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ABSTRACT

INVESTIGATION INTO THE POSSIBLE CAUSES OF

ELEVATED OZONE CONCENTRATIONS IN

MIAMI, FLORIDA

, By

Dale E. Aspy

Ozone readings which exceeded the National Ambient Air

Quality Standard of 120 ppbv were recorded in Miami, Florida

during 1978 and 1980. Similar elevated concentrations of

ozone extended across upper Florida and into the South-

eastern portion of the United States. It is concluded that

tropospheric transport of ozone into the Miami area occurs.

This conclusion is supported by lead analyses of atmospheric

samples taken in Miami and by isentropic trajectories. Six

case studies are presented. In all cases transport of ozone

into Florida appears to occur. In only four of the cases

does this result in elevated ozone levels in Miami. In one

case lower Florida was experiencing an oceanic influx of air

and low ozone concentrations. In the other case Miami was

experiencing a stagnation and high ozone concentrations

apparently generated locally. The long range transport of

ozone across the Southeastern United States appears to

result from circulation within a weather pattern character-

ized by a stagnant high pressure system over the

Southeastern United States.
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I. INTRODUCTION

Ozone levels in Dade County, Florida, during the months

of October, 1978 and August, 1980 were found to exceed the

National Ambient Air Quality Standard of 120 parts per

billion (ppbv). The State and Local Air Monitering System

for Dade County is shown in Figure 1. Ozone concentrations

at both the rural, inland Thompson Park site, station number

35, and the coastal Virginia Key location, station number

36, were elevated. These sites were selected by representa-

tives from the Dade County Department of Environmental

Resources Management, the Florida Department of Environ-

mental Regulation-Bureau of Air Quality Management, and the

United States Environmental Protection Agency-Region IV.

The two monitoring locations were selected so as to sample

both upwind and downwind of Miami's urban core during

spring, summer and early fall. These time periods represent

the peak oxidant season for this latitude.

Preliminary modeling by the Environmental Protection

Agency indicated that the peak standard might be exceeded at

Thompson Park, in accordance with classical concepts of

ozone production. This theory of ozone generation states

that hydrocarbon compounds and nitrogen dioxides emitted

from vehicular sources are the primary causes of ozone.

These ozone precursors, as they are known, react in the

presence of sunlight to form ozone. Classical ozone

modeling theory indicated that the predominant southeasterly

breeze would carry only pristine maritime air over the
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Virginia Key site while the same breeze would carry ozone

precursors in the direction of Thompson Park. No local

sources of ozone were found around either site. Therefore,

it was most unusual to have elevated ozone concentrations at

both sites simultaneously. During the course of investiga-

tion of these high ozone levels in Dade County, it was

discovered that monitoring sites across Florida also

reported elevated concentrations of ozone during the same

time period. This suggested a mechanism or source other

than ozone derived from localized automobile exhaust as

being responsible for such state wide readings.

There are several possible explanations for this

unusual pattern of ozone distribution in Miami and through-

out Florida. These include the following:

1. Local, traffic related sources accompanied by

adverse meteorological weather patterns.

2. Stratospheric injection of ozone.

3. Long range transport of ozone and ozone precursors

within the troposphere.

These hypotheses are discussed and evaluated in this thesis.

A theory is proposed that explains the observed data.

A. OZONE SOURCES. A layer of ozone exists naturally in

the stratosphere at an altitude of 20 to 25 kilometers,

depending on latitude and season. Junge (1963) reported a

marked concentration increase of ozone with altitude between

13 and 27 kilometers. The concentration of ozone then
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decreases at a regular rate with altitude above 30 kilo-

meters. Junge noted this rate of decrease is slightly faster

than the decrease in air density. This strato-spheric ozone

layer is formed primarily by the photodissociation of mole-

cular oxygen. Williamson (1973) lists the following equa-

tions for the stratospheric formation of ozone,

02 + hv ---- > 0' + 0' (1)

0' + 02 + M ---- > 03 + M (2)

where h is the energy of the absorbed ultraviolet radia-

tion and M is any other molecule, usually 02 or N2, that

interacts momentarily with the colliding 0' and 02 to absorb

some of the excess energy and momentum. This reaction is

driven by ultraviolet light shorter than 0.24 microns in

wave length. The maximum average ozone concentration

reported by Williamson is 200 ppbv and was observed at an

altitude of 26 kilometers at the equator and 18 kilometers

at the Earth's poles.

It was previously thought that the transport rate for

ozone from the stratosphere into the troposphere was quite

slow. Danielson (1968) proved that stratospheric ozone can

be injected into the troposphere by mechanisms such as

atmospheric folding. Tropospheric air enters the strato-

sphere when large values of potential temperature occur at

low latitudes. As air enters the stratosphere it gains

radioactivity, potential vorticity and ozone. High latitude
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radiative cooling transports the air mass to lower potential

temperature levels in the stratosphere. It is then trans-

ported towards the equator by baroclinic waves and is folded

into the atmosphere by amplifying vortices. Other investi-

gators (Wolff et al., 1977; Haagenson, 1981; Husian et al.,

1977) have confirmed these observations.

The Environmental Protection Agency list of priority air

pollutants that are required to be monitored by state and

local air pollution agencies consists of the following:

nitrogen dioxide. sulfur dioxide, carbon monoxide, total

suspended particulates and ozone. Ozone is unique in that

it is a secondary, rather than primary, air pollutant. The

term secondary air pollutant means that the pollutant itself

is not usually directly emitted by any source. Rather ozone

is formed by the reaction of various organic free radicals

with oxides of nitrogen that are released by air pollution

sources. Laboratory smog chamber studies show the reaction

sequence consists of about 30 steps. The main reactions

(EPA, 1978) consist of:

NO2 + hv ---- > NO + 0' (3)

02 + 0' ---- > 03(4)

03 + NO ---- > NO2 O2 (5)

ROO' + NO ---- > NO2 + RO' (6)

In these reactions the NO2 is preserved and may cycle
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through the reactions several times producing more 03. Thr

ROO* and R0' represent organic free radicals.

The Environmental Protection Agency (1978) lists the

sources of the required compounds as primarily combustion

sources especially automobiles. Another major source for

these ozone precursors are large hydrocarbon sources such as

refineries. Minor sources of ozone are listed as electro-

static precipitators, high voltage power lines and ozonators

for drinking water treatment. The Environmental Protection

Agency believes that most of the ozone in the troposphere is

anthropogenic in origin.

There are naturally occurring sources of ozone in the

troposphere (EPA, 1978), such as the reaction of oxides of

nitrogen with turpenes that are emitted from coniferous

trees. The resultant haze gives the Smokey Mountains their

name. Another source of naturally occurring ozone is forest

fires.

As can be seen in Equation 3 above, energy is necessary

for the formation of ozone. The form of energy is usually

ultraviolet sunlight. For this reason high altitude areas

with plentiful sunlight and a large number of sources of

ozone precursors, such as automobiles, are especially

susceptible to high concentrations of ozone.

B. AESTHETIC AND HEALTH EFFECTS OF OZONE. Ozone is of

major concern as an air pollutant. This triatomic form of

oxygen is the second strongest oxidizing agent known, behind
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only elemental flourine. This tremendous oxidizing powcr

causes deterioration in both organic and inorganic matter.

One of the first noted symptoms of ozone-caused deteriora-

tion in non-living material was the formation of cracks in

rubber products such as automobile tires. This was first

diagnosed by Van Rossen et al. (1931) as being caused by

ozone and not solely sunlight. Especially sensitive to

ozone attack are elastomer-containing materials, textiles,

dyes and paints. Other substances, such as building

materials and steel, have reduced sensitivity to ozone. The

Environmental Protection Agency (1978) estimated a cost of

37 to 61 million dollars annually nationwide due to in-

creased elastomer damage alone resulting from an increase in

the average ozone concentration from 50 ppbv to 70 ppbv.

Ozone was first observed to damage plant life in the

Southern Calfornia area (Adams, 1956). Now damage to plants

is observed in most major metropolitan areas in the United

States (EPA, 1978). Primary ozone damage is to the stomata

in plant leaves. Tingey (1977) showed that for damage to

occur ozone must pass through the stomata and then dissolve

in the aqueous cell wall coating. Mansfield (1973) reported

that the stoamta are attacked first and are rendered

incapable of closure. This prevents them from protecting

the internal structure of the leaf. Young plants are

especially susceptible. The Stanford Research Institute in

a report for the Environmental Protection Agency (Benedict

et al., 1971) estimated the cost to producers to be 125
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million dollars for ozone damage to commercial crops and

ornamental plants in the United States. The cost to con-

sumers would be almost double. This estimate was based

primarily on visible symptoms of damage. The report also

concluded the loss would be almost 300 million dollars in

1974 if ozone levels continued to increase nationwide.

Contrary to medical claims made during the first half

of this century, ozone has been found to have far reaching

harmful effects on the human body. Ozone is sometimes

described as radiometric, mimicking ionizing radiation, in

its attack on body tissues and systems.

While ozone has not been found to cause cancer in a

manner similar to radiation, both cause the release of free

radicals. Bhatnagar (1977) found the main toxic component

of both ozone and oxygen to be the superoxide free radical,

0'. Mustafa et al. (1977) showed that the presence of this

free radical stimulates the production of a protective

enzyme, superoxide dismutase. They also found other biolog-

ical effects of ozone within the cell. Monamine oxidase,

which acts as a catalyst for the oxidative deamination of

amines and as such is of major importance in the regulation

of the metabolic degradation process, was found to be

hindered by ozone (Hathaway and Terril, 1962). They also

reported that sulfhydryl groups were found to be oxidized

either directly by ozone or by released free radicals. This

suggests that ozone interferes with cellular metabolism.

Walbott (1973) reported that ozone interferes with the



9

normal operation of enzyme systems, such as alkaline phos-

phatase.

Some of the first occurring effects in humans after

exposure to 200 to 400 ppbv of ozone are: bronchiolar region

lesions, alterations in the alveolar basement membrane,

engorged capillaries adjacent to the alveoli, and a shift in

cell types (Mudd and Freeman, 1977). Beull et al. (1965)

found a decrease in lung elasticity believed to result from

aldehyde compounds promoting cross linkages to form in

pulmonary cells. Easton and Murphy (1967) found a decreased

airway caliber with attendant flow restriction caused by

bronchioconstriction. This results from histamine that is

released from damaged mast cells.

Stern (1977) has reported seven nonpulmonary effects of

ozone. These are (1) spherring of erythrocytes (red blood

cells), (2) chromosome breakage in lymphocytes, (3) alter-

ations in the cell membrane and nuclei of myocardial cells,

(4) decreased brain serotonin levels, (5) increased RNA

to DNA ratios in the liver, (6) premature aging of the

body, and (7) morphological changes in parathyroid gland.

Stern also reported that ozone acts as a depresssant on the

nervre endings in the section of the brain that controls

respiration. Ishida and Takashi (1975) found ozone can cause

damage to DNA.

Gross manifestation of ozone-induced damage include eye

irritation and respiratory distress. Many epidemiological

studies of human response have been conducted. Hospital
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admissions during ozone episodes result in mixed results,

according to the Environmental Protection Agency (1972).

They state that since many factors, such as other air pollu-

tants, ambient temperature, and other atmospheric conditions

are involved it is difficult to reach any agreement.

Better agreement is reached by epidemiological studies

of asthma and emphysema attacks during ozone episodes. This

increase in correlation is presumably due to a much smaller

time interval between high ozones periods and the manifesta-

tions of the first symptoms in sensitive individuals. These

studies include those of Schoetilin and Landau (1961) on

asthma patients and Motley et al. (1959) and Remmers and

Balchum (1965) with emphysema patients. In these studies

the number of reported incidents in the target populations

increased with the frequency and severity of ozone episodes.

C. OZONE REGULATIONS AND STANDARDS. The Environmental

Protection Agency is charged with the responsibility of

studying ozone and establishing standards that protect both

the public health and aesthetic values by the Clean Air Act

of 1970. A National Ambient Quality Standard for ozone has

been established to achieve that goal. The standard allows

a maximum one hour average ozone concentration of 120 ppbv

occurring in a predefined geographical area on an average of

less than or equal to once per year (EPA, 1979a). More

specifically, a given area is said to be in attainment

of the ozone standard only if three or fewer one hour average
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ozone concentrations above 120 ppbv are measured any time

during three consecutive years. This means that if three

readings of 130 ppbv are measued in one year and all other

readings are below 120 ppbv for the next two years the area

is declared as meeting the standard. However, if two years

have a maximum one hour average of 130 ppbv each and the

third year has two hours at the same concentration the area

is declared "non-attainment" and subject to federal sanctions.

This is true even if all other readings during the three

year period are zero. Prior to 1979 the National Ambient

Air Quality Standard for ozone was 80 ppbv for a one hour

average measured once per year. The State of Florida

adopted the new Federal Standard of 120 ppbv in 1982.

The Environmental Protection Agency can impose sanc-

tions against a defined geographical area, technically

called an Air Quality Control Region, if the Air Quality

Standard is violated. This non-attainment status can

include a mandatory inspection and maintenance program for

all vehicles, revised traffic control measures such as

traffic light sychronization and maximizing vehicular flow,

operating restrictions for stationary air pollution sources

such as power plants and factories, and possible denial of

operating permits for new sources of air pollution. If the

local government does not take steps to reduce ozone levels

in a non-attainment area the Environmental Protection Agency

can force the Federal Government to withhold all grants and

monies to the area. This philosophy is based on the premise
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that ozone, being so highly reactive, is confined to areas

of local generation and not subject to long range transport

like other air pollutants. Thus the Environmental

Protection Agency presumes that local sources and control

applications are responsible for local ozone concentrations.

Data presented below indicates this assumption may not be

entirely correct.

D. POSSIBLE SOURCES OF OZONE IN MIAMI. The possible

sources that may account for elevated ozone concentrations

in Miami were mentioned above. The first possibility, local

sources, will be recognized as the classical concept of the

ozone production model. This model was first proposed by

Haagen-Smite (1952) following smog chamber tests in attempts

to duplicate observed conditions in Los Angeles smog.

The principle chemical reactions in ozone production

have been presented in equations 3 through 6. The South

Florida ozone precursor source consists mainly of automo-

biles. A possibile complicating factor would be the

presence of unique coastal meterological conditions in South

Florida. More specifically, the operation of a sea-breeze

mechanism may exacerbate the ozone concentrations. The

combined ozone production/sea-breeze effect mechanism would

work in the following manner: ozone precursors from the

morning rush hour traffic are drawn from land to ocean by

the differential cooling of land versus sea. The precursors

of ozone are contained in this now maritime air mass. They
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react in the presence of sunlight and, as the land becomes

warmer than the ocean, are blown back to shore in the after-

noon sea breeze. This mechanism has been documented by

the Texas Air Control Board (1974) for barrier islands

around Galvanston Bay. Since this is only a coastal effect,

the inland areas of Florida should not have experienced

ozone levels during the same time periods as South Florida.

Clearly the ozone production phenomenon was not limited in

geographic scope to South Florida. This is discussed more

fully below.

Much research has been conducted on the second possi-

bile explanation, that of stratospheric injection of ozone

into the troposphere. Junge (1963) reported, based on then

available data, an ozone residence time in the stratosphere

of one or two years with very little, if any, movement

between the troposphere and the stratosphere. Subsequent

research by several individuals including Haagenson et al.

(1981), Husian et al. (1977), and Wolff et al. (1977) have

shown that ozone from the stratosphere can be injected into

the troposphere. This has been found to occur on the "back"

side of high pressure systems. Evidence of stratospheric

air in the troposphere comes not only from elevated ozone

levels but also from the presence of various radioisotopes,

such as beryllium-7, in greater concentrations than usual in

the troposphere. This phenomemon has usually been reported

at temperate latitudes, although Haagenson (private communi-

cation) has found it over Hawaii. Reverse isentropic air
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parcel trajectories that were calculated by Haagenson, along

with ozone concentration data (see below), suggest this

mechanism was not the cause of Miami's elevated ozone

concentrations in 1978 and 1980.

Long range transport of ozone within the troposphere is

the remaining possible explanation for the high concentra-

tions of ozone observed in Florida during the study period.

Although other air pollutants commonly are known to be

transported over long distances, ozone has usually been

thought to be severely limited with respect to transport due

to its high reactivity. The Environmental Protection Agency

(1978) categorizes three scales of transport. They are:

1. Urban scale - within cities and a few miles down-

wind from the source.

2. Meso scale - including land-sea breeze circulation

and extending up to one hundred miles

downwind from the source.

3. Synoptic scale - longer range transport associated

with high pressure systems.

Although the Agency admits to the possibile presence of long-

range transport for ozone, it states: "Data suggests but does

not prove that most of the oxidant observed in rural and

remote areas is transported from cities," (EPA, 1975). The

Environmental Protection Agency adds that ozone transport

can only occur in the middle to upper troposphere to avoid

boundary layer degradation of the ozone. However, in

developing regulations the Environmental Protection Agency
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downplays th- imp-rtanc' 4f th, long range transport air

pollutants (EPA, 1979a).

Anderson (1979) has found that ozone can be transported

long distances, even at night, without serious degradation

if the air mass is kept from contact with the boundary

layer, as in the case of transport above inversions. Salop

and Maier (1978) found ozone being transported long

distances over the ocean into a pristine area of Virginia.

The Environmental Protection Agency (1974) reported finding

examples of long range ozone transport into Florida during a

research project conducted in 1973. They also reported simi-

lar concentrations up and down wind of the Miami urban core.

The preliminary data collected in this study suggested

that only the third possibility was plausible. Additional

data, such as isentropic air trajectories, ozone data from

the southeastern United States, and transport time factors

all indicate the long range transport of ozone and ozone

precursors within the troposphere adequately explains

observed conditions. Predictions were made with respect to

ozone consentrations in Miami during other time periods.

These predictions were then found to agree with collected

data. Thus, data is presented below to show that while some

of Dade County's ozone during these episodes was of local

origin, a significant fraction resulted from the long range

transport of ozone.
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II. EXPERIMENTAL PROCEDURES

Analyses which were preformed routinely to determine

the ozone and lead content of surface air samples are des-

cribed in this section. The method by which air trajec-

tories were calculated is also discribed.

A. OZONE ANALYSIS. The ozone values for Dade County Air

samples were obtained from the Dade County Department of

Environmental Resources Management (DERM). The ambient air

analyzers were two Dasibi 1003AH monitors. The author

assisted in the maintenance and calibration of these units,

as did other members of the Air Monitoring Group of DERM.

Air samples taken in Dade County were analyzed for

ozone content by two Dasibi 1003 AH ambient monitors. These

monitors continuously determine the concentration of ozone

using an ultraviolet photometric detection principle, which

is the Environmental Protection Agency's reference method

for ozone mearsurement. In this method, air is first drawn

through a catalytic ozone scrubber consisting of MnO. The

air is then pulled into a folded 71 cm sample cell. This

cell is illuminated by a cold cathode mercury lamp at the

365 nm absorption line of ozone. The absorbance is automa-

tically read while a pump transfers air through the cell. A

solenoid valve is actuated every 25 seconds which changes

the flow of air so that the scrubber is bypassed. Other-

wise, the path that the unscrubbed air follows is identical

to that of the scrubbed air. The second absorbance reading,
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which measures unscrubbed, ozone-laden air, is compared to

the first, or ozone free, absorbance reading. This cycle is

repeated every 25 seconds.

This particular method of ozone detection is very

accurate because the monitor is self-zeroing and self-

correcting. Since the air follows the same path for both

the blank and the sample, any interferences are factored

out. The monitor is self-correcting because any contamina-

tion or degradation is seen in both sample modes. The

monitors used in this study by Dade County were calibrated

and checked at routine intervals to insure correct operation

per Environmental Protection Agency regulations. All moni-

tors that generate data for inclusion in the Storage and

Retrieval of Aerometric Data (SAROAD) system, which is des-

cribed below, must meet the stringent quality assurance

requirements imposed by the Environmental Protection Agency.

These include zero checks, routine calibrations, data

reduction checks and the running of standard, blind samples.

The Dasibi 1003 AH is calibrated using the Beer-Lambert

law

I = I1 exp (- aLC) (7)

where I is light intensity with ozone present, I0 is the

light intensity without ozone present, a is the

absorbance coefficient for ozone, L is the path length, and

C is the ozone concentration.

This equation has been modified to solve for concentra-
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tion, C, at a reference temperature and pressure of 25 0C and

760 torr respectively. The equation then becomes:

C = [10 Po T/ aL P To] In (I /1) (8)

where C is the ozone concentration in ppbv, I is the light

intensity with ozone present, I1 is the light intensity with

no ozone, P is the pressure in the sample cell, T is the

temperature in the sample cell, Po is 760 torr, To is

298.160 K, L is 77 cm, and a is 308 cm- gm- . The sample

cell temperature is usually about 12 0 C above ambient due to

heating from the eletronics in the monitor.

The monitor is calibrated by allowing it to sample five

ozone concentrations and a blank. These concentrations are

obtained by passing ozone free air across an ultraviolet

lamp to generate ozone. The intensity of the lamp and/or

the flow of the diluting air may be varied to obtain the

desired concentration. The exact concentration of each cali-

bration point is measured by a master ultraviolet photome-

ter. This master standard is in turn referenced against a

"master" master photometer maintained by the National Bureau

of Standards. The monitor to be calibrated is allowed to

sample each known concentration of ozone. The indicated

concentration from the monitor is then compared to the known

concentration and a calibration curve is drawn. The maximum

allowed deviation between the monitor indicated concentra-

tion and the known concentration is five percent.

The two ozone monitors in Dade County were located
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according to Environmental Protection Agency (1978) guide-

lines. These guidelines, published in the May 10, 1979

Federal Register, 40 CFR 58, Appendix D, list different

spatial scales or areas of representation. These range from

microscale, an area about one hundred miles wide, to

regional, which involes several counties. Each scale has

specific requirements for monitor siting to insure that all

monitors in that scale classification around the country can

be compared against each other. The location of Dade

County's two monitors are shown in Figure 1.

The Virginia Key site was chosen to sample the

supposedly clean air upstream of Dade's urban core when the

wind is blowing from what is the predominant southeastern

direction. The Thompson site was chosen because of its

downwind direction from the urban core and its distance of

about 20 miles. This separation allows ozone precursors

that were picked up by an air mass during its transit

through the polluted urban core time enough to react and

form ozone. This process usually takes three to four hours.

At typical wind velocities in Dade County during the peak

oxidant season an air mass will travel about 20 miles in

four hours, hence the Thompson Park Location.

The ozone concentrations measured by the ozone monitors

in Dade County are continuously recorded on strip chart

recorders. The results are read by trained personnel who

convert the raw data into ozone concentrations, expressed as

one hour averages. Concentration data are submitted monthly
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to the State of Florida, Department of Regulation, Bureau of

Air Quality Management. The data, along with data from all

other Florida air monitoring sites, are entered into a

computer. A computer printout is then sent to each

reporting agency for verification and finally sent to the

Environmental Protection Agency Storage and Retrieval of

Aerometric Data (SAROAD) system. This is the Environmental

Protection Agency's air quality data bank for the entire

country. Before any data can be entered they must meet

rigorous quality control requirements (Federal Register,

1979). Each reporting agency that desires to enter data

into the SAROAD system must prove that the data are legally

defensible before they will be accepted. Specific types of

monitors, monitor checks, calibrations, siting requirements

and data verification procedures are mandated. If the data

to be entered does not meet all of these requirements as

determined by the Environmental Protection Agency or its

designated appointee, that data will not be accepted. This

method necessitates much duplication of effort and is time

consuming, but insures that the data in the SAROAD system

represents an accurate portrayal of the nations air quality.

The ozone data analyzed was obtained from the Dade

County Department of Environmental Resources Management, the

State of Florida Department of Environmental Regulation

Bureau of Air Quality Management, and the Environmental

Protection Agency. The data from all of these sources repre-

sents measurements obtained by means of the continuous type
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moniters described above. All data were one hour averages.

This amounts to a maximum of 744 data points per site per

month. Data were analyzed for a time period totalling

approximately 48 site-months or approximately 36,000 ozone

concentration data points. The ozone data were reported by

many different agencies, thus the values reported are sub-

ject to a large number of possible instrument and operator

variations. The safeguards of the SAROAD system therefore

become very important for establishing data validity. The

treatment of this data will be discussed in the next

section.

B. LEAD ANALYSIS. The lead and strontium-90 studies

were conducted utilizing high volume (Hi-Vol) air filters

obtained from the Dade County high volume sampling network.

This network is operated by the Department of Environmental

Resources Management and consists of eleven Hi-Vol air

samplers located within the county. These samplers are used

to collect particulate matter for weight determination and

lead analysis. The sites, Figure 1, are located in widely

varying environments. All sites conform to the strict

siting requirements for their spatial scale of representa-

tion as described in the May 10, 1979 Federal Register.

Most of the samplers in Dade County are sited according to

neighborhood scale requirements which represent several

square kilometers.

The Hi-Vol air samplers used by Dade County are General
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Metal Works Model 2000 units equipped with a 150 volt motor

instead of the standard 110 volt motor. This results in

greater dependability and a longer lifetime for the motor.

The sampler is housed in a gable-roofed, all-aluminum shelter

approximately 1.5 meters high. Below the roof is a horizon-

tal glass fiber filter resting in an aluminum filter holder.

Air is pulled around the eaves of the roof and through the

20.3 by 25.4 cm filter by the Hi-Vol sampler. Typical flow

rates for this configuration are 1.1 to 1.4 m3/min. This

flow rate and the shape of the flow streamlines result in

particles of 0.1 to 100 microns stokes equivalent diameter

being collected. The samplers are operated continously for

24 hours every sixth day, starting at midnight. These

samplers constitute the Environmental Protection Agency

reference method for collecting particulate matter and are

used throughout the United States.

The glass fiber filters are supplied by Schleicher and

Schull of Keene, New Hampshire, under an Environmental Pro-

tection Agency contract. The filters are of borosilicate

composition and are designated as S&S-IHV filters. The

results of acceptance testing on these filters by the

Environmental Protection Agency are shown in Table 1. These

filters are used routinely by Dade County to determine the

particulate and lead concentration of the air. Lead

analyses were conducted only on filters exposed in Dade

County. The lead concentrations were determined on a rou-

tine basis. The data for all 11 Dade County collection
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TABLE I.

ACCEPTANCE TEST RESULTS ON

*
S&S-1HV FILTERS

Parameter Specification Test Result

As 100 4.5
Sb 40 8.0
Ba 200 50
Be 5 .15
Bi 330 165
Cd 10 1.1
Co 30 13.5
Cu 20 4.9
Cr 15 4.5
Fe 200 90.0
Pb 50 10.0
Mn 10 1.9
Mo 15 2.2

Ni 20 4.5
Sn 50 18.5
Ti 15 0.8
V 20 2.2
Zn 100 44.3
Fluoride 100 16.9
Nitrate 150 38.4
Phosphate 0 0.0

Sulfate 300 27.3
Brittleness 0 failure 0

Particle Retention 99.95% wax. 99.97

Flow Rate 1.35 m /min 1.53 m /min
Weight Variance 2.4 mg max 0.34 mg
Pin Holes None 0.125 /m'

Specifications are given in yg/filter maximum. Test

results are given in pg/filter.
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sites were averaged together. The filters were analyzed for

lead by using an ultrasonic digestion technique in combina-

tion with an atomic absorption spectrophotometer. A 1.9 by

20.3 cm strip was cut from the minor axis of the filter.

This strip was placed in a 200 ml beaker and covered with

about 15 ml of HNO3. The beaker was then placed in an

ultrasonic bath for 30 minutes. The liquid in the beaker

was decanted into a 100 ml volumetric flask. The filter was

then washed and the washings transferred to the flask. The

filter was covered with deionized water and set aside for 30

minutes. This liquid was decanted into the 100 ml volu-

metric flask. The volume was brought to 100 ml with

deionized water.. The solution was then analyzed with a

Perkin Elmer model 380 atomic absorption spectrophotometer,

using the 283.4 nm lead line. A zero concentration reagent

blank and a 5.00 ppmv solution were analyzed after every

eight samples to verify the calibration of the spectrophoto-

meter. Additional quality assurance is obtained by intro-

ducing blind samples and known concentration samples at

random intervals. The Environmental Protection Agency con-

ducts performance audits twice yearly by providing six fil-

ter strips with known concentrations of lead for analysis.

The concentration of lead in the atmosphere is calcu-

lated using the equation:

Pb(air) = 1200 (Pb analysis) / V (9)

where Pb(air) is the concentration of lead in the air
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expressed as vg/m3, 1200 is a conversion factor which

accounts for using 1/12 of the filter and converting ppmv to

Jg/m3. V is the total volume of air to pass through the

filter.

C. STRONTIUM-90 ANALYSIS. The filters analyzed for

Sr-90 were selected from those that had been exposed as close

as possible to a period of high ozone. Blank filters were

included for background corrections. The extraction pro-

cedures for Sr-90 were first developed by Reiter et al.

(1977).

The procedure used in this study was initially deve-

loped by Poet et al. (1972). This technique was revised in

order to cope with the glass fiber material and the expected

very low Sr-90 concentrations. The counting was done using

a procedure described by Moore et al. (1977). The sample

was placed between two thin-walled flow counters which were

in turn surrounded by anti-coincidence counters. This

arrangement was surrounded by 15 cm of steel shielding.

Almost a 4 pi geometry can be achieved by this configuration

with a backgroound level of only 0.25 to 0.60 counts per

minute. A major problem was found to be the dissolution of

all silica in the filter material so as not to entrap any

strontium. This latter problem could not be solved in a

satisfactory manner, thus results on the Sr-90 analysis were

inconclusive and are not presented.
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D. AIR TRAJECTORY ANALYSIS. A vital portion of the

research for this thesis concerned the calculation of air

parcel trajectories. These were calculated by Dr. Phil

Haagenson at the National Center for Atmospheric Research in

Boulder, Colorado. Trajectories were chosen at an altitud?

or atmospheric pressure level just above the surface

boundary layer. This eliminated effects from buildings,

trees and other surface features. The trajectories were

made using isentropic analysis techniques described by

Haagenson and Shapiro (1979). They found the most accurate

method to analyze air flow was on constant potential tempe-

rature or theta surfaces. The reason for this is that air

movement occurs on surfaces closely corresponding to isen-

tropic surfaces. The airflow that is usually described by

quasi-horizontal surfaces, as on an isobaric map, works

only in theory and does not accurately portray a three

dimensional troposphere.
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III. PRESENTATION AND DISCUSSION OF DATA

Data is presented for the time periods October, 1978;

June, 1980; July, 1980; and August, 1980. This data is

divided so as to present five distinct time periods with

respect to ozone concentrations in Miami and the South-

eastern United States. The data were obtained and met the

quality assurance requirements as described in the previous

section. The data as received consisted of hourly averages

reported by individual stations. Where multiple stations

existed in one county the arithmetic mean of the hourly

averages from those stations were calculated. An average

daily ozone concentration was then computed. The daily

ozone averages for each county were then plotted versus the

day of the month. The resulting ozone concentrations dis-

played considerable variance and trends were not easily

discerned. Three day running averages were then plotted.

This averaging method lowers maximum values and raises mini-

mum values but results in graphs in which it is much easier

to discern ozone concentration trends. These three day

running averages versus date are presented. In order to

enhance readability, the data from states with many stations

has been divided so that only three or four sites appear on

each graph.

The lead data is presented on graphs which also contain

daily average ozone concentrations in Miami. This type of

graph shows possible correlations between ambient lead

levels and ozone concentrations. Due to a lack of major
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stationary sources in Dade County, it is known that almost

all locally produced air pollution originates from vehicular

sources. In addition to ozone, lead is also a major com-

ponent of air pollution due to vehicles. One way to deter-

mine if Miami was causing its own polluted air was to check

for increased concentration of lead. If the high levels of

ozone resulted from local vehicular sources, there should

be a corresponding increase in lead concentrations. The

isentropic air trajectories presented are representative of

twelve hour time increments as shown by the arrowheads and

are calculated back from the final air mass location shown.

Data for the five distinct episodes are discussed below.

A. AUGUST 18-24, 1980 EPISODE. Dade County experienced

elevated concentrations of ozone during the period of August

18-24, 1980 at both the Virginia Key and Thompson Park

sites. Figure 2 shows the ozone and the lead concentrations

in Miami for the month of August. It is evident that during

the August 18-24 time period the ozone concentration is

elevated but the lead concentration is depressed. This lack

of correlation between the lead and ozone concentrations

indicates the ozone was not generated locally.

The daily running averages for ozone in the three

southeast Florida counties are shown in Figure 3. It is

perhaps not surprising that all three counties exhibit the

same general pattern of ozone levels as they are classified

by the Environmental Protection Agency as being in the same
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air shed. All three counties are coastal and all three have

ozone sampling sites similar to that in Dade County, one

coastal site and one inland site. Elevated ozone levels were

recorded at all sites.

This general condition extended northward for this time

period. The data for the Tampa Bay Area, which consists of

Hillsborough and Pinellas Counties, are shown in Figure 4.

There is a pattern similar to that in South Florida. Figure

5 Shows the three day running averages for Upper Florida.

Again there is a similar pattern. All areas experienced a

minimum ozone concentration about August 15 and a maximum

ozone concentration about August 21. Ozone levels began to

increase slightly earlier in the Upper Florida region and

last at the South Florida sites. In general the ozone con-

centration appeared to increase as latitude increased. In

order to ascertain if this phenomenon took place over a

larger area, data were plotted for Alabama, Georgia and

South Carolina. These three day running averages are shown

in Figures 6 through 10. Once again the same general patter

appears with the maximum ozone concentration occurring about

August 20. The ozone concentration also increased with

latitude. It is also seen in the case of the South Carolina

sites that the ozone averages are more variable. Greater

variability in the concentration of air pollutants usually

occurs as a varying source or origin is approached. As the

diffusion time-distance relationship increases, the extreme

values of concentration are averaged out and a better
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defined pattern with lower average concentrations is seen.

Thus it appears that the source of a portion of the ozone in

South Florida originates over the Southeastern United States.

Weather patterns for this time period are shown in

Figures 11 through 14. There was a persistant high pressure

area over the Southeastern United States. This is a typical

weather pattern which has been well documented. Altshuller

(1978) of the Environmental Protection Agency notes that

this area of the country is subject to more days of persis-

tant high pressure than any other region in the country,

especially during the period from May through October.

He additionally noted that ozone appears to circulate around

this weather pattern. Further support for the transporta-

tion of ozone is shown in the reverse isentropic trajectory

shown in Figure 15. This shows that the air mass found over

South Florida came from the area of Louisiana, Alabama and

Tennessee. It appears probable that ozone and its precursors

were generated in those areas and transported southward.

Additional ozone and precursors may have been picked up by

the air mass on its way southward. Thus for this episode

the available data strongly indicates that the bulk of the

ozone in Miami was not generated locally, but was transpor-

ted through the troposphere from other areas. This tran-

sport appears due to the circulation pattern set up around a

high pressure weather system.

This effect does not appear to be an isolated case as

shown by the episode which follows. This pattern while



40

.S 513 1 V91

1 f 76T :6 1Y: __T \ 1 .J, "SaS e
13 3q

f] L36 2+ r till:
i_ :] " / 40 +557 '

' l c .. .r".S6 _S. !.' 16' ' 4 .-

/ z] 1 S4! / Trr iy 'p

S3( / ! 1 "

4 __ +3z -T/rzz, z

77 , tlscc !
\ f e 66. 045. :" e° I' ".U "J' 19 SE2 l 11,'

C
"' _ ", _ '%Ji . (21

.. r ( < .,J/r Gv"

573

\ \ 1 o:zl4 r sit2-, P 2: 9!! LFM lid

2to " -SSa C .. D

FIGURE 11: WEATHER PATTERN: AUGUST 19, 1980



41

-x t:.. f _ -- f jSa q r1'4 \ '1. 1r"7a %1 S y 1 \

1 \\ 11 / i y:lr_ t { = a', C "y:3 \ \ \

1 \ ,\ /-fir' w,.. ,.: " j Ii v. \ jz; res . ' :M . K{ t7:
\ l lei 1: "; l " c42{ ; .12 _r, / \ ) r\ / \ 1" , .

"z_ / /,?'e~" " , l . . 1 \ 1""5:41 lll1 _ .::

1 . 1( 1, S / " r" \ l ! C : .7:

_ 2"ra _ ) a 531 G+-1(:5"s \ I"' "i

7 c:o _ f..: e;._.I .2 "M : SP fi ; ,a1 '1 J - \ icy

T ( '- 21 M75 y ~1G"- rT "571.

10
r-.sss

:c ~5 i ̂  / . L S" 2. .756 / r _ ""5" yr l - "i'"S(' ", a

l 1 e\ c Y i T 22"i
v' a v 7 y ~ i 22 Sc 1 SO "S{S

"C S.

\\1 \\ )\ ?[x:54 oy71. .- "_C. 3 l - . "/ yY\2 a 'YC 7:

L \ 1l s-C7 / \ I G;j " u 15 C:J I. ': ! -, "5i2 2T
VoS3 V 2;o5Cl l 1 _-, leset 11''Ss4 \1

c c coJ " is "GG 3, 56L, C 3

2 2

;(. ' , a \ 'i'=1 / 2i" , 1 2Sa s, Sj : lfn- il'r.J_11 -"r-'i1

,t7" " \J y is

2- tz
1 1: 1

R Ili

FIGURE 12: WEATHER PATTERN: AUGUST 20, 1980.



42

\"A cT''i0 
LJ i. ! Vy'.uJ y53 r .1 rcE

\ Y _ s ::1 /r say

722

'r Jac 45; _ - -'i _ L,.S7B -l lov9!..n 12Y ?Y

x,.19 X046 I Y J a ti l ^ s" 3 2

Y.L. \ '

221 i , - 4:.."25- _ p 'P:%' L' "

\ 04SE 1 Qlv 49" \ IF 9J v f S 9

/' }S i lam, -S f' ' l S' ipr~_ . /

1 14ir1 t 27 72; ° ,+ .E v j OEl

SQ l1 31
02

p722 \
2c lY r 7:2

-01 03.
2}°SlE 493 "

0-01 , ., Z/ 22 C3

\ 2: "6 4
/'% ( 2s s 1 _. J . ^ i"s 1 7.1 a 2 °

22 111 ff' sle 2" s371 trm 1 7.r

CSC \ 6 25 GJ 11 G 1

21 " 52. "" 9, 7SS
"

CUT gr

r.r, .. rc)c solti _ "}aL "- 71
22"

FIGURE 13: WEATHER PATTERN: AUGUST 21, 1980



43

I-A

-S ~ l t ' 1 2T . '. t +t 52c21 / li ' ^ rSj3t 2 .

r 1 6!' \ L r : ,-6 11 _b32 11e55i ,",

Stic

<, to 1' " "-57 C" 1 ''
\ ICCSVT i 1 r.\ 3 r/ u

17
517 II _ .i / .S ": r!

."1/°SJ1-/'

i3. / 2 T' r° , SYfyl-'. 1)".'I , S.° < l'_" _l 7d Yy4

k2o 
7 < L 1!"516 r5t t "- 22

",^51' i 2:. S'.:'_! ° iv X625 lr \ 'S"rs:, / V

i<t .L- 2x°'JJ r^ 17 a "" 1"cS Yd \ 4" i //\\
_ 

\\1 

.
j !t"r s \ \ ' . =j',.,J f 11l 2!. . °56- ti /i " 521

V 66

\\ g i'l l } it sti "461 j" 2 t7.

2" 5171 .. ; 1 SS' i° .:i f.5 11 .. ,i L1.
Y ; Tes., eSJ1 it °OJI - 5<rJG is ,. osl C^ - r_ / 5 Sie 1T ss, Z llol" 

1
O1 2.. y \ " i

^.. F : L 5 ?.:' 
a.

f ly'iAl I 16-r. C:222

' , 1 "5 f _ 'aS7 1S]"ut,,) alv

Z's
t 1 .J1 p 1.

=jes',r,1 n 22 22r-- 2+07 ;"2. 0
Eiji

2 X517 r \2 _^!/ .f 22'ASC \

FIGURE 14: WEATHER PATTERN: AUGUST 229 1980



44

FIGURE 15: ISENTROPIC TRAJECTORIES. AUGUST 18-24, 1980 EPISODE
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persistant is undoubtedly of varying intensity.

B. OCTOBER 16-18, 1978 EPISODE. A similar pattern

occurred during this episode except that while ozone concen-

tration levels were high in Dade County they did not exceed

the National Air Quality Standards. Figure 16 shows that

once again the ozone concentrations are elevated while the

lead concentration between October 15 and 21 is low. Again

this negative correlation between the lead and ozone concen-

trations indicates the ozone was not generated locally.

During this month only Dade County was reporting ozone

concentrations in South Florida. These three day running

averages are shown in Figure 17. Values during the October

16-18 period are definitely elevated. Figure 18 shows the

three day running average of ozone concentrations in the

Tampa Bay area. This figure shows a rapid increase in the

ozone values during the same time period as in South

Florida. The Upper Florida averages, Figure 19, are similar

to those in Tampa and South Florida, but of even greater

magnitude. These averages remained elevated some what

longer, decreasing slightly on October 20 and the sharply on

October 24. The ozone concentrations in Georgia are shown

in Figure 20.

The weather map for this time period, Figure 21, shows

a large low pressure area centered over the Great Lakes and

a high pressure area over the Bahamas. The effect of this

weather pattern is shown in Figure 22. Subsiding air from



" T Pad

r1

O E

ozone O 
O

O

> o 0H

04 c o \ o

H

Z Z

o 
o 

zH "

o 01 a"o

0
v 

\O 
O\ \w o 

0

O N ; O \ O

N 

\ \
O 

O

O
N

5 10 1 DATE 20, 25 30

FIGUR17 16: DAILY OZONE AND LEAD CONCENTRATIONS: DADE COUNTY, OCTOBER, 1978.

rn



0

O

_ o-p/ \o

o

44 O/

a

0 ' \

H

O

H M
z o
W o-o
V

z O
O
U

W O O-...
z N O-O--a

N \

O

-
O/ 

p

C O i);iuc

1-51 4 1 15 ? 25 J

DATE

FIGURE 17: OZONE CONCENTRATIONS: DADE COUNTY, OCTOBER, 1978.

J



"
Lr)

o . ; I l

ee

/ Ne

5 / 01 20-203

00 10 152U53

00



O r ill :i;1C'O ;!

0
a

o
o p-o \ \
H I 0 ®\

o 0-0' A s f- A
O \ O,

F-4 A -A A \0
41 'o, '10 p

w ° O O . O

o 
o-

U- I F F o f w i l l t o p
5 0 15 20 25 30

DATE

FIGURE 19: OZONE CONCENTRATIONS: UPPFr FLORIDA, OCTOBER, 1978.



o Q*b-bmis
0 Decatur

A Muskogee Co. ° e
C) O Dallas e'
ir,

a. o
04 O

Z ,Q A& e n
AN

o " 0 e...e
H e O

e° "
0 0 0,0\ e o .pa o le1

- e..-e ° ° A% G o
w 0-0 CDY t d r Q,

z O'"p 0,0 o c O r°
0-- 0-0 9 0 U 4 01 o ° 

O00 0 46 
00

0 0,/ o

(D 43
13

-0 E3 01

Q

5 110, 15

DATE

FIGURE 20: OZONE CONCENTRATIONS, GEORGTA, OCTOBER, 1978.

0



Sl

,' , " "/ , , a .a_- . . l" ' . ,. ,r .\.. ' 1 rte' .,.... ,

VIC

-ySSJ- 1 / ,_-, I+r e .,,.. [ .1 yeSP 777"' '> / !", ( /

13

17.116 _ j 16

v .e "c.. 1 - rr_ :0166 "'__ o ,.' 1 13 -L; i ". -
"/r t_

y\: ". f [ Izti" :60169 2-SY 5

C^0765_ t'S L:-1' _ r 1 fJO 1 , l3S'C 1!c1 "

J- '7--i,1 i'iJJ t"tptro fJd ^" ,"-~t .tL ,x_- ,.. of tc c: ~ L1
s 16r ( _-" 12116

limb I

14 I V ,lam=^.- Z. ; 1
"

i 1 ..... '1.i1 pats u+ w , 130 j ,L!o J C'

FIGURE 21: WEATHER PATTERN: OCTOBER 16, 1978.



52

.0

3Y rmbF o

e -u

FIGURE 22: ISENTROPIC TRAJECTORIES: OCTOBER 16-18, 1978 EPISODE.



53

the stratosphere is transported over the Southeastern United

States and the Atlantic Ocean and then back into Florida.

The air mass impacting Florida therefore skirts Georgia.

The transport of the air mass over the Atlantic Ocean appa-

rently reduces the intensity of the scavenging effects, thus

explaining the slightly higher readings in North Florida as

compared to Georgia.

This analysis suggests that ozone laden air was tran-

sported into Dade County and not generated locally during

this time period. Although Northern Florida reported viola-

tions of the National Ambient Air Quality Standard, the air

mass did not have a sufficient concentration of ozone and

ozone precursers to cause violations in Dade County.

C. AUGUST 7-10, 1980 EPISODE. This time period indi-

cates how a differing weather pattern can alter the tranport

pattern shown above. North Florida had the same pattern

while South Florida had no elevated ozone concentrations.

Figure 2 shows both the ozone and lead concentrations to be

low during this period. The Southeast Florida running

average remained quite low not only throughout this time, but

until August 19. This is shown in Figure 3. The Tampa Bay

area, Figure 4, begins to show an increase in ozone concen-

tration approximately August 7 with a decline about August

10. Upper Florida, Figure 5, shows the same pattern, but

reaches higher concentrations. In Florida, therefore, the

ozone concentrations increased as latitude increased. Data
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from other southeastern states shows this trend continues

outside of Florida. Ozone concentrations for Alabama, shown

in Figure 6, follows the same trend as in Figures 4 and 5.

Not only are the average ozone concentrations higher but the

increase in ozone concentration occurs earlier resulting in

an earlier peak concentration. Figures 7 and 8 show the

continuation of this trend in Georgia. South Carolina,

Figures 9 and 10, while experiencing relatively high ozone

concentrations, did not follow a distinct trend. The isen-

tropic trajectory analysis, Figure 23, shows that North

Florida was being impacted by both a continental air mass

and maritime air while South Florida was experiencing air

coming in from the Caribbean. Thus while the same transport

pattern is seen in North Florida, it did not continue down

the peninsula.

D. JUNE 7-10, 1980 EPISODE. This episode is similar to

the one above. During this time period all of Florida

except South Florida experienced very high concentrations of

ozone. Once again Dade County had low concentrations of

both ozone and lead, Figure 24. The ozone three day running

averages show elevated ozone readings in other South Florida

areas peaking on June 5, then declining rapidly to June 10,

followed by another rise (Figure 25). The Tampa Bay area,

Figure 26, had a similar pattern, however the maximum and

minimum were less pronounced that in South Florida. The

situation in Upper Florida for this time period is very
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FIGURE 23: ISENTROpIC TRAJECTORIES, AUGUST 7-10, 1950 EPISODE.
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different as seen in Figure 27. The maximum values are much

higher than in either Tampa or South Florida and continue at

elevated levels until June 15. This portion of the graph

bears little or no resemblance to the two previous graphs.

Thus it appears different air masses were impacting on

Northern and Southern Florida. Figure 28 agrees with this

analysis. Once again South Florida was experiencing air

coming from the Caribbean while North Florida experienced

air coming across the Southeastern United States.

E. October 5-7, 1978. During October 5-7, 1978 Dade

County experienced very high concentrations of ozone which

exceeded the National Ambient Air Quality Standard. A

comparison of the ozone and lead concentrations in Dade

County, Figure 16, show both were elevated for this period.

This indicated the ozone was generated locally. The Tampa

Bay area, Figure 19, and Upper Florida, Figure 19, also had

elevated concentrations of ozone, though not nearly as high

as in Dade County. The data for Georgia, Figure 20, sustains

this trend. This episode is thus very different from those

presented previously.

Isentropic trajectories, Figure 29, shows that while

the same type of transport was operative in the northern

portion of the state, Miami was experiencing local stagna-

tion. In this episode the classical picture of ozone gene-

ration and build-up under an inversion during a stagnate

weather pattern was correct. However, the transport patterns
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FIGU-RE 28: ISENTROFIC TRAJECTORIES: JUNE 7-10, 1980 EPISODE.
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FIGURE 29: ISENTROPIC TRAJECTORIES: OCTOBER 5-7, 1978 EPISODE.



63

for the upper portions of the state were similar to those

indicated previously.

F. JULY 13-16, 1980. In this final episode South

Florida experienced relatively low ozone concentrations

while the remainder of the state reported violations of the

standard. Figure 30 shows the ozone and lead concentrations

in Dade County for this time period. The lead concentration

appeared to decrease from July 14 to July 20, although

actual data are not available on the other days. The three

day running average for South Florida, Figure 31, shows the

ozone concentration reaching a maximum on July 15. The

Tampa Bay data shown in Figure 32 are very similar, The

readings in Tampa were higher and reached their maximum on

July 14. The Upper Florida data, Figure 33, continues this

trend toward higher values with higher latitudes. The con-

centration reaches a maximum on July 13, which is slightly

earlier than in the Tampa area.

This episode when considered along with the episodes

presented previously confirms Altshuller's findings that the

transport of ozone laden air across the Southeastern United

States is a frequent occurrence. In this episode it is

evident that the ozone concentration within the air mass

decreases as it moves south. Also the maxima generally

occur later indicating that the bulk of the ozone is asso-

ciated with the air mass and is not generated locally. The

shapes of the various curves are similar and the maxima
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become better defined as the air mass moves southward. This

is consistant with an air mass departing a varying source

and developing in organization as a function of time.

In this episode the maximum values decrease approxi-

mately 10 ppb per day as the air mass moves southward. This

same trend on a much smaller spatial scale is seen in the

South Florida data shown in Figure 31. Palm Beach has the

highest ozone readings followed by Broward County and then

Dade County.

Given the curves for the various locations along with

the trajectory analysis, it is possible to place some

approximate limits on the residence time of ozone in this

air mass. The residence time for a chemical species is

defined as the time necessary for the concentration of the

species to decrease to 1/e of its original concentration.

The residence time for a chemical species in the atmosphere

is a function of both removal rates by dry or wet scavenging

and the removal rate by chemical transformation or radio-

active decay to other species. In this case ozone would

most probably react to form oxygen. If one assumes that the

average of the low readings at a given location is a measure

of the locally generated background ozone, then the amount

which is transported with the air mass can be calculated

using the peak concentration values minus the background

concentrations. When this is done the resulting concentra-

tions can be related to a time scale through the trajectory

analysis. This results in a half life of 11 hours and a
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residence time of 16 hours. These figures decrease if the

annual geometric mean for each location is used instead of

the minimum. The half-life then becomes 7.5 hours and the

residence time is 11 hours. There is no way to estimate

whether this value is a maximum or minimum residence time

value. If all of the ozone in the air mass were generated at

its origin with no precursers remaining and no ozone

generated along the path, then the residence time calculated

would be much longer than the value given. If all the ozone

is local in origin, the calculation yields no information on

the residence time. Estimations made by Anderson (1979)

range from 80 hours for the half-life of ozone above the

nocturnal inversion layer to 4 hours for ozone below an

urban inversion layer. He also reports a rural half-life of

ozone below the inversion layer of 9 hours. These corres-

pond to residence times of 5.8 hours to 4.8 days. Thus the

residence time calculated above appears to correspond to

that for ozone which has been transported over long

distances above the inversion layer.
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IV. CONCLUSIONS

Ozone values in South Florida were observed to increase

above the National Ambient Air Quality Standard of 120 ppbv.

Several different theories could explain these elevated

levels. In the classical theory of ozone production, pre-

cursors emitted from predominately mobile sources react in

the presence of sunlight to form ozone. It was thought that

in South Florida the sea breeze effect would contribute to

this production. In this scenario the precursors would be

transported out over the ocean by the morning off shore

breeze, ozone would begin to form and the air mass would be

transported back on shore in the afternoon. The observed

data do not support this theory in all the cases presented.

The local lead production was low during most of the epi-

sodes, indicating a low production of precursors. Also, the

similarity of ozone concentration trends in South Florida

to other ares in Florida and the Southeastern United States

indicates the source of ozone is not totally local in

nature, although there is a local contribution.

Another possibility is the injection of stratospheric

ozone into the troposphere. While this possibility was not

completely ruled out, such intrusions appear to be rare at

thease latitudes, especially in late summer, and the

isentropic trajectories indicated a possible intrusion in

only one case. This intrusion occured over the Great Lakes

and would be expected to have little efect on South Florida.
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The last possibility considered, the long range tran-

sport of ozone within the lower troposphere, appears most

likely.

A summary of the six episodes analyzed in this thesis

is given in Table 2. In only one of these episodes was

Miami clearly responsible for the high ozone levels found

locally. In all of the other cases ozone appears to have

been generated farther north and then transported into

Florida. In one case Miami clearly eluded high ozone levels

due to the fact that the prevailing air mass over Miami came

from the Caribbean while the more normal transport pattern

existed over the remainder of the state. All of these

episodes show a common pattern of transport over the South-

eastern United States into Florida. In all of these cases

the upper and middle portions of the state experienced

elevated ozone concentrations due to this transport pattern.

The level to which ozone concentrations rise in the various

parts of the state appears to be largly a function of how

well this transport pattern becomes established and hence

the strength of the system.

While only six episodes have been presented, the occur-

rence of the stagnant high weather pattern, which is well

documented, suggests this transport pattern is quite common.

Thus local generation of ozone, which certainly occurs,

cannot be invoked to account for every violation of the

ozone standards as put forth by the Environmental Protection

Agency and the State of Florida.
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The consequences of this transport pattern is even more

far reaching. If ozone is transported southward from the

more northern states, then other chemical species must also

be transported in a similar manner. Thus much of the "acid

rain" occurring in South Florida may have a similar tran-

sport pattern. This suggests an inevitable spread of the

effects of acid rain into South Florida.
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Table 2.

Summary of Ozone Episodes

Episode Concentration Comments
Levels of

Lead Ozone

August Low High Similar pattern through-
19-21,1980 out the Southeastern U.S.

Ozone averages lower at
lower latitudes.

October Low High Similar pattern through-
16-18, 1978 out the Southeastern U.S.

Averages somewhat lower
at lower latidudes.

August Low Miami Similar pattern, but not

7-10, 1980 Low well established. Upper
Florida had high ozone
values.

June Low Miami Miami received clean mari-

1-10, 1980 Low time air. Upper Florida
had high ozone values.

October High High Miami experienced a

5-7, 1978 stagnation. Upper
Florida was similar
to above.

July Low High Distinct pattern of lower

13-16, 1980 ozone values with lower
latidude.
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