$5*2/,6+*5$33$3257(%%(5+$1(.
3(7(56-0
$VVRFLDWLRQEHWZHHQDLUSROOXWLRQDQGOXQJIXQFWLRQJURZWKLQ6RXWKHUQ&DOLIRUQLD&KLOGUHQ
$P-5HVSLU&ULW&DUH0HG²
1,678 children enrolled as fourth graders in 1996 and followed for four years. Results
essentially the same as for the first cohort, namely significant deficits in lung function
growth associated with exposure to acid vapor, NO2, PM2.5, and elemental carbon.
MMEF reduced by 11 percent and FEV1 by 5 percent across the observed range of acid
exposure. Exposure to ozone associated with reduced growth of PEFR (the p value for
this was = 0.006).
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Arch Environ Health 46, 90–97, 1991


