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SUMMARY

Request: NOAA quuests $5,400,000 and ten positions to conduct
research and monitoring in the atmosphexric aspects of the acid rain
issue. The first part of this request, $1,900,000 and two positioms,
has been approved and is in the FY82 budget. The request for additional.
support reflects the increased acid rain research and Federal leadership
roles mandated to NOAA by recent legislatfon, which was enacted after
NOAA's FY82 request. To meet these added responsibilities, NOAA re-
quests an additional $3,500,000 and eight positions in FYg83.

Acid Rain: High acidity precipitaticn is occurring in the north-
eastern United States and neighboring parts of Canada, as well as
numerous other U.S. and worldwide locations. In many of these regions,
lakes are found to be acidified and frequently to be devoid of fish.
Some of these areas are downwind of copious man-made emissions of com-
poundé that can form acids during their transport and dispe;sion. From
this, it has often been inferred that industrialization has caused the
acid rain "problem". Furthermore, there is mounting concern that the
fish kill may be only one facet of a problem whose deleterious effects
could extend to other natural plant and animal life, agriculture and
livestock, soils and minerals, structures, and public health. Such
concerns have often evoked arguments for immediate and extensive re-
strictions on man-made emissions of suspected acid precursors.

However, there are a growing number of observations that:are not
consistent with this man-caused/environment-damaged picture of acid
rain. Lake acidification can occur for reasons other than acid rain.
Furthermore, increasing trends in the emissions of suspected acid pre-
cursors have not always caused increased downwind acidity. There is
presently no definitive explanation for the acid precipitation observed
in remote, relatively non-industrial locatiomns. No changes in the

natural terrestrial ecosystem have been unequivocally attributed to acid
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rain. Simulated acid rain in controlled environments has produced
damage in some plants, but increased acidity has proven to be beneficial
to other plants. Such uncertainties have made it clear that any ratiomal
decisions about the necessity and nature of ameliorative and/or regu-
latory actions regarding acid rain must be preceded by a much better

understanding of its many complex facets.

Urgency: There are many reasons why a resolution of the acid rain
issue is urgently needed. If indeed man's activities are causing a
rapidly increasing rainfall acidity that is producing widespread,
gserious, and perhaps irreversible aquatic and terrestrial damage, then
to do nothing will lead to severe environmental consequences. On the
other hand, to reduce suspected acild precursor emissions drastically and
immediately is an extremely expensive, disruptive, and restrictive
imposition on the nation's industry, particularly at a time when eco-
nomie recovery is considered a high priority. It would be unwarranted
to Incur such a high cost without the need being quite certain. The
reality of the acid rain threat also influences the nation's energy
policy, since some of the alternatives to foreign oil could exacerbate
acid precipitation. The acid rain controversy has been elevated to an
international level by the possibility that a large fraction of the acid
materials deposited in Canada may originate from sources in the United

States.

Legislation: In view of the potential. seriousness of acid rain,
the economic consequences of possible ameliorative actions, and the lack
of key information required to make urgently needed rational decisions,
Congress recently passed new legislation, the "Acid Precipitation Act of
1980" (Title VII of the "Emergy Security Act of 1980", PL 96-294). This
Act calls for a comprehensive ten-year Federal acid rain research

program, which is summarized in the receﬁtly prepared National Acid

Precipitation Assessment Plan. The National Plan groups the acid rain

ii
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information needs into nine research categories -- natural sources, man-
made sources, atmospheric processes, deposition monitoring, aquatic
impacts, terrestrial impacts, materials impacts, control technologies,
and assessment and policy analysis =-- and assigns Federal responsi-
bilities in each category. ' _

The Act has mandated NOAA's stréng involvement in the acid rain
issue. NOAA is one of the three co-chairs®of the Interagency Task Force

on Acid Precipitation., The National Plan has identified NOAA research

responsibilities in three categories: natural sources, atmospheric
processes and deposition monitoring. In the first two categories, NOAA
has been assigned to serve as the lead agency and has responsibility for
overseeing and coordinating all Federal research activities in each of
these two categories. Lastly, in response to the Memorandum of Intent
gigned in 1980 by the United States and Canada, NOAA is also deeply
involved in many of the technical committees that are studying trans-—

border air pollution problems.

NOAA Research Plan: NOAA became active in acid rain research in
1972, when the WMO/EPA/NOAA acid deposition monitoring network began.
A year before the enactment of the "Acid Precipitation Act of 1980",

NOAA recognized acid rain as an emerging national issue and proposed

that its support be increased by $2,600,00 and five positions to expand

its acid rain research. Part of this request, $1,900,000 and two positionms,
was approved and is in the FY82 budget. However, since then the situa-
tion has changed markedly for NOAA. Acid rain has become a major
controversy, and the responding legislation has required that NOAA play a
considerably enlarged role in Federal acid rain research activities. 1In
response, NOAA proposes a new multi-organization* research program that

will meet the NOAA responsibilities identified in the National Plan.

The basis of the program is NOAA's demonstrated expertise in atmospheric

and oceanic research. The present proposal incorporates the original

* AL, AOML, ARL, PMEL, EDIS, OWRM. and CIRES

iii
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FY82 program and adds the complementary reseavrch, beginning in FY83,

that reflects the expanded role required of NOAA in the Nat;onal Plan.

Specifically, the part of the present program that will begin in
FY82 is essentially unchanged from that proposed prior to the National
Plan. When grouped by NOAA's research-category responsibilities, the

major components of that research are:

Natural Sources - survey measurements, predom-
(1/4$600K) inantly land-based sources
Atmospheric Processes - long-range trajectory studies

($600K)

= acid global-circulation
measurements

- aerosol and cloud chemistry

FY82 . measurements
Deposition Monitoring - global- and national-trend
and Specialized measurements
Measurements . . .
(1/$700K) - establish initial atmospheric

regearch sites

~ develop dry~-deposition
measurenment methods

This research, with its emphasis on evaluating land-based neutral
sources of acid precursors, transport processes, and deposition
measurements, will make an important contribution to the Federal acid rain

research effort. However, the Natiomal Flan specifies a much broader

NOAA effort. TFor example, NCAA has the major share of the responsibility
for assessing the role of natural sources, which implies a more-en-
compassing and intensive. effort, particularly the need to examine
potential aquatic sources. Furthermore, the FY82 research plans were made

prior to the National Plan's having assigned NOAA major research re-

sponsibilities in the important area of acid-forming transformations.
Hence, those original plang did not include major laboratory, field, and
modeling studies aimed at understanding these chemical processes. To

£ill these gaps, it is proposed that, in FY83, NOAA's support be increased

iv



.

1

ORI R

3

-

T

1

)

0y
b

(7

i
L

by $3,500,000 and eight positions for additional acid rain research that
has the following principal program components:

Natural Sources - regional and local source-'
(2/$1,300K) strength determinations,
including both terrestrial
and aquatilc sources

Atmospheric Processes laboratory chemical-trans-—

(3/$1,200K) formation measurements
FY83 - chenical-transformation
modeling
Deposition Monitoring - validative chemical-trans-
and Specialized formation measurements at
Measurements " atmospheric research sites
(3/$1,000K) - general field application

of dry deposition instruments.

Taken together, the above set of program components constitutes a
balanced, complementary, and comprehensive regearch program plan to
provide the acid rain information needs assigned to NOAA. As reflected
in the National Plan, NOAATS decade of experience in meteorology,

chemistry, and oceanography is considered a key part of the research
program needed to address the acid rain issue. The research proposed
and the resources requested herein will allow NOAA to meet its responsi-
bilities in this national effort. The results will impact -directly on
possible future regulatory actions, energy strategies, and foreign

policy.
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INTRODUCTION

Acid rain is one of today's most widely publicized environmental

controversies (e.g., see cover). The issue was raised by the discovery

in the 1950s that high-acidity rainfall was occurring in northern and
western Europe. Later it was recognized that a similar situation exists
in the northeastern United States and the neighboring parts of Canada,
and, in recent years, acid precipitation has been documented at numerous
other locations in the United States and around the world. There is now
growing conjecture that acid rain is due to man's activities and there
is mounting concern that this deposition of acid materials may have
severe environmental and economic consequences. However, the large
number of uncertainties that currently surround the acid rain phenomenon
preclude any rational decisions regarding the necessity and nature of
potentially expensive ameliorative and/or regulatory actions. In short,
there are unresocived fundamental questions:

* Do we have an acid rain problem?
* If so, how much of the problem is cauged by man?
* What can we do about it?

* How much time do we have?
The controversy raised by these questions has focused considerable

attention on acid rain -- its causes, processes, extent, and effects.

A, ACTD RAIN PHEﬁOMENON

The salient features of the formation and deposition of acid
materials are summarized schematically in Fig. 1. The process is initi-
ated by the injection of sulfur-, nitrogen-, and chlorine~containing

compounds into the atmosphere by a variety of man-made and natural
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Figure 1. A schematic representation of the atmospheric phase of

the acid rain phenomenon.

sources. The vast majority of these emitted compounds -- SO2 (sulfur

dioxide); NO and NO2 (nitric oxide and nitrogen dioxide, which are

denoted jointly as NOX); and HZS (hydrogen sulfide) -~ are not strong

acids. However, during thedir dispersal and transport by winds, these

precursors undergo complex chemical transformations with warious atmo-

spheric species to form materials containing three major acids: sul-

furie, H2804; nitric, HNOB; and hydrochloric, HCL. These acidic materials

are deposited on the_.ea.rth's surface via several mechanisms. The atmo-

spheric residence time between emission and deposition (i.e., the time

available for chemical transformation) may be hours or months, depending

on the nature of the socurce, the chemicals emitted, and the prevailing



meteorclogical conditions. In the latter case, the receptor area where
the acidic materials are deposited may be thousands of miles from the
source of the precursors of these materials.

The extent and complexity of the acid rain phenomenon are given in
more detail in Fig. 2. Many of man's activities are known to produce
large quantities of materials that can potentially form acidic mater-
ials. The burning of fossil fuels in the United States releases millions
of tons of 502 and NOx into the atmosphere each year. The largest U.S.
source of 802 emissions is coal-fired power plants; whereas, the man-—
made production of NOX is believed to be about equally divided between
such stationary sources and transportation. Detailed quantitative
estimates have been made not only of the magnitude of these emissions,
but also of their temporal trends and geographic distributions. Figure
3 shows the emission rates estimated for the last four decades and the
projected rates through the year 2000. Both 802 and NOx show increasing
emission rates up to the present. Although the amount of coal burned is
expected to increase in the future, the improved ability to capture
these materials at the socurce is expected to limit the emission-rate
incréases. This is not the case for NOX, the emissions of which are
projected to increase substantially in the coming years. Figure 4 gives

the estimated current emigsion~rate densities of the sum of S0, and NOx

2
for the continental United States. The heavily populated industrial
corridor from Illinois to New York accounts for a large fraction of
these materials.

A variety of natural emissions contain compounds that can be pre-

cursors of acidic materials. Some of these, such as wildfires and
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Figure 3. Trends in the national 802 and NOx emissions since 1940

(EPA, 1978a,b; DOE, 1980).

lightning, can add to the NOx burdgn. Furthermore, bioclegical activity
in soils, marshes, estuaries, and biologically productive areas of the
world's oceans, contribute a variety of sulfur compounds, ~- e.g., HZS
(hydrogen sulfide), COS (carbonyl sulfide), and (CH3)ZS (dimethyl sul-
fide) == that can be acid precursors. Several sources of chlorine-

containing compounds, like volcanic aerosols and oceanic CH,Cl (methyl

3
chloride}, are known. In addition, there are natural sources of alka-
line materials, such as windblown dust, that could tend to neutralize

the effects of acidic materials. In contrast to man-made emissions,
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emission density (EPA, 1980)

which tend to be localized and recognizable, natural emissions of acid
precursors and alkaline materials tend to be widely distributed and more
difficult to characteriza.

The altitude aé which the emissions are injected into the atmo-
sphere is suggested:to be a factor in their role in acid deposition.

Tall stacks have been used increasingly to avoid local deposition of the

emitted materials. However, the goal of wider dispersal is necessarily

accompanied by longer residence times and hence by potentially greater
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time available to chemically transform the SG, and NOX emissions into

2
acidic materials. Furthermore, with less loss of materials to the
ground in the immediate vicinity of the source, there is more airborne
material available for possible chemical transformation into acid com-
pounds.

Because the lower atmosphere is a dynamic, constantly varying
system, it is an exceedingly complex task to trace the movement of
pollutants from the point of their emission to the place where they are
deposited. There are, however, general patterns of air movement. Most
of the United States experiences prevailing winds from the west. This
prevalence is shown in Fig. 5, which traces some of the wost frequent
general storm—-track patterns. As the low-pressure centers move toward
the east, Gulf coast or Atlantic coast moisture is supplied to the
storm. Because of this moisture supply and the convergence of many
storm tracks across the eastern states, this region experiences rela-
tively high rainfall. Thus, the northeastern states and southeastern
Canada tend to receive rainfall from storms that typically have crossed
the high-emission pollution corridor shown in Fig. 4. These are the

storms that have the greatest potential for uptake of S0, and NOX

2
emissions and hence. the greatest potential for becoming acid laden.
During the transport period, the sulfur-, nitrogen-, and chlorine-
containing materials may be converted into acids by chemical reactions
with atmospheric species,,the conversion processes being referred to as
oxidation and the atmospheric. species responsible for the reaction being

the oxidants. The extent of acid formation in the atmosphere depends

not only on the concentrations of the precursor species, bhut also on the
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Figure 5., Frequent routes of storm centersr(DOE, 1980).

concentrations of the various oxidants -— like OH (hydroxyl) and HO2
(hydroperoxyl) radicals — whose sources are other chemical and photo-—
chemical processes invelving many differen; trace constituents. The
oxidizing processes include gas phase (homogeneous) and surface and
liquid phase (heterogeneous) reactions, the latter involving solid and
liquid aerosolé. Because most of these processes depend strongly on
concentrations, temperature, humidity, and solar radiation, the time of

conversion of the precursors to acidic materials varies greatly in

complicated ways.
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The processes that remove the acid materials are as varied as those
that can form them. Rainout begins with the condensation of cloud water
vapor on nuclei, many of which are believed to be sulfur-containing
particles. During the subsequent droplet growth, soluble gases are
absorbed, chemical changes occur, and the drop descends to the ground.
Washout may cccur as the drops sweep through the pollutant-laden air
beneath the cloud. Similar processes may involve snow, hail, or fog.
Furthermore, many of the acidic materials may be deposited on the
earth's gurface without precipitation occurring, i.e., dry deposition.
The rates of this less—obvious removal process are highly variable,
depending strongly on the nature of the surface, turbulence, and windspeed.

The most common past measure of the acid matexials being deposited
in a given area is the acidity of the rainfall occurring there. The
acidity of a solution such as rain is expressed in terms of its pH,
where a change of one pH unit is a factor—-of-ten change in acid con-
centration. Figure 6 shows the pH scale and gives several examples.
Distilled water is considered neutral at a pH of 7. "Pure” rain is
slightly acidic, pH = 5.6, due to the natural formation of carbonic acid
in the raindrop by the absorption of atmospheric 002 (carbon dioxide).
Carbonic acid is a ﬁeak imnocuocus acid that has been and will be present
in rain irrespective of other natural or man-—made inputs. Consequently,
acid rain is generaliy considered to be precipitation with pH values
less than 5.6.

Figure 7 shows that precipitation with pH < 5.6 is occurring in the

eastern United States and on the west coast. These data reflect the measure-

ments made by the WMO/EPA/NOAA network in 1974-1975. Unfortunately,
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there has been no single acid precipitation monitoring network that has

‘operated continuously .in the United States .over the past two decades.

Hence, it is not straightforward tc examine past'long-term trends.
Attempts to do so have to rely on a large amount of direct and indirect
past dinformation related to acid deposition. Figure 8, which is based
on one. such compilaﬁion, compares the egtimated pH contours for 1955-to
those twent} years later. This comparison has been widely cited as
evidence thét the acidity of rainfall in the northeast has increased
sharply over this period and that acid precipitation has spread westward

s

and southward.

10
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Figure 7. Precipitation-amount weighted mean pH at WMO/EPA/NOAA stations
for 1974-1975 (DOE, 1980).

Naturally, such reports have created the impetus to understand the
potential effects of acidification on the environment and have generated
concern that these effects could be deleterious. Most of the informa-
tion available at bresent ére the impacts of increased acidity on the
aquatic enviromment, particularly fresh water organisms. The increasing
acidity ofrlakes and the corresponding decrease in fish populations are
very well documented. Figure 9 shows an example of how a group of

Adirondack lakes have changed in twenty-five years. In fhe 1930s, only

11
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Figure 8. Deduced weighted annual average pH'of precipitation in the
eastern United States in 1955-1956 and 1975-1976 (after
Cogbill and Likens, 1974; Likens et al., 1979).

a few percent of these lakes had pH values less than 5.0 and had no
fish; whereas, in 1975, this acidic fish-barren fraction had risem to
about 50%. Laboratory studies have clearly shown that many species of
fish cannot reproduée in water whose pH is less than 5.0.

Deleterious, aé well as some beneficial, effects of acidification
on the terrestrial enviromment (e.g. vegetation, soils, structures, and

human. health) have been proposed, but are comsiderably less well docu-

12
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mented than aquatic effects. The potential terrestrial impacts are

varied, as. the following examples show. The damage to crops exposed in

13
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a controlled enviromment to simulated acid rain was observed for some
types of plants, but some other types registered positive results.
Elevated acidity in soil may cause a larger releaée of heavy metals to
plants, which could indirectly pose a threat to livestock, as well as
humans. High acidity rainfall promotes corrosion of metals and weathering

and cracking of limestone, potentially contributing to loss of structural

strength.

B. URGENCY

The results contained in the previous figures are representative of
those that have caused the current national concern about acid rain.
Namely, the bulk of the man-made emissions of the acid precursors are
from geographic areas (Fig. 4) over which many storms pass (Fig. 5) on
their way to precipitation regions where acid rainfall is observed (Fig.
7) and where high-acidity, fish-barren lakes are found (Fig. 9). It has
been frequently inferred from this that the Adirondack fish died as a
result of lake acidification caused by acid raim whose source was 802
and NOx emissions from the upwind industrial corrider. Furthermore,
man-made emissions of suspected acid precursors have increased in recent
decades (Fig. 3), just as there are indications that the acidity of
northeastern rainfall has increased over this period (Fig. 8). From
this, it has also ofpen been inferred that the United States has largely
created its (and perhaps some of Canada's) acid rain "problem", of which
the fish kill could énly be one facet, by the industrialization occurring
during recent decades. Furthermore, based on projected emissions, it is

feared that the situation will necessarily worsen, producing perhaps
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irreversible losses, in the years ahead as population and energy con-
sumption increase. This is the acid rain picture that is often dis-~
cussed as a possible "worst case" in the scientific literature. It is
also the picture that is frequently circulated widely by the media.
Lastly, it is the picture that has evoked arguments for immediate and
extensive restrictions on man-made emissions of suspected acid rain
precursors. A pivotal question is raised:

+ Is this man-caused/environment-damaged acid rain picture

correct?
There are many reasons why an answer to this question is urgently
needed:

Environmental. If indeed man's activities are causing a

rapidly increasing rainfall acidity that is producing
mounting widespread, serious, and irreversible aquatic
and terrestrial damage, then to do nothing will lead

to severe environmental consequences.

Economic. ©On the other hand, to reduce suspected acid
precurscor emissions drastically and immediately is an ex-
tremely expensive, disruptive, and restrictive imposition
to place on the nation's industry, particularly at a time
when economic recovery and growth is considered a high
national priority. To incur such a cost without its need

being very certain would be folly.

Energy. In order to reduce the United States' dependence
on foreign oil, alternative energy options are being con-
sidered. Accompanying many of these optioms, like in-
creased éoal ﬁsage, is the possible threat of increased
acid rain. The reality of that threat is crucial input

to major energy-policy decisions.
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International Relations. The possibility that the acid

materials deposited in Canada may originate from sources
in the United States, and vice versa, has elevated the
acid rain comntroversy to an international level. Har-
monious relations require that the uncertainties sur-
rounding this phenomenon be resolved and appropriate

action taken.
With the increased scrutiny given acid rain during the last year or so,
it has become evident that the understanding of this phenomenon is quite
far from being complete. Thus, despite its urgency, the above question

cannot at present be reliably answered.

C. TINFORMATION NEEDS

It is now recognized that any rational decisions about the
necessity and nature of ameliorative and/or regulatory actions regarding
acid rain must be preceded by a much better understanding of its many
complex facets: sources, transport, transformation, deposition, trends,
aquatic and terrestrial impacts, and economic consequences. In each of
these areas, there are many questions that need to be answered and many
conflicts between results that need to be resolved. The list is long,
too long to be summarized here. It should suffice to usé a few examples
to illustrate the types of information needs that exist in the various
sectors of the aciq rain issue.

++ Acid precipitation has been detected in extremely remote
regions of the world. What is the origin of this
acidity: local natural processes or unusually long-

range transport of man-made materials?
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Although prevailing circulation patterns are knowm,

detailed individual trajectories are imperfect. How

reliably can source location be linked to receptor area?

Present transport models account for the sulfur chem-
igtry with empirical relations, rather than reaction-
rate Information. How much does the crudeness of
these approximations impair the reliability of the

predictions?

Measurements have addressed primarily the acidity
of wet deposition. What is the magnitude of dry

deposition?

Long~term trends of precipitation acidity have been
based on data obtained using methods now considered
outmoded, gathered at different sites for different
time periods, and include varying amounts of wet and
dry deposition. How reliable are the trends (Fig. 8)

deduced from these early results?

While it is certain that the low pH of lakes prevents
many species of fish from reproducing, rainfall may not
be the only way that acids enter lakes. How important
are acid products from nearby natural terrestrial

sources?

It has not yet been possible to observe or measure
changes in the natural terrestrial ecosystem that

can unequivocally be attributed to acid precipitation.
How reliable is it to infer effects and deduce
magnitudes from the results of simulated acid

rain in controlled artificial ecosystems?

In agrouomy, the liming of farm land has been used
successfully to offset the effects of acidification
from fertilizers. How effective in the long-term

are the similar procedures being used on some lakes?

17



C_J

2

]

-

‘,
\

)

]

]

[
J

4

]

3

D. LEGISLATION

In view of the potentiai seriousness of the acid rain phenomencn,
the economic consequences of possible ameliorative actions, and the lack
of key information needed to make rational decisions, Congress recently"
passed new legislation, the "Acid Precipitation Act of 1980" (Title VII

of the "Energy Security Act of 1980", PL 56-294). The purposes of this

Act are:

"1. To identify the causes and sources of acid precipi-
tation;

2. To evaluate the environmental; sccial and economic
effects of acid precipitation; and

3. Based on the results of the research program
established by this subtitle and to the extent
consistent with existing law, to take actiom to
the extent necessary and practicable (A) to limit
or eliminate the identified sources of acid
precipitation, and (B) to remedy or otherwise
ameliorate the harmful effects which may result

from acid precipitation.”

- The Act calls for a comprehensive ten-year program of research and eval-

uation and for recommendations of remedial and ameliorative actions,
where required. In order that this program be a cdordinated ?ederal
research effort, the legislation establishes an Interagency Task Force
on Acid Precipitation, which has the mission of developing and imple-
menting a Nationai'Acid Precipitation Assessment Program. The Task

Force's recently ﬁrepared National Acid Precipitation Assessment Plan

is a description of the research program.

The National Plan analyzes the current understanding of the acid

rain phenomenon, identifies the information needed to fi1ll the gaps in
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our understanding of the phenomenon and its consequences, proposes the
research required to obtain that information, and outlines the manége—
ment and coordination necessary to utilize the understanding gained to

make recommendations for a rational course of action. The National Plan

incorporates the results of previous Federal planning and research
efforts. Furthermore, it calls for commuhication and cooperation with.
relevant non-~Federal (state and local governmental agencies, univer-
sities, industry, private cont;actors, and research institutions) and
international agencies or groups who are active in acid rain research.

The National Plan groups the needed acid rain information into nine

key research categories. For each category, three types of information
are presented. First, the research tasks are specified and assigned
priorities. Second, the agencles involved in the research category are
identified and their involvement subdivided into two levels: "parti-
cipating” —-- an agency with direct involvement and with major research
activities that are integral com#onents of the task, and "contributing'" --
an agency not directly involved but with activities that nevertheless
are significant contributions teo the task. Third, a lead agency is
designated and charged with the responsibility of overseeing-and facili-
tating program planning and coordinating the research activities with
the other Federal and non-Federal acid rain efforts. Table 1 summarizes

the nine research -categories and the agency involvements.

E. INTERNATIONAL AGREEMENTS
In responge to both United States and Canadian concern regarding

transborder air pollution, in general, and acid rain, in particular,
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Table 1. Summary of National Acid Precipitation Assessment Plan

Agencies®
Research Category Lead Participating ' Contributing
Natural Sources NOAA NOAA EPA, DOE, DOI, NASA
NSF, TVA
Man-Made Sources DOE ~ DOE, EPA TVA
Atmospheric Processes NOAA DOA, DOE, DOI, DOE, EPA, NOAA,
NOAA, TVA NSF, TVA
Deposition Monitoring DOT DOA, DOE, DOI, DOA, DOE, DOI,
NoAA, TVA . EPA, TVA
Aquatic Impacts EPA DOA, DOI, EPA, DOE, DQI, EPA,
TVA HHS, NSF, TVA
Terrestrial Impacts DOoA DOA, DOI, EPA, DOE, EPA, HHS,
: NSF, TVA NSF
Materials Impacts DOI DOE, DOI, EPA
Control Technologies EFA DOE, EPA TVA
Asgessment and Policy EPA . DOA, DOE, DOI, DOE, DOS, HHS,
Analysis EPA, NOAA NOAA, NASA, NSF

*The Appendix contains a list of acronyms.

both govermments signed a Memorandum of Intent in .August 1980. The Memorandum
notes that the two countries have get a high priority (a) for research

that will provide a scientific understanding of long-range transport of

air pollutants and resulting environmental effects and (b) for developing

and implementing policies and technologies to combat such effects.

F. NOAA RESEARCH PLAN
NOAA (Air Resources Laboratory, ERL) became active in acid rain research

in 1972, when, in cooperation with WMO and EPA, monthly precipitation
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sample collection and analysis was instituted at ten regional sites in
the contiguous United States to provide information on national acid-
precipitation trends. In addition, NOAA later provided support to
establish the first of several remote world-wide sites that, in coopera-
tion with local investigators, will furnish data on the possible global
spread of acid rain. Lastly, a vear before the enactment of the "Acid
Precipitation Act of 1980", NOAA recognized acid rain as an emerging
national issue and proposed that its FY82 annual budget be increased by
$2,640,000 and that its staff be augmented by five positions to support
expanded acid precipitation research. Part of this request, $1,900,000
and two positions, was approved and is in the FY82 budget.

However, since then, the situation has changed considerably for
NOAA. The acid rain issue has become one of the major environmental
controversies of the day and it impacts national energy strategy, as
well as foreign policy. In response to this issue, recently enacted
legislation has called for a Federal acid research program in which NOAA
is required to play prominent research and leadership roles.

Specifically, the NMational Acdid Precipitation Assessment Plan

stipulates that NOAA has acid rain regearch responsibilities in three of
the nine major categories listed in Table I1:

» . natural sources
" » atmospheric processes

+ deposition monitoring.
By being designated as a '"participating" agency in each category, NOAA
is required to conduct major research programs aimed at information

needs in these areas. Furthermore, the National Plan assigns NOAA to be
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the lead agency in the first two of these categories. The overseeing
and coordinating role implied by the lead-agency designation requires
that the level of NOAA's research involvement be such that the relevant
NOAA laboratories be fully abreast of the developments in each of these
research fields.

Along with these research responsibilities, NOAA is required to
take a leadership role in the Federal acid rain research program.
Namely, NOAA is to provide a Director of Research who will oversee all
Federal acid research planning and the implementation of a balanced,
coordinated program. To assist in the preparation of the mandated

National Acid Precipitation Assessment Plan, NOAA was called on to

provide members and an Executive Secretary of the Interagency Task Force

responsible for the National Plan's preparation. NOAA will also furmish

chairmen for the technical working groups for the two research cate-
gories for which it has been designated as lead agency (i.e., natural
sources and atmospheric processes) and will provide members of other

working groups. In addition to these National Plan leadership roles,

NOAA has provided .a chairman and members of the Coordination Committee
organized to fulfill the initial planning required by the Canada-United
States Memorandum of Intent regarding research aimed at understanding
transborder air pollution.

Therefore, in:response to the intensified acid rain issue and the
considerabiy enlaréed NOAA research role mandated by the ensuing legis-
lation, NOAA proposes a new multi-organization research program in-

volving four Environmental Research Laboratories,
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Aeronomy Laboratory
Atlantic Oceanographic and Meteorological. Laboratories
Air Resources Laboratory

Pacific Marine Environmental Laboratory,
as well as

Environmental Data and Information Service
Office of Weather Research and Modification

Cooperative Institute for Research in Envirommental Sciences
The basis of the program is a coordinated application of NOAA's demon-—
strated expertise in atmospheric and oceanic research. The objective is
to remedy the principal deficiencies in the current understanding of the
three acid precipitation research categories that are designated in the

National Acid Precipitation Assessment Plan as the areas in which NOAA's

responsibilities lie. The present proposal incorporates the original
FY82 program and adds the complementary research, beginning in FY83,

that reflects the expanded role required by NOAA in the Natiomal Plan.

Specifically, the part of the present program that will begin in
FY82 is essentially unchanged from the research proposed prior to the

National Plan. The FY82 Federal budget presently allocates $1,900,000

to the following major compoments of that research, which, when grouped

by NOAA's research-category responsibilities, are:
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Natural Sources - survey measurements, predom—
inantly land-based sources

Atmospheric Processes - ldng—range trajectory studies

- acid global-circulation
measurements

~ aerosol and cloud chemistry

Fy82 ‘ measurements
Deposition Monitoring - global~ and national-trend
and Specialized measurements
Measurements )

- establish initial atmospheric
research sites

- develop dry-deposition measure-
ment methods

While it is clear that these program compoments are certainly
within NOAA's present research respomsibilities, it is alsd clear that

the National Plan specifies a much broader NOAA effort in these cate~

14

gories, particularly the first two. TFor example, Table 1 shows that
Federal natural-source research is largely represented by NOAA alone.
This responsiﬁility implies a more-encompassing and intensive effort,
particularly the need to assess potential aquatic sources. Furthermore,
some of the principal uncertainties in the acid rain phenomenon are the
atmospheric chemical transformations that form the acidic materials.
Since NOAA's original FY82 acid rain research plans were made prior to

the National Plan's having assigned major responsibilities to NOAA in

this area, these FY32 plans did not include major laboratory, field, and
modeling studies aimed at understanding these chemical transformations.
At the present, hoéever, this would be a seriocus omission. To fill
these gaps, it is ;roposed that, in FY83, NOAA's annual budget be in~-
creased by $3,500,000 and that its staff be augmented by eight positions

for acid rain research with the following principal program components:
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Natural Sources

Atmospheric Processes
FY83

Deposition Monitoring
and Specialized
Measurements

Taken together, the above set of program components constitute a

regional and local source-
strength determinations,
including both terrestrial
and aquatic sources

laboratory chemical-trans-—
formation measurements

chemical-transformation
modeling '

validative chemfcal-trans-
formation measurements at
atmospheric research sites

general fileld application
of dry deposition instruments.

balanced, complementary, and comprehensive research program plan to

provide the acid rain information needs assigned to NOAA in the National

Plan. The details of these research tasks -= their objectives, pro-

cedures, time schedule, and resource requirements -— are given in the
gsections below. Although each program component is discussed separately,

it should be clear that they are, in fact, strongly interrelated parts,

all involving ﬁany similar research tools, methods, platforms, and

measurements by more than one Laboratory.

As reflected in the National Plan, NOAA's scientific expertise is

considered a key part of the research program needed to address the acid

rain issue. The research proposed and the resources requested herein

will allow NOAA to meet its responsibilities in this national effort.-

The results will impact directly on possible regulatory actions, energy

strategies, and foreign policy.
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OVERALL PROGRAM OBJECTIVES
In response to the pressing need to understand the acid precipi-
tation phenomenon and to fulfill the legislated obligations in this

regard, the NOAA research program has the following overall objectives:
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To develop instruments and techniques that have sufficient
sensitivity and versatility to make field measurements of
the ambient concentrations of acidic and relevant alka-
line materials, as well as their precursors and oxidants.

To conduct a coordinated program of measurements using
these and existing instruments and techniques at selected
geographic areas and under a range of environmental
conditicens to determine the production and trans-
formation rates, ambient concentrations, deposition
rateg, and long-term trends of chemical species that

are involved in acid deposition.

To identify and quantify natural sources of acidic and
alkaline materials, as well as their precursors, that
contribute to acid deposition and to obtain a global
budget. ‘

To perform laboratory studies of chemical reactions
that involve the acid materials, their precursors,
oxidants, and relevant alkaline chemicals and to de-
termine the reaction rates.

. To model acid-forming, acid-buffering, transport, and

deposition processes, using the above measurements
as input or .as wvalidation, with the goal of predict-
ing the severity of acid deposition.

To participate in and coordinate with other inter-
national, national, state, or private research
programs on acid precipitation, when appropriate,
in order to expedite scientific understanding of
the problem and recommendations, if necessary, for
a proper course of ameliorative action.
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PROGRAM COMPONENTS
Described here are the specific tasks that will be done to ac-—
complish the above proposed research objectives. Although grouped here

by the research categories of the National Plan in which NOAA's re~

sponsibilities lie (i.e., natural sources, atmospheric processes, and
deposition monitoring) these tasks involve atmospheric field measure-
ments, laboratory measurements, and theoretical modeling, all of which
form an interrelated and mutually supportive set, as indicated schematic-
cally in Fig. 10. All of these tasks are in the set assigned the highest

priority in the National Plam.

Each of the research-category sections below are subdivided into

scientific background, objectives, research strategy, and program plan.

MODELING

Provides
Recommendations
for Atmospheric

Measurementis

Provide
Reaction Rate
Data

Provide
Atmaspheric
easurements for Input
and Validation

Provides
Recommendations
for Kinetic
Studies

Develop Methods
of Preparation
of Chemical Species

and Cafibration

ATMOSPHERIC
MEASUREMENTS

LABORATORY
MEASUREMENTS

Develop
Sensitive
Detactors

Figure 10. The interrelated components of the acid rain research program.
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A.  NATURAL SOURCES

While studies have concentrated on man-made sources of acid pre-
cipitation for good reasons, there is wvery little information available
on natural sources. Yet an assessment of the relative importance of
natural and man-made sources is a key step in essentially all pollution
problems, since the target of regulatory actions can obvicusly only be

the latter. The National Plan agsigns considerable responsibility to

NOAA in the assessment of the role of natural sources: first,as the lead
agency and secondly, utilizing NOAA's field-measurement experience and
abilities as a key part of the Federal acid rain effort in this research
category (Table 1).

Scientific Background

Several natural sources of acid precursors have been suggested.
The terrestrial and marine biosphere is thought to be a very significant
source of sulfur compounds. These biogenic emissions are probably much
larger than non-biogenic sulfur sources like volcanos and thermal
springs (Cullis and Hirschler, 1980). The natural sources of nitrogen
compounds that could contribute to .acid precipitation have been much
more difficult to identify and characterize. Lightning is one of the
few natural sources of NOx that has been estimated (Dawson, 1980; Hill
et al., 1980). Ammonia may contribute to acid precipitation in compli-
cated ways: as an alkaline agent that may increase the pH of rainfall
(Likens et al., 197?) or, via atmospheric reactions, it may form NOX
{(McConnell, 1973), thch can lead to a decrease in pH. Most ammonia
‘sources are thought to be of natural origin, primarily the decay and

decomposition of organic matter. Natural chlorine sources include
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volcanic gases and CH3Cl (methyl chloride), the latter from presumed
oceanic sources (Singh et al., 1977).

Numerous global budgets have been estimated for sulfur compounds
(Cullis and Hirschler, 1980). Most place natural emissions larger than
man-made; however, the reverse can be true in polluted areas of the
eastern United States (Galloway and Whelpdale, 1980). The uncertainties
in global budgets could be as large as factors of two to four. The
nitrogen and chlorine budgets are even more difficult to assess. Even
though their emissions are weak, natural sources are significant in
budgets because they are often distributed across large areas. However,-
the low concentrations imply that the examination of these sources
cannot generally be carried out using the standard, commercially avail-
able instruments that are routinely used to monitor the considerably
stronger industrial and/or urban emissions near their sources. Con-—
sequently, the research that is required to locate and characterize many
of the natural sources of acid rain will primarily entail the design,
construction, and deployment of new high-sensitivity instruments and
techniques directed toward identification and quantification at selected

locatdions.

1. Oceans

Objective: To identify and quantify natural acid rain

precursors produced in the oceans.

Research Etrategy: Measure the flux direction and mag-

nitude of the significant acid-related gases from
biologically distinct classes of marine areas, whose
regional distribution can be estimated. The flux from
each class and the regional distribution of the classes

will yield an estimate of the flux distribution.
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Program Plan

The flux of a given gpecies will be determined using the stagnant
film boundary model (Broecker and Peng, 1974), which relates the flux
to the known diffusivity and the concentrations of the species in the
surface mixed layer and the air abowve the surface. Internal checks
can be made on the derived flux by comparing it to in situ production
rates estimated using standard thermocline models and subsurface
measurements. To adequately assess these mixing and transfer processes,
the density structure of the surface and the near-surface ocean will
be defined via continuous-recording salinity-and-temperature depth
sensors.

The target species are the reduced sulfur compounds (e.g., CHBSH,
CH3SCH3, CHBSZCHS’ C0S, etc.), low molecular weight halogenated com—
pounds (eg., CH3C1) and the odd-nitrogen species (e.g., NOX). Gas
collection, preconcentration, sorbtion, and stripping techniques will
be used in conjunction with gas chromatography, mass spectroscopy, and
chemiluminescence (Zafiriou and McFarland, 1980) to identify the acid-
related materials and to measure the concentrations required.

To define the biological activity that accompanies the flﬁx de-
termination, measurements will be carried om plant chlorophylls,
nutrients, and the inorganic-to—organic carbon rates, as well as
estimations of the fixation of inorganic sulfur and subsequent release
of organic. sulfur %ompounds by marine organisms. It is these para-
meters that Will bé used in developing simple correlations between
fluxes and classes of biological activity,.from which regional and

global budgets can be estimated. . The field measurements will be sup-

plemented with culture studies to ascertain whether the gases are of
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bacterial origin or arise primarily from the activities of phyto-
plankton.

The regions to be studied are those characterized by high bio-
logical productivity. Representative large—scale areas include the
Peruvian upwelling, tropical divergences, seasonal coastal upwellings,
and the high-latitude productive areas of all oceans. The first such
study will be the cruise of the NOAA RESEARCHER near the Yucatan
Peninsula in the spring of 1982, which will be a multidisciplinary
investigation of sulfur chemistry in the marine boundary layer.

The oceanic obsgervationg will be made from NOAA Class I or II re-
search ships, frequently in coordination with other NCAA programs.
These instrumented vessels can furnish all of the required support
meteorological and hydrographic data and can provide‘laboratory and
deck space and quarters for up to 25 scientists. The fact that these ships
have been used extensively in the performance of both climate and
environmental marine programs indicates their suitability for a large-—

scale research program such as that outlined above.

2. Land

Objective: To identify and gquantify the emission rates,
geographical distribution, and temporal variations of

sources of acid-related materials on land.

Research Strategy; Catggorize.the significance of the
nUmerous possible natural sources of acid precursors and
related alkaline materials from reliable earlier studies
or new survey measurements .of local concentrations of
the relevant specles. For the most significant sources,
egtablish the flux magnitudes from measurements of the

atmospheric gradient of the species or by mew flux-sens-
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ing instrumentation. With estimates of the occurrence
of the source types and the flux measurements from each

type, emission distributions will be obtained.

" Program Plan

The first step of the proposed research plan is an inventory of the
suspected likely natural sources of materials that could contribute to
acid precipitation, with an emphasis on the estimated strength, geo-
graphical distribution, emitted compounds, and the likelihood that
these compounds are transformed into acid or alkaline materials. The
inventory will build on the previous sulfur estimates, of which there
are many. The nitrogen and chlorine estimates will necessarily be
crude, since much less is known regarding these natural sources.

Based on the likely importance revealed by the inventory, survey
field measurements will be made at appropriate locationg within the
United States with existing instruments and techniques, or those de-
veloped for that purpese. The ambient concentrations will be an indica-
tion of the potential significance of each type of soufce. Chamber
methods (Aneja et al., 1979) and bagging techniques (Holdren et al.,
1979) can provide accompanying rough estimates of the flux. Further-
more, the dry-deposition instruments discussed in Sec. C-3 below can
also yield flux information.

Where justified, eddy-correlation (Lenschow et al., 1980) and gradi-
ent (Priestly, 19595 techniques can also be used to obtain impfoved
values of the flux‘érom-the‘source area. The former method requires
very fast,response.instruments (e.g., < 0.1 sec, typically an optical

response time), which will pose challenges for many of the species
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sought. The gradient method relates the altitude profile of the
species to concurrent eddy-diffusivity (momentum-transfer) data. Both
methods can involve aircraft or tower instrumentation.

In addition to those molecules listed in Sec. 1 above, potential
acid-related compounds examined will include aerosols and dust particles
(Mamane énd Pueschel, 1980) and ammonia. Likely areas where measure-
ments will be made include marshes and swamps, high-wind erosion
regions, biologically active farmland, geological emission sites, and
spontaneously ignited coal seams. Information about the emissions
from semi-random events, such as lightning, forest fires, or volcanic
activity, will depend on likely cccurrence during longer—term measure-
ment programs with broad aims, such as the research sites discussed in

Sec. C-2 below.
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B. ATMOSPHERIC PROCESSES

As noted 1n the National Plamn, the processes whereby the acid

materials are formed during transport are one of the major areas of
uncertainty in the acid precipitation phenomenon. Yet it is clear that
without an understanding of these transport and chemical-transformation
processes no quantitatively reliable source/receptor, emission/deposi-
tion model could be constructed. A proper assessment of the acid rain
problem requires such models.

Because of their complexity, a detailed understanding of the trans-
port and acid-forming processes entails a research effort that is beyond
the resources of a single agency. Nevertheless, NOAA's expertise in
this research field is the basis for potentially major contributions to
the understaﬁding of this important part of the acid rain phenomenon, as
indicated by NOAA being selected as the lead agency for this research

category in the National Plan (Table 1). The program components

discussed below build on that proficiency.

1. Transport

Seientific Background

The lower atmosphere is a constantly changing system, as winds,
storm motion, and temperature cycles demonstrate. Conseqﬁently, it is
an exceedingly difficult task to accurately simulate the path of pol-
lutants from their ﬁoints of injection to the region of their deposition
by a2 storm sysfem tﬂat,may have develeoped over several days. Major
simplifications in the structure of the atmosphere must presently be
made if trajectory models are to be manageable. These sgimplificaticons

often include rudimentary treatment of features like wind shear,
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turbulence, convection, thermal layering, and boundary conditions

_(Fahien, 1980). Thus, the goal of trajectory model improvements is to

replace these simplifications with progressively more accurate repre—
sentations.

Objective: To improve the prediction of the tramsport and

dispersion of conserved substances by air motions.

Research Strategy: Test the model improvements by comparing

the predictions to field measurements of released tracers.

Program Plan

The existing trajectory model (Heffter, 1980) will be augmented in
two ways. The first is to utilize a broader-input meteorological data
base., More wind data for the United States and Canada will be routinely
acquired. The second is to improve the present treatment within the
model of air movements over irregular terrain (such as in the vicinity
of mountains and coastal areas) and to add wvertical spreading as one of
the dispersive mechanisms of air pollutants.

Tracer releases will test the improved model's reliability at the
1000 km range. In recent years, several suitable tracers have been
developed and the present tests may be conducted with tracers released
for other applications. It will be necessary to conduct tracer tests
under a variety of weather conditions,'seasons, and release heights.
While this field wo;k will provide validation, the improvement of the
trajectory model is the main output of the research task. The transport
prediction'capébiliéy will provide support for other phases of the
problem, such as locating likely upwind sources of observed anomalously

high concentrations of chemicals.
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2. Global Circulation Measurements

Scientific Background

Acid precipitation is now beinpg obgerved in areas that are far from
industrialized regions (Miller and Yoshinaga, 1981). It is important to
the understanding of the global aspects of the acid rain issue (e.g.,
the political implications) to determine whether this acidity is due to
unsuspected local natural sources or due to very. long-range transport
from the distant industrial areas. The basis for inquiry along these
lines is a set of remote—area measurements that are free from obvious
local large natural sources (like volcanos) and that are made over a
sufficient time to identify changes that could arise from seasonal
circulation patterns. When coupled with improved long-range transport
model predictions (Sec. B-1 above), these data can make a major con-
tribution to understanding the global dispersion of acidic materials.

Objective: To obtain data on the composition of precipitation
in remote areas, determine the characteristics of the acidity
or alkalinity at the sites, and infer the processes that con-

trol the observed composition.

Research Strategy: Establish -sites in remote-areas of the

world, measure the precipitation composition with on-site
and continental-based laboratory analyses), and establish

trends and sources.

Research Plan:

In 1979, NOAA provided support to the University of Virginia to
establish initial éooperative remote sites for precipitation chemistry
measurements throughout the world (Galloway et al., 1981). The site

selection criteria are:
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(1) technically qualified personnel

(2) mno local pollutant sources

(3) at least 100 km from industrial areas
(4) meteorological instruments available
(5) rapid access to a postal system

(6) precipitation of 250 cm/yr.
Seven sites have been established: Amsterdam Island, Alaska, Argentina,
Australia (2), Bermuda, and Venezuela. Additional sites are planned at
South Africa, India (2), Chile, Brazil, Mexico, and Peru. In additiom
to precipitation collection, aerosol measurements will be dome in order
to confirm the initial indications that sulfuric acid. from particles is
a major contributor. After preliminary measurements on site, the
samples will be returned to the University of Virginia for analysis,
where network-accepted procedures are used. Particular emphasis will be
placéd on the prevention of sample alteration during transit. If acid
precipitation occurs in these remote areas, as the preliminary results
indeed indicate, the potential sources of thege materials will be
examined using trajectory models and by inferences drawn from the
chemical composition of the precipitatiom.

3. Chemical Modeling

Scientific Background

In the assessment of the acid rain phenomenon and in considering a
possible course of action, models are a basic tool, since they are the
major means.ofAestaplishing source/receptor relations and examining in
advance the effectslof new sources of pollution. Current acid rain
transport/photochemical models can only be regarded as preliminary since

they involve very tentative assumptions and major chemical simplifications
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(Ferguson and Machta, 1981)., Most of these models use highly parameter-
ized representations of the transformations and depositions of SO2 and
304= {sulfate). TFurthermore, all but a few of the existing models have
neglected NOX sources, transformations, and depositions. Without a
better representation of such mechanisms, models cannot provide an
insight into how thg complex, interrelated acid rain phenomenon func-
tions as a whole.

Objective: To introduce detailed chemical transformations
into acid raln transport, dispersion, and deposition models

to better understand the acid rain‘phenomenon.

Research Strategy: Introduce and verify clean tropospheric

chemistry through model calculations and measurements.
Expand this to include photochemical pollutants at the

regional level.

Research Plan

The first stage of the model development will be primarily the
inclusion of gas phase, clean-air photochemistry into the transport and
dispersion models described in Sec. B-1 above. Clean-air concentrations
of NOX, HNO3, SOz, 03, CO {carbon monoxide), CH4 (methane), and nonmeth-
ane hydrocarbons will be specified in the models. The concentrations of
radicals, (e.g., OH and H02) and other reactive species, such as Hzo2
(hydrogen peroxide) and CH20 (formaldehyde), will be calculated (e.g.,
Liu, 1977; Liu et al., 1980). The treatment of the nonmethane hydrocarbon
chemistry will.follpw the "lumped mechanism" of Hecht et al. (1974).
Laboratory kinetic ;tudies, described in Sec. B-4 below, will provide
input information for reactive processes. At this stage of development,
heterogeneous processes will be represented by simple parameterized
linear removal of the soluble gases like HZO

HN03, and HZSO The

2?2 4°
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model calculations will be tested critically at selected atmospheric

research sites, described in Sec. C-2 below, where simultaneous measurements

of the critical specles will be made and compared to predictions.

The second stage of the model development will be the addition of
an aerosol chemistry for clean~air conditions. The physical processes
and mathematical forﬁulation of Turco et al. (1979) will be adopted.
Precipitation scavenging and dry deposition of aerosols will be para-
meterized using information fyom the studies described in Sec. B-5
below. This model will also undergo field tests for validation. At
this stage, the model can be used to examine the relation between
sources of the acid precursors and resulting acid precipitation in clean
continental regions.

In the last stage, pollution sources will be introduced at the
regional level. The changes required in the model's homogeneous chem-
istry should be minor, but the heterogeneous reactions may need major
modifications. By the time that this stage is developed, the laboratory
studies of Sec. B~4 can provide considerable assistance in identifying
and quantifying the important heterogeneous processes to be incorpofated.
Critical field measurements will be designed to test the validity of the
model calculations. Continuous optimization of the computer code and
the calculational me£hods will be carried out. The finished code
should be extremelﬁ useful for investigating a wide variety of regiomal
acid rain phenomen;; e.g., source/receptor relationships, the effects of
nonmethane hydrocarbon emissions on acid deposition, and the effects of
projected increases ;n NOx emissions. Only through such in-depth model
calculations and fileld and laboratory measurements can the complex

transformations and depositions of acid materials be evaluated.
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4, Laboratory Chemistry

Scientific Background

The complex chemistry whereby natural and man-made nitrogen,
sulfur, and chlorine compounds are converted to acidic materials is one
of the major areas of .uncertainty in the acid rain phenomenon. The
rates at which the emitted compounds are converted to acids will be a
factor in determining the distance from the source that the acids will
appear in the atmosphere. A rigorous analysis of this problem would
require accounting for every chemical species and chemical reaction that
occurs in the atmosphere, but, fortunately, the problem can be reduced
to a managable number of oxidants that presently appear to dominate
atmospheric chemistry and hence figure strongly in acid formation.
These include the molecules like OH (hydroxyl radical), RO2 (peroxy
radicals, where R represents a hydrogen atom or some organic radical),
and 03 (ozone) (Demerjian et al., 1974).

The present understanding of even the major reactions that involve

these oxidants and that lead to acid formation is wvery pcor. Similarly,

‘the reactions that form these oxidants and the reactions that compete

with acid formation are not well known. The following examples are
indicative. The mechanism by which SOz.is converted to sulfuric acid is
not known beyond an assumed first step (Calvert et al., 1978). Atmo-
spheric observationg of the temporal behavior of NO3 radicals (nitrogen
trioxide), a very iﬁportant‘member of the nitrogen oxide family, cannot
be explained With oér,present knowledge of NO3 chemistry (Noxon et al.,
1980). Although it is known that enormous amounts of natural and man-

made hydrocarbons are oxidized in the atmosphere, virtually nothing is
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known of the details,. such as how these processes affect the balance of

the OH, RO,, and 03 species. Lastly, in addition to these homogeneous

93
processes, gag-particle, gas-droplet, and particle-droplet processes are
frequently proposed as reaction pathways that could form acid materials,
and reliable quantitative information on these heterogeneous processes
is essentially nonexistent.

To understand the chemical transformations imn the acid rain phe-
nomenon, three types of laboratory kinetics measurements are required:
(1) studies of the reactions that control the production and loss of the
dominant reactants, (2) studies of the reactions that are responsible
for the transformation of the original sulfur, nitrogen, and chlorine
compounds to acids, and (3) studies of the heterogeneous processes that
are responsible for the removal of acid molecules by aerosols, water

drops, etc.

Objective: To determine the rates and products of the
reactions affecting acid-related sulfur, nitrogen, and
chlorine compounds under appropriate atmospheric con-

ditions.

Research Strategy: Identify the key reaction pathways

‘that involve the acid precursors and the major oxidants
and use existing and newly devised techniques for

measuring their rates and products.

" Program Plan

A study of thé_atmospheric reactions of NO3 will be initiated.
This work will be directed toward identifying possible new loss mech-
anisms for NO,. A part of this study will be to measure the reactivity

3

of NO3 with hydrocarbons.
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The oxidation of NH3 (ammonia) will be investigated. Although the
first step, the reaction with OH is well known, the subsequent fate of
the NHZ radical produced is not well established. "Ammonia is unusual
because it has the potential to both neutralize‘acid‘species in solid
and liquid particles and to form nitrogen oxides and ultimately nitric
acid. The large known soutrces of NH3 require that its role be cléarly
understood.

The reactive properties of other molecules, particularly the
reduced sulfur compounds -- CSZ’ cos, HZS’ etc. — will be studied. In
each case, measurements will be made to determine the rates and products
of the key oxidation steps.

In the longer term, the heterogeneous loss of HNO3 and sto4 on
the surfaces of atmospheriec particles and water drops will be examined.
The rates of these processes probably depend on temperature, pH, and
particle size, all of which will be varied in these studies. The
needed information is the fraction of the collisions with the surface of
the particle that result in the loss of the acid molecules.

In all of thesge .studies, sensitive detectors for a variety of
molecules are required, many of which already have been developed: laser
magnetic resonance for OH (Howard and Evenson, 1974) and H02 (Howard,
1977) and tunable diode laser for HNO3 FP. S. Connell é£d C. J. Howard,
to be publishéd, 1981).. Other detectors will be developed as needed and

will draw on this experience.
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5. Aerosol and Cloud Processes

Scientific Background

The injection, formation, and traansport qf acid-related aerosols
constitutes an important part of the acidic cyecle in the atmosphere.
The aerosols are not only important in the initial formation of the
cloud, but they may be scavenged by droplets within the cloud (rainout)
or below the cloud during the precipitation process (washout). There-
fore, both the physical and chemical properties of the aeroscl are
important.

The processes cccurring within the cloud are varied and complex.
Typically, water vapor in the atmosphere is continually condensing,
evaporating, and recondensing. Large volumes of air pass through the
cloud stage this way and, if the air is pollutant-laden, the droplet
size and acidity can be greatly altered. Thus, droplet acidity depends
sensitively on the cloud processes, in addition to the gas-phase pol-
Jutant concentrations.

It is extremely difficult to quantify such processes via measure-
ments and most models account for these processes only in a highly
parameterized way. Even this type of accounting lacks experimental
verification.

Objectives: To obtain correlations between (a) aerosol size,
composition, and origin and (b) cloud water acidity to
determine useful relations for predicting the acidity

of rainfall.

Research Strategy: Perform airborne measurements of

aerosols and cloud water acidity in widely different

environments and at various distances downwind from
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sources. Use the correlations from these observa-
tions to classify cloudwater or rainfall acidity

by aerosol source, composition, and residence time.

Program Plan:

Aerosols and cloud-water acidity will be measured throughout the
boundary layer in the vicinity (up to 100 km) upwind and downwind of
locales of interest, including both man-made and natural aerosol emis-
sions. Important man-made aerosol sources to be examined will include
cities, power plants, smelters, refineries and surface mining opera-
tions, (e.g., Pueschel and Van Valin, 1978; Parungo et al., 1980).
Natural sources of aerosols to be examined will be volcanos, wind-
erosion dust, and sea salt.

Aerosol sizes and composition will be determined by microchemical
spot techniques (Mamane and dePena, 1978), scanning electron microscopy
and x-ray energy dispersive analysis (Parungo et al., 1978). Earlier
studies (Barrett et al., 1979) have shown consistent correlations
between drop size and the origin of the nucleating aerosol.

Cloud-water will be sampled with special collectors designed for
that express purpose and the samples will be analyzed for pH and com-
position. Measurements made at various altitudes in the cloud will
provide some insight into cloud processes as they relate to acidity.

Aerosol measurement below the cloud will indicate the potential for
the increase of aciﬁity by washout. Surface precipitation will ac-
company these airbo;ne measurements, where feagible. Likely locatious
for such coordinated air-surface studies will be the atmospheric re-
search sites discussed in Sec. C-2 below. Correlations and classifi-

cations between the aerosol, cloud-water acidity, and precipitation
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acidity measurements are highly likely to yield practical relatioms that
can be incorporated into acid deposition models.

The measurements described above will also be used as surveys. For
example, the natural aerosol "background" in remote areas will be
studied. The aerosol characteristics will provide information aboﬁt
possible sources of acidity in these areas. These studies will utilize
the results of separate characterization of source emissions. For
example, as has been demonstrated with the measurements associated with
the Mount St. Hélens eruption (R. F. Pueschel, private communication,
1980) that large amounts of ejected material need not imply a potenti-
ally large contribution of acid precursors. The eruptions that were

studied produced very little sulfate— and nitrate—containing material.
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C. DEPOSITION MONITORING AND SPECIALIZED MEASUREMENTS

Although there are séveral precipitation~chemistry measurement
stations and networks in operation new, there has been no one network
that has operaﬁed continucusly over the past two decades (DOE, 1980).
Several precipitation collection and research networks have been started,
only to be later terminated. Frequently, funding was not adequate or
sufficiently long-term that instrument and technique reliability could
be fully tested and cross—compared with others under the same condi-
tions. The changing degree of support for acid-rain rese;rch esgenti-
ally precluded the establishment of semi-permanent mpnitoring or re-
search sites that could bring a variety of techniques to bear on all
parameters of the problem.

With the benefit of hindsight and by recognizing clearly the im—
portance of an assessment of the acid rain problem, the commitment

implied in the National Plan rectifies the situation by establishing a

"trends network' and by initiating a broad-based field-measurement
program to gain a fundamental set of acid-related data. A three-tiered
measurement structure was established. TFirst, a Global Trends Network
will involve a worldwide grid of remotely placed sites whose aim is to

provide information on clean "background" levels and/or the influence of

- intercontinental transport patterns. Secondly, a National Trends Net-

work will involve rélatively remote sites that can examine long-term
trends in acid;precipitation in the United States. Lastly, a Research
Support Network will be made up of special-study sites whose aim is to

examine particular research problems related to locale, processes, etc.
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This important and enormous monitoring/research effort, being
coordinated..by the Department of the Interior as the lead agency,
involves the research conducted by several agencies, as shown in Table
1. NOAA's experience in monitoring and field research is recognized by

the National Plan as an important resource in this endeavor. In addition

to the global remote—area sites described in Sec. B-2, the present
research plan has three program components designed to utilize NOAA's

expertise and to fulfill NOAA's part of the National Plan in this regard.

1. National Precipitation Acidity Monitoring

Scientific Background

Since 1972, NOAA has collaborated with the World Meteorological
Organization and the Environmental Protection Agency in maintaining a
set of ten regional sites within the contiguous United States at which
precipitation samples are collected. The locations are not near urban
or industrial areas. Sample retrieval is weekly. The proximity of
National Weather Service instruments provides supporting weather records.
The chemical analyses of the samples are performed at the Illinols State

Water Survey laboratories (Stensland, 1980). Under the National Flan,

these monitoring sites will contribute to the National Trends Network
and hence are intended for long-term (2 10 years) future operation.

Their existing data sets and the experience gained over the past eight

 years at these sites will make them valuable members of that network.

Objective: To’ obtain precipitation chemistry data at
" ‘relatively remote continental United States sites to

determine national precipitation acidity trends.
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Research Strategy: Upgrade the existing regional sites,

hoth in;qualipy and in number.

Program Plan

All of the existing sites and procedures will be reviewad to check
their consistency with the protocols of the National Trends Network, as
these become availlable. The location of several new sites will focus on
regions of high current interest, such as those likely to be influenced
in the future by urban and energy-production growth. Contracts will be

let for site operation and sample analyses.

2. Atmospheric'Research Sites

Scientific Background

In previous acid rain studies, there was seldom a coordinated set
of meteorological, atmospheric-chemistry, and precipitation measurements
made simultaneously at one site for extended periods. Without such
information, it is impossible to interpret the complex interplay between
acid precipitation sources, transport, transformations, and depositions.
These data are the key to understanding the acid rain phenomenon in
detail.

The National Plan specifies the need for a variety of such de-

tailed, coordinated research efforts aimed at specific and special
problems of gelected urban areas, local events like volcanic eruptiouns,
sites near new types of industrial processes such as the retorting of
oil shale;-and'locafions where special studies are being conducted on

acid deposition. effects.. The research at such sites will be aimed at

" 'specific acid rain.problems, which is an approach that is different from

that of the larger-in-number and more-simply instrumented monitoring sites.

48



]

-

]

7

;o] 3

—

-

—

]
J

—

)

Objective: To provide a detailed understanding of the acid

formation and deposition mechanisms.

Research Strategy: Establish two or three semi-permanent

sites characteristic of continental reglons. Furnish these
sites with the complement of instruments needed to examine
the major parameters in acid formation and deposition.
Use the results to formulate and test models of these

processes.

Program Plan

A major part of the NOAA program's acid-related atmospheric processes
research will derive from orchestrated measurements made at specially
selected and instrumented sites in the United States. The site selection
will be based on three criteria:

(1) the representativeness of the meteorological, geo-
graphical, and acid precipitation region or the
appropriateness to address a specific local problem,

(2) the availability of detailed meteorological support

available,
(3) the proximity of existing NOAA facilities, if

appropriate.

The regional location of these sites will utilize several guides.
For example, the Environmental Protection Agency has categorized regions
of the continental United States by the consumption of fuel by sta-
tionary installations and by transportation (EPA, 1978b). Rainfall
activity can also bé divided into regions. (ESSA, 1968). These divi-
sions, as wéll-as géographical.differences, show the utility of a few
gites whosermeasurements could be representative of the regional acid

precipitation patterns.
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The initial measurements that are congidered to be essential to the
migsion of a regional site are severalfold. The key data set to be
acquired involves real-time pH, conductivity, and on-site major-iom
analyses of the precipitation collected. Complementing these will be a
determination of the physical and chemical properties of the collected
aerosols. A necessary supplement to the initial acid-related measure-
ments will be meteorological support measurements (e.g., the NOAA PROFS
network). These data will range from simple wind-parameter, temperature,
and humidity measurements to solar radiation and vertical sounding (and
perhaps radar observations) of weather patterns. As the sophistication
and completeness of the assembled instrumentation increases, the infor-
mation gained from these sites will be the fundamental input and wvali-
dation of regional acid precipitation models.

The short~-term atmospheric research sites will be focused on par-
ticular acid rain problems. The instrumentation will reflect the nature
of the specified task. One of the immediate experiments will test the
present understanding of the gas-phase relations between precursors and
acids, like NOX and HNOB. Special events, like snowfalls, will be
examined for relations between gas—phase and aerosol-phase acid-concen-
tration changes and the acidity in the collected snow.

New instrument development will be a key feature of both the
regional and special-purpose research.sites. The initial emphasis will
be on near real—timg detectors for gas-phase acid materials, like HNO3 and
H2804, and ﬁajor oxidants,.like OH. After laboratory development, these
sites will field-certify the instrument. Proven techniques will augment

other sites' capabilities to measure the increasing number of acid rain
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parameters required to test the more and more sophisticated model
predictions that will be part of the natural evolution of the national

acid precipitation assessment effort.

3. Dry Deposition

Scientific Background

Until recently, wet deposition was considered to be the main
mechanism whereby acid materials are deposited on the earth's surface.
However, regional modeling studies and mass~balance calculations (Gar-
land, 1978) have indicated that dry deposition of acid materials is
probably of equal importance to wet deposition. Dry deposition of SO2
has been studied in some detail (e.g., Whelpdale and Shaw, 1974). The
parameter that is needed for model studies is the deposition velocity.
Measured values range from 0.04 to 7.5 cm/sec with typical values being
0.1 to 2 cm/sec. Some of the variability may be differences between
experimental techniques, but the data are probably reliable enough to
indicate that the deposition wvelocity depends rather strongly on the
nature of the surface. The deposition velocities of acid materials are
unknown, largely due to the difficulty in detecting these materials in
the gas phase.

Several approaches have aimed at the routine collection of dry écid
deposition with buckets, plates; etc; All of these techniques may
suffer from seriouséunknown flaws, and it is generally thought that
there is presently no reliable way of accurately monitoring dry dep-
osition of acid materials. This represents a major gap in the assess-

ment of the acid deposition issue.
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Objective: To develop reliable methods and detectors for
measuring the dry deposition of acid materials and apply

these to fleld measurements.

Research Strategy: With existing and newly developed de-

tectors for acid materials, explore eddy-~flux devices

and gradient methods for determining dry deposition rates.

Several methods and devices for quantifying dry deposition rates
will be explored. The first of these will be based on a method that has
been used previously to measure vertical fluxes of carbon dioxide (Des-
jardins, 1972). Adir samples for upward and downward moving air parcels
are separately passed through different filters. The confents of the
stored samples can be measured and related to the turbulent deposition
rate. The same device can also be used to measure the evolution of
acidic or alkaline materials from the earth's surface. This technique
can be supplemented by other eddy-correlation, as well as gradient,
methods (see Sec. A-2). Each method will be employed under a variety of
surface and weather conditions to parameterize the deposition rates.

The eddy-correlation method requires a fast reéponse detector for
acidic materials (see Sec. A-2), which will have to be developed. The
other methods mentioned above permit a slower respounse detector, and
this will be the initial thrust of the investigation. For nitriec acid,
the filter—qollector scheme (Huebert and Lazrus, 1979) provides a sufficiently
sensitive detector. Other detection methods will be explored not only
fof nitric acid, but also sulfuric acid.

The iﬁitial field tests of the dry deposition instrumentation are
likely to be at the atmospheric research sites described in See., C-2
above. .'A long-term goal is to develop the instrument for routine moni-

tdring of dry deposition.
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PROGRAM SCHEDULE

PROJECT TASK FY82 FY83 FY34
NATURAL SUT.'VEY Measurements S —
SOURCES
Land
Oceans, East
West
ATMOSPHERIC Transport o
PROCESSES
Global Circulation X
Measurements
Chemical Modeling
Clean—~air processes . :
Polluted—air processes
Laboratory Chemistry
Chemical Reactions e—
Aerosol and Cloud Processes jeesesessesses .
DEPOSTITION National Trends Network e—— S—
MONITORING
AND : Atmospheric Research Sites
SPECIALIZED
MEASUREMENTS

Establish Site 1

; Site 2

Site 3
Dry Deposition
Deveiopment

Field Application
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APPENDIX

List of Acronyms

Aeronomy Laboratory

Atlantic Oceanographic and Meteorological Laboratories

Air Resources Laboratory

Cooperative Institute for Research in Environmental Sciences

Department of Agriculture

Departmént of Energy

Department of Interiox

Department of State

Environmental Data and Information Service
Environmental Protection Agency

Environmentél Research Laboratories

Department of Health and Human Services
National Aeronautics and Space Administration
National Oceanic and Atmospheric Administration
National Science Foundation

Office of Weather Research and Modification
Pacific Marine Environmental Laboratory
Prototype Regiecnal Observing and Forecasting Service
Tennessee Valley Authority

World Mefeorological Organization
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