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SUMVMARY

Measurements of daily concentrations of 7Be. 37p and ozone at Whiteface Mountain,

‘New York are reported for June, July and August of 1977 and 1978. Eblsodes of high

daily ozone are observed to coincide with peak 7Be and 32P concentrations. Since

these radionuclides and ozone are produced in the stratosphere, their simultaneous

increase is taken to 1ndic$te the arrival of stratosbheric air. However, ozone
is also produced at gf&und level by photochemical reaction; involving nitrogen
oxides and olefin-hydrocarbons. The amount of‘photochemically produced ozone {s
highly variable and difficult to quantify. Therefore, only when the.ground level
production of ozone is small can a comparison of cosmogenic nuclides and ozone’
quantitatively yield stratospheric ozone component. Such occasions, although rare,
exist. For example, on June 15, 1977 at léast.BO% of. the 50 ppbv (daily average)
ozoné observed originated in the stratosphere. Since this is a 24-hour average,
stratospheric ozone could have been much larger for a given hoprly period. Our
data indicate substantial st;atosphe:iccontributions on numerous other occasions.
We more frequently must apply 7Be and 32P as tracers of ;tratospheric ozone
at times ‘when the. stratospheric component is not predominant but substantial.
The 7Be and 32P concentration measureaents can be used to directly determine the
accompanying stratospheric ozone if (1) the 7Be (and/or 32P)/03 mixing ratiosiin
the upper atmosphere, and (2) mean residence time of O3 is known. Since October ™
1977 we have determined'tﬁe 7Bg concentrations in aerosols sa%ples collected at
10-12 km by NASA's Global Atmosphe}ic Saﬁpling Program. The 7Be concentrations
varied from < 0.1 to 5.8 pCi/kg air, whéréas ozone concentrations ranéed between .
27 and 527 ppbv. The_7Be/03 mixing ratios, however, were similar in the upper
troposphere'and in-the lower étrato;phere. The similérity in the mixing ratioes

suggest significant exchange between the stratosphere and the troposphere. The

subsidence of the upper atmospheric air will bring the stratospheric 7Be and 03

to ground level. Therefore, if the mean residence times and 7Be/03 ratios are knqwn,

ground level 7Be concentration will yield the stratospheric ozone concentrations.
For a first approximation we have.éssumed that 7Be and 03 have similar residence

times. Estimated daily stratospheric ozone component vary from 10-40 ppbv.

Measurements gf total syspended particulates (TSP), trace elemeats and sulfates

were also carried out. Since TSP, trace elements and sulfate are produced only
at ground level, their daily variations indicate the intensity of pollutant
transport from urban/industrial centers to rural Whiteface Mountain. Episodic

high concengrations of TSP, trace elements and sulfate were observed during summer

" months. Comparison of the elevated episodic conceéntrations with surface air mass

trajectories show that the polluted alr masses originated in the industrial Midwest.




1. INTRODUCTION

 Most of the terrestrial ézoné is produced in the:stratogphere, the concentration
peaking at about 25‘km and monotonically decreasing to the tropopause. Traﬁsfe£
from the'stratpsphere to the tropospherg occurs when tﬁé.tropopause becomes vertical
in the core of the jet stream, and then folds beneath:the jet core. ﬁeed and
Danielsen (1959) showed that the folded structure could be identified by its
large values of botential vorticity and ‘used the term "tropopause foldiné" to
describe the process. ADanieisen'ahd Mohnen (1977) have experimentally demonstréted
that ozbﬁe rich.stratospherié éir is transported intoAthe troposphere with each
major cyclon?c dévelopment. Interactions of cosmic rays with oxygen, nitrogen,
and argon in the stratosphere (and té a much smélier.dégree in the troposphere) '
produce'a7variéty qf.radionuclides., During the tropopause folding; along with
ozone, these radionuclides are transported to the troposphere. Therefore, these
cosmogeﬁic-radionuclides can be used as tracers of the stratospheric air.

Data obtained in tﬁis laboratory (Husain et al., 1977) and elsewhere (Reiter et al.,
1975, 1977; Ludwick et al., 1976) have demonstrated that chreiations between
7Be and ozone exist, suggesting that at least at times ozone originated in the
strafospheré. Howevér,'a considerable amogpt of ozone is also produced by photo-
chemical reactions at ground level. Tﬁe resolution of strafospheric O3 from that
produced in theAtroposphere poses a difficult task. The critical information
essential in quan£ifying the stfatospheric ozone at groﬁnd level are (1) a
knowledge of 7Be/03 mixing ratios in the upper troposphere and the stratosphere, .
(2) variations of 7Be/03 mixing ratios with latitude and seasons, and (3) differing
residence times 05-03 and 7Be', and-32P4bearng aerosols. In adﬁition to obtéining
the essential data base for correlation of 7Be, 32p and 33P, correlations with O;,

" we have also made the measurements of 7Be/03‘mixing ratios at 10-12 km and 21°-56° N.



Measurements of trace metals and sulfate,'simultaneous‘with those of O3, 7Be,
and 32P, help idéntify the tropéspheiic component of an air mass. Such méasufements'
were also carried out and are included in this report.

The work discussed here was conducted from July 1977 to. October 1978 undér
U.S. Department of Enérgy Contract No. EE-77—S—02-4501,AOOO. A reprint and two

" preprints prepared from the work discussed in this study are attached as appendices.

1." Ozone Transport from Stratosphere to Troposphere, Geophys. Res. Lett. 4,
363—365, 1977 by L. Husain, P.E. Coffey, R.E. Meyers, and R.T:. Cederwall.

A reprint of this papér is attached as Appendix I.

2. Determination of Stratospheric Ozone at Ground Level Using 7Be/Oq Mixing
Ratios by V.A. Dutkiewicz and L. Husain has been submitted for publication
to Geophys. Res. Lett.

A preprint of this paper is attached as Appendix II.

3. Long Range Transport of Trace Elements by L. Husain and P. Samson has been
accepted for publication in J. Geophys. Res.

A preprint of this paper is attached as Appendix III.

2.. EXPERIMENTAL

2.1 Sampling

From June through August:l977 the New Yo;k State Department of Environmental

Conservation (DEC) collected daily samples of fotal ;uspénded particulates (TSP)
at Whiteface Mountain Field Station (WMFS) and at 3 other New York State sités,
Schoharie (SCH), Sugar HillA(SH),Aﬁnd Holland (H) (see map in Figure 1). Particu-
lates were collected on preweighed 25 cm x 20 cm Whatmaﬁ 41 filter papers of known
weight using four calibrated high-volume (Hi-vol) samplers run sequentially'at
24-hour intervals (midnighf to midnight). ‘Sampled air volumes afe calculated frbm

running times and initial and final flow rates. Total air volumes averaged 2,000

standard cubic meters. Uncertainties in air volumes are.estimated to be +10%.



Our primary sampling site is ‘WMFS which is in a remote*looation in the
Adirondack Nbuntains at an elevation of 1.5 km. The_summit weather observatory,
shown in Figure 2, is maintained and operated by thé Atmospheric Sciences Research
Center of the.State‘University of New York‘at Albany. . In addition to standerd |
meteorological.data,.hourly ozone levels are also recorded with a chemiluminescent

analyzer‘(Coffey and Sfasiuk, 1975). During'1977, the Hl-vol samplers were

located on the upper floor balcony which‘can be seen in Figore 2. In 1978, a year—‘
round Hi-vol sampling system was purchased with funds from this U. S Department.

of Energy contract and funds from New York State Department of Health (NYSDH).
Because of the severe winter weather'conditions, the system had to be installed
within the observatory building. Air-is drawn in atlthe observatory roof via a
20-cm diameter insoléted pipe shown in Figure 3. The incoming air is wermed by
.heering coilS'wrapped.around the blpe to remove ice'crystals which would damage

the filters. Four Hi—vol samplers are attached tog a sealed stainless steel samoling
-chamber as shown in‘Figure a. By mounting the Hi—rols horizontally, condensed water
is allowed to fall to the bottom of the chamber where it 1is drained to a sealed
reservoir.. In the early stages, there were problems in ma1nta1n1ng consrant flow
rates; In June 1978 constant mass flow controllers, bought by NYS Health Department
funds,. were installed on the Hi-vol samplers. Since then, the samplers have been
running smoothly, with approximately 3% uncerteinty ln the volume of filtered air.

2.2 Analytical Procedures

Procedures used by the NYSDH for analysis of 7Be, 32P,'-and'33P, and
trace metal in particulate samples are described in this section. The general
operation of the y- and B-counting facilities are described in the instrumentation

section of this report.



2.2.1 TSP and ’

Be

After TSP collection, each preweiéhed filter was équilibrated-for
24 hours at 21°C and 50% rélative hdmidity and reweighed to determine the amount
of tétal suspended pafticulafe§ (TSP} collected. The individual filters were
then folded and analyzed spectiohetrically‘on 7.6 cm x 7.6 cm_Naf(Tl) y-counters
connected to 256-channel pulse heiéht analyzers. Tﬁe y-spectra were reduced
using;a least-squares ana19$is computer code. The counting systgms were calibrated
by countingAa-7Be standard.deposited on a Wﬁatman 41 filter in the same geometry - l,
as thé samples. To assure cbnsistency»in the computer fits, the enérgy calibrétion
of the counting Syétems were checked daily with source standards. -The uncertéinties
in 7Be activities are generally about +10%.

33p

2.2.2 3%p and
Three-quarters gf each filter was used for radiochemical analysis
of 32p and 33P. The filters were ashed, dissolved in concentrated HNO3 and'phOSphafe
carrigr‘added. Ammonium molybdophosphate was precip{tated by adding (NH4)2M004.
The precipitate was dissolved .in ammoﬁium nitrate at pH 5 and an HCl-mégnesia
mixture added to precipitate MgNH4PO4. The precibitate was then dissolved in
Qiluté HCl and run.through a cation exchange coiumn. The column effluent was
evaporated to 10 ml and the magneéia mixture added to precipitate MgNH4PO4.~ Tﬁe
residue was washed and igpited at 950-1000°C fo obtain magnesium pyrophospﬁate
which was weighed and mounted on Whatman 42 filter paper. - The chemical yield
~averaged around 80%.
| The samples weré B;counted geveral times over at least a four-week °

period on low-levél B-counters. The samples collected in 1977 were counted.on Beckman
Wide-Beta systems which haveAbackgrounds of_0f6'to 1 cpm. The activity of 32P

was obtained from a computer least-squares fit of the decay curve using a 14.4 day

half-life after background subtraction and efficiency corrections.



Althdugh 33p is present at levels comparable to those of 32

P, the efficiency of
the p-detector is significantly‘less for 33P.'than fpr 32p, Thds, 33p contribdtes
little to tpe‘total count rate. The decay‘curve'fittingAroutine accounts for the
remainder. Taking into account this possible interference, the uncertainties id
the 32p activity level is estiﬁated to pe +15%.

In 1978 32P and 33p countlng was performed with either the Beckman Wide-
Beta Counter or,. whenever possible, with spe01ally de51gned low- level proportional
counters with background count rates in the-range of 0.2 to 0.4 cpm. A description
of these counters is given in the instrumentation section of this report. The
32P and 33P fractions were distinguished using total and absprber counting
techniques. A 29 mg/cm2 thlck aluminum absorber was used to absorb the 33p petas.
With this absorber thlckness, the 32P transmission is 75A7 32P standards prepared
" with the same carrier as the samples were used to establish 32p counting efficiencies.
3¢ (maximum B—enerdy of 257erv, half-life of 163 days) standards were_used.to
calibrate detection for 33p (maximum B-energy of 250.Kev).' Decay curve analysis
for 32p and 3§P yielded the activities of the two radionuclides at the time of
collection. Uncertainties for 32p values >3 pCi ‘are on the average =10 to 15%
whereas for 33p the uneertainties are +25 tdABO%.

2.2.3 Activation Analysis

A 2.54cm square_Was cut from each filter paper for neutroa activation
analysis of trace elemepts. Each irradiation generally included 14 samples, two
blank filters, and three standards. -The latter were prepared by evaporating
solutions containing~known amounts of various elements. Irradiations were
perfdrmed in the pigh—flux beam reactor at Brookhaven National Laboratory.
Irradiated samples were counted with a 45-cc Ge(Li) detector connected to a

4096-channel analyzer and magnetic tape readodt~5ystem. The y-spectra were

reduced using the computer prpgram BRUTAL,(Gunnihk et al., 1967).



The concentrations of individual elements were determined by ;omparing the
" activities of appropriate isotopes in the particulate samples with the activities
of the sahe’isotopes ih the standards. Corrections were made fof the average
quantity of each element in the filter blanks. Blaﬁk concentrations'(ng/cm3)
were generally low:. Na, 240; K, 40; Sc, 0.0004; Cr, 2.5; Mn, 2.8; Fe, 90; Zn, 4.5;
As, 0; Se, 1.63 Sr, 13; Sb, 0.5; Cs, 03 and Hg, 0.4. Thus with fodr exceptions
(Na,‘Se, Br, and Hg) blank corrections did not significantly contribute to the
uncertainties in the=conéentration‘measurements.
On the basis of estimated errors in the measurements of radionuclide

concentrations, blank corrections, and standard preparations, the average

uncertainties are estimated to be Na, 25%; Hg, 20%; K, 15%; and all other trace
elements, about 10%.

2.3 Instrumentation

During both 1977 and 1978, three 7.6 cm x 7.6 cm NaI(Tl)‘counters have
been available‘for y-analysis of air filters; and cbﬁﬁting turn-around time was
never more thén~a few days. During 1977, delays of two weeks or more were ’

encbuntered in receiving the samples. The delays occurred because the filters
‘were'weighéd in a controlled environment which was not'aVailable.at the NYSDH
laboratories. Althoqgh the delay did not have a significant effect on 7Be
‘measurements, significant 32p decay resulted. This probiem was eliminated in
July 1978, when a ¢onst§nt-humidity gler box with weighing facilities was'
acquired by. NYSDH.
‘ Two 45-cc Geli detgctor systems are presently in operation and are used

for. y-spectrometry. The detectors are each connected to 4096-channél multichannel
analyzers with magnetic tapeloutpptf Background subtractidn and peak integfation

is performed on the NYSDH Bﬁrroughs 6700 computer using the computer code BRUTAL.
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(Gunnink, 1967). Both Geli deteptors have been caliﬁrated for counting air
filters using fiiters'spiked~with 7Be standard.

In 1978, development work with USDOE funds was initiéted’to design and
build a low-level B-spectrometer similar to the Geiger-Scintillator Coincidende-
~uhits developed by Tanaka et al. (1963, 1967). Iﬁ the present designa a thin.gas
flow prdbgrtiohal counfer i§ used to gate a NE;lO2 plasfiq scinfillator crystal
which is useé'for ﬁ—énergy analysié.i At fhe'presentAtime, the va;ious components
haVe been teéted, but the pro{otypé has hot been completed. A prototype is expécted
to be in operation‘during the next calendar year. |

During.1978,'two gaé—flow proportional countefs operated in anticoincidence
with a large plastic scintillator guard counter were built for 32P and 33p counting.
The active region»is.cylindrical with dimensions éf 6.4-mm thickness by 28-mm
diameter. The counfers ére operated with P;IO gés.and a O.CS-mm stainless steel
center wire for charge collection. fhe béckground is reduced by plabing.fhe
counters in one of the low-level counting roéms at thé NYSHD. This facility has
23 cm of old steel shielding 6n all waiis and-céiling. Background count rates are
0.2 to 0.4'cpm with muon cancellation.rates of around 1.8 cpm; Values for 2P

counting efficiency are 34 and 31% while -those for 33p are 8 and 8.4%, respectively,

v for the two counters.

3. "CORRELATION OF.7Be, 32p, 33p WITH OZONE

3.1. Summer 1977

32p

The 7Be, , and O3Aconcentrations determined daily at WMFS during

- June 15‘through'August 15, 1977, are given in Table 1. Daily 7Be and ozone
7B

concentrations between June 15 and July 14 are also shown in Figure 5. Large 'Be

peaks (in excess of 200 pCi/KSCM (KSCM = 1,000 m3) are observed on June 15;16,
24-25, 28, July 1, and 3. Ozone concentrations exhibit peaks on June 17-18, 25, 28,

July 1 and 4.
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'Thus, one day delay in'qzone peaks is-frequently observed, as Qas reported for the
11975 data (Husain et al., 1977). We shall réturn to this point later in this
feport. |

Large 7Be concentratioﬁs, eépécially those on June 15-16,.25, and July 3,
strongly éuggest substantial stratospheric contfibution at gfound level. Figure 6-
. shows the daily 7Be, 32P and ozone determinations for July 15~thru.August 15. A
comparison of‘7B¢ data suggest declining “Be poncentrétiqns from June to July to
August. This observation is in agreement‘wifh general belief that stratospherié-
tropospheric exchangevdecreases as summer progresses. Peak 7Be-concentratibns
are observed on July 28, August 1 and 13, and ppssibly July 19. The asteriﬁks
in Figure 6 denote substantial precipitation on the given day, which means that
the measured'7Bé or 32P concentrations ﬁay.only represent a lower limit as
precipitation scavenges aerosols cariyiqg 7Be and 32p,  Correlation between 7Be
and 32p appears excellent. 1In each case, when 7Be concentration peaks; so does

32p

Between June 15 and August 15, 1977, we also measured 7Be»concentrations
at three sites in the upstate New York. Since stratospheric transport is a long-
' range process under favorable circumstances, it should be possible to observe

" simultaneous stratospheric intrusions at several points in a given region. The

7

Be measurements at Sugar Hill, Holiand, and.Séhoharie (see Figure 1

fOr'locations) ére given in Table 2, and shown in Figure 7 along with the data

from WMES. A notable feature of the data are‘the peak_7Be cbncentrations, in excess
of apb;oximateiy 200 pCi/KSCM,:observed at all sites on June 15-16, 27-28, July 2-3,.
ig—éO and 28-29. There are some dayﬁ'when peak 7Be concentration is obsérved at

one site but not the other.
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In Figure 7B, an extended "Be episbde is observed at Schoharie and Sugar
Hill f?om July 15 thru 21. Unfortunately, data from Holland and WMEFS are not
a?ailable-over part»of this period. The high concentrations at all sites on the
20th and 2lsf indicate that this episode extended over all stations. The unusuél
féatufe here is that the-episode iasted fo; seven days clearing out first at the
western stétions‘(Holland aﬁd;Sugar Hill) and a day later at Schohérie and WMFS.

on July 28 and 29 (Figure 7B) a 7Be episode is observed at WMFS, and while the
other sites a}soAshow elevated ’Be céncentrations, they are not as pronounced aé
WMES. At Schoharie, Holland and Sugar Hill, the episode appears Fo extend from
June 28 through August 1, while'at WMFS a pronounced drop in activity is seen on
‘July 29 and 31. On'these two days, precipitation °fl3'3 and 10.4 mm, respectively,
was recorded at WMFS. The-?Be cbncentrations on these daysc therefore, could haye
been'reduced by precibitation scavenging. From the trends at the other stations,
the 7Be concentrations On»JuLy 30 should at least be equivaleht ﬁo'the concentration
on July 29. A similar situation appears to have occQ¥red on August 3, 4, and 5.
"Be beaks are observed at thohafie, Hollahd, and‘Sugar Hill but not at WMES.

On August 4 and 5 at WMFS, there was 8.1 and 7.9 mm of rain, respectively, thus;

a significant amount of aeroéol céuld have been removed. Precipitatidn défa for .
the other statipns have not been compilediaf this time.

Some 7Be“episqdes tend tO'last for several déys, apparently due to the .
1ack of significant pfecipitation. The foremostAfeatdfe of the data shown in.
Figure 7 is‘the unusually higﬁ 7Be concentrations observed on June 15-16. A
concentration of around 500 pCi/KSCM is recorded at all sites although the peak is
delayed one day at Schqharie and Sugar Hill. Air frajectory analysis for this
period would be very informative; but are not presently available. This 7Bé
episode is the highest recorded thus far at WMFS ;nd is seen to extend over

essentially all of upstate New York. In Table 1, ozone levels during this'ebiSOde
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are also observed to be very high. We shall return to -a discussion of this

episode later. However, these observations suggest that fhe influence of stratos-
pheric intrusions.can be observed at large distances, above aﬁd~below tﬁe mixing
layer.é

The one-day delay in ozone peak reported earlier is also'observed fér

'_July‘lS-August 15 period. One such episode is shown in'Figuré 8 for July 27-
‘August 1, 1977. Here, 3-hour average ozone concentrations ére shown with dark
hours shadéd. Daily 7Be concentrations are indicated oy the dashed lines and ?ight
hand scale. A TBe concentration of 310 pCi/KSCM is recorded on.JuIy 28, indicating
thé arrival of stratospheric air. O3 concentration remains.relatively constant

on the 28th at 35 ppbv until around 9 p.m. The lack.of a daytime O5 peak indicates
that -there was no significant local photochemical O3z production on this day. On
_July 29, the 7Be concentration has decreased, but oéone has continued to increase
to 80 ppr'around noon. During this périod sulfate concentrations, measured on the
_same filters as 7Be,,were steadily increasing froﬁ a Tow of 0.5 pg/m3 othuly 27

to 10.7 pg/m3 on Jﬁly-29. Since 3.8 mm of rain fell on July 29, both the sulfate
"and "Be poncentrafions'measured on that day méy be low. Boundary layer'(0.4—1.4 km
altitude) frajectories calculated by}Saﬁéon (1978) for this pefiod are shown in
Figure 9. On July 27th, ground level air is moving down from Canada. On July
\28th aﬁd 29th, the trajeﬁtories pass‘through eastern Pennsylvania and New York's ;
southern tier prior to arrival at WMFS. Thus, the air arriving at WMFS on July 29
passes near the New York and New Jersey metropolitah areas where pollutants
ihcluding O3 could beAacéumulated;- On Juiy-SO, air reaching WMFS afound midhight
originated almost due south, with the trajectories moving more westward as the day
progressed. Looking back to Figure 8, there is a pronounced Oj peak between midnight

and 3 a.m. on July 30 when the strongest influence from metropolitan New York and
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New Jersey air is likely. A significant portion of the O, at'WMFS on July 29
and 30 was probably transported from urban-centerg.to the south (Coffey and
Stasiuk, 19755 Cleveland et al., 1976; Hathorn and Walker, 1977; Wolff et al.,
1977). As the weather system associated with stratospheric subsidence at WMFS
moves through fhe transport of polthants from urban centers to the south and
southwest appear enhanced, furthe; increasing 03 concentrations and generating
the apparént one-day delay betweénrpeak levels of'stratospheric,03 and 7Be.
3.2 Summer 1978 'A

In_an effort to obtain 7Be, 32p and 33p data during early spring,'Wheh'
maximum ;tratospheriC—tropospheric exéhange'occurs, sampling for TSP was started
in early March. The Hi-vol samplers were installed gn the fourth floor of the
observatory (see 'sampling description in secfion 2). ‘However, because of‘large
variations'in line current as well as wind Velocitiés, there were large uncertainties
in the volume of the air sample. To cifcumvent this problem, four mass flow
controllers were purchased with NYSDH funds in}Juné aﬁd were installed on‘four
Hi-vol samplers.‘ The flow-controllers.regulate the ai; volumes with an estimated
error of about 3%. Although the 7Be, 32p and 33p concentrations\age li;ted in
Table 3 beginning with March, we do nbt consider the concentration-measurements
as reliable until June.-

Measured aaily conﬁentrations of O3, 7Be, 32p and precipitation at WMES
.shown'fér Juhe, July, and August, 1978, respectively, in Figures 10-12 exhibit
~general similarities in'the daily patterns of 7Be, 32p and O3. " During June, O3
episodeg occurred on June 11 and 12, 17-19, 21-22, and 256-27, where high "Be and'32P'_
éoﬁcentrations aré also observed. Because theie were significant amounts
of prolongs precipitation on June 19 and 20 (é amd 16 mm, respectively) the

"Be, 32p, and Oy minima on June 19 and 20 hay simply be due to
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precipitation scavenging. Thus, the episodes on 17-19 and 20-21 probably originated

“from the same stratospheric air mass. There were 17 days in June where there was

at least some p;ecipitation at WMFS. It is difficult. to assess the effect pre-
cipitation Eas on 7Be, 32p and O5 concentrations. For example, én June 13 about:
12 mm of precipitation fell and 32p and.7Be sh&w dramatic decreases to detection .
limit levels. lThe O3 éondentration also drops dramatically, indicéting that the
érecipitation either déstroyed some of fhe'ozone or a new air mass was influencing
WMES on this day. At best, the /Be and 32P concentrations should be taken as

lower limits on dayé with prolonged precipitation. On July 5-7, 13-16,'19423,

and 25-27, O3 episodes are observed at WMFS. Each of these épisodes are also

associated with periods of elevated /Be and 32p concentration (Figure 11). One

particularly large O3 episode can be seen on July 19-23. On July 20 and 21, daily

average ozone concentrations were over 100 ppbv and hourly averages reached peaks

of 134 and 143 ppbv, respectively. "Be activity reached 300 pCi/KSCM on July 19,

at least 3 times the normal background levels.

The 32p, 7Be, and 0, measurements for August 1-15 are displayed in
Fngre 12. Results for the remainder of August are still pending. Cohpentrations
on Auéust 13 appear to be anomalous, since O3 and 32P concentrations are high,

while the 7Be concentration is near background. In fact, 7Be concentrations: are

near background throughout the first half of August. Detailed cross checks of

‘the‘7Be and 32p data obtained during 1978 have not been completed at this time.

These results shduld; therefore, be taken. as preliminary, although major errors
either in the 7Be or 32P‘chcentrations are unlikely.

The observed strong correlation between 7Be, 32p and ozone concentrations
clearly demonstrates that the downward flow of the upper atmospheric air significantly

contributes to the.ground level ozone. As pointed out earlier in the introduction,
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quanfifiéafion of the stratospheric ozone from the ground level 7Be and 32p

measurements, a knowledge is required of (1) 7Be/03 and 32P/O3 mixing ratios; .
(2) seasonal altitude and latitudinal variations of the mixing ratios, and

(3) residence times of ‘ozone, 7Be, and 32P bearing aerosols.

4, MEASUREMENT OF UPPER ATMOSPHERIC 7Be/03 MIXING RATIOS

The‘sepération of ground 1ev¢l and stratospheiic ozone can be accomplished
Qsing 7Be to determine the stratosbheric component. 7B¢ concentration peaks at .
about 20 km (Lal and Peters, 1967) where nearly constant cqncenfrations are main-
tainea, Peak O concentration occurs at about 25 km (Hering and Borden; 1967X.
Thus, for a gi?en iatitude the concentration ratio of 7Be/O3 should remain relatively
constant except fpr possible seasonal variations. fn’addition, Fasian and
Pruchniewicz (1977) have determined the mean life-time of O3 in the ubper fropo-
sphere to be 50 days, essentially the same as the 'Be half life. Thus, in the
absence of differential chemical reductions, 7Be/03 mixing ratios should not
under go 1a;ge variations during tropospheric transport, even if the stratospheric
air parcel has been significanily diluted with -upper tropospheric air.

We have undertaken a study to measure 7Be/03 concentration ratios in the upper
atmbéphere. Part qf the results from the first nine months of this study have
recently been submitted for publication in Geophysical Resear;h Letters. A prebriﬁt
of this paper is attached to this report as Appendix II. In this section; we dis-
cuss certain aspects of this study ndt covered in the pﬁblication{ The particulate
_samples for 7Be analysis are collectéd by the NAéA Globai Atmospheric Sampling
Program (GASP) (Perkins and Gustafsson; 1976; Nastrom, 1977, 1978) on commercial
747‘jetliners. Sampling and. analyses are discussed in Appendix II. The altitude and
latitude distribution of‘the GASP samples are shown in Figure 13 and the 7Be, 03 and

7Be/03 concentration ratios as a function of location are summarized in Table 4.
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O3 concentfatiohs fange from 32 to 527 ppbv, indicating that b&th.t;opospheric

and stratospherié air has been sampléd. Above 37°N, no systematic difference in
7Be/03 mixing ratios is observed betWeen samples with high Oé (> 225 ppbv) concen-‘
tratidns (probably stratospheric) and thoée with low O3 (< 150 ppbv) (probably
tropospheric). This sugéests that exchange across the tropopause is taking placé
and sighificant concentfations of strétospherié'7Be and O3 resides‘in the upper
troposphere. Large-scale vertical circulation could bring this enriched air to
ground level. ‘Thus, stratéspheric ozone may also reach the ground level by a
mechanism other than tropopause folding.

‘For the period from April-June, the upper atmospheric 7Be/03 mixing ratio in
the mid-latitudes varies from 0.75Ax~10"2 to 1 x lQ‘% pCi/kg 7Be/ppbv O3, or an
average value which corresponds to 11.05 pCi/KSCM.7Bé/ppbv 03. In the next section
we apply this mixing ratio to 1977 7Be data to détermine the stfatospheric ozone

reaching ground levellduring June-August.

5. DETERMINATION OF STRATOSPHERIC OZONE AT GROUND LEVEL USING UPPER ATMOSPHERIC
7Be/0, MIXING RATIOS '

A paper-on tﬁis subject has been submitted to Geobhy;.,ReSa Lett.Aand a
preprint has been attached as Appendix II. In the discussion below, we havé used.
this technique to deduce the,aéily étratospﬁeric 63 contrigution at Wﬁiteface‘
Mountain. The daily sfratosphe:iC»d3 has been deduced for June 15-July 14, 1977
in the paper by Dutkiewicz and Husain (Appendix II). 1In particular, detailed
discussion is giveﬁ for the large /Be peak (500 pCi/KSCM) on June 15-16. We
have barried out similar calculations for the stratospheric ozone at ground levél

for July 15-August 15, 1977 period.
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In Flgure 14, the dally variation in 7Be, 32P and O3 concentratlons is
shown for WMFS from July 15 thru August 15, 1977. Daily precipitation is shown
as the upper shaded histogram. In Figure 14, 32p and 7Be coﬁcentiations'show
es§§ntiélly the same genefal features, with the exception of August 4. In the
lower shaded hisfdgrém, the stratosphe:ic ozone component has béen pomputed using

the measured ’Be concentrations and a 7Be/03 mixing ratib of 0.85 x 10-2.

* pCi/kg/ppbv (11.05 pCi/KSCM/ppbv). In light of the eariierl discussion of rain

scavenéing'on July 30, stratospheric ozone equivalent‘td that on-July 29 was
assumed for Juiy 30. Stratogphefic ozone concentrations above 30 ppbv occur
dﬁ;ing'two episodes. Since only lower limits could be determined for 7Bé'
céﬁcentrations on August 3 thru 5; the strafosphericlO3 concentrations indicated
in Figure-l4 for. this period are probably low.. From the 7Be activity recorded at
the ofhe: sites, stratospheric-ozone of at least 20'ppbv.is likely during this
period. |

.The frequency of peak 7Be episodes provides a meésure of the impéct of
stratospheric ozone'oﬁ ground level concentrations. The fraction of the number
of days per month having 7Be.concentrations above 220 pCi/KSCM gives an estimate
of the~probability that the daily average stratospheric ozone component is above
20 ppbv. The results are summarlzed in Table 5 for all sites using TBe data for

1977. During June,_the probability is higher at Holland and Schoharie, the

western-most sites. July and August show about the same probability at all stations.

.Average values shoWn in Table 5 decrease from approximately 38% in June to about

6% in August.
Several points must be considered when interpreting these results. The effect

of precipitation scavenging on 7Be concentrations could be lowefed considerably by

N\



prolonged precipitation scavenging, the estimates of stratospheric ozone given
here may only reflect lower limits. At the same time, Oj concentrations could
also be reduced somewhat by precipitation, thus making the results even more
difficult to interpret. Daily 7Betconcentrations have been used to estimate the'
daily average Oj concentration. 'Hourly 03 values could be significantly higher
'if the upper atmospheric air envelopes tne station rapidly. 1In addltion, if the
stratospheric air mass subsided into the boundary mixing layer and tnen.underuent
significant transport near ground level prior to collection of samples,'considerable
differential removal of aerosols and 03 could take place. Thus, the upper
atmospheric 7Be/O3 ratiogs mlght no longer apply. Backward trajectory analysis for
. boundary layer air as well as isentropic trajectories.should be used to‘determine
‘where subsidence'of stratospheric air mass occurred and when mixing with the .
boundary layer occurred. This would'help determine the applicability of 7Be/03

concentrations ratios.

6. APPLICATION OF ISENTROPIC TRAJECTORIES

To help understand the relative.contributions from the stratosphere and
troposphere to.oione concentrations measyred in the lower troposphere, certain
meteorological analyses are useful4in conjunction with measurements of cosmogenic.
tracers, ozone, TSP, and.sulfates. These meteorological analyses involve the
calculation of backward trajectories along isentropic surfaces (surfaces of
" constant potential temperature). The isentropic back trajectories'are calculated
(Danielsen, 1968), .using wind, tenperature, and humidity on constant pressure
surfaces as analyzed by the National Meteorological Center. In conjunction with
tne esentropic trajectories, potential vorticities are calculated along the
trajectories; Danielsen (1968) found that values of potential vorticity greater
than 10°8 cm.sec.deg./gm. were indicative of the stratosphere. Although this

approach is a rather simplified representation of the atmosphere, considering'that



several nonadiabatic effects'mayfbe important at times, it does provide reasonable
apprqximations., As an example of using these analyses to inferpret measurementsl
ét Whiteface Nbuntéin, we can consider a period in mid-July, 1975. Figure 15
shows back trajectorie§ calpulafed for_thé 3059 K isentropic surface'terminating.
at Whiteface Mountain én the 16th and 17th of July. Table 6 gives the heights .
and potehtial Qorticities aléng these trajectories. The'back trajectbry on thé
16th has a large maximum Qalue of potential yortic;ty at a high altitude
(approximately 6 km), compared with théf on the 17th whére the maximum value of.
potenfial vorticity is-rather low and occurs at a relatively low altitude
(approximétély 2 km). Both trajectories terminate at aboht 2 km,'perhaps just
above the summef daytime mixing héiéht, below which ;sentropic trajectories are
<relétively indeterminate due to good mixing.‘ From these two trajectories one can
infer that air sampled on the 16th passed through thé stratosphere, while air
sambled-on_the 17th remained in the lower to mid-troposphere. This is in agreement
with the 7Be data whicﬂ show a peak on July 16 and then a decline in Be
concentration on July 17 (Figure 1 of Husain et al., 1977, Appendix I).

From the data in Table 6, it is observed that the July 16 isentropic trajectory
was below 3 km for only one day beforé reaching WMES. On‘fhe other hand, the
July 17 isentropic trajectory remained below 3 km for.hine dayé. Hence, a greater
tropospheric contribution on July 17 is to be expectéd compared to July 16. This
conclﬁsion is suppor%ed not only by 7Be data, but also in traée element (Husain and
Samson, 1978; Appendix III) and .sulfate concentrations (Lioy et al., 1977). We |
mugt'point out, however, that even when theAi§entropiC trajectory originates at
very high altitudés;\it méy still receive substantial tropospheric contribution
dﬁring subsidenéé. ‘Therefore, at times. high concentrations of cosmogenic
nuclides and pollutants such as trace elements, and sulfate can be observed

simultaneously. A discussion of surface trajectories on July 15-19 is given in
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Husain and Samson (1978) (Appendix ITII). It will be particularly interesting to

comparé the isentropic trajectories for June 15-17, 1977, period when unusually

large 7Be peaks were observed. We expect that the iséntropic tiajectories for

this period will be available in the near future.

7. LONG RANGE TRANSPORT OF TRACE-ELEMENTS

Concentrations of 13 trace elements ana total suspended particulates were
meaéured for 24 consecutive days in July 1975 at. WMFS. ’Elevated episodic
concentratioﬁs were observed duriqg a five-day period, July 16 through 20. Air
trajectory calculations showed that stagnant.air masses originating soufhwest of
Whiteface Mountain were the primary sources of these elevated concentrations.
Dufing July 1976 thé'sampling network was extended to the other four stations in
theAsampling network plus a site in New Jersey. Ai; trajectory calculations for
July 19 and 20, when peak concentrations of particulates and trace metals were
'obse;ved at all five stations, strongly suggesf that the ﬁérticulates and trace
metals were transported from sources southwest of New York State.

The results of this work pfépared as a preprint (Appendix III) have been
accepted for publicaﬁion in the Journal of Geophysical-Rgsearch.

Since this shoft paper was written to demonstrate thg phenomena of long
range transport for trace elements much of the data and detailed trajectories
were not included. The conclusions deduced'in that paper are strongly supported

"when the elemental data in Tables 7, 8, and 9 are considered. A summary paper

including all of the elemental data and surface trajectory analyses is planned

for publication in the near future.
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8. SOURCES OF SULFATE

Durihg summers of. 1975, 1976, and 1977, daily sulfate concentrations have been
measurgd by. NYSDEC. A!Eaper showing thé long raﬁge transport of sulfate from the
nidwestern U.S. to the upstate New York has.been published by Galvin et al. (1978).
éor June-Aqust 1978, the NYSDH also measurea dailyAsulfate cpncehtrations using
méthyl thymol blue method (Lazrus et-al., 1966) in TSP samples coliecte§ at WMFS
'(Tabie lO); The surface trajéctory calculations to gtudyAthe origin of yarious
sulfate episodes for 1978 are not. currently available. ‘As discussed by bu£kipwicz
.»ahd Husain (Appendix.II), the sulfate Concentratioﬁ'méasureﬁénts play an imporfaht

role in identifying tropospheric ozone components.
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Daily Measured Values of O3, 7Be and 32P

. Table 1 : |
at Whiteface Mountain, New York - 1977 N
ot . g?;;S 3?pa3., '<' Toe iggb
(1977) (obs a0ty GO ®p (189

June 15 - 51 502 | | 9.8
16 50 506 10.1
17 71 275 3.9
18 70 ,' . 99¢ 1.4
19 44 - 108¢ 2.4

20 41 69° 1.7
21 46 136 3.0
2 33 107 3.2
23 37 81 2.2
24 61 204 3.3
25 74 207 2.8
2% 66 119 1.8
27 54 186 3.4
'28 80 353 4.4
29 45 140 3.1
30 29A 130 4.5
July 1 42 ‘207 4.9
2 28 1109 3.9
3 44 348 7.9
4 55 261 4.7
5 46 227 4.9
66 46 . 200°¢ 4.3
7 a7 80¢ 1.7

8 54 e 0.9
9 2.4

42

99



July 10.

11

15

13
14
15
16

17

18

19
20

21

22

23

24

25

26

27

28

29
30
31

August

1

33
351

60

52

43

57

67

62

50
40
70
51
32
32
46
42
27
30
45

74

57

51

57
38

58

71
56

54

(Table 1 - Page 2)

108

. 296

250

71

141

157

210

176

129
323
246
80
196
239
172
190¢
175¢
93¢

162

5.43

4.0

3.85

1-76
2.87
3.21

2.57

2.75

5.36

4.03°

1.31
2.92
4.84
3.85
2.90¢
4.90¢

2.41

1.99 .

54.5
62.5

70.4

80.0

54,7

65.4

68.5

46.9
60.3

61.0

61.2

67.1

49.4

1.44.7

65.5

35.7

38.6

8l.4

3.3

7.4
3.6

5.3

4.6

4.2

7.2
3.3
1.4

3.8

4.2

3.3

2.5

1.7

3.0°



August 7

10
11

12

13.

14

15

56

38

47

62

41

33

41

31

(Table 1 - Page 3)

. 163

104

135¢
170

238

127

99

2.64

2.86

2.75¢

2.90

2.48

1,31

61.7

36.4

49.1

38.5

31.2

75.6

3.5

1.8

2.2

4.5

3.1

3.2

¥Estimated uncertainties, see text.
b7 cel s ~ /3
Be/O3 units in pCi/m° air ppb ozone.

CAir volume not.accurately known;. lower limit value given. -



Table 2: Daily measured values of /Be at

Holland, Sugar Hill and Schoharie, New York

Hdlland C Sugar hill T Schoharie

- 7gea . 7Be? . 7Bea

. Date o pCi/m3' ' pCi/m3 o pCi/m>

(1977) (% 1073)  (x1073) _(x 10°3)
June 15 | - | 2o
16 590 “ a19 L. 448
17 512 64 N 353
18 | 5 179 o 231 o 222
19 — o 309 246
20 : e 304 ' 224
21 246 - 283 . 239
22 263 276 167
23 - | 161 | 127
24 340 o3 . : 210
25 . | 168 | | 244 212
26 - 241 ' | 233 | 238
2 , 264 ' 304 o 232

28 . 235 - o 327 272
29 - 231 o 242 . 194
30 . 235, | 207 160
July 1 148 S 252 . | 230
2 418 263 322
3. - 7 260 ' '» 226
4 o 363 o9 e
5 216 - | ' 193 : 211

6 S 131 B 185 - 214



S July 7

10

1

12
13
14
15
16

17

18

19
20
21

22

23

24
_25
25
27
28

29

30

31

August 1

73

62

117

142

128

318

210

" 138

130

179
176
136
120
232

230

248
220

150

(Table .2 - Page 2)

77
20
143
164
198
290
106
240
279
284
301
190
261
275
157

- 108

165

181

201

1187

168

225
219
234
234

226

321

51

162

‘175 - -

207
125
197
181
365
252
244
210
346

202

. 360

92
149
205
232
176

119

153

220
248

248

232



August

2

10

11

12

13

14

15

118

256

162

176

179

169

~151

156

216

194

232

180

(Table 2 - Page 3)

164
237
288
189
115
128
167
141
158

185

249

178

154

157

336

201

164

166

176

153
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Table 3: Daily Measured Values of 03,A7Be, 32p and ~°p
at Whiteface Mountain, New York
oa I35 7TBeD
DateA Ozone pZ§;;3 pCi5;3 pCi;;3 zgg EEE _gi
(1978) pob  (x107%)  (x107%)  (x107%) 3% 3% . (x10°3)
March-21 51
22 47 256 5.4
.23 @ 101 4.1
24 45 262 - 12.6¢ S 5.8 .
28 43 84 1.9
29 ne 116 2.8
30 45 226 5.0
31 :48 178 6.3¢ - 28 3.7
. April 18 50 150 3.0°¢ 50 3.0
| 19 57 52 . 0.9¢ 58 °0.91
20 50 10 0.2’
21 .37 100 2.0° 50 2.7.
May 9 34 3.3¢
10 46 106 1.7 | 1.2 63 0.71 2.3
11 49 163 3.4° | 48 3.3
12 83 128 . 2.7€ 47 ‘1.5
16 52 123 1.4C 88 2.4 .1
17 54 72 2.2 33 1.3
18 62 13 0.7 18 0.21
19 61 26 1.0 26 0.43
22 185 3.4 0.5 - 54  0.15 |
23 193 3.7 3.5 52 0.94
24 242 4.8 2.9 50  0.60
25 232 5.2 45



May

June

2%
27
28
30
31

1

10
11
12
13
14
15
16

17

18

19

20

21

22

63

70

76
69
79

40

74

45

40

-43

48

62 -
50
43

84

77

39

34

45
44
80
74

58

42

67

55

224

210

168

144
145

37

149

203

203 -

296
77

43

258
232
229

18

110

189

186

148

109

62

178.

229
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3.3

l.l

2.3

2.5

1.1

3.0
<0.88

£0.24

1.4
4.2
5.0
<0.25
<0.20
1.1
2.4
3.5

2.8

2.0

1.4

20]. )

7.7

6.2

3.1

1.6

1.9
1.3

2‘0.

5.7

68

51

153

65

- 81

184 -

99

184

55

'46

172

77

42

39

89

56

0.42
0.51

7.0

2.7

1.2

0.32

0.79

0.60 .

0.46

1.0

1.4~

3.5

3.0

2.2

2.1

1.8

0.92

2.0

4.7

6.2

0.69

6.0

2.8

3.0
0.46
3.2
4.2
4.2
1.8
1.5
1.1

4.2

3.4



June

July

23

24

25

26

27

28

29

10

11

12°

13

14

15

16

17

18
19

20

21"

22

23

24

37
40

45

83

68

51

a1

59

.75

88

.88

56

49
26
35

59

-71

71

77

" 50

- 45
73

102

~104
70
63

28

- 110
234

178

148

152
119

105

223

- 202

184

216
43
94
48

197

237

162

146

171

124

220

228
301

211

88

98

149

" (Table 3.- Page 3)

3.0

<0.71
4.1
2.8
3.0
1.0

- <0.41

1.9

3.2¢- 7

2.5
3.1'
2.1
1.2
£0.07
2.6
4.0
- 3.6
3.5
3.6
2.0
.3.7

3.1

<0.69

5.1

1.8

- 3.1

0.12

1.5

0.65 -

3.2
2.7

1.2

3.4

4.1

9.3

2.6

37

43
53
51

119

117

63

74.(

70

20

78

.76
59

- 45

.42

47 .

62
59
73
55
47
40

44

1.8

0.6

3.1

.29

0.6

0.25

0.8

0.75

0.34

1.7

l.l

3.0

" 0.47

3.0
5.8
3.9
1.8
2.2
2.3
2.6
3.8

2.7

2.4
0.77
1.9
1.8

5.6

2.3
2.0
2.2
2.5

4.9

2.9

2.0

1.2
1.5

5.3



July 25
2%
o7

28
29
30
31

August

1

10

“11

12

13-

14

15

50

63

64

®
37
26
39
51

54

67

40

45

63

56

57

65

30

44

66

71

35

52

153
174
116

33

63
103

99

118

70

58
129
142
170

65

97

57

157

68 -

144

136

.168
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2.5
3.4
2.8
<0.6
1.5
1.2
€0.91

1.0

2.8

1.8

1.9
1;2
2.5
1.0

1.1

2-7

1.5

3.9

1.2

2.4

3.1

5.5

61

51

41

52

99

65

25

.54

68

118

68

65

88

44

60
40

24

48

43

2.7

0.83

2.0

1.2

2.2.

1.2

2.0

2.8

1.8

1.5

0.2
2.4

2.6

. 109

2.2

2.9
2.2
3.0

l.l

~ 1.5

1.9
3.6
1.0
2.0

2.5

3.2

3For estimated uncertainties, see text.

b7Be/O3 in units of pCi/m3 air/ppb.
¢32,33p calculated as 32P.



Table 4: Location, Altitude,‘7Be, O3, and 7Be/O3 Mixing Ratios for GASP Samples

- Location .
. North Average o : Fraction
| . Date Latitude - Longitude Altitude Total | 7Bel Ozone? . Be7/054 )
(1977) (Deg.) (Deg.) (km) _ Air (pCi/kg) (ppbv)- (pCi/kg/ppb) x 1072
10-6  48.5-45 145 10.1 1.0 <.4 |
9 26.2-34.7 59E 11.9 1.0 . . .78
12 27.5-18.3 87E 11.3 1.0 <.
15 11.1-17.7 107E 10.1 1.0 <.4
18 42.3-50.5  58E 10.1 1.0 4.0
21 34.1-27.1 130E 10.7 1.0 S 1.7 136 ' 1.3
24 41.4-48.3 60W 10.7 77 5.6 259 T 2.1
11.3 23 : :
25 . 43-46 . NE 11.3 1.0 4.1
11-11 38.6-41.8 - 109W ©11.3 1.0 1.1 50 2.2
14 33-27.7 130w 107 54 1.4 87 1.7
' 11.9 .46 ' ~
(1978)
1-6 37-3375 1300 11.1 1.0 <5 59 £0.8
9 36.8-35 1200 - . 10.1 1.0 4.5 368 1.2
9 - 51.6-55.1 155W ' 10.1 . 1.0 6.2 276 2.2
15 42.1-41.2 8oW 11.3 1.0 3.1 189 1.6
18 21.9-25.4 - 152u 12.2 1.0 <1 ' 57 - - "<1.8
21 34.8-40.1 107w 11.3. 1.0 3.4 157 C 2.2
24 23-31.4 148w 10.4 .69 .84 135 0.7
N 11-6 031

2-17  41.8-42.7 86W 10.8 1.0 4.5 3843 1.2




0 L e o A N N .
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3-7  ° 36.8-31.9  133W 11.0 1.0 <.3 29 - <1.0

10 37.0-34.6 1328 11.0 1.0 .83 33 - 2.3
16 22.0-28.7 144w 0.1 .30 .60 713 0.8
| 11.3 70 -
16 153.7-56.0 SULR 10.4 1.0 5.8 ,
20  25.3-29.9 1550 11.9 .87 <6 973 <0.5 o
. o 9.5 - .13 LT | | |
418, 41.0-38.3 94w 10.7 .13 4.5 5260 0.9
| 11.9 .87
22 37.0-31.2 133w 11.0, 1.0 <.3 61 - - <0.5
23 38.3-42.0 108W 11.3 1.0 2.0 236 . 0.8
25 - 22.6-30.6 147w 11.3 1.0 2 91 | 0.2
28 . 36.9-32.0 132w 11.0 1.0 _ .2 79 . 0.3
29 - 34.1-38.4 133W O 11.3 1.0 1.7 1423 1.2
5-18 . 36-25 149W ©10.1 .5 .50 32 | 1.5
| » 10.8 .5 o -
18 21-28 143W 11.6 1.0 44 104’ 0.4
24 38-42 109W 11.3 ~ 1.0 3.7 341 1.1
27 38-42 ©o109W - 11.3 .9 ‘2.2 227 - . 1.0
| - 11.9 .1 ‘ . |
30 23-21 147w 11.3 1.0 3 63 0.5
6-8 .  22-29 144W - 11.3 1.0 <.2 43 <0.5
11 40-41 8oW 11.9: 1.0 .53 70 : 0.8
14 41 . 86w 10.7 .5 .73 130 0.6
- ' 11.9 .5 | |
17 38-35 130W - 10.7 1.0 3.8 . . 432 g 0.9
20 40-41 | 80’ 11,9 .75 .83, 140 0.6
] L 9-6 025 )

lErrors +10% for activity > 2.0 pCi/kg otherwise +20%.
2Errors +5%. '

3Cabin ozone levels used to estimate outside ozone uncertainties x20%. -




Table 5

220 ppbv~1(%)

Daily Probability of Upper Atmospheric Ozone

June? July August3
WhitéfaceA L o
Mountain Summit 25 . 23 0
Schoharie ‘ 25 | o 19 10
Holland 46 17 8
‘Sugar Hill | | 56 .29 8
AVERAGE 38 o 2 6

lBased on 1977 daily average 7Be adtivity.
2Based on 15 days sampling.

3Based on -~ 10 days sampling. .



Table 6. Heights and Potential Vorticity
Along Isentropic Back Trajectories

Trajectory No. 11" o Trajectory No. 21
Days?2 Height3 Pot. Vort.3  Days2 - Height3  Pot. Vort.3
o 0 2225 a3 0 1917 - .39
! 1 _A 2909 .50 S 0238 .42
2 - 3239 | .60 o 2 2564 .43
3 4095 .56 .3 2610 .37
4  a34a .62 R 4. 2554 : .33
5 4426 .88 5 2450 .33
6 ‘ 5035 .85 6 .2521 .28
7 4395 .74 7 2623 .32
8 5609 1.52 ' 8 2255 .32
9 6418 2.60 9 2423 34
10 6078 2.50 | 0 343 .48

lTrajéctories are caléulated along the 305° K isentropic surface.

2Days are days prior to arrival at Whlteface Mountain, on July 16, 1975, and
July 17, 197b, for trajectories No. 1 and 2, respectively.

3Unlts of helght are meters and units of potentlal vort1c1ty are 10 -8
cm.sec.deg. /gm.



Table 77, Elemental Concentrations in Air Particulates

at Whiteface Mountain, New York, July 1975

' Pi;igiﬁ?:ies Concentrations (ng/m3 air)
Date (ug/m3) Na K Sc - Cr Mn Fe Cu  Zn As Se Br - Sb Cs Hg
‘July 1 34 144 168 0.070 2.5 11.1 310 195 12 N.D.1 N.D. 6.9 N.D. N.D. 1.25
2 51 154 293 0.113 5.8 22 526 75 100 . 2.7 1 0.82 15.1 0.42 0.080 0.64
3 38 39 114  0.030 - 2.9 3.6 111 101 - 18 0.9 0.24 7.8 0.17 0.033 0.62
4 33 88 92 0.039 2.9 5.9 l66 127 24 0.7 0.24 ' 6.1 0.11 0.034 0.93
5 36 102 123 0.038 1.7 10.9. 356 291 ‘16 4.1 0.70 . 14 0.41 0.024 0.79
6 41 100 151 0.059 2.8 8.9 314 257 '25 2.3 0.92 26 0.63 0.059 0.39
7 47 153 151 0.062 4,2 7.9 275 350° 31 2.5 0.92 34 2.1 0.057  0.42
8 54 188 148 0.090 3.4 10.6 295 217 61 3.8 1.84 21‘ 1.6 0.096 0.34
9 44 52 84 0.057 3.2 8.6 A237 33 23 2.6 1.16 12 0.50 0.032. 0.48
10 34 53° 90 0.039 2.4 5.2 200 284 14 0.6 0.24 8.8 0.12 0.038 1.46
11 44 85 116 0.038 2.8 6.2 162 235 18 1.3 0.70 = 12 0.27 0.044 ° 0.64
12 -42 72 96 0.039 3.37 8.5 206 227 25 1.7 .0.70 13 0.52 0.020 0.34
13 33 27 38 0.015 5.47 5.6 164 75 2092 N.D. 0.20 7.2 0.30 0.020 N.D.
14 24 iS 24 0.0057 ~ 3.60 1.3 42 - 137 7 1.0 0.14 5.3 © 0.28 0.024 0.27
15 34 37 62 0.021 4.9 7.0 187 220 20 1.1 0.79 13 N.D. 0.048 .0.60
16 40 53 111 0.071 2.6 10.6 229 200 24 1.4 1.28 14 1.45 0.139 0.48
17 62 ‘96 229 0.15 8.1 32 . 627 .106 56 5.1 4.6 18 1.33 0.280- 0.008
18 81 123 253 6.22 12.9 32 841 146 .59 4.1 . 5.0 15 2.14 0.220 N.D.
19 69 lSS 250 0.15 19.2 17 591 304 42 3.0 1.86 12 N.D. 0.250 N.D.
20 32 19 56 0.034 2.4 3.1 132 189 8 N.D. N.D. C.S . N.D. 0.098 0.075
21 22 15 52. 0.020‘ 2.31 2.5 98 20 ‘19 0.5 . 0.59 2.8 N.D. 0.040 - 0.79
22 24 101 89 0.024 3.5 3.2 129 180 . 15 2.8 N.D. 6.5 N.D. N.D. N.D.
23 35 71 151 0.049 5.4 9.7 261 321 20 1.6 0.42 13 3.88 0.068 0.17
24 41 ) 58 116 0.093 20.3 16.0 629 . 120 34 1.7 0.95 9 . 1,72 0.085 0.12
4 gveragé 41 83 127 0.064 5.4 10.4 295 188 ‘ 37 . 2.2 1.16 13 1.0 0.081 0.54

1 Not detected
2 Contamination suspected-



TABLE 8. SimultanéoUs Measurements of Certain Trace Elements at Five Stations
in ‘New York State and New Jersey, July 1976 .

Pi?i?izizgeS‘ . Concentrations (ng/m3)

Site* Date (pg/m3) " Na K Sc Mn Fe Zn As Br Sb
White- July 17 31 24 27 .008 3.87 191 12 1.04 2.8 16
face . 18 " 53 71 104 .028 10.5 315 - 58 2.67 . 41 .68
Mountain 19 41 : 104 .032 27.1 352 30 2.07 31 .44

20 74 354 315 .090 26.4 802 87 3.23 41 1.26

21 43 . 470 709 .008 4.67 96 7 0.34 27 .09

22 45 59 70 022 7.36 201 15 0.28 0.7 .16

23 63 154 185 .030 6.80 284 38 0.49 16 .70

24 49 59 51 .025 3.1 169 11 0.55 15 .31

High July 17 - 37 . 56 70 .026 6.16 147 18 1.64 53 1.37
Point 17 37 39 76 .022 3.8 1% 18 1.8 74" 1.20
* 18 35 58 101 .047 8.4 247 12 0.98 68 .56
19 29. 97 134 .065 . 13,7 355 59 1.64 62 .79

20 75 - 203 254 .157 27.2 464 297 4,17 128 2.44

21 55 126 144 .078 13.0 429 382 3.22 7 43 N. O..

21 55 101 144  ,081 14.0 524 376 3.50 64 1.30

22 41 258 187 .065 22.1 342 62. 1.04 125 - 2.10

23 29 295 101. .026. 5.2 163 27 0.90. 130 2.50

24 38 40 79 .028 7.1 194  24- 1.9 55 1.40

25 31 39 90 .031 4.4 170 7 0.70 77 0.14

Schoharie July 17 20 77 113 .028. 6.8 222 16 1.94 71 .53
18 28 - 69 138 .041 10.7 280 13 1.14 120 .39
19 30 71 127 .042 8.9 277 15 1.14 187 RYE

20 57 87 229 .130 18.7 674 42 2.66 44 .96

21 56 81 163 .078 18.0 - 605 53 3.43 - 39 1.14

22 32 58 140 .03% - 16.3 202 18 0.52 33 64
23 32 90 107 - .034 5.5 202 24 0.85 82 1.50

24 39 47 105 .030 6.2 218 15 2.00 44 0.99

25 22 48 118 .036 4.4 213 10 0.40 81 N. O.




Holland © July 17
18

19

20

21

22

23

24

25

.. Albany July 17

18
19
20
21
22
23 .
24
25

26

64
55
76
46

- 46
46

41

29

27
22
42
37
Si
41
40
33

20

70

123
155
88
65
73
55

49

121
193

134
118

- 152

430

80,

69
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118
207
197
339
.185
164
133
1133
136

108

229 -

193
372
208
235

237

111
87

.036
.076

126
067 .

.072

©.052

.052

'..044

.026
.042
.085
.129

" L.073.

077

.078

.029
.038

A

10.5
28.0
139.0
46,0
-..16.0
13.0

113.0

17.0

=0 = N N
OO N—ONO

QWOOVWVOUud

293

716

1079

_ 1773

- e 162
' 628
514
632
404

239
371
633
773
478
663
551

248"

274

20

31
31
80

34 ..
20
.51

32
17

22
15
17

65

72

27 -

72

- 20

1.32
2.23
2.30

5.11

2.01
0.99
2.50
1.00

1.80 .

1.66

1.22
1.52
2.32
2.58
N. O.
1.20
1.30
N. O.

86
82
75
74

. 135
189
- 82

222

265

146

146
143

128

231
292

313
295

182

.28
.71
1.56

1.32

.93

*High Point is in New Jersey.A The rest are in upstate New York.

N.O. means not observed.



I YTy

Whiteface Maﬁaféin, New York, dﬁring June aﬁd Jui;:7i67;'

-~ Date’

Na

Concentrations (ng/m3 air)1

K Sc Cr- Mn Fe . Zn . As Se2 Br Sb Cs
June 16 80 143 0.034 1.67 8.1 237 33 1.15 N.D. 10.7 . - N.D. N. D.
17 88 192 0.059 6.9 19.8 450 93 3.36 3.40 35 2.94 0.13
18, 156 146 0.043 33 11.6 390 27 2,02 1.03 14 N.D. 0.077
19 43 280  0.038  14.2 57 607 - 28  -0.07 . 0.32 4.4 . N.D.  N.D.
20 21 68 0.010 7.0 m 117 21 0.56 N. D. 2.1 | N.D. .
21 68 140 0.016 5.4 44 164 29 0.53 0.30 5.0 0.17 1.29
22 194 580 0.010 3.3 42 87 91 2.31 1.19 7.6 0.33 N.D.
23 537 151 0.017 . 37 12.6 . 333 60  N.D.  0.30 7.2 0.27 - 0.03
24 163 327 0.08l 9.6 18.3 650 39 2.97 2.53 - 36 1.35  0.15
25 . 32 73 0.006. 1.88 3.5 70 25 0.97 0.79 8.5 N.D. 0.25
26 3% 85 0.005 3.3 13 105 27 1.18 ©  0.75 0.7 N.D.  N.D.
27 94 180 0.018 7.9 18 395 175 2.63 1.54 19 N. D.: N. D.
28 106 238 0.067 6.6 12.6 515 313 3.58 3.10 . 39 2.50 0.15
29 34 115  0.025 7.1 10.5 298 44 0.98 = ° 0.69 13 2.12 0.05
.30 29 . 109 0.019 1.80 12.5 225 96 0.53 0.30 3.7 N.D. 0.30
July ‘1 91 215 0.048 2.4 13.2 %5 40" 1.3l 1.51 22 N.D. 0.04
19 75 222 0.062 3.1 16 474 41 2.01 2.47 23 2.53 0.13
20 84 137 0.042 1.90 9.7 335 37 . N.D. 0.92 18 N. D. N.D.
21 92 154 0.040 2.4 10.4 380 44 1.84 °~ 1.23 - 21 N.D. 0.07
23 59 80  '0.021 0.71 5.5 191 18 . 1.50 0.21 13 N.D. N.D.'
24 82 207 0.075 - 4.5 19 -548 42 2,52 1.99. .45 N.D. . 0.2l
25 63 99 0.034 12.3 9.6 354 50 - 2.02 1.20 15 N. D. 0.15
27 49 55 0.011 0.44 3.1 106 12 0.99 0.27 19 . N.D, N.D.
i - 28 66 104 0.029 1.0l 6.7 237 25 N. D. 0.42 24 N.D. 0.05
29 171 213 0.062 9.2 22 674 348 1.75 1.60 61 3.16 N.D.
30 114 71 0.004 3.5 20 135 34 1.37 - 0.98 20 1.59°  0.03
“Average 101 169 0.034 7.2 19.1 325 a7 1.21°  18.7 1.69 0.19

2N.D. means not detected.

lror estimated uncertainties, see text.

1.57



Table10. Sulfate Concentrations at Whiteface Mountain, New York
4‘during June, July, and August, 1978.

vate $0, (pg/m3) Date SO4 (ug/h3) Date S04 (pg/m)
June 15 0 . | July 7 19.2 July 29 .64
16 .32 8 27.2 30 .32
17 11.9 9 - 3.31 31 : 1.78
18 10.7 10 7.41 August 1 6.14
19 ‘43.68 11 .66 2 13.7
20 1.30 12 .96 3 16.1
21 7.24 13 3.55 4 .96
22. no sample 14 19.0 5 6.59
23 o | .15 17.2 6 4.88
24 1.63 16 13.4 7 6.7
25 2.58 17 8.22 8.  11.4
26 17.1 18 2.58 9 9.63
27 16.0 19 7.49 10 99
28 2.é2, 20 35.1 11 2.30
29 1.75 21 .43 12 10.6
30 no sample 22 11.4 13 12.2
July 1 no sample 23 13.1 14 8.22
2 no sample 24 .33 15 .65
3 1.07 25 3.24 16 20.5
4 " no sample’ 26 .32 17 .33
.5' no sample T oy 8.84. 18 20.3
6 8.30 28 .66 19 .65




Figure

Figure

Figure
i Figure

Figure
‘Figure

Figure

Figure

Figure

Figure

Figure Captions
New York State map showing air sampling sités.

The Atmospheric Science Research Center Obser vatory at Whiteface
Mountain Summit. The air inlet port for ozone measurements can be
seen near.the upper left hand corner of the center third floor
window. Prior to 1978 Hi-vol samplers were located on ‘the balcony
above third floor. The year-round Hi-vol sampling system installed
in 1978 is located in the upper floor observatory with the air.
inlet mounted through the roof. :

The 20-cm diameter heated air inlet,for the Hi-vol sampling system
used at Whiteface Mountain Summit. The air inlet is located on
the roof of the weather observatory pointing southeast.

The year-round Hi-vol air sampling system presently in use at
Whiteface Mountain Summit. The air intake is seen coming down
from ceiling. It is insulated and heated to remove moisture

and ice crystals prior to sampling. Water is collected at the
bottom of sampling box and drained to a storage pan which is not

-shown. Each Hi-vol is equipped with a constant mass flow control-

ler calibrated to maintain the sampling air flow at 40 standard
cubic feet per minute.

Daily variations in 7Be and Oy for Jure 15-July 15, 1977, at
Whiteface Mountain Summit. Numbers in figure indicate

.eelected dates.

Daily /Be, 32P, and Oy for the period July l5-August 15, 1977,
at Whiteface Mountain Summit. The 7Be and 32P activity on
starred days represent lower limits due to precipitation.
Numbers in figure indicate selected dates.

Daily concentrations of "Be for the period June 15-July 15 (A)

and July 15-August 15 (B) for Whiteface Mountain, Schoharie,

Sugar Hill and Holland, New York. (See Figure 1 for site
locations.) Numbers in flgure indicate selected dates.

Three-hour average O3 and daily 7Be for July 27-August 1, 1977,
at Whiteface Mountain Summit. Dark hours have been shaded.

‘Boundary layer (0.4-1.4 km) backward trajectories for air

arriving at Whiteface Mountain at 2 a.m. (—-), 8 a.m. (---),
2 p.m. (-+-), and 8 p.m. (+++) on July 27-30, 1977. Each arrow
head represents 12 hours.

Daily 03, 7Be, 32p and precipitation for Jdne, 1978, at Whiteface
Mountain Summit.



Figure
Figure

Figure

Figure

Figure

11l:
12:

13:

14:

15:

Same as Figure 10 for July 1978.
Same as Figure 10 for Aug&st 1978.

Altitude and latitude distributions of Global Atmbspheric
Sampling Program samples analyzed for 7Be activity. .

Daily precipitation, 32P, 7Be, and O3 for Whiteface Mountain

Summit July 15-August 15, 1977. The lower shaded O3 histogram

shows the inferred stratospheric component as explained in

the text. The 7Be and 32P activity on starred days represent.
lower limits due to prec1p1tat10n Numbers in figure indicate
selected dates. ‘

- Backward isentropic trajectbries‘aldng 305°K surfacés for air

arriving at Whiteface Mountain on July 16 (—) and 17 (---),

'1975. Numbers indicate day prior to arrival at Whiteface
Mountain. Altitude and potential vort1c1ty for each day is

given in Table 6.
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'FIGURE 15  :Backward isentropic trajectories along the 305° surface;
R o numbers are ‘days prior to arrival at Whiteface Mountain

on-July 16, 1975 ( ) or July 17, 1975 (= —=).




APPENDIX I

Ozone Transport from Stratosphere to Troposphere
Husain et al.




