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ABSTRACT

Pine shoots, twigs and bark were exposed to 3*SO, in the field using a small exposure chamber.
The rate of uptake by pine needles was found to be proportional to their conductivity for water
vapour, indicating stomatal control of SO, exchange. Other live surfaces absorbed negligible
amounts but considerable uptake occurred on dead twigs bearing lichen and algae.

The results were used to predict that the deposition velocity for SO, to a pine forest canopy
varies from about 0.1 cm s™! at night to a daytime maximum value of 0.6 cm s~!. The rate of
uptake may be an order of magnitude faster when the canopy is wet. Dry deposition of SO, is
probably the major mechanism for sulphur input to forests in Europe.

1. Introduction

Outside the major industrial areas, European
forests are exposed to SO, concentrations well
below the levels which are thought to reduce
growth rates directly. However it has been alleged
(Swedish Ministries for Foreign Affairs and for
Agriculture, 1971) that anthropogenic sulphur
transported in the atmosphere reduces forest
productivity indirectly. The mechanisms proposed
include deterioration of the acid-base status of the
soil with leaching of nutrients, and retardation of
the decomposition and release of nutrients from
litter on the forest floor. It is also claimed that
acidification of surface waters by deposited sulphur
compounds results in serious reductions in fish
populations.

These effects probably depend on the total rate
of deposition of sulphur, regardless of the initial site
and mode of deposition, since almost all the
sulphur must eventually reach the forest floor as
sulphate. The rate of deposition in precipitation has
frequently been measured (e.g. Stevenson, 1968;
Junge & Werby, 1958; de Barry & Junge, 1963)
but there is little information regarding the rate of
dry deposition, that is the direct absorption of
airborne particles and gases. Thus the total
deposition rate is uncertain if dry deposition is
significant.
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Comparable concentrations of SO, and sulphate
particles are found in the atmosphere, the particles
predominantly in the submicron size range. Cham-
berlain (1966, 1968) studied the deposition of gases
and particles. His results show that reactive gases
may deposit much more rapidly than submicron
particles. Thus dry deposition of SO, may make an
important contribution to the sulphur budget of
land and sea surfaces, though the sulphate aerosol
is probably not deposited at a significant rate
except in rain.

Garland (1974), Shepherd (1974), Fowler &
Unsworth (1974) and other authors have measured
SO, deposition rates in field experiments for several
surfaces, but there have been few measurements
over forest. The concentration gradient method,
employed successfully over smoother surfaces,
proved unsuccessful in a series of measurements
over forest (Garland, 1974), although Petit et al.
(1976) report a single measurement over a mixed
forest. Martin & Barber (1975) measured several
concentration profiles at a pine forest. The con-
centration gradient above the canopy was small
and difficult to measure, although the con-
centration decreased substantially within the
canopy. Unfortunately the interpretation of the
gradient within the canopy is not straightforward
but deposition velocities of about 2 cm s~! appear
to be indicated by the data. Belot et al. (1974)
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measured uptake of SO, by pine and oak shoots
exposed to high concentrations of SO, enriched in
348, and Belot estimated the deposition velocity to a
forest canopy to be about 1 cm s~! using the
results.

In this paper a technique for exposing pine
shoots to SO, labelled with radioactive ¥S is
described. The technique allows rapid measure-
ment of the rate of uptake by shoots several
centimetres long, at SO, concentrations in the
range found in polluted air in rural Britain. The
results are used to estimate the rate of deposition to
an entire pine canopy by analogy with water
vapour transfer.

2. Method

Pine shoots were exposed to SO, in a cylindrical
perspex chamber 6 cm long and 7.5 cm in
diameter, divided along an axial plane. Soft silicone
rubber gaskets were fitted to the meeting edges. The
air was mixed and circulated within the chamber by
a miniature fan in a duct at one end, and air
containing 3*SO, could be passed through the
chamber using two ports entering this duct. The
two half cylinders were mounted on a spring clamp
arrangement which facilitated enclosure of a pine
shoot.

For each measurement a shoot was prepared by
cutting the needles from 1 or 2 ¢cm of the stem, 4 or
5 c¢m from the end of the shoot. The soft gaskets on
the exposure chamber could then make a close seal
around the bare stem while enclosing the end of the
shoot, complete with its remaining needles. As soon
as the chamber was closed a flow of 1 1 min—! of
compressed air containing up to 300 ug m~3 of SO,
labelled with 35S was passed through the chamber.
The flow was maintained for 1 min, at the end of
which the flow was stopped and the chamber was
immediately removed from the shoot. Without
delay the shoot was cut from the tree and stored in
a plastic bag for later analysis.

The concentration, C, of SO, in the exposure
chamber was determined several times during each
series of measurements. For this purpose a known
volume of air leaving the chamber was passed
through a bubbler containing 10 ml of 1 volume
hydrogen peroxide solution. Previous work has
shown that this system is an efficient trap for SO,.
The resulting solution was assessed by scintillation
counting.
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The 38O, absorbed by each shoot was deter-
mined as follows. The needles were removed,
counted and weighed. The total projected area, A4,
was determined from a previously established
relationship between fresh needle weight and
projected area. The needles were then oxidized by
heating with nitric and perchloric acids until a few
millilitres of a clear solution resulted. This was
diluted to about 20 ml with distilled water and an
aliquot taken for counting. In some cases the stem
remaining after removal of the needles was treated
similarly. Standard addition tests showed no signifi-
cant quenching in the liquid scintillation counter.

The deposition velocity, v,, for each shoot was
calculated from the total activity in the needles, T

T
T CAt

where ¢ was the duration of exposure.

Measurements on several shoots using exposure
times from 1 to 6 min showed that v, was
independent of exposure time.

In some experiments the resistance for water
vapour exchange was measured before the SO,
exposure. This was achieved using a porometer
chamber similar to the SO, exposure chamber, but
made of cross-linked polystyrene and containing a
sulphonated polystyrene humidity element. The
shoot was enclosed in the chamber and the flow
rate, ¥, of dry air required to maintain the relative
humidity in the chamber at 50% was measured.
Assuming the air and foliage to be at the same
temperature, the conductance for water vapour
transfer, v,, was obtained from

Uy

This method was developed by Beardsall, Jarvis &
Davidson (1972) and the chamber used with pine
shoots was designed by Watts (1976).

3. Results

3.1. Variation of vy, for young needles with time of
day and position in the canopy at Thetford
Forest

Measurements were made at Thetford Forest,

Norfolk, in a 45-year-old Scots pine stand, used in

an extensive study of the micrometeorology of pine

forest by the Institute of Hydrology. The trees are
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about 20 m high and have a canopy 6 m deep. A
tower within the stand gave access to the foliage of
three trees. Measurements were made on 4 days
in August 1975, taking material from three levels
near the top, middle and bottom of the canopy. The
weather was warm and bright on the mornings of

the 14th, 16th and 17th with cloud amounts
increasing during each day. The 15th began wet,
but brightened about midday and sampling was not
started until the canopy had dried at mid-afternoon.
Measurements were grouped into periods of about
1h

Table 1. Results of measurements of SO, deposition velocities v,, for needles of the current season on three

trees

Tree A

Tree B Tree C

Mean Mean Mean

Number of vy

Number of vy Number of Uy

Date Time Level* measurements cm~! measurements c¢m~! measurements cm™!

14.8.75 1030

1400

1630

N e e

15.8.75 1500

1730

16.8.75 0830

o

1130

1330

1630

17.8.75 0900

1100

1300

1500

1800

rzHCZHARZACRZANZzACOZACRZEACRZARZACZACRZCAZAZ

0.18
0.13
0.09
0.044

0.021

0.10
2 0.051

1 0.11
1 0.08

1 0.041
1 0.048

0.10 1 0.046
0.13

0.046 1 0.027
0.029 1 0.034
0.038 1 0.018
0.021

0.011
0.10 1 0.08

0.10 1 0.09

0.026 1 0.024
0.012

NWRNNWEANWWRNE B BRNNDWWNWWWLWWR =R NWWNDRNDN e e e e e
[=]
w

® T signifies canopy top, M signifies mid-canopy, L signifies lower canopy.
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Fig. 1. The daily variation of pine needle conductance for (a) SO, and (b) water vapour at Thetford Forest.

Table 1 shows a summary of the results obtained
with needles which had emerged during the spring
of the same year. In Fig. 1, the values from each
level are treated separately, values from all 4
days being grouped according to time of day and
averaged to obtain a mean diurnal trend. The figure
shows that v, is generally higher at the top of the
canopy than at the bottom. A similar variation of
the conductance of shoots for water vapour with
height and time was found by Watts (1976) in
measurements made on August 16 and 17. The
mean trend found in these measurements is also
shown in Fig. 1. The similarity of the trend of water
vapour and SO, conductances suggests that both
are controlled by the same mechanism, viz.
diffusion through the stomata.

3.2. Additional measurements at Thetford

Table 2 compares measurements of v, for
needles which had grown during the season when
measurements were made, and those, located
further down the shoot, from the previous season.
In practically every case the older needles absorbed
less SO,, on average by 38%.

Data from Table 1 can be used to compare v,
for young needles on three trees. Analysis of
variance between readings obtained on seven
occasions for the same level and period but on
different trees shows that there is a significant
difference between trees. The mean values of v, for
the three trees and for these occasions are in the
ratio 1:0.77:0.48.

The trees at Thetford carry dead branches,
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Table 2. Comparison of SO, deposition velocities, v,, for needles of the current season (new) and the

previous season (old)

New needles Old needles
Tree and Number of Mean Number of Mean
Date Time level measurements vycm~! measurements vycm™!
14.8.75 1030 AM 1 0.13 1 0.044
16.8.75 0830 AT 1 0.10 1 0.08
BM 2 0.10 1 0.05
1130 BT 2 0.07 1 0.049
BM 3 0.12 1 0.027
BL 3 0.032 1 0.023
1330 BL 3 0.037 1 0.030
1630 BT 2 0.045 2 0.036
BM 3 0.033 1 0.022
BL 3 0.018 1 0.014
17.8.75 0900 BT 2 0.08 1 0.055
1100 BT 4 0.066 1 0.07
BM 4 0.062 1 0.043
1300 BT 3 0.049 1 0.048
BM 3 0.042 1 0.024
BL 2 0.020 1 0.013
1500 B M 3 0.021 1 0.017
1800 AM 1 0.048 1 0.028

located below the living canopy and supporting
lichen and algae. A few such twigs were exposed to
380, to discover whether this material was a
significant sink. Using the total surface area of
stems, reckoned as cylinders about 0.5 cm diameter
the value of v, for this material was about 0.13 cm
s~1, comparable with the higher values for needles.

3.3. Measurements made at A.E.R.E., Harwell

In order to confirm the relationship between the
exchange of SO, and water vapour, measurements
were made in a small plantation of 10-year-old
Scots pine at A.E.R.E. The water vapour conduc-
tance of each shoot was measured, using the tech-
nique described above, 1 or 2 min before
exposure to 3*SO,. Needles of the current year’s
growth were used, and a wide range of conduc-
tance was observed by working at various times of
the day and night.

The results (Fig. 2) show considerable scatter
but the conductances for SO, and water vapour
appear to be proportional. The mean ratio 1.98 is
close to the ratio of diffusivities (2.1) indicating that
the SO, uptake is indeed controlled by stomata. A
similar conclusion was reached by Belot et al.
(1974) for pine, and Spedding (1969) for barley.
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Adsorption by the cuticle, or by traces of soil or
other materials on the outer surface of the leaves
can have played little part in SO, uptake, for linear
regression analysis shows no significant intercept
on the SO, conductance axis.

In a further experiment shoots were shaken for 1
min in distilled water after exposure to 3°SO,.
The summary in Table 3 indicates that a large
proportion of the absorbed sulphur can be removed
if the washing is performed soon after exposure,
but that little sulphur is accessible after a delay of
some tens of minutes. Two explanations appear to
be possible. The sulphur removed may be leached
from epidermal cells, perhaps the guard cells, and
may be converted to a less soluble form after
exposure, or translocated to less accessible sites
within the leaf. Alternatively, SO, may be rever-
sibly adsorbed by the cuticle, and evaporate soon
after the exposure. Such material would not have
contributed to the permanently sorbed sulphur of
Fig. 2, nor to the uptake of SO, by the forest.

Further experiments were performed to discover
whether *S could be recovered from the stems of
shoots exposed to #*SO,. Such sulphur might have
resulted from translocation from the leaves or from
direct uptake by the surface of the stem. Nine
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Fig. 2. The conductances for water vapour and for SO, measured on Scots pine shoots.

Table 3. Effect of washing shoots after exposure to **SO,

Delay before
Number of vy washing Percentage
shoots Exposure conditions cms™! (min) 35S removed
5 Daytime, RH = 819% overcast sky 0.02-0.03 20 to 280 4to09
Daytime, detached shoots with stems in water 0.07-0.23 0.05 70
11 Night, RH = 80% 0.016-0.03 2 20to 50

shoots were exposed for times from 1 to 9 min.
The shoots were culled and the needles removed
from the stems promptly after exposure. The
amount of activity associated with the stem was
found to vary from 1% to 8% of that in the needles.
The proportion did not increase with exposure
time, as might have been expected had the activity
reached the stem by translocation.

Finally, measurements were made of the rate of
uptake by the bark of living branches and trunks.
The results indicated deposition velocities of the
order of 103 cm s~

4. Deposition of SO, to a forest canopy

4.1. Deposition to a dry pine canopy

The deposition velocity to the complete forest
canopy can be estimated using the measurements

of exchange rates for water vapour and the
relationship established above between water
vapour and SO, conductance. Stewart & Thom
(1973) and Gash & Stewart (1975) discussed
evaporation from the Thetford Forest canopy.
They described the transfer process in terms of
resistances to transport, being reciprocals of
conductance. The resistances for processes acting
in series are additive. For water vapour they
distinguished resistances relating to
4.1.1. turbulent transfer from the chosen reference
height z; (20.5 m) to the effective height of
the momentum sink,

_ u(zg) 9y
Uy O
where u(z,) is the windspeed at the reference

height, u. the friction velocity and ¢, and
¢,, functions of the Richardson Number

A4
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reflecting the influence of temperature
gradients on the transfer of vapour and
momentum;
. turbulent transfer between the heights of the
effective sink for momentum, 4, and the
effective source for water vapour, ¢

d—c 0.33
== = —
B ku h—d) u,

where k, ~0.4, is von Karman’s constant;
the “bluff body” effect introduced by
Chamberlain (1966) and evaluated for forest
by reference to Thom (1972):

rp = 1.451,757(3.0uY" — 1)

4.1.3.

4.1.4. the bulk physiological resistance, repre-

senting diffusion through stomata, r,.

Thus the exchange velocity or canopy
conductance
v(z)=L=r—‘=(r +rg+ry+ry!
1) —x(0) RS

where E is the flux to the forest per unit land area,
x(z,) and x(0) concentrations per unit volume of air
of the diffusing material at height z, and in equili-
brium with the surface respectively. For water
vapour x(zp) and x(0) are identified with the
absolute humidity at height z and the saturation
absolute humidity at the effective mean leaf tem-
perature. For SO,, x(0) is taken to be zero, since
the equivalence of water vapour and SO, transfer
for pine shoots implies that the concentration of the
gas within the substomatal cavities is zero.

The magnitudes of the resistances r, to rg for
SO, will be estimated by reference to the values of
Stewart & Thom (1973) and Gash & Stewart
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(1975) for water vapour, based on measurements
at Thetford Forest. The bulk physiological
resistance is typically an order of magnitude larger
than each of the other terms. Thus considerable
variations in the magnitudes of the other terms are
unimportant when estimates of the total resistance
are required.

The turbulent exchange terms, r, and r, are
expected to be equal for SO, and water vapour,
subject to the assumption that the sinks of SO, and
sources of water vapour are similarly distributed in
the canopy. The evidence presented above, that
SO, transport to leaves, like evaporation, is
controlled by the stomata supports this
assumption. SO, uptake by bark may reduce the
effective height of the SO, sink, but the resulting
change in r,, probably has a negligible effect on the
total resistance. The bluff body and stomatal terms
both depend on the molecular diffusion coefficient,
and will be larger for SO,. The effect on the bluff
body term has been calculated by reference to
Thom (1972, eq. 15), while the bulk physiological
resistance is expected to be inversely proportional
to the diffusion coefficient as were the resistances
for individual shoots (Fig. 2).

Table 4 shows typical values of the resistances
for water transfer drawn from Stewart & Thom
(1973) and Gash & Stewart (1975), and also the
values deduced for SO,. No allowance has as yet
been made for uptake on surfaces other than the
pine needles.

The measurements reported above suggest that
dead wood is a significant sink but that the surfaces
of living branches and trunks are not. The contribu-
tion of dead wood in the canopy is not reflected in
re since the surface does not contribute to
transpiration, but may be represented by a

Table 4. Typical daytime values of resistances to water vapour
transport at Thetford forest, and corresponding values deduced

Sfor SO,

Value for Expected value
Term water vapour for SO,
r,scm™! 0.024 t0 0.047 0.024 t0 0.047
ryscm! —0.0027 to —0.0077 —0.0027 to —0.0077
rgscm! 0.027 to 0.04 0.051 to 0.085
resem™! 0.7t024 1.5t 5.0
Irscm™! 1.6t0 5.1
v,=1/rems™! 0.6t0 0.2

Tellus 29 (1977), 5
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Fig. 3. The deposition velocity for SO, to a dry pine
forest canopy predicted from typical water vapour
transfer resistances due to Gash & Stewart (1975).

resistance r, acting in parallel with rg. The relative
areas, uptake rates, and the depressed SO, concen-
tration near the bottom of the canopy (Martin &
Barber, 1975) suggest that r, should be about 10r,
so that uptake by the dead wood should be of little
consequence in daytime. Gash and Stewart show
that there is a marked diurnal variation of r, but
that values are not very sensitive to time of year.
Thus the predicted diurnal variation of SO,
deposition velocity for a dry pine canopy (Fig. 3) is
expected to be typical of conditions in spring,
summer or autumn.

The deposition velocity expected at night may be
estimated using the observation that the noctural
conductances for SO, measured at Harwell were
about fifteen times smaller than the highest daytime
values. Thus rg at night is expected to rise to about
20 s cm~?! and limit the deposition velocity to 0.05
cm s~ If dead wood absorbs at night the total
deposition velocity might be twice this value.

The deposition velocities for pine forest deduced
above are smaller than the mean values for grass,
soil and other surfaces (Garland, 1974), because of
the large value of r;. They are also smaller than the
values suggested by the profile measurements of
Martin & Barber (1975).

4.2. SO, deposition when the canopy is wet

The above experiments provide no information
on the behaviour of SO, when the canopy is wetted
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by rain or dew, and the following discussion is
necessarily very speculative. The purpose is simply
to indicate that uptake by intercepted water may
have an important influence on deposition.

Stewart and Thom expect that for evaporation
from a wet canopy rg falls to zero, and give a
value of 7.5/u. for the remaining resistances. Values
of u. from 0.1 to 2.0 m s~! must occur, so that
deposition velocities in the range 1.27 to 27 cm s™!
should be expected on the assumption that the
equivalence between SO, and water vapour ex-
change is maintained. However, deposition of SO,
into the limited quantity of water supported by the
canopy must soon result in equilibrium between the
water and gas phases. (Rain water may aiready be
in equilibrium when it reaches the canopy.)
Thereafter the rate of uptake will be limited by the
rate of oxidation of the resulting dissolved tetra-
valent sulphur species to sulphate. The oxidation
process is known to be influenced by the presence
of catalysts such as iron and manganese ions, and
may be accelerated by the presence of ozone, but
ultimately the oxidation reactions practically cease
when the pH falls to the neighbourhood of 3.0. In
consequence the final sulphate concentration in the
water phase is 50 mg 1-'. However the concen-
trations may be increased somewhat if neutralizing
cations can be leached from the foliage or supplied
as ammonia by the atmosphere.

Pine canopies can intercept 1 mm or more of
rainfall (e.g. Rutter, 1965) but the amount retained
decreases during the drying period as a result of
evaporation and drainage. In the absence of
detailed knowledge of the chemical composition of
the intercepted water the extent of absorption of
SO, can be estimated only approximately, and for
this purpose it is assumed that the mean quantity of
intercepted water retained during the drying period
is 1 mm. The uptake limit then amounts to 50 mg
m~2 of sulphate following each episode of rain.

Such a limitation to the uptake of sulphur
dioxide was found by Fowler & Unsworth (1974)
when studying SO, uptake by a wheat crop bearing
dew. Their results suggest that the surface
resistance remained below 0.1 s cm~! until the
deposition was near its limit. A similar value of
surface resistance would limit deposition velocity
for the forest to 1 to 8 cm s~!, depending on wind
speed, and SO, concentrations of 17 to 130 ug m—3
would be required to deposit the probable limit of
50 mg m~? as sulphate if the canopy remained wet
for 6 h. Such concentrations might exist over
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forests in industrialized zones but are unlikely in
the more remote areas of Europe. In lowland
Britain rainfall exceeding 2.5 mm occurs typically
on 100 days per year. A pine canopy retains
approximately 1.5 mm and evaporation proceeds
at roughly 0.1 mm h~! in winter or 0.3 mm h~! in
summer (Rutter, 1966). Consequently intercepted
water is present for 13% of the time in addition to
the 7% for which rain is falling. Further, if dew
occurs on half the nights without rain, the canopy
may be wetted another 130 occasions per year
amounting to some 10% of the time, making totals
of 230 occasions per year, and 30%.

In such a regime the more rapid deposition to the
wet canopy might result in deposition of 115 kg
ha=! y~! as SO, where SO, concentrations are suf-
ficient to reach the deposition limit on each occasion
(say 50 ug m~3). Deposition during dry periods
with mean deposition velocities of 0.3 cm s~} by
day and 0.1 cm s~! by night would contribute 22
kg ha-! y~. Corresponding figures for a more
remote area with a mean concentration ten times
smaller might be 14 kg ha= y~! in wet periods ard
2.2 kg ha~! y~! in dry. The larger relative contri-
bution in the second case arises because the
limiting pH is not reached before the water
evaporates. For comparison, rain deposits about 15
kg SO, ha~!y~! over southern Engiand.

These values indicate the relative importance of
dry deposition of SO, to the sulphur budget of
forest, and the possible importance of deposition
during periods when the canopy is wet. Further
work by a method capable of use over a wet
canopy is clearly desirable.

4.3. Leaching from forest canopies

It has been observed (Bjor et al.,, 1974; Bache,
1976) that increased quantities of sulphate reach
the ground in the throughfall and stemflow below
forest canopies, as compared with incident pre-
cipitation. Several workers have suggested that the
additional sulphur represents dry deposited
material mobilized by solution in rain water.
Experiments reported above show that the sulphur
taken up by needles in dry conditions rapidly
becomes inaccessible, and that negligible amounts
are absorbed by bark. Dead wood, however, may
retain measurable amounts of sulphur, and Ulrich
and co-workers (see Malmer, 1974, p. 70) have
suggested that the increased acidity in throughfall
can be attributed to this material. However,
consideration of the magnitudes involved shows
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that this mechanism can explain only a few per cent
of the observed sulphur enrichment. Two pos-
sibilities remain, leaching from within the needles,
or solution of sulphur previously accumulated on
surfaces wetted by rain, fog or dew. The data of
Bjor et al. indicate an additional 9 kg ha! of
sulphur as SO, in precipitation penetrating spruce
and pine canopies during a period of 27 days, in
an area (Birkenes, Norway) where the mean SO,
concentration is about 5 ug m~3. Uptake on wet
surfaces at such a concentration was estimated
above at 14 kg ha=! y~1. Similarly, the resuits of
Bache show enrichment of 27 kg ha™! as SO, in
153 days where the mean concentration was 73 ug
m~3, It is appropriate to compare this result with
the prediction of 115 kg ha~! y~! derived above.

The differences between observation and predic-
tion may arise from the uncertainties mentioned in
Section 4.2 or from climatic variation and its
influence on the frequency and duration of periods
with water on the canopy. Thus it may be possible
to account for the enrichment in terms of uptake of
SO, on wet surfaces, but exchange with sulphur
within the needles cannot be ruled out.

5. Conclusions

Measurements show that the uptake rate of SO,
by pine needles at Thetford Forest varies in a
similar manner to the water vapour conductance.
The relationship between exchange of SO, and
water vapour was confirmed by additional
measurements at A.E.R.E., Harwell, which also
showed that the conductances are in the ratio of the
molecular diffusivities. The deposition velocity to a
dry pine canopy deduced by analogy with trans-
piration, varies from 0.2 to 0.6 cm s~! during day-
time. In the presence of intercepted water the
deposition velocity may be an order of magnitude
higher. The contribution of dry deposition to the
rate of input of atmospheric sulphur to forest is
probably comparable to or larger than deposition
in precipitation, and the uncertain deposition rate
to the wet canopy may be of great importance.
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OCAXJIEHUE [BVOKUCHU CEPBI HA COCHOBBIN JIEC
IO JAHHBIM METO/JJA PAJUOAKTUBHBIX TPACCEPOB

B HeGonpuryio 3KCIO3MIMOHHYIO KaMepy, coaep-
xauyio 3°SO,, noMemanuch noberu, BETKH B KOpa
cocHbl. CKOPOCTh MOTJIOLIEHHS! COCHOBBIMH HIJIAMH
Obu1a HalileHa OPONOPUHOHAIBHON HX MPOBOAM-
MOCTH QIS BOJAHOTO Iapa, YTO YKa3bIBaeT Ha
CTOMAaTHYECKHI KOHTpoiab oOmeHa SO,. [lpyrue
MOBEPXHOCTH JXHBLIX TKaHEH MOrIOUWANH MpeHed-
PEXHUMBIE KOJIMYECTBA, ONHAKO, 3HAYMTENBHOE IOr-
JIOLLIEHHE TIPOHCXOMHIO HA CYXHX CYUbsIX, TOKPBITHIX

NHIARHMKOM H BoAopocisamu. PelynbraThl ucmos-
b30BAJIHCh VIS TOJIyY€HHsA OLEHKH CKOPOCTH IIOT-
notends SO, B COCHOBOM Jecy, H3MEHsIOLIEHcA OT
0,1 cm/c Housto 10 0,6 cM/c ~— MaKCHMAalbHOM
BeNTH4UHLI JHEM . CXOPOCTH MTOTJIOWIEHAA MOXET OBITh
Ha MOPANOK BENHYHHBI GOJIble, KOTAA JIeC BIIaXHBIA.
Cyxoe ocaxpaesne SO, , BEPOATHO, ABAACTCA INTaBHBIM
MeXaHH3MOM BBOAA cepsl B Jieca B Eppone.
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