















































region will need 1o reduce fine particulates by roughly [5%
to meet the federal PM,  standards expected to take effect in
the next few years. Data from “speciation” monitors, which
determine the chemical composition of the collected particu-
lates. wiil allow APCD to formulate control strategies on the
basis of the predominant chemical species present. Aerosol
sulfates and nitrates, two major constituents of PM, _, form
primarily through atmospheric reactions involving SO_and
NO.. respectively. Fugitive dust consists of fine solid par-
ticulates released incidental to manufacturing, agricultural,
constructien, and other activities. According to the Kentucky
Division tor Air Quality, fugitive dust makes up over 60% of
PM. _emissions in Kentucky, but it may constitute a smaller
fraction of metropolitan Louisville's PM, , emissions. Mca-
sures aimed af reducing 8O _and NO_ will reduce the sulfate
and nitrate components of PM_ . Local control of fugitive
dust may invelve additional industrial controls as well as
measures beyond those already in place 10 reduce dust aris-
ing trom construction, demolition, and vehicle use on un-
paved surfaces.

Intercontinental transport of fine pariiculates contributes
to ohserved local peaks in PM. . Forest fires in Central
America, volcanic eruptions in Asia, and dust stonms in North
Africa have cavsed spikes in PM, _values in the US. includ-
ing Louisville. Upon eslahlixhinghii clear correlation between
a distant source of particulates and widespread high read-
ings in the US, the EPA may discount the unusually high
readings for purposes of establishing compliance with the
NAAQS. Nonetheless, these uncontrollable distant events
may alfect public heaith in the US.

HAPs

Increasing understanding of the health consequences of
HAPs may lead to tighter regulation of specific compounds.
EPA plans to limit mercury emissions from coal-fired power
plants, the largest sources of atmosphenc mercury. EPA has
issued standards to reduce sulfur content in highway diesel
fuel to 15 ppm by 2006. In addition to direct reductions in
sultur-containing particulates, the cleaner fuel will enable
the use of catalytic converters that will dramatically reduce
HAPs and NO_in diesel exhaust.

Haze

Visibility-impairing haze arises principally from particu-
lates and NO,. Haze worsens in humid weather, when sul-
fate acrosols and other particles absorb atmospheric mois-
ture and grow in size. The control strategies for PM, _apply
also to regional haze, Due to the long-distance transport of

fine particulates. haze seriously affects areas far from the
responsible emission sources. National parks and other sce-
nic areas have suffered large losses in visibility because of
man made haze from pollution generated in distant industri-
alized or urban areas.

Acid Rain

Despite improvements over the past fifteen years, rainfall
collected at siles across Kentucky remains more acidic {ap-
proximately pH 4.5 on average) than the unimpaircd norm
of pH 5.0 - 5.6. Studies in other states have shown that lakes
and streams have rebounded less quickly from acid rain than
regulators had hoped even with the current regimes of SO,
and NO_controls.

Greenhouse Gases

Voluntary meusures 1o curtail greenhouse gas emissions,
as described below. ofter large potential reductions. The ab-
sence of a national greenhouse gas control program, how-
ever, reduces the economic incentives availuble to promote
emission reductions.

Avenues for Cleaner Air in Louisville

A variety of regulatory and voluntary methods will likely
contribute to air quality improvements over the next twenty
years. The causal links between some substances or activi-
rics and several air quality problems makes possible harmo-
nized approaches in which one action can benefit air quality
in several ways. While targeted efforts to limit the releuse of
a single pollutant from a particular process will continue to
be important. harmonized approaches with multiple benefits
will likely yield the largest improvements.,

National Initiatives with Local Implications

Federal regulations have largely driven the improvements
in air quality noted over the past thirty years. The Clean Air
Act Amendments call for periodic review and revision of the
federal standards, which will maintain their link to the state
of the science in toxicology and environmental health. Imple-
mentation of the NAAQS already issued for O, (8-hour) and
PM.  will press areas including Louisville to strengthen ex-
isting control programs. New federal standards for diesel fuel
sulfur content, gasoline sulfur content. highway vehicle emis-
sion controls, and non-road equipment emission controls
should result in large reductions in mobile source SG,, NO .
particulates, and the related probiems of tropospheric O,
regional harze, and acid deposition. The latler set of tederal
controls will assist Louisville and other communitics in meet-
ing the former set of standards.
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effect of 3 °F may increase Louisville’s peak O levels by 5-
10%. Lawrence Berkeley National Laboratory (LBNL.) and
the National Aeronautics and Space Admiunistration are en-
gaged in research to characterize the heat islands of several
US cities and the air quality implications of those heat is-
lands. LBNL researchers also develop and test materials and
methods to reduce the heat island effect. EPA disseminates
information, promotcs actions to mitigate the heat island cf-
fect. and provides tcchnical assistance to municipal officials
developing local heat island policies and programs.

Local Initiatives

Greater Louisville has many options for improving its air
quality beyond the improvements promised by torthcoming
federul standards. Four promising areas are: reducing trans-
portation-related emissions; reducing energy-related emis-
sions; reducing point source and area source emissions
through pollution prevention: and taming the urban heat is-
tand. Successful work in any of these areas will cause de-
clines in mere than one pollutant.

Reducing Transportation-Related Emissions

Transportation-related emissions can be reduced by cut-

ting emissions per mile or by reducing the vehicle-miles of

travel (VMT} in the region. Local reductions in cmissions
per mile can come from:

* cncouraging the use of low-emission vehicles:

* improving the efficiency of the road network. (o
allow motor vehicles to operate more consistently
within the ranges of speeds and accelerations that
yield lowest emissions:

« mandating local use ot fuels that provide Tower
entissions; and

+  repairing or retiving lrom service motor vehicles
that do nol meet modern emission standards.

The second and third of these options wlready have found
use in Jetterson County, in the form of downlown sireets
with synchronized traffic signals and the local requirement
to sell only reformulated oxygenated gasoline. Refinement,
extension, and further application of these three general strat-
egics will build on the emissions reductions achieved to date,

Several approaches may help to reduce VMT. They tall
inte two general categories:

«  reducing travel demand; and

*  encouraging shifts to other truvel modes from
private automobile use.

Travel demand relates strongly to land use patterns. Seg-
regation of land uses (e.g.. commercial, residential, indus-
trial) increases average distances from home to work and
other destipations. Trends away from multi-family housing
and loward larger lots for single-family homes increase the
diameter of the urban area for any given population. Resi-
dential subdivisions with retatively large lots, no sidewalks,
4nd no focal point for spantancous social interaction (e.g., a
neighborheod park) increase the need to travel. Regional and
community form exert a strong influence on travel demand.

Regional and community form also intluence the viability
ol non-automotive travel modcs. Decreases in population
density result in fewer people living within walking distance
of any given transit stop. Coupled with longer uverage trip
distances, this increases transit operating costs while decrcas-
ing fare revenue per mile. Bicycling and walking also be-
come less attractive as distances from origin to destination
expand.

Through the Cornerstone 2020 comprehensive plan.
Jefferson County is taking steps loward community design
thut would allow citizens to meet more of their needs closer
to home. Encouraging a mixture of residential and commer-
cial uses in a compact area may lead to more opportunities
for people to live close to places where they work. shop, and
enjoy pastimes. Increased urban redevelopiment and creation
of suburban neighborhoods that include purks and pedestrian
and hicycle connections to nearby activity centers may simi-
tarly reduce automotive travel demand.

Progrums to cncourage car-pooling. transit use,
telecommuting. bicycling. and walking can reduce the de-
mand for motor vehicle travel. The success of such programs
relies on presenting the traveler with a choice that compares
favorubly with driving. Costs in time and money, and ben-
efits in flexibility, safety, comfort, enjoyment, and healih,
will factor into each individual’s travel choice. As long as
the costs of roads. tratfic enforcement, accidents, pollution,
and noise remain separate trom an individual’s perceived
costs of driving. people will have far less tncentive to shitt to
more cost-effective and environmentatly benign travel modes.

Reducing Energy-Related Emissions

Fostering energy efficiency offers direct economic benefits
as well as emission reductions. Locally, increased education
and technical support can increase adoption of cost-effec-
tive energy conservation measures. Residences, businesses,
and institutions ali offer large potential energy savings. In-
dustrial managers often reject energy-saving changes in
manufacturing processes to avoid the possibility of disrup-
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*  continuing growth in VMT and trend toward
heavier vehicles. increasing CO, emissions even
with projected advances in motor vehicle
emissions controls and fuels;

*  continuing growth in developed land area,
exacerbating the urban heat island effect, fueling
continued VMT growth, and probably increasing
fugitive dust emissions:

*  continued growth in per capita living space,
increasing energy demand and the urban heat
island effect. and hence urban O, levels;

*  continued reliance on coal as the primary fuel for
electrical generation, producing large CQO,
emissions and contributing to acid rain. regional
haze. and ground-level O;

*  further delays in the implementation of new
federal standards for mobile source tuels and
emissions controls; and

¢ adverse economic conditions. reducing the
availability of capital to invest in industrial
poellution prevention and energy efticiency
Mmeasures.

Peering into the Crystal Ball:
Louisville’s Air Quality, 2020

With continued public support, clected officials will con-
tinue to work to improve environmental guality. Environ-
mental non-governmental organizations, busincsses, und pri-
vate individuals will collaborate with government agencies
to define necessary standards of environmental quality and
find ways to meet those standards. By 2020 the current crite-
ria air pollutants will probably have minimal significance,
particularly if acid deposition and haze have declined to ac-
ceptable levels, Aty toxics (perhaps with some important
maodifications to the current tist) will probably require ongo-
ing scrutiny and reduction. Greenhouse gases may pose the
most urgent challenge. Given the complexities of atmospheric
chemistry and cpidemiology, the science and practice of air
pollution control will evolve for decades to come. Some cur-
rent practices will prove highly effective. Others will prob-
ably prove less so. due to gaps in cuirent understanding.
Improvements from 1970 to 2001 provide hope that polle-
tion control efforts to date have moved in the direction of
improving public health and protecting natural resources
while preserving economic vitality.
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[Rank [Chemical Fugitive Air Stack Air Total Air Emissions Total Releases

1 |Sulfuric Acid Aerosols 670 2,604,456 2,605,126 2,605,126
2 [Chiorodiflucromethane 308,858 1,858,547 2,167 405 2,167,405
3 PMytene (mixed isomers) 74,521 1,154,672 1,229,193 1,389,259
4 [Toluene 327,293 765,701 1,092,994, 1,119,835
5 |Ammonia 418,737 567,930 986,667 1,023,608
6 [Glycot ethers 209,027 428,547, 637,874 638,364
7 Hydrochloric Acid Asrosols 18,428 568,589 587,017 587,017
8 Chloroprene 53,634 458,668 512,302 512,302
9  N-Butyl Alcohol 66,172 371,591 437,763 451,773
10 [1,1-Dichloro-1-fluorosthane 327,460 106,300 433,760 433,760
11 Methyl Methacrylate 62,333 207,468 269,801 270,851
12 |1,3-Butadiene 28,045 233,272 261,317 262,405
13 Methyl Isohutyl Ketone 9,265 227,402 236,667 334,917
14 [Ethyl benzene 21,809 182,223 204,032, 260,292
15 Aluminum (fume or dust) 8,509 148,478 157,387] 157,387
16 [1,2.4-Trimathylbenzene 29,481 124,032 153,513 165,513
17 [Styrene 35477 73,293 108,770 110,355
18  [N-Methyl-2-pyrrolidone 2618 83,969 86,588 86,588
19  |Methanol 4,563 79,817 84,380 84,636
20 |Acrylonitrile 3,628 71,432 74,960 78,107
21 Methyl Ethyt Ketone 33,864 15,696 49,560 49,810
22  Phenol 19,888 24,860 44 748 74,553
23  [Nitric Acid 5204 42,932 43,452 43,462
24  [Formaldehyde 30,730 6,760 37,490 38,255
25 |Hydrogen Fluoride 21,156 5,886 27,042 27,042
26 [Fthyl Acrylate 9,010 16,493 25,503 26,013
27 [2-Chloro-1,1,1,2-tetrafluoroethane 23,704 . 23,70 23,704
28  [Methyl tent-Butyl Ether 3,357 7,608 10,965 10,965
29 [Butyl Acrylate 3,370 5,633 5,003 8,683
30 |Nickel Compounds 373 8,149 8,522 120,304
31  Ninyl Chloride 3,430 4,364 7,794 7,794
32 |1-Chloro-1,1-diflucroethane 6,129 . 6,129 6,129
33  [Ethylene Glycol 5,139, 679 5,818 5,887
34 Rert-Butyl Alcohol 10 5,800 5,810 6,570
35 [Benzene 460 2,783 3,243 3,433
36 n-Hexane 250 2,734 3,024 3,864
37 Nicotine (and salts) 5 2,900 2,905 2,905
38 [inc Compounds 757 1,985 2,782 315,136
39 [Lead Compounds 250 2,058 2,308 65,089
40 |Boron Triflucride 1,752 89 1,841 1,841
41 |Dichloroflugromethane 1,560 . 1,560 1,560
42 [Naphthalene 1,531 5 1.536 1,536
43 [sec-Butyl Alcohol 1,530 5 1,535 1,535
44  |Dichlorodifuoromethane 1,431 . 1,431 1,431
45 [Cobalt Compounds 5 1,394 1,399 48,209
46 [Vinylidene Chlcride 180, 1,200 1,380 1,380
47 [Chloroform 1,100 200 1,300 1,880
48 Ninyl Acelate 170 930 1,100 1,100
49 KChromium Compounds 1864 829 1,015 88,978
Total 2,185,61 10,485,299 12,670,911 14,391,429

Table 1. Major Chemicals Released in Jefferson County, Kentucky, 1999, All Industries. Data {in pounds)
are from 1999 releases reported as of Aug. 1, 2001 in the Toxics Release Inventory. Total Air Emissiaons
»1,000 pounds have been selected and ranked.
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In addition to experimental testing, governmental envi-
ronmental policy often relies on information derived from
epidemiological studies. These dala are derived from retro-
spective studies under exposure conditions relevant to hu-
man situations. Provided that such studies are carefully con-
trolled for potentially confounding, extrancous exposures,
epidemiological studies may provide our best evidence of
tncreased risk with chronic low-level exposurc to chemicals.
Additional information is derived from exposure in the work-
place. For occupational exposure. the Occupational Safety
and Health Administration (OSHA) has promulgated legal
limits tor worker exposures. known as Permissible Expo-
sure Limits (££L). Similarly the American Conference of
Governmental [ndustrial Hygienists (ACGIH) provides
guidelines known as Threshold Limit Values (TLV) as rec-
ommended limits. which are believed to he safe for cxpo-
sure in the workplace on a 40 hour/week basis. TLV limits
gencrally are published as time-weighted average (TLV-TWA)
values, but short-term (15 minute) exposure limits (TLV-
STEL) and absolute ceiling limits (TLV-C) are listed for cer-
1ain toxic compounds where TLV-TWA are not sufticiently
protective, Panels of experts set these lunits through judg-
iments based on past experience and on duta from epidemio-
logical studies. These limits periodically are revised (usu-
ally downward). us new adverse health clfects are discov-
ered or toxic ettects understood. These limits are designed
tor normal healthy workers, but may not provide protection
to more sensitive members of the population ut large.

Potential Health Effects of Major Air
Pollutants

From these expert sources and other literature, potential
cifects are sumimarized below for the 20 most abundant air
pollutants reported as released in Jefferson County. These
are listed by compound with Chemical Abstracts regisiry
number (CASRN), molccular weight (MW), generul uscs,
potential health effects, testing data. and exposure reference
concentrations. as available. These summaries reveal the
quality of data used to make judgments about how to protect
public health with an ample margin of safety.

Sulfuric Acid Aerosols (CASRN 7664-93-9,
MW 98.08)

This pollutunt is a suspension of very corrosive agueous
sulfuric acid in air. it is a byproduet of combustion, prima-
rily of coul that contains sulfur. In solution, its acidity and
corrosivity depends on the concentration of acid in water.
This acid is soluble in moist tissues and stimulates
bronchoconstriction and mucous production. Adverse health
effects include exacerbation of asthma, bronchitis, and in-

creased airway resistance at exposures in the range of 1 - 5
ppm. The EPA TRIS database does not list this air pollutant,
but sulfuric ucid is ¢losely related to the hydration product
of sulfur dioxide. which is an EPA criteria pollutant under
the National Ambient Air Quality Standards. Under these
regulations. pritnary standards are established for pollutants
considered to be harmful to public heaith and the environ-
ment. The Clean Air Act established these limits to protect
public health, including 1he health of scnsitive populations
such as asthmatics, children, and the elderly, Among these
primary standards is the 24-hour average limit for sulfur di-
oxide of 0,14 ppm. For sulfur dioxide exposure in industrial
situations, the ACGIH and OSHA have set a TLV-TWA of 2
ppm and 4 TLV-STEL of 5 ppm. Sulfuric acid aerosols are a
mijor contributor to acid rain, and are believed to contribute
to exposures of fine particulate materials with health effects
on the pulmonary and cardiovascular systems.

Chlorodifluoromethane (CASRN 75-45-6, MW
86.46)

This hydrochloreflvorocarbon, alse known as CFC22, has
been used largely as a refrigerant and foaming agent for foam
insulatien. Use of this material is slated for phase out by
2014 under EPA plans to reduce use of materials that are
considered yespoensible for destruction of the stratospheric
vzone layer. Such ozene depleting chemicals increase the
amount of ultraviolet radiation reaching the surface of the
earth. This ultraviolet radiation. normally absorbed by strato-
spheric ozone. causes incrcused incidence ot skin cancer and
catiract formation, The EPA [RIS Reference Concentration
(RfCy lor chlorodifluoromethune has been set al 50 mg/m?
(14 ppm}. This value involves an uncertainty factor ol 100,
which includes a tactor ot 10 10 protect unusually sensitive
individuals. OSHA and ACGIH have an 8-hour TLV-TWA
of 1,000 ppm chlorodifluoromethane. Experimental studies
involved rats exposed for 5 hours/day. 5 days/week for over
2 years to air containing 0. 1000, 10.000, or 50.000 ppm of
chloreditluoromethane, There were no exposure-related cf-
feets on mortality, clinical signs, tood consumption, body
weight, behavior, ocular characteristics, hematology. ¢lini-
cal pathology, urinalysis, organ weights, or gross or micro-
scopie pathology. Female rats in the 30.000-ppim group ex-
hibited « statistically significant increase in liver, kidney.
adrenal. and pituitary weights. Non-neoplastic effects were
similar for both treated and control animals and were lim-
ited to typical age-related degenerative changes. This sub-
stancefagent has not yet undergone a complete evaluation
for determination of human carcinogenic potential under the
EPA IRIS program.
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workers and found no reproductive effects. Data in animals
suggest that the (estes and the developing fetus may be tar-
gets for 2-methoxyethanol toxicity. The rabbit is more scnsi-
tive to the testicular effects as compared with rats and mice.
IRIS does not include assessment ot potential carcinogenic-
ity of methoxyethanol.

Hydrochloric Acid Aerosols

This acidic mist is an aqueous solution of hydregen chlo-
ride gas {CASRN 7647-01-0, MW 36.46). Like sulfuric acid.

its ucidity and corrosivity depends on the concentration of’
acid in water. Corrosive burns will result from inhalation of

acid fumes or skin contact with concentrated acid, and chemi-
cal pneumonitis may occur after inhalation of acid vapor.
The toxicity is dependent on the concentration of acid und
duration of ¢xposure. IR1S lists an RFC of 0.02 mg/m* (0.013
ppm} lor pure hydrogen chloride gas, which includes un un-
certainty factor of 300. This value is based largely en a chronic
inhalation study in rats. which noted increased epithelial or
squamous hyperplasia in the nasal mucosa ot exposcd ani-
mals. Such cellular changes are commen with toxicants that
ciuse rapid wrnover due to cellular destruction.

Chloroprene (CASRN 126-99-8, MW 88.54)

This velatile, reactive monomer (2-chloro-1,3-butadienc)
i~ used in production of polychloroprene or neoprene rub-
ber. which is used for manufucture of tires, wire coatings.
and tubing. As its commercial vse is limited primarily to two
fucilities in the US, health effects of this monomer have not
been as widely studied as many other industrial chemicals.
Epidemiological studies have been inconclusive for increased
risk ol cancer due to occupational exposures. OSHA has es-

tablished an 8-hour TWA PEL of 10 ppm, with a notation of

susceptibility of dermal exposure. ACGIH has a [0-ppm
TLY-TWA, with a skin notation, while NIOSH recommended
alimitof | ppm, measured overa 15-minute period. Chloro-
prene is currently under review by the National Toxicology
Program (NTP). which has conducted a 2-year inhalation
study in rats and mice at 0, 13, 32, and 80 ppm. Concentra-
tion-dependent increases in incidence of adenomas or carci-
notzas of the orul cavity, kidney, and thyroid were seen at
higher exposures in male rats. Similar cancers in oral cavity
and kidney, and {ibroadenoma in mammary gland tissue were
observed at highest concentrations in femalc rats, Mice were
more sensitive than rats. Survival was significantly less in
all treated female mice, and with two highest-treated male
groups of mice. than with untreated control animals. Increased
incidences of hepatocellular carcinomas were observed in
all treated groups of female mice. Based on its similarity in
structure to 1-3-butadiene and the weight of evidence, which
is inconclusive in humans but positive in two species of ani-

mals. chloroprene likely will be classified by EPA as a prob-
able human carcinogen (Group B2). Given an absence of
NOAEL in animal studies, no safe Reference Concentration
has been sct.

N-Butyl Alcohol (CASRN MW 74.12)

N-Butyl aleohol is a colorless, highly refractive liguid with
a mild vinous odor that causes irmtation of the eyes and head-
aches in occupational settings. This alcohol is used as a sol-
vent for fats. waxes, varnish, and in manufacture of lacquers,
rayon, and detergents. The OSHA and ACGIH limits are a
50-ppm ceiling, with a skin notation. EPA IRIS has not de-
termined an RYC, but has evaluated toxicity following
subchronic oral testing in rats, Groups of male and female
rals were orally dosed daily with 0. 30, 125 and 500 mg/kg/
day ol n-butanol for 13 weeks, Data did not show any dose-
reluted differences between control and treated animals in
body and organ weight changes, food consumption. morbid-
ity, morlality. and in ophthalmologic, gross, und histopatho-
logic examinations. Ataxia and hypoactivity were consistently
observed in high-dosed (300 mg/kg/day) males and females
during the final 6 weeks of the dosing period. Application of
an uncertainty factor ot 100t derived an RfD of 0.1 mg/kg/
day, or 9 mg/day tor a 70-kg person. EPA has not evaluated
its potential as a carcinogen. Based on the lack ot data, EPA
has classified n-butanol as Class D, not classifiable as 1o
human carcinogenicity.

1.1-Dichlore-1-fluoroethane (CASRN 1717-00-
6, MW 116.95)

This hydrochlorolluorocarbon, also known as HCFC 141b,
is used us a refrigerant and as a foaming agent for upplica-
tion of urethane and other foam insulation. This HCFC is
slated tor phase out in 2003 after which production or im-
portation will be prohibited, as it is un vzone-depleting chlo-
rofluorocarbon. In published studies. acute 1oxicity in ani-
mals is fairly low, with lethal concentration (LC50) values
usually ahove 500,000 ppm. In a subchronic inhalation tox-
icity study in rats and rabbits, 4 reduction in body weight
and an increase in serum cholesterol and triglyeerides was
observed at 8,000 ppm in males and 20,000 ppm in lemales.
Recent rcports suggest that mammalian oxidative enzymes
can activate 1, l-dichloro- L-flucroethane to reactive metabo-
lites, but the extent to which this happens is unclear from
available data. EPA IRIS does not include a listing for 1.1-
dichloro- 1-tluoroethane.
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