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Problem:

The nation needs prompt and accurate information on
whether important legislation regarding energy and the
environment, such as the 1991 CAA Amendments, are working
as intended.

Are beneficial aspects being achieved?

Are there unexpected negative consequences?

Was the estimated cost/benefit ratio accurate?

This analysis needs measurements, as most environmental legislative
actions are based on model predictions.
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Exampie:
Trends 1n sulfates in national parks, 1982 - 1996
Problen:

There have been increases 1n sulfates at eastern national
parks, 1982 - 1996.

However, there have been decreases in national SO,
emissions in the same period.

If this result is accurate, does it challenge the
linear roll back model used in the 1991 CAA
Amendments?

My answer:

The upward trend in sulfates 1s real, but reflect local SO,
increases rather than regional or national SO, patterns.
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n the 195(V's and 1960s with a significant increase in the
ale 1960's. Since ubout 1970, there s no significant
fecline except for 1983, Overall, the emission and haze
rends show certain correspondences, particularly in the
950°s and 1960’s, but they deviate somewhat since the
970's.

“he winter haze and emission trends for the southeast are
hown in Figures 24.36a and 24-36b. Winter emissions
ise moderately uniil the early 1970's, when a slight
ecline begins, The winter haziness also shows a moder-
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ate increase up io the eurly 1970's. The dip in winler
haziness around 1977 has no correspondence in the emis-
sion trends. The comparison of summer sulfur emissions
and haziness for the sowtheast is found i Figure 24-36b.
There is @ remarkable correspondence, increasing values
from the lule 1940's through the early 1970 followed by
a leveling off since then.

The staistical relationship between historical sulfur emis-
sions and extinction coefficient is further lustrated as a
scatterplot in Figure 24-37. Here, yearly emissions and
exiinclion coelticient are aggregrated over the entire East
(states cast of the Mississippty. In Figure 24-37, the cor-
respondence between yearly sulfur emissions and yearly
extinclion coefficient is fairly close. As noted previousty,
the relationship between extinciion coeflicient and sulfur
emissions depends on region and season. However, one
aspect that is the same for both regions and both seasons
is that 2 509 change in sulfur emissions from current
levels is statistically associated with about a 305 change
in light extinction.

in conclusion, these data show that trends in the seasonal
sulfur emissions provide a plausible explanution for the
observed seasonal trends of wimospheric extinction coeffi-
cient ever the eastern United States. However, such quali-
tative comparisons do not provide conclusive evidence of
a cause-clfect relationship. Also, the patiern of haze and
sulfur emissions for the northeast and southeast tend 10
deviute at times. The causes of such deviations may
include variabilities due to meteorology as well as poten-
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Layout of the IMPROVE modular aerosol monitor.

Each of the 4 filters are analyzed in the {ollowing way:

Mo

A B C D
sizes 0-2.5 um 0-2.5um 0-2.5um 0-2.5um
filter Teflon nylon quartz Teflon
area 2.2 cm?2 14 cm? 3.8 cm? 3.8 cm?
analysis mass IC thermal mass

absorption carbon
PIXE
PESA

Schematic of IMPROVE sampling system. System is highly redundant, with four
units sharing only clock to ensure on and off times are accurate.
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Spatial and seasonal trends in particle concentration
and optical extinction in the United States

William C. Malm

Nauonaj Pask Service, CIRA. Colorado State Umiveraty. Fort Calling

James F. Sisler and Dale Huffman
CIRA. Colorado State University, Fort Collins

Robert A. Eldred and Thomas A. Cahill
Crocker Nuclear Laboratory. University of California at Davis

Abstract. In the spring of 1988 an interagency consortium of Federal Land Managers
and the Environmental Protection Agency initiated a national visibility and aerosol
monitoring netwark 10 track spatial and temporal trends of visibility and visibility-
reducing particles. The menitoring network consists of 36 stations located mostly in the
western United States. The major visibility-reducing aerosol species, sulfates, nitrates,
organics, light-absorbing carbon, and wind-blown dust are monitored as well as light
scattzring and extinction. Sulfates and organics are responsibie for most of the
extinction at most tocations throughout the United States, while at sites in southern
California nitrates are dominant. In the eastern United States, sulfates contribute to
about two thirds of the extinction. In almost all cases, extinction and the major asrosol
iypes are highest in the summer and lowest during the winter months.
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TRENDS IN ELEMENTAL CONCENTRATIONS OF FINE
PARTICLES AT REMOTE SITES IN THE UNITED STATES
OF AMERICA

RoBERT A. ELDrED and TroMas A CaHiLL
Crocker Nuclear Ladoratory. University of Cuaiifornia, Dawis, CA 95616, US. A

Abstract—The University of California at Davis has been monnoring particulate concentrations in remote
sies throughout the United States of America since 197910 netwarks operated for the Nauonal Pack Service
and the Environmental Protection Ageacy. Twelve sites in remote class | visibility areas have almost
complete records from June 1982 to August 1992, seven in the southwest, three in the northwest, and two in
the cast. During this period, two sampies of fine particies {0-2.5 um) on Teflon filters were collected every
week and analysed for elemental concentration by Particle induced X-ray Emission { PIXE). This paper will
examine the histoncal trends for sulfur, zinc. lead, and the soil elements. Measurements during the past four
years have verified that the sulfur is present as sulfate. In the southwest, 0% of the sulfur trends in spring,
summer and fall decreased, while most of the winter trends increased. The annual trends decreased at six of
the seven sites. The ireads in the northwest increased slightly. The two castern sites had the most important
trends, with sigaihcant increases of aimost 4% per year in summer, | -3% increases in spring and fall, and
2% decreasay in winter, The annual increases were between 2 and J%. Generally there were no significant
trends for ziac and the soil elements. Lead at all sites decreased sharpiy theough 1986, corresponding to the
shift to unleaded gasoline, but has since leveled off 2t around 18% of the 1982 means. The most important
conclusion of this study is that through the use of stable sampling and anaiytical protocols, we have been

able 10 determunc statisticalty significant historical trends of as small as | -2%, per year for sites with (Q-year
records

Key woed index: Particuiate monitoring networks. sulfur treads, acrasol irends, National Parks, class [
visibelity aceas.
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Deteriorating air or improving measurements?
On interpreting concatenate time series

Warren H. White

Chermstry Depanment, Washington University, Saint Lows. Missourt

Abstract. Mcasurcments reported by Eldred and Cahill [1994] provide an extended record
of fine-particle sulfur concentrations at Shcnandoah National Park. Begun in 1982, the
measurements were upgraded in 1986 to improve time resoiution and again in 1988 1o
umprove sensitivity and particle size discrimination. Standard hypothesis rejection tests
indicate a statistically significant upward trend in measured concentrations from 1982 to
1992, However, similar tests also indicate statistically sigmificant differences between
measurements made by the different methods, even when the apparent trend is accounted for.
Does the trend in measured concentrations reflect increasing atmospheric concentrations, or
Is it an artifact of evolving measurement methods? This paper frames the question in
rudimentary Bayesian terms and shows that one's interpretation of the trend is sensitive to

one's prior confidence in the measurements.

Introduction

Shenandoah National Park is a scenic preserve in the Blue
Ridge Mountams of western Virginia. This area lies within the
core of a large region now covered by regular summertime
haze [Husar and #¥iisor. 1593]. Visitors to the park are
grested by signs advising them of current air quaiity {Framp-
ton, 1995}, and the sulfate actosol that iimits visibility has been
the subject of several studies [Ferman er al. 1981, Stevens et
al., 1984, Malm and Sisler, 1987, Gebhart er al., 1994).
Althou
Umted States are expected to decline as a result of the 1990
Clean Axr Act Amendmients [ifalm er gl 1994] several major
new coal-fired boilers are currently under development in the
vicimity of the park [Carr, 19951

Ambient particles have been routinely monitored at
Shenandoah since 1982, and the resulting data now form the
longest continuing record we have for the regional sulfate
acrosol [Alian and Mueller, 1993]. Figure | shows the 1982-
1992 summer average concentrations of fine-particle sulfur
[Eldred and Cakiill, 19941, The Shenandoah data exhibit an
upward trend that is supported bv measurements since 1584 at
Great Smoky Mountains, another national park in the southern
Appalachians. A nonparametric fit [Sen, 1968] to the Shenan-
deah data vields an average annual increase of 3.3%, which
compounds to 38% over the |0 vear record. Such a large
increase comes as something of a suprise [AfeDonald, 1994],
because estimated eastern U5, [Varional 4cid Precipitation
Assessment Program (NAPAP), 19911 and mid-Atlantic
(Figure 2) sulfur dioxide ermissions were flat duning this peried.
It 15 not supported by a recent comparison of data from the
1977-1978 Sulfur Regmonal Experiment and 1988-1989%
Eulenian Modei Evaluation Field Study [Shreffler and Barnes,
1996).

Copyright 1997 by the American Geophysical Union.

Paper number 97JDOC0O30.
0148-0227/97/97 ID-0003080%.00

aggregate sulfur diexide emissions over the eastern:

Figure 2 shows the two largest year-to-year shifis in con-
centration to have coincided with significant changes in the
method used to sample ambient pariicles (Table 1), The first
change occurred between 1985 and 1586, when the sampling
interval was reduced from 72 hours to 24 hours with the filters
masked to retain adequate areal loadings. The coincident con-
centration drop was not replicated i other southern
Appalachian measurement seres that might have been ex-
pected to track regional sulfate concentrations (Figure 33
summer average particle sulfur concentrations at Kingsten,
Termessee [Koutrakis er 2l 1983, G Allen and P. Koutrakis,
petsenal communicatton, 1593], surnmer median visual ranges
at Shenandoah [O'Leary, 1988}, summer precipitation-
weighted average sulfate concentrations in Shenandoah rain
[National Aimaspheric Deposition Program (NADP), 1993],
and annual average particulate matter (PM10) concentrations
at Roanoke, Virginia [ULS. Environmental Protection Agency
(USEPA), 1995, R.B. Husar, personai communicaton, 19951,
The second change ocourred between 1987 and 1988, when the
stacked filter untt was replaced by the IMPROVE sampler
[Cahill et al., 1990}. The sharp rize in sulfur concentrations is
not replicated m the Roanoke PM 10 data. the only overlapping
sentes in Figure 3,

The Shenandoah sulfitr trend 15 statistically significant at
the 5% two-sided ervor level [White, 1996]. Moreover, it is
based on data from a continuous measurement program, a
program administered and executed by a stzble team that
evaluates equivalence when introducing new methods and
maintains consistency as an explicit goal [Cahill er al., 1590,
1996]. As substantial and well-documented as the measured
increase 15, however, it is also “starthing™ and “a paradex”
IMeDonald, 1994], because 1t 15 as vet unexplained by known
emissions and meteorological trends. {t1s clearly remarkable
that 2ach of the year-to-year differences coinciding with the two
major sampling changes 1s larger than the cumulative 1932-
1992 1ncrease. In addition to the obvious iterpretation in
terms of unrecognized trends in emissions and/or climate, an
analyst might therefore wish to consider an alternative inter-

6813
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“able 1. Trends in SO, emissions from Kingston Steam Plant and measured sulfate at Great
ymoky Mountains National Park from 1985 to 1994. The values indicate the percentage per

lecade.
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summer fall winter spring
SO, emissions +26% +18% +6% -1%

measured sulfate +26% +20% 1% 6%




Southeastern Aerosol

and Visibility Study

To provide basic scientific information that will serve air
quality management in the eastern United States

Background/
Motivation

Microscopic atmospheric
paricles with diameter 1ess
than 2.5 mucrons {FM-2.5)
contribute to haze formation.
They may aiso play a role in
acute and chronic respiratory
disease; exposure to trace
substances {“air toxics™),
transter of poltutants to
aquifers, vegetation, and
sois; and climate moduiation.
The U.S. Envircnmental
Protection Agency is currently
reagsessing the existing
National Ambient Air Quality
Standard (NAAQS) for par-
ticulate matter (PM) and its
oolicies for regionat haze.
Thus a need exists for reli-
abie information about the
relationship Detween source
emissions and particle char-
acteristics and their potential
environmental consequences.

L

Southeastern Aerosot
and Visibility Study
{SEAVS} is a partnership

composed of electnc utitities,

National Park Service (NPS},
Eiactric Power Research
Imstitute (EPRD), universities,
and consuiting firms. 1ts pur-
pose s to il crucial gaps in
kncwiedge of atmospheric
iine particle characteristics
ard visibility under humic
conditions typical of the
southeastern United Statss.
The study will produce
instruments. data. and
simulfation methods that will
improve our apiity to predict
tne changes 0 airborne
particle characteristics and
N visioiity that result from
changes in emissicns

Preie couresy ot Susanne Herng

Tne Graat Smoky Mountains National Parx s the measurernert site chesen for the

Soumneastern Agrosol anc Visitilty Study

The Study

SEAVS's goais are o determing
the dynamics and composi-
non of suspended particles
(aercsols) in the southeasiern
United States and oroduce
tesied and reliable models 1o
simulate the formation of these
aergseis and their ophcal
propernes Over 2 2 4-year
pencd it will use the following
siegs o accompiish these
coals

Step 1

Develop rehabie insirumenia-
LGN [0 Mmeasure aerQsol
propertias. (compigted)

* TeChnoIOGISs SrevIously
used in ke southwestern
Umited Siales hava been
~eodifieg for apoucaion in
~umnd easiarn condilions

PR

Step 2
Conduct © weeks of synchro-

‘nized measuremeanis in the

Great Smceky Mountairs
Naticnal Parx. {set 10 begin
July 1995)

s Siold test the nstruments.

* Measure speciic creperties
of PM-2 5 — antn emphasis
aon tne contricuton of water
ang orgarics {carbch-con-
i2ring compoungds) o
aercsols. irace subsiance
conceniranons. and numan
perceptions af visioihity.

Step 3
Charactanzs as cuality and
tesr simuialor menods.

* Synihegize the chsarvatcns

! v aniriegraed
octure of tme composition
cfine arrosprenc asraso!



Summary of SEAVS Aerosol Results

Tom. Cahill, UC Davis

Results from the IMPROVE network
s Summer, 1995, was a typical summer

Average values for all major and most minor aerosol components
were within a few percent of average values, 1988-1994

Comparison, summer, 1995 (SEAVS) to previous summers:

Summer, 1995  All summers, 1988-1994

Fine Mass 20.8 + 10.6 21.4+10.2

Sulfate (from SO4) 8.5 + 6.0 8.5+ 4.0

Soil 1.25+2.0 1.23+2.5

Organic matter 4.0 +1.3 | 4.0 + 0.8
(from C)

¢ Variability in Time

Sulfates and soils had high variability during the summer,
organics and nitrates much less so

» Variability in Space

Periods of high sulfate concentration were concentrated into a
region no more than a few hundred miles across.

Peaks of high organic concentrations were much more regional
over the eastern US
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Fine Particles Dp < 2.5 microns

Great Smoky Mountains NP Study j

60
o
-E.. 40 |-
(7))
-
©
| -
1®))
@)
) 20 |-
E JIL
R

N w |

ﬂﬂMMMﬂﬂﬂimumi@m@ﬂMmjmma i

19

17 21 25 29 2 6 10 14

July - August, 1995




AMMUMNIUM DL AT
I .
coroentrations an oy s

anisyurs are Dased oan ¢gala shaan

~

8
Dergli Nationai Park Q.2 ]
Haiegkals Nat, Pork c.8 \ ;
virgin Islends NP 19

ORGANIC MASS FROM CARBON

Concentrations in Ju.g/rr\3
Contours qre bosed on dato shown.

05 .
« 2.0 "3 22 ) »%
/ 2.2
.2.0
14 ' 1.8
«Q.B « 0.8
A « 0.6
1.8 1 « 1.2 \
\ LR -
1 1.7
2 glg . 1.0 ) 1.7
1.9 e B.1,
258, 97 4.7
3.9 0.9 6.2
o : 05 10 33\ N
05 w {) i . - }I
3.5 08 0% 37
Bk 4.8 /
) *0.8 g -
«0.6 "
‘0.8
038 2.9
Denati Notiong! Park 0.4 e

FA



24

GRSMCOMB.WK4

Micrograms/m3

Thousands

15

10

Great Smoky Mtns/SEAVS Study

Fine Particulate Matter

Sulfur
Se x 2,000

N

ittt gt L Ll L N I WL Lty ity it ety L i b1l b Lt ddditllt

5 17 19 2

22 25 27 28 M 2 4 8 8 10 12 14 16 18 20 22 24
16 18 20

22 24 26 28 36 1 3 5 7 9@ 11 13 15 17 19 21 23
July - August, 1995

Page 1



< 0.6
«0.6 0.2 X
o5 N
0.4
« 0.1 « 0.1
s 0.1 « 0.3
0.3 . X
e 0.2 O. 0.2
A
Q.4 ‘90
0.4,
0.5
Y 0.7
0.6
Sulfur 0.6
_ 06X "
Denoli National Park 0
Hoieokoia Nol Pork 0.3
Virgin istonds NP 0.4
$0.12 f02]
014 .07
S0 }
0.07
*0.02 «0.04
55 obe | / e 0.56
0; . 0‘07 0-02 .0.10 ——
043X\ 011 )
0.22*
02 0.08 d: <5.11
& 0.44 0.20 T4 L0.1s
HDAB T /’;/ |
0.44 0.18 0.30
0.23°
- 0.2%
-0.20 |
‘0.28
Selenium 0,27

Dencii Matignal Paork Q.03
Haleakaola MNat. Park  0.07
virgin isiongs NP 0.21
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Comparison of Stacked Filter Units (1982-1987)
with IMPROVE cyclones (1988-present)

Great Smoky Mountains NP Study, Summer, 1995
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‘Great Smoky Mountains NP
Trajectory Analysis of SO2 from TVA Plants
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FIGURE: COMPARISON OF SO, TRAJECTORIES AND AMBIENT SULFATES

Comparison of SO, trajectories for TVA sources to great Smoky Mountains National Park, Summcx_’, 1995,
The bottom figure is preliminary sulfate data for the National Park Service’SEAVS for the same period.
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Trends Analysis of Sulfates and Nitrates

Page 3

Analyvsis:

A 1/r* weighted residence time analysis accurately ties
emissions to observed sulfate concentrations at Great Smoky
Mountains NP.

Reasoning:

Mean summer sulfate levels are dominated by the number of
high sulfate events that occur, not the median concentration.

High sulfate events occur in stagnation periods, when
source emissions are injected into limit volumes of air.

Summer stagnation periods are characterized by
low wind speeds and high temperatures,
maximizing SO, to sulfate conversion in local
areas.

Conclusion;

Therefore, weak, local sources are much more important than
strong, remote sources during high sulfate events.

Corollary:
If a utility such as TVA wishes to improve air quality at
Great Smoky Mountains NP, it should upgrade the old (and

mcreasingly ineffective ?) SO, scrubbers on the two nearest coal
fired power plants, Kingston and Bull Run.
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Trends Analysis of Sulfates and Nitrates
Page 4

Example:
Road kill on the PM, 5 highway?

Pittsburgh averages 21.5 ug/m* PM, s annual average fine
mass.

13 yg/m®. - upw:md. Sitey
The new PM, s FPM standard is 15 pg/m’.
Analysis:

Therefore,
a) Pittsburgh would have to reduce local emissions by 76%
to achieve the FPM standard,
b) Pittsburgh must do chemical speciation and CMB
analysis to distinguish its (controllable) sources from
regional background,

c¢) Pittsburgh can not de such planning without knowledge of
future levels of upwind FPM values.

33



