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ABSTRACYT, The Chemistry of High Elevation Fog (CHEF) programme is
operational twelve months 2 year on twoc mguntaians {Mr. Tremblant and
Toundtop Mtn.) in Quebse, Canada and for four mownths on a third
mountain {(#Mr. fpaule), all having maximum elevations of 970 =,
Measurements include: fog water chemlstry, precipitation chemistry,
ozone concentrations and meteorclogical cobservations, Field
ohservations indicate that the summit of Roundtep Mtn. s in cloud
abour 44% of the time. The mountain (above 457 m) has an éstimated
forest exposure te acidic fog of 10% ke k y7i, In autumn 1985 the
daily median Roundtop summift fog pH was 3.8 (mean 3.7), and the median
precipitation pH 4,533 (mean 4.3}. At Mt. Tremblant the values were 3.9
{mean 3.8} and 4.3 {mesn 4.23) respectively. In spriuvg 1986 the dally
median fog pH on Mi, Tremblant was 4.0 (mean 4.0) and the precipitation
pH 4.5 (mean 4.4). The X037 /7804° squivalents ratics in the spring fog
water and precipitation were in the (.4 to 0,5 range with
concentrations of K057 and 504~ ephanced by a factor of 3 to 10 in the
fop water. :

1. INTRODUCTION

Concern over the possibility of a major forest decline problem has besn
slow to develop in Canade. This is not because of any lack of
awareness of the nature and extent of the problem in Eunrope, but rather
because field observations supporting a serfous health problem with
Canadian forests were absent in the early 1980s. Morvison (1984)
reviewed the literature on acid deposition effects in forest scosystems
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and concluded that laborvateory and isclated field studies had
demonstrated some effects but large scale damage to forests from acid
rain was unproven.  The situation has Changed significantly, however,
in the last several years as a result of repested reporis of fores:t
divback problems at higher slevations in the eastern United States and
as a result of a survey of hardwood forest damage (primarily sugar
maple, Acer saccharum Marsh} in the province of (Quebec in 198 ]
survey showed substantial areas of damage in an ares { 3 x
south of the Bt. Lawrence river. In sone portions surveved, -
the trees showed a noticzesble loss of Foliage and dead branches., The
impave of this problen on the maple svrep industry has resulied in
heightenad public and scientific awareness of porential dasage to ocur
forests from all causes including atwospheric deposition.

This paper describes vesults from the Chemistry of High Elevation
Fog {(CHEF) programme. CHEY was dezigned to examing the nature and
extent of wet and dry atmospheric deposition to high elevation eastern
Canadian Iforests.

Schemensusr (19856) has exzensively reviewsd the background of CH
and its clese links with the United States Mountsin Cloud Chemistry
Project {(MOLP). The primciple objective of MECP :
provide afr chemistry and metecrological support to studies of Uhe
effects of atmospheric deposition on higher elevation forests in
mastern North americaz. A secondary objective is to monitor selected
gaseous and particulate air pollutants and the cvoncentrations of
poliotion related lons du cloud water over an extended periocd of time
in order o estimate time trends 1o such dava.

Cowling (1985) din his comiments on the review paper of McLaughlin
£1985) states that with the exception of some direct effscls of ozone
on forests and of the combination of ozone and seid mist "all the
presently available evidence indicating z possible role of airhorne
chemicals im the current 'declinmes' of forests in Europe and Nerth
America is circumstantial”. CHEY has adopted the approach of looking
first at fog water chemistry {from 1983), then af oxone concentrations
{from May 1986) and finally et other atwmospheric chewmicals as resourpes
perait in keeping with Cowling's comclusions. '

oy

2,  SAMPLING PROTOCOLS AND INSTRUMENTATION

CHEF opersted two sites in 1985: Mont Tremblant (467138, 74°33'%)
with a waximum elevation of 970 m and the main observing location at
860 m; and Roundtop Mountaln {45705, 72°33'W) with a4 maxioum
elevation of 270 a and the main observing location at 843 m. For the
summer of (986 & third site was added at the Montmorency Forest
(4771975, 71°10°W) again with & mawimum elevation of 970 @ which was
also the main sampling location. Data discussed here will only be from
the first twoe sites,

Each site has a building equipped for year-around operation, A
reof~top platform contains srandard instrumentstien to measure wind
speed, wind divectiom, temperature, relative humidity, pressure, solar
radiation and precipitation amount {in summer)}. A palr of passive fog




water collectors and 4 pair of pasgive collectors for precipitation
chemistry are algo roef-mounted as is the inlet for the ozone
analyser. The fog water collector is of the Widteface Mta., {ASRC)

design, 1t has 7 370 vertic Tefion fibres ~43 om long with a

digmersr af 0,33 we spaced ~3 mm apart in two conceniric cireles
s : . N R o . . . Oy a3 o

resulting in a cross sectional surface area of 880 ems. The

precipitation sample comes from g 50 om diameter plast
which a sterile polyethylene bag is placed prior to sach
avent, T&in oY showW.

An oparator visits the main sanpling building and each
sub—~locaticn on a daily basis. The meteorvelogical and ozone data are
recorded continuously on data loggers with a 15 min averaging period.
The wet chemistry samples are collected on an event or sub-event basis
depending on sample volume and operator availability. During the
normal work day sample pericds can be as short as one hour. Overnight
serples can extend for 16 toe 24 hours. CHEF is designed to sample
svery fog (cloud on the mountain) and pracipivstion event duriug the
course of the vear and at several different elevations at each sita
pracrical. Valley precipitatien, at  "250 wm, is continuously monitored
for comparison purposes.

The data of Schemenauer (1986) indicate that the summit (970 w) of
Reundbop Men, is in cload 444 of the time, the ridge location {B43 m}
"38% and @ lower ridge (330 m) ~Z23%. This results in & substantiszl
number of sampling opportunities and 28 will be ssen helow a

substantial forest exposure to acidic fog.

container in
precipitation

3. ANALYSIS

The pH measurements on the sawmples were made in the laboratory with a
Corning nmodel 145 pH meter. Measurements were nade fwoe weeks {or more)
after collection following storage and shipping at ~4°C. The
laboratory walues agreed well (& 0.1 pH wnits) wilth the values measured
in the field by the site aperator shortly after colleection.

The samples were analysed for concentrations of anions (CL7, 037,
S04=) and cations (¥a¥®, Nu4¥, K¥, ¢a®f, mg'") by High Perfornmance
Liguid Chromatography utilizing an IC-PAK Waters column and a Waters
pump model 390. The samples were filltered wsing a Millipore BV 0,43 pw
filter and dnjected with an autcematic injector {Waters model WISP
710%. The conductivity detector was a Waters medel 430 and the
chromatograng produced by g Shimadszu C-R3A chromatopac integrator.
Detection limirs were estimated to be ©.02 ppr for €17, Na¥ and ¥H,Y,
G.03 ppm for NG37, 804=, K* and Mgt and 0.04 ppm for Ca®t,  The ien
chromatograph became operational in late spring of 1986, oOnly &
portion of the analyses from 1986 are zvailable at this time,

Both the fog warer samples sud the precipltation saaples were
collected by exposing a palr of identical collsctors for the same time
interval, This resulted in a set of simultanecus sample pairs which
could be screened for possible contamination., In practice, 7% of the
gamples might be rejected dus to ootes made by the site operator of
possibie contamination, usually wind blown matgrial in the
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precipitation samples. About 3% of the samples pre rejectsd dus to a
significant difference in rhe concentration of a major fon between

sample pairs. As an example of the agreement in analvsis between the
accepted sample prirs, the 17 fog sample pairs discussed in the next
saciion had a median difference in 80i= concentration of 4 peg i

(U, 20 ppm) compared to a sample median and median daily medisn Slg=
concentration of 1%% peq 17 L, %The median dilffrFDCP in XQJ
concentration between sample palrs was 1.9 peq 171 compared to s sample
median NG3” concentration of 65 peqg j”l and & wedian dalily median NOq™
concentration of 119 peg 171,  The median difference in concentralions
between the accepted palrs of simultanecus samples is about 2% of the
reported wedian concentrations for the species.

4. FOG AND PRECIPITATION CHEMISTRY

In this section the chemistry of the fog water and precipitation
gzmples from the spring of 1980 2t Mt. Tremblant will ba'c'bpared j4%]
measurenents from late summer and fall of 1883% at Mr. Tremblant and
Roundtop Men. In sdditieon, the compatibility of the weasurements with
those of & detailed aiveraft and surface cloud chemistry preject in tha
winter of 1984 will be explored. Only the H*, HG3T, BUs= and R,
concantrations will be discussed at this fime.

4.1 Spring 1986 Surface Data

The Mt. Tremblant data from Harch, Aprdl and May of (986 are given in
Table 1. The samples are divided into 3 categories: fog; precipitation

{almost all rain); sad mixed fog and precipitarion samples from the
Teflon string collector. The data are presented in 3 wavs to
illustrate the effects of the type of presentstion on the data. Mean
values are presented in Table la), wedians of all the samples fu Ib)
and medians of the dally median valuves in Ic). Isazac and Daun {1986)
argue that the latter presentation is the most reasensble for this type
of dats since it removes any welghting effgct dus to some davs having
more samples than others. The one negative aspect of this approach is
that the number of sgwple days is less than the number of samplies which
can be a problem iwm swall dats sets. The major conclusions from the
Table remain unchanged as one woves from Is) to Ie) but there are some
noticeable shifts in emphasis. For example, the differenze between fog
and precipitatisn HY conceniration is similar but the fog plus
precipitation category moves c¢leser to the precipitation ouly value.
Alsc the difference in NO37 /S04 ratios betwsen fog snd precipitation
ig dncreased. In the discussion below we will make use of the values
in Table Ic).

The median daily median fog water pH value is 3.98 compared te a
summit precipitation pH of 4.4%. This represents 3.3 times as much HY
in the fog water, 104 versus 32 peq 171,  The valley precipitation has
egsgentially the sawme pH {4.46) asz the precipitation at the summit
{4.49)., The median daily medisn mized fog and precipitation pH value,
4,35, is ecloser to that of precipitation alone and argues that when




Table

1 al

Location Elevat loniNumber of #* pH from| W05~ Samplie
{m) Samples | f(peg 2773 W EO, =iComposition
L Piz White 860 17 05t 62 3.97 0.52 1 fog
" N 860 3z 30t 96 4. 03 8.5 fog + precip
oo 860 25 3+ 38 4047 1 0037 precip
Valley 275 27 a8 v 39 4,33 4.%7precip

Summary of the data veliected at the

twe sampling locationi: st Mt.

Tremblant during March, April snd May 1986, Each "sample” is the
mean of a sitmultanegus sample pair. Dats are means of all the
samples. The egquivalenis ratio fpr B0g~ te SU,7 is given,
Table I b}
Location ElevatianiNumber of| medisn H*Y =47} Lk Sample
() Samples | fpeq £70) 50,=  |Composition
| Pic White 860 b 113 3.6% ¢, 57 fog
" " 860 32 54 4.27 i, 32 fogp + pracip
! Y BEO 23 30 4.52 1 6,41 lprecip
Vvalley 275 27 35 .46 0.4 pracip
As for I a) but medians of gll che samples.
Table I <}
Location [Elevation{Number ofmedian day HY pH Oy Sampie
{m} Samples fueq 274D 30, Composition
Pic White &60 37073 104 388 | D.53 jfog
" " B6O 3z (2%} 45 4.35 1 0,33 lfepg + precip
W 860 25 (28} 32 4.48 | 0,40 lprecip
Valley 2T5 7 4273 35 &, 46 .43 presip

As for 1 &) but medians of the daily median values,
psrentheses results from grouping the data by day.

The sample number in
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rain and fog ocour simultansously gl
pasgive Teflon string zollector is f
conclusion of Schemenauer {1%863. 4 "hat™ type cover iy not used o
shdald the fog water collector due to Lhe nossibilities of
contamination due to blow-off and rus~GIif. A sample is considered
aixed when there is evidence during the collsctor exposure periced of
rain Irow the operator’s observations, the recording rain gauge or the
precipitation chemistry sampler.

The median daily median ND3“ESQ&x ratic is higher (0.33) ia fog
than jfu rain {0,407 at the same sltituele, This difference is larger
than il one examinés the means, h32 versus 0,57 and in the opposits
dirgction. The valley precipitation values are similar {glighEZy
higherJ to these on Pic White, The median daily median fog plus
precipitation value of .33 is lower than that of fog or precipitaton

i cult te draw conclusfons regerding these differences

& major pertion of the water in the
ToEn the rain. This agreses with the

alone. Tt is dif
dug te the natural variability of the fog and precipitation events,
Castrillo {1984} also found this for summer cloud water W37 804 vatues
at Whiteface Mtn., ¥.Y. The vaerfability is well {liustraled by Table
LI in which all of the fog samples are listed for this period. Fog
samples from Mareh and April are fow in number beczuse most were mized
with precipitation. §
annually it polnts te the value of having a long record in order to
state mediza values with some degree of ponfidence. The alternabive is
to take the case study approach and examine one gpisode in depth in
order to try to understand the processes active at the time. An
exsmple might be 23 May 1986 wheve > consecutive fog samples wers

o

)
The

fes alrmass origine can change seasonally an

;

obtalned and the ph dropped frow 4,850 te 3,95 while the ﬁﬂ3_/804: ratic
seemed Lo rise and then fall,

A summary of the July to Decewmber 1985 data frow the Mr, Tremblant
and Reundrtop Mtn. sites 1s given in Table Iilad {mesn vaiues) and Tahie
111b) (medians of daily medians). Most of the fog only values are from
Seprember and Gotober. The wmedian p¥ (35.88) of the autumn fog samples
at Pic white on HMt. Ivemblant is slightly lower thas that for the
spring of 1986 discussed above (3.98). The median vaines for the small
number of ssmples at the summit (3.80) and the high elevation ridge
{3.,96) of Roundiop Min. in the autumn alse fall in the same range, The
Mt. Tremblant precipitation values for The autumn af the summit (4.30)
and the valley (4.1i7) are also siightly lower than the corressonding
vaiuves for the spring (4.49 and 4,482, The Rounditop Mtn. valuss for
auntumn 1983 at the summiz {4.55} and valley (4,21} Iccations are again
comparable to the spring data,

This look at the data from the two sites in the autumm of 1985 and
the Ht, Trembiant site in two seasons (antumn 1985 and spring 1986
shows that the fop water acidify is consistently about 3 times nigher
than precipitation acidity on the upper part of the mountains., In
addition, the sutumn data 1o particelsr suggests lower pH values for
precipitation in the vallev as opposed to near the summit. This may be
largely due to evaporation but scavenging may slay a role. The
NO3‘fSO¢w ratios for the spring data fall in the 0.4 to .5 range. The
general agreesent in fog water (end precipitarion} acidity levels in
the autymn and spring is perhaps understandable in terms of an almost




Table 1§

nigte 3ample pH H™ _BOyT Comment s
1984 # ETET S A 50,
Mareh &/ 315 369 205 0,53 24 n
April 7/ 7/ 8 398 HA 0,73 4w
May & 21722 3.7R 174 o.33 1100-1200 ByT
& 23/ 24 370 284 0. 35 1200-1400
& 25743 3,83 147 0,544 1400~ 1 560
) LT 3.9% 118 0.AL L500-1530
7 39 /45 4. 74 58 o.77 1300-14060 a7
? 1742 1.90 HER) G.86 FAGD1300
& 46751 4,18 74 .23 1130-1300 B57
8 52753 3.7 172 6. 21 1300~1400
# 34755 3.79 164 .19 14001530
23 120/121 4.80 | 15 &.57 0930-1030
23 tiz2/123 5.5 26 4.70 16301130
Y1248/ 11% 5. 36 el 9.78 1130-1230
23 Trasiiey 4,17 &7 0.7% 1230-1400
23 [128/7129 385 113 0. 49 14068-1515
26 1387139 4.54 23 5,18
3.97 110832 42.200.%3¢ 5.9 Bel7

Listing »f the fog samples collectad ar Mr, ¢ during March,
April and May 1286, ¥ach value in tolumns I 5 iz the mean
of 2 simultaneous dample pair. The mean pH i + the mean g+
copcantration.  The M3 TAE0,T ratio iz from concentra

a =i

[

AL 1005 it usa
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constant molar ratic of 80, to N0y emissions throughout the year in the
norrhesstern United States {Summers and Barrie, }986), and an
approximate equivelence in autimn and @pring in the Incoming solar
radiation which in part controls the production rates of Rly™ and 5047,

4,7 Comparison with Aircerszft Data

Tsaac and Daum (1986} report on the résults of an extensive aircrafc
and surface observarion study conducted near North Bay, Ontario during
January and February 1984, This locstion is about 400 km due west of
#Mt. Tremblant, Both locations are in areas which are 100 kw or more
from majoer pollution sources. Table IV compares some of the winter
data From North Bay to the autupn and spring data from Mb. Tremblant,

Table IV
Speciey Sesson  Cloud/Fog Precipitation Precipitabion
Water High Elevation low Elevation
pH autumn 3.38 4.30 5.17
wintar 3.59 455 4,22
spring 3.98 5.4% 4. 46
83,5 autumn - - -
{yeg 170 wintet 255.0 2.5 & 1)
spring 199 3z 39
MOy~ Aukamn - - -
(ueq 1713 winter 1840 22.4 31.0
spring 113 i6 22
WOy T/80,7 aufumn - - -
winter g, 70 .62 L. 60
apring 0.353 .40 G.43

Median datly median values for three sessoas of the year. The autumn
and spring CHEF project values are for Mr. Tremblant, Quebec. The
winter values are from Dsasc and Dasn {1986) for the North Bay,
Mnrarioc atreraft and ground data.

The aireraft cloud water samples were collected at g median sivitude
{1.2 km} comparable to¢ that on the mountain (0.9 km) but the aircraft
precipitation samples were collected somewhat highen (1.9 km)},

The basic agreement between the data ssts is very good,
Cloudwater pH values are lower than in precipitation, aund precipitation
aloft (CHEF Pic White) has higher pH values than that at low elevation
{ground surfsce Nerth Bay; valley CHEF). Sulphate and nitrate
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concentrations are 3 to 10 times higher in clovdwater thac in
precipitation, and concentrations at lew elevations are higher than
those aloft. The fvalents ratio of HOg7 /504~ is lower in gpring
than winter fer cloud/fog water and the spring precipitation values ars
tower both aloft and at low elevations. At Nerth Bay most of the
precipltation fell as snow while at Mt. Trewmblant alwmost all of the
precipitation was rala. 1L ssow {s an efficient scavenger of HNG
{which is present in high concentrations st the ground in winter,
Anlaut et agl. 1986) then this would explain the high Kn" concentration
in low level precipitation iu winter as well as the high NOq™/ &0,
value,

Banic et al. {19886} looked at the problen of whether cloud weter
chemical composition reflects the asroscl and gas comnposition of the
alr below cloud base or whether in-cioud ageuous phase reactions
sigrificantly medify cloud water composition. This was done in part by
examining ratios of certain primery soluble ions. Tahle ¥ compares
some of the North Bay eircraft and ground data from summer 1982 and
winter 1984 to the spring 1986 Mt. Tremblant CHEF data. The spring
WO T/804= and BY/S04= retios are similar to bur generally mot quite as
high as for the summer and winter data. Leaitch and Strapp (1987} have
argued that in the winter RO9™ was dominant in the determination of
cloud water acidicy and that the NOg” and acidity levels in cloud water
wers higher than could be accounted for by simple dissolution of ground
aeresol and scidie gases, poerhaps the result of in-cloud HRO4
production mechanisms. The gqulck look at the aircraft and CREF data
sels presented here suggests that when fully analvsed the CHEF dara
will be able to shed considerable light on these processes on an annual
bagis.

i

5. FOREST BXPUSURE

The survey of suger maple damage symptoms published as a wap by the
Quebec Mialstry of Energy and Resources in 1985 includes the area of
the province surrounding the CHEF Roundtop Mtn., site. We have taken 3
preliminary look at the influewce topography might play in determining
where the damage areas are located. The hypothesis is that if the
dieback of sugar maples and other deciduous species in mountsincus
areas 1s related to the iumput of some atmospheric pellutant such as
acidic fog/cloud water or vzome then the dose received by the trees
should depend on guch parameters as altitude, wind direction, wind
speed, slope orfentation and perhaps selar exposure. Indesd, these
paramefers will determine to a large degres the weather related
stresses on the trees even ln the absence of significant pollutant
concentrations. It may be very difficult to partition the two
contributions witheut a zarveful look for episodie {pollutant and
meteorclogical damage within the CAnOPY.

A study ares of approximately 165 kn® was chosen around the
Roundtop Men. site, It extends from 45°00'N to 45°10°'% and 72930'W o
72R48%.  The perceatages of land ares in various elevarion ranges are
shown in Table VI. Only aresgs above 457 m (1300 £t) are shown. This
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Table

o

1

Elevation Contoursd (Representative| Sicpe Time 1 Forest
Range Araa Siope Area Cloud Exposure.
(m} (k) (3 (km®} (73 | ran v
437-610 23.47 18 24 .68 Z5 54, 350
61 3~686 7. 60 0 8,09 3G 21,260
686762 4,77 22 5. 14 34 1%, 310
761-838 Z.60 Z5 2.87 37 3, 300
B838~970 .78 28 0.88 42 3,240
Y 103,160
Estimated yearly forest exposure to acidie fog water at Roundtop

Mountain. The rime in ¢loud is caleulated from the data of
Schemenaner {1986),

correspends to terrais that is in cloud 25% or more of the time.

In Table VI, the areas in each altitude range corrected for siope
are calculated and combined with the estimated time in cloud to produce
an annual forest exposure teo acidic fog water. The lowest altitude
range 437-610 = bas an exposurs of 54,050 km? » ¥ i and the highest
range B3E-970 m an exposurs of 3,240 knd h ¥~i.  Hven though the tinme
in cloud increases with altitude, the decrease in available surface
area downinates the calculacion. The total forest exposure {above
457 w) in the 165 kml study area is 193,160 kel k vl When one
considers the potential muleiplving effect introduced by the ~ 230,000
kie? area in southern Quebee that the CHEF dats might be applied to, the
tobal forest exposure to acidie fog becomes very large. Dertainly not
all of this area has  25% of the land above 457 m but a large portien
does., Alse the percentage of time elevated aress are in cloud B&Y Vary
but based on the three CHEF sites the variation in percentage will not
be large. Using the same mssumptions as above for the area of {fuehec
gouth of Chicoutimi but including the Gaspé gives a forest exposure of

“1.6 x 10% ke R y”l. Even assuming lower values for areas of
elevated land and clovd frequencies would leave one with a value of the
order of 105 wm? & ¥~} for southern Guebec. UYsing a relatively
conservative estimate of fog water deposition rate te a ferssreg arsa,
9.2 mm 5L, atter Lovett (1984}, produces an annusl water deposition of
2 x i1pi0 m§ y"i. This is obviously s substantial ameunt of water, It
amounts to ~10X of the anoual precipitation in this area. Fature
caleslations making use of the regional and seasenal variability of fog
water chemistry from the CHEF data and 2 detailed look at rhe
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provincial topography will attempt £0 L yzansliate these values into
annual deposition figures for the major ionic species.

In examining the sugar msple diebmgk aress at our Roundtop Mto.
study site, except for a small area of wmoderate {26-50% of the trees
affected} damage close to the town of Sutton, the malor damage sppears
to be generally on ridges {at higher elevations} with less severe
damage arsas cceurring in walleys. The relationship of these damage
areas tu the prevailing wind direction, the steering effects of the
main valley, the flow over and eround ridge lines, slope, slope solar
exposure, ete, are currsntly beling examined.

Detailed caloulatrions of the awount of fog water deposited to a
forested mountain slope are very difficult to nake. Calculations such
as the above based on a deposition value frowm Lovert's (1984) uodel are
useful approximations. Bul eventually bhetter ways of transferring
mezsurements of fog liguid water content and fog water chemistry into
forest depositien values will have to be found. The model, even if
initialised with actugl fdield measurements, will always have grest
difficuylty in dealing with deposition Lo complex mountainous terrain.
Dltimately some form of basin water balance appreach may have to be
utilized, however, this would b& a major effort reguiring considarable
resourcey. it may be that an approach that examines the role of & free
as a collector of wet and dry deposition under actual conditicns will
eventually allow extrapolations from passive fog and precipitacion
ceilectors Lo be made to entire forested areas. Schuepp et al. {19863
examing some aspects of this problen and indlcate that the technigqu
shows promise of suceess.

6. DISCHSSION

The Chemistry of High Elevation Fog {(CHEF) programme is still in the
inivial stages of data collection, analysis and interpretstion. The
fieid aspects of the proegramme run semi-continuously from July te
Octobar 1985 and have operated continueously sincée that time. This
paper has demoustrated that acldity levels in fog sad precipitation
samples at mountain sites in Quebec, Canads are similar io twoe seasons,
sutunn 1985 and spring 1986. In addition, ion analysis of the spring
1986 data has been shown te be congistent with that from a
comprehengive aircraft and ground-based fileld programme in the winter
of 1984.

Calenlations of forest exposure to acidic fog suggest that che
near vieinity of Reundtop Mtn. receives roughly 103 kmd h v -1,
Southern Quebet as a whole may receive of the order of 108 ng hoyTh,
Translating these valuesg, which indicate how much forest area is in
fog, to water and ionic deposition values is a2 wmajer challenge and is
one of the areas in which efforts are continuing, Another related
problem, on which work has begun at one slte, is an examination of the
detailed vepography and meteorclogy to see 1f s better understanding of
these topics will lead to some insight as to why small scale damage
patterns appear where they do on the mountain ranges, 1f the forest
ecline observed in sugar maples in Quebec is due to atmospheric



273

deposition or to wmetsorological stresses then some rorrelation would be
expected.

At thls time the expectations ave that CHEF will cperate until the
end of 1990 and provide 2 data base in excess of 5 vears in length.
This shoeuld allow for an sssessment of seasonal, annual and
geographical changes in fog water and precipitation chemistry,
meteorology and gaseous and particulate air pollutants. Conbinuous
ozone measurements began in May 1986 and other parameters will be added
as resources permit. Close cooperdtion with forest scientists will
ensure that the data obtained is relevant to current and future forest
deciine research.
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