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Numbers for year 2000:

—> ~ 600 millions vehicles

~ 44% of total pop. (75% in
— develp. Countries)

—> ~ 6 billions
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Fig. 1. The increase since 1950 of the total world population, the

urban population and the number of motor vehicles - excluding
motorbikes and three wheelers (UNEP/WHO, 1992).




U. S. Air Pollution Laws

Air Pollution Control Act of 1955
Clean Air Act of 1963 (smokestack emission regulations only)

Motor Vehicle Air Pollution Control Act of 1965 (HCs and CO emissions from
vehicles)

Air Quality Act of 1967

Clear Air Act Amendments of 1970

U. S. Environmental Protection Agency (EPA)

National Ambient Air Quality Standards (NAAQS); Criteria Air Pollutants;
Attainment/nonattainment areas

New Source Performance Standards (NSPS)

National Emission Standards for Hazardous Pollutants (ashestos, mercury, arsenic...)
Congressional control of automobile emissions

Clear Air Act Amendments of 1977+ 1990

Clear Air Act Revision of 1997
Change in ozone standards
Addition of PM, . standard
Acid Rain program ?1995)
NOx budget Program (1999)
Clean Air Interstate Rule (2005): NOx and SO2 2005
Change in ozone standard, 2008

U.S. National Ambient Air Quality standards (NAAQS)

Pollutant

Carbon Monoxide

Primary Standards  Awveraging Times
9 pprm (10 mg/m?) 8-hourdl
35 ppm (40 mg/m?) 1-hourll

Lead 1.5 pgim’
Nitrogen Dioxide

Cuarterly Average
Annual (Arithmetic Mean)

0.053 ppm (100 pgém?)

Particulate Matter (Phio) Revoked Annual (Arith. Mean)
150 pgim? 24-hour2l
Particulate Matter (Piz.5) 150 pgim? Annualdl (Arith. Mearn)
35 pgdmd 24-hourdl
Ozone 0.03 ppm 8-houel
0.12 ppm 1-hour (Applies only in limited areas)
Sulfur Oxides 0.03 ppm Annual (Arith. Mean)
0.14 ppm 24-houill

JE— 3-houtll

11 Mot to be exceedsd more than once per ysar

12) Due 1o a lack of evidencs linking health problems to langHerm sxpasure to coarse particle pollution, the agency revaked the annual Piia standard in 2006
(effective December 17, 2008)

B Mot to be exceedsd more than once per year on average over 3 yaars.

4 To attain this standard, the 3-year average of the weighted annual mean Pias concentrations from single o multiple community-oriented monitors must
not exceed 15.0 pgim?

) To attain this standard, the 3-year avarage of the 93th percentile of 24-hour concentrations at each population-otiented monitor within an area must not
exceed 35 pg'm? (effective December 17, 2006).

1) Ta attain this standard, the 3-year average of the fourth-highest daily maximum g-hour average ozone concentrations measured at each monitor within an
area owver each year must not exceed 008 ppm

71 () The standard is aftained when the expected number of days per calendar year with maximum hourly average concentrations above 0.12 ppmis <1, as
determined by appendix H.

{b) As of June 15, 2005 EPA revoked the 1-hour ozone standard in all areas excepl the fourteen &-hour ozone nonatizinment Early Action Compact (EAG)
Areas.

EPA: http://www.epa.gov/air/criteria.html




U.S. National Ambient Air Quality standards (NAAQS)

Pollutant Level Averaging Time
Carbon 9 ppm 2-hourdd
Monoxide {10 mgfm=)
35 ppm 1-hourdl
{40 ma/m=)
Lead 1.5 pg/m? Quarterly fverage
Mitrogen 0.053 ppm Annual
Dioxide {100 pg/m*) (Aarithmetic Mean)
Particulate 150 pg/m? 24-hourlZl
Matter (PM1ig)
Particulate 15.0 pgfm® 2nnualEl
Matter (PMz 5] (arithmetic Mean)
35 pgfm* 24-hourld
Dzone 0.075 ppm {2008 std) |g-hoyrisd
0,08 ppm (1997 std)  |g-hourle) ®) To attain this standard, the 3-year
0.12 ppm 1-haur@ average of the fourth-highest daily
{applies only in maximum 8-hour average ozone
limited areas) concentrations measured at each
sulfur 0,03 ppm arnual monitor within an area over each
Dioxide (&rithmetic Mean) year must not exceed 0.075
0.14 ppm o a-hourll ppm. (effective May 27, 2008)

EPA: http://www.epa.gov/air/criteria.html

U.S. National Ambient Air Quality standards (NAAQS)

(@ Not to be exceeded more than once per year.
(@ Not to be exceeded more than once per year on average over 3 years.

() To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from
single or multiple community-oriented monitors must not exceed 15.0 pg/m3.

(*) To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each
population-oriented monitor within an area must not exceed 35 pg/m3 (effective December 17, 2006).
©) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average
ozone concentrations measured at each monitor within an area over each year must not exceed 0.075
ppm. (effective May 27, 2008)

©) (a) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average
ozone concentrations measured at each monitor within an area over each year must not exceed 0.08
ppm.

(b) The 1997 standard—and the implementation rules for that standard—will remain in place for
implementation purposes as EPA undertakes rulemaking to address the transition from the 1997 ozone
standard to the 2008 ozone standard.

() (a) The standard is attained when the expected number of days per calendar year with maximum
hourly average concentrations above 0.12 ppm is < 1.

(b) As of June 15, 2005 EPA revoked the 1-hour ozone standard in all areas except the 8-hour 0zone

nonattainment Early Action Compact (EAC) Areas.

EPA: http://www.epa.gov/air/criteria.html




Number of people living in US counties violating the EPA
air quality standards in 2007
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Maximum Pollutant concentration in Major U.S.
Metropolitan Areas (2002)
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Figure 2
Maximum Pollutant Concentrations as Percent of Federal Standards

South Coast AQMD South Coast Air Basin Compared to U.S. Metropolitan Areas
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Ozone (8-hour) non-attainment areas in US

Number of People (in millions) Living in Counties Above
the Level of the 8-hour NAAQS

148
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Concentration Range (ppm)
O 0.000-0.064 (132 Sites)
© 0.065-0.084 (827 Sites)
O 0.085-0.104 (207 Sites)
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Time series of ozone concentrations measured in Boston
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Fig. 12-1 Time series of O, concentrations measured in Boston, Massachusetts.

Ozone pollution season: June-August




Ozone production

‘_ HO, family
[P e mm o omm Em s R e T ————— A

Chain initiation and propagation:
RH + OH + 0,»R0O,+H,0 [R4]
RO,+NO RO + NO, [R5]
RO +0,>R'CHO +HO, [R6]
HO,+ NO -0H + NO, [R7]
2(NO, + hv (+0,)>NO + O,)

Chain termination
HO,+HO,~>H,0, [R8]
OH+NO,+*M—>HNO,+M [R9]

net: RH + 40, R'CHO + 20,+ H,0

DEPENDENCE OF OZONE PRODUCTION
ON NO, AND HYDROCARBONS

O3
t HO, family
RO, N—iﬂ RO
RH 0o,
PHOX /‘4 7 6\4
O, > O‘H < e H?z
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HNO, 63 H,0,
2k, P [RH
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“NO,- saturated” or “NO,-limited” regime

“hydrocarbon-limited” regime




Dependence of ozone production on hydrocarbon and NOx

A emissions
6

Hydrocarbon emissions, 101 atoms Ccm?s!
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Fig. 12-4 Ozone cunf;cntraliuns (ppbv) simulated by a regional photochemi-

cal model as a I'un(‘pu_n of NO, and hydrocarbon emissions. The thick line

h(_’rl.-'II'iIIeS!;(};lc NO,-limited (top left) and hydrocarbon-limited (bottom right)

regimes. Adapted from Sillman, S., J. A. Logan, and S. C. Wofsy reophys

Res. 95:1837-1852, 1990, ’ o Geankys

Ozone control strategies

+ Initial models in the 1970s showed that O, production was generally

hydrocarbon limited
+ Emphasis has been on reducing hydrocarbon emissions
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Figure 12. National Trends in NO,, Emissions, 1970-2003.

NOx and VOC emissions in the U.S. since 1970
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Figure 13. National Trends in VOC Emissions, 1970-2003.
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Figure 10. Comparison of Growth Areas and Emissions. Between 1970 and 2003, gross domestic product increased 176%
VMT increased 155%, energy consumption increased 45%, and population increased 39%. At the same time, emissions of NO,.

decreased 25% and VOC decreased 54%.

EPA’s ozone report, 2003




Ozone control strategies (cont.)

Now models show that ozone
production over most of the
U.S. is NOx-limited.

Initial results were wrong
because of underestimate of
hydrocarbon emissions from
cars + did not take into
account biogenic
hydrocarbon emissions from
trees and crops.
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Fig. 12-4 Ozone cnn?‘cmmtiuns (ppbv) simulated by a regional photochemi-
cal model as a funr.‘_uon of NO, and hydrocarbon emissions. The thick line
scp.;lrates;‘];c NO,-limited (top left) and hydrocarbon-limited (bottom right)
regimes. Adapted from Sillman, §., J. A. Logan, and 5. C. :
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Isoprene emissions over the U.S.

Emission = 7.1TgC Palmer et al., 2001

Isoprene emissions
For July 1996
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“Trees cause more pollution than automobiles do.” — Ronald Reagan, 1981




Point emission sources in the eastern
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