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ABSTRACT
From 30 May to September 1994, ambient ozone was continuously
monitored with an active sampler (Thermo Electron Model 49 UV-photometric
ozone monitor at the Mt. Equinox Site (549 m) for the sixth consecutive year.
Ozone concentrations between late May and early September reached or
exceeded 80 parts per billion (ppb (Green Line Screening Value) for a total of
hours 37 hours in 1993), and 50 ppb (probable threshold for

plants for a total of 493 hours (446 hours in 1993). Ozone concentrations for
a single day were highest in June with peak concentrations reaching 86.0 ppb

13 June , and again on 4 August, when ambient ozone reached a mean
hourly concentration of 81.3 ppb. In addition to the ozone monitor at the Mt.
Equinox site, ozone was monitored in the Lye Brook Wilderness Area at
Prospect Rock (634 m), and at an EPA Environmental Monitoring Site 729 m) at
nearby Kelly Stand Both of these locations, as well as the Mt. Equinox site,
were monitored for a six-week period between 5 July and 16 August 1994
using passive filter-type ozone samplers (Ogawa & Co. for one-week exposure
periods. Compared to results from 1993, agreement of mean 7-day ozone
oncentrations between passive samplers and the active ozone monitor was

very good.



INTRODUCTION

In 1964 the U.S Congress established the National Wilderness
Preservation system, setting aside wilderness areas in the United States. As a
result of the 1977 amendments to the Clean Air Act. the largest wilderness
areas, established prior to 1977, were designated as Class I areas. The intent
of these amendments was to prevent significant deterioration of air quality in
these areas (1 ederal land managers of Class I areas are thus required to
assess air quality and the effects of air pollution on a wilderness area. Their
findings are used to make decisions about new pollution-emitting facilities near
Class areas.

Tropospheric ozone has become the most pervasive phytotoxic air
pollutant in wilderness areas in the northeastern United States (2,3). Most of
he surface level ozone occurring in New England enters the region from
metropolitan New York and southward via long-range transport (4,5). Ozone
concentrations are normally higher in rural and forested areas, and at higher
elevations, particularly in connection with episodes of high temperatures
(5,6,7,8).

A number of native plant species respond to ambient ozone by
producing typical symptoms of foliar injury, usually a pigmented stipple, with
or without chlorosis (9,10, ,12,13,14). This makes it possible to use certain
ozone-sensitive plants as bioindicators of ambient ozone (3,12,14,15,16).

In June of 1989, we began to monitor ambient ozone in an open field on
a slope of Mt. Equinox, near the Lye Brook Wilderness Area in the Green
Mountain National Forest in southern Vermont. Open-top chambers were also

used to screen plants for ozone sensitivity and to assess the effects of ozone
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on selected trees, woody shrubs, and herbaceous plants. Reports of these
results for the years 1989-1993 are on file and should be consulted for
further detail. Vegetation survey reports from 1988-1993 by J. O’Brien (USFS
Durham, NH) are also available.

Our objectives in 1994 were similar to previous years and included (i)
continued monitoring of ambient ozone at Mt. Equinox with an ozone monitor
and (ii) evaluation of a new passive ozone sampler in relation to the active
ozone monitor,

METHODS

Ozone monitor

As in previous years, ambient ozone was continuously monitored with a
Thermo Electron 49 ozone monitor, located in an air-conditioned building
maintained at 20-28 °C (EPA range 20-30 °C in an open field (549 m) on a
slope of Mt. Equinox. The site lies approximately 1 km west of the Lye Brook
Wilderness Area across the valley of the Batten Kill River in southwestern
Vermont. The University of Massachusetts laboratory standard ozone monitor
(Dasibi 1008 UV-photometric ozone analyzer), calibrated by the Massachusetts
Department of Environmental Protection, was used for calibration of the
transfer standard ozone monitor, also a Dasibi 1008 monitor, and the on-site
monitor. The transfer standard ozone monitor was in turn used for all
subsequent audits of the on-site monitor. Full audits were conducted when the
on-site monitor was installed and weekly thereafter for a period of four
weeks. Partial audits were then performed twice monthly for the remainder of
the summer until 1 September, when a full exiting audit was done and the site

shut down for the monitoring season.
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Passive samplers

Passive ozone samplers are a relatively new monitoring technology. They
represent a simple, inexpensive method of cumulative ozone monitoring suitable
for remote Wilderness Areas.

During the six-week period between July 5-August 16, 1994, a total of
thirty plastic, cylindrical Ogawa passive ozone samplers were exposed to
ambient ozone using five samplers at each weekly interval. All samplers were
housed in waterproof plastic rain shelters to prevent moisture from
contaminating their filters and hung three meters above ground, the
height at which the active monitor samples ambient ozone. Each week, one
sampler was co-located with the active ozone monitor at the Mt. Equinox Site,
one sampler was placed at an exposed rock outcrop at Prospect Rock (634 m)
in the Lye Brook Wilderness Area, and one sampler was located at an
environmental monitoring site 729 m) centered in a circular hilltop clearing
approximately four hectares in size, near Kelly Stand in the Town of
Sunderland, Vermont, approximately 12.5 km southeast of the Mt. Equinox site
The filters were collected weekly and placed in airtight vials, the period of
exposure in ambient conditions recorded, and replaced by new filters.

The passive samplers in this study utilized two nitrite-coated filters
inside a small plastic cylinder. When exposed to ambient ozone, nitrite is
oxidized to nitrate. Exposed filters were removed from the sampler housing
and the filter nitrate was extracted and analyzed by ion chromatography to
determine cumulative nitrate concentration for a known exposure period (P.
Koutrakis, Harvard School of Public Health, personal communication).

Cumulative ozone concentration for the same period can then be determined.
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RESULTS

Ozone _monitor

All average hourly ozone concentrations for the period 30 May to 1
September are included in the Appendix of this report. Summary data for
ambient ozone concentrations that reached or exceeded 50 parts per billion
(ppb) (probable threshold for sensitive plants) and 80 ppb (Green Line
Screening Value) are provided in Table 1.

Table 1: Summary of ambient ozone monitoring at Mt. Equinox, Vermont, 1994
Hours at high ozone concentrations and percent of monthly total

Months Dayvs Hours >80 ppb* % =50 ppb** %

May 1.6 39 0 0 32 82.0
June 30 720 2 0.3 224 31.1
July 31 741%** 0 0 145 19.6
August 31 744 1 0.1 92 12.4
Sept. 0.7 16 0 0 0 0
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* Green Line Screening Value
**x probable threshold for sensitive plants
%% periodic power outages: 3 hours lost in July

Ozone concentrations reached or exceeded 80 ppb for a total of 3 hours
in 1994. Peak mean hourly concentrations were 86.0 ppb on 13 June, 80.9 on 26
June, and 81.3 on 4 August. The most sustained periods of elevated ozone
concentrations occurred in June. Ozone concentrations reached or exceeded 50
ppb for a total of 494 hours, with June accounting for 224 of the total The
months of June and July combined accounted for 75 percent of the total hours
exceeding 50 ppb. Mean hourly ambient ozone concentrations for 1994 are
compared with those from 1989-1993 in summary fashion in Table 2. Unusually

hot, dry weather in 1993 makes comparisons difficult for that season (see

Figure 1 in Appendix).
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Table 2:
1989-1994

Summary of ambient ozone monitoring at Mt. Equinox Site, Vermont,

A v vt A L A - A A T —— A A Lt o A AL B YA e e AV WA MR e AL S Sam S et e e YA it WA M Tt A e Sa W AvT AY A e e A fate S hbae AR e~

1989
Total no. of hours and % of total

Month 280 ppb* % 250 ppb** %

June 5 1.5 38 11.3

July 9 1.2 143 19.2

August 0 0 83 11.2
1991

Total no. of hours and % of total

Month 280 ppb* % 250 ppb** %

June 57 1.0 184 31.8
July 32 4.3 228 30.6
August 29 3.8 202 27.2

1993
Total no. of hours and % of total

Month 280 ppb* % =50 ppb** %

June 20 2.8 141 19.6
July 6 0.8 100 13.6
25.2

August 11 1.5 187

Green Line Screening Value

probable threshold for sensitive plants

1990
Total no. of hours and % of total
280 ppb % 250 ppb %
13 2.2 194 33.7
17 2.3 170 22.8
7 0.9 82 11.0
1992
Total no. of hours and % of total
280 ppb % 250 ppb %
41 5.7 257 35.9
0 262 15.4
2 1.8 165 25.2
1994
Total no. of hours and % of total
280 ppb % 250 ppb %
2 0.3 224 31.1
0 0 145 19.6

1 0.1 92 12.4

Ozone concentrations were generally low in 1989 and 1990, increasing

greatly in 1991, and perhaps due to climatic conditions, cumulative elevated

concentrations 280 ppb have decreased annually from 1992 to 994. Total hours

at concentrations of 80 ppb and above were less in 1994 than in any of the

previous five years of ozone monitoring in southern Vermont (Figure 2 in

Appendix). However, total hours between 50 and 80 ppb were the third highest

in 1994, following 1992 and 1991, respectively.
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Passive samplers

Agreement between 7-day mean ozone concentrations determined from the
active ozone monitor and results from the passive samplers was generally very
good Active monitor to passive sampler ratios ranged only between 0.8 and 4
while the mean ratio for the six-week period was 1.1 ‘able 3). This
represents a significant improvement over the 1993 results testing passive
samplers at five sites where ratios ranged from 1.7 to 8.2 over a ten-week
period, with the mean ratio equaling 4.0 (see 1993 ozone monitoring report
Table 3: Mean 7-day ozone concentrations as determined by passive ozone

samplers (Ogawa Assoc.) and an active monitor (Teco 49 ozone
monitor)

Mean weekly ozone concentrations (ppb)*

Date O3 monitor sampler #1 sampler #2** sampler #3*** Monitor/sampler ratios

7/5-7/12 42.2 34.1 30.6 33.0 1.2 14 1.3
7/12-7/19 44.2 32.1 30.8 33.2 4 1.4 1.3
7/19-7/26 32.5 39.9 36.3 38.9 0.8 09 0.8
7/26-8/2 29.1 26.7 27.6 34.7 1.1 1.1 0.8
8/2-8/9  36.8 33.0 34.5 36.3 1.1 1.1 1.0
8/9-8/16 32.5 28.2 27.8 30.4 1.2 1.2

* Ozone concentrations for the Teco 49 monitor are the average total
exposure divided by the sampling period (1 week=168 hours) Teco 49
monitor and the first passive sampler co-located at Mt. Equinox,VT (549 m)
Sampler located at Prospect Rock, Lye Brook Wilderness (634 m),
approximately 11 kilometers to the east of the active monitor site at Mt
Equinox

Sampler located at EPA environmental monitoring site, Kelly Stand Road
(729 m), approximately 12.5 kilometers to the southeast of the active
monitor site at Mt. Equinox
Table 4 gives the passive sampler difference from the active monitor on
a percent basis. Passive samplers varied from the active monitor in 994

between +23 and -30 percent.
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Table 4: Percent difference comparison of active monitor-passive sampler mean
7-day ozone concentrations, Green Mountain National Forest and
Mt. Equinox, Vermont

Sampling period sampler 1  sampler 2 sampler 3

7/5-7/12 -19.2 -27.5 -21.8
7/12-7/19 -27.4 ~30.3 -24.9
7/19-7/26 +22.8 +12.8 +19.7
7/26-8/2 -8.6 -5.5 +18.7
8/2-8/9 -10.1 -6.0 -1.1
8/9-8/16 -13.2 -14.5 -6.3

Differences between passive sampler values and the active monitor were
consistent for ‘ive of the six weeks sampled (Figure 3 in Appendix). Passive
sampler ozone concentrations for weeks and 2 were about 10 ppb lower than
the active monitor, week was slightly higher and weeks 4 through 6 were
only slightly lower. Passive samplers at the three sites were generally in
agreement for each of the six -day exposure periods with the exception of
the sampler at the EPA site , which showed a slightly elevated value in the
fourth week.

DISCUSSION

As in previous years, the period of highest mean hourly ozone
concentrations occurred in the month of June. Ozone as a surface level
photochemical pollutant in southwestern Vermont appears to show a seasonal
rend whereby elevated concentrations can be expected in June, followed by
higher concentrations again in August. This year saw fewer total hours
exceeding the Green Line Screening Value than all other years in the period
between 1989-1994. However, compared to the five previous seasons of ozone
monitoring in southern Vermont, concentrations exceeding 50 ppb for sustained
periods were more common than in 1989, 1990, and 1993 Foliar effects of ozone

on native vegetation were not studied sytematically in 1994 as in previous
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years, so conclusions can not be drawn concerning possible wide-spread
effects on native plant species in the region for 1994. Ozone injury on red-

fruited elderberry (Sambucus pubens) and prickly lettuce Lactuca scariola)

were noted along the road leading to Prospect Rock.

Using a new passive sampler, agreement with the ozone monitor was
significantly improved from results of 1992 and 1993. Results from passive
samplers exposed to ambient ozone were relatively good compared to actual
ozone concentrations as determined by the active monitor. If the results prove
to be consistent with further testing, these devices may be of great value for
environmental monitoring at increased sampling intensities and reduced cost.
Simple. reliable sampling devices for ozone and other atmospheric pollutants
such as sulfur dioxide and nitrogen compounds would be particularly useful
for application in remote sites and difficult terrain, such as the mountainous
areas of the northeastern United States. Continued evaluation of passive
samplers used for monitoring ozone should be done in conjunction with the
active monitoring program

PLANS FOR 1995

Depending upon available funding, the following activities are planned
for 995:

) continuation of active monitoring (ozone monitor of ozone at Mt. Equinox

ii) continued evaluation of passive ozone samplers, using increased numbers
and locations in the southern Green Mountain region, Vermont

iii) surveys of vegetation near the active monitor and the passive samplers

will also be conducted.
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Mt. Equinox, VT Mean Hourly Ambient Ozone Levels for 1994

DATE JUL 25 |JUL 26 [JUL 27 |JUL 28 [JUL29 |[JUL 30 [JUL31 | AUG1 [AUG2 [ AUG3 [ AUG4 | AUGS5 | AUG 6 | AUG 7
HOUR o| 196| 184 21.2] 1569] 11.8| 160 243 206| 114 311 4689| 651| 164 | 154
1| 318] 192] 195| 180| 122| 177 | 288| 172| 104 | 284| 444| 623| 167 | 158
2| 198| 182 196 162| 175| 146| 295| 153| 107| 268| 328| 588| 155[ 1586
3| 146| 174| 202| 256 161| 128| 30.8| 153| 11.4| 295| 336| 569 172 167
4| 149 265| 19.0[ 36.0]| 129| 11.2| 283 151 11.3]| 289| 263| 568 173 152
5| 181 260| 168 372 94| 114| 197 132| 89| 298| 358| 504] 16.1] 158
6| 156 274| 138| 356| 126| =21.2| 258| 188] 111 474 438 441 72| 161
7| 168| 263| 153 34.0| 149 202| 249] 292| 163| 528| 479 337| 189 | 144
8| 257| 264| 177| 281 | 16.8| 378 309 352| 207| 498 s57.7| 294 204 258
9| 280| 353| 180| 203 203| 342 329| 380| 242 51.7| B03| 165 215 283
10| 298| 388| 184| 19.2| 266 | 31.9| 320] 424 27.7| 541 | 658| 124]| 242[ 283
11| 326| 389| 198]| 207| 287| 316| 305| 461 81.0| s57| 70.2| 128 255| 277
12| 343| 442| 206| 230| 29.9| 324| 303]| 477| 314| 570] 709 145| 259 280.
13| 852| 400| 230 250| 31.2| 340| 304| 459| 367| 588| 68.0] 162| 265| 276
14| 383 382| 244| 208| 30.9| 355| 314 453| 699 | 6H1.9]| 715| 192] 258| 284
15| 404| 400| 247| 128| 320| 30| 31.5| 434| 536| e636| v7.7| 179 27v3| 281
16| 285| 498| 183| 123| 31.7| 348| 276| 425| 396| 61.1| 798| 19.0| 27.7| 261
17| 899 s527| 129| 151| 28.1| 220| 264 | 461 461 | 555| 81.3| 202| 250| 182
18| 401 | 447| 101| 159 182 220| 188| 449 478| 405| 765| 198 201 14.2
19| 324| 408| 123| 171 ]| 160]| 273| 230| 351 397 355| 734| 204 148 168
| 20| 244| 389| 133] 149 19.7]| 30| 252 260 327 366 79.9| 203| 153 17.1
, 21| 270| 324| 135| 147| 21.7| 26.2| 262| 173| s869| 327| 784| 190 153| 174
; 22| 246| 262| 151 82| 198| 266| 250| 196| 356| 288| 721| 166| 160| 193
23| 252 '22i| 43| 17| 88| fsa | 22| 49| se2| asor| e8s| 1ss5| 55| 187
JUL 25 [JUL 26 [JUL 27 |JUL: JUL 30 |[JUL 31 | AUG 1 i AUG B | AUG 7
20| 23 14 15 12 24 24
7| 6 | 10 9 3
9
1] 7 1 4
I 4 2
10
] 1
[ [
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Mt. Equinox, VT Mean Hourly Ambient Ozone Levels for 1994

DATE AUG B | AUG 8 [AUG 10 [AUG 11 [AUG 12 [AUG 13 |AUG 14 [AUG 15 [AUG 16 |AUG 17 [AUG 18 [AUG 19 |AUG 20
HOUR o 191| 585 436| 171| 163| 444| 397| e8| 172 174| 130 19.7 7.4
1] 200| 427| 414| 160| 17.0| 423| 419 258| 19.8[  178] 230| 19.2 7.2
2| 234] 399 383| 164| 141| 37.1| 440| 234| 17.3| 25.3| 23.9| 19.0| 154
3| 246| 375| 340 161 196 401 | 458| 228 150 21.4| 233 177
4| 238| 339 309| 158| 205| 464| 455| 229 151 224| 253| 165| 11.5| 483
5| 19.7| 318] 238| 148| 205| 494 461 [ 232 132 199] 264 132 154 469
6| 187 524| 21.0| 166 17.6| 384| 451| 202 11.9]| 232| 278| 150| 19B| 472
7| 36| 635| 202| 256 19.7| 391 | 456| 188| 229| 187| 288| 169| 282 476
8| 39.0| 634| 205| 247| 309| 40.3| 454| 184 | 263 348 45.0
9| 388| 637| 214| 250| 340| 469| 438| 193] 283 41.3| 438
‘ 10| 404 | 29| 248| 236| 372| s0.0| 408 21.0| 30.1| 422 243 201 | 49.4| 442
? 11| 416] 643] 207] 264] 382] 496| 384] 209 329 418 247 195]| 524 432
| 12| 428| 654 306 29.0| 395| 47B| 398| 21.7| 369 409] 262 21.7| 56.8| 450
‘ 13| 469| 676 306| 302| 411] 491 401| 204| 424 439| 209 230 61.0| 419
14| 496| 676 306| 330| 436| 444 392| 196 456 21.2| 225| 64.8] 421
15| 523 | s584| 323| 378| 422| 423]| 384| 196]| 460 181 | 22.0| 606| 41.8
16| 531| s20| 202| 39.3| 444| 407| 354| 208| 458 19.1| 21.8] 620] 415
17| 409| s529| 230| 356| 353| 38.3| 30.0|] 21.0| 376 36.4 |
18| 321 | 439| 152| 296| 262| ars| 298| 204| 238 28.5
19| 363| s542| 148| 253| 382 383| 332| 194| 210 23.3
20| 324| 462| 191| 200| 41.3| 403| 31.9| 21.3]| 207 22,5
21| 297| 495| 78| 196 514 408| 300| 21.5] 19.0] 10.8] - 68.0| 207
22| 825| 499| 164| 193] 537 394 29.0| 169]| 167 200| 79| 609| 156
23| 479| 454 157| 164 498 39.8 | 284 | 188 181 57.5| 16.6
; ; | — T _
AUG 8 | AUG 8 [AUG 10 |AUG 11 |AUG 12 |AUG 13 |AUG 14 |AUG 15 |AUG 16 |AUG 17 |[AUG 18 [AUG 19 |AUG 20 |AUG 21
8 0 15 19 9 0| 3 24 18 15 23 24 8 6
7] 4 7 2 gl 10 4] 2 1| 1 1
7 6 2 6| 15 11 | 4 7 2 14 |
2 6 2| 1] 3 2|
8 ' ; | 10 1]
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