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ATMOSPHERE SEA-SALTS
DESIGN CRITERIA AREAS

ABSTRACT

Data on the amount and distribution -

of sea-salt fallout is presented so that
designers ‘of equipment and installa-
tions affected by salt corrosion can be
made aware of the phenomenon and be

apprised of the magnitude ‘of the -

problem created by it,
By means of the data assembled,

four preliminary design. criteria areas

have been distinguished: Area I -
Oceanic Islands and Coastdl Areas in
which the sea-salt fallout from all’ proc-
esses is high — ranging in amounts
from roughly 25 to 300 Ib/acre/yr
with extremes as high'as 3,000 to 4,000
lb/acre/yr on - well-exposed  sites;

Area I1 — Intermediate Humid

Coastal and Inland Areas where salt-
fall is moderate to heavy and which
varies from about 3 to about 25 b/

acre/yr; Area III — Subhumid and

Humid Areas of Uniform Low Saltfall
of somewhat stabilized levels of less

than about 3 to 5 Ib/acre/yr; and Area’

IV — Arid Areas of Variable Salt-

fall "on which the saltfall is usually

less than 3 to 5 Ib/acre/yr but may lo-
cally rise to high amounts because the
proximity of inland salt lakes and

playas. _
INTRODUCTION

Designers of military  equipment
have long been aware of the corrosive-
ness of salt particles when in contact
with metals. Salt spray and salt water
immersion tests have been much used.
However, although the fact has been
known since the middle of the last
century, designers in general have not
been aware that sea-salt, largely com-
posed of sodium chloride, is deposited
continuously even inland, either as a
liquid in aqueous precipitation or as
salt particles in dry fallout, by every
importation of maritime air. This fact
was vividly shown recently at an in-
land missile site where missile failures
resulted from salt corrosion.

The primary source of sea-salt in the
atmosphere is the oceans. Minor
amounts of salis are contributed by

weathering of rocks, by wind erosion

of salt efflorescences in the topsoils of
arid areas, and by industrial and hu-
man sources. Normal sea winds carry
from 10 to 100 pounds of sea-salt per
cubic mile of air and this may be in-
creased to 0.5 ton on the windward
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" shore during a storm!, About 1 billion

tons. of airborne oceanic mineral con-
stituents are produced annually over
oceanic areas. From air mass and wind
data, about 10 per cent of this amount

is estimated to be blown over.the con-
precipitated, and eventually

tinents,
brought back to the sea in river waters.
It has been estimated that it will take
from 2 years in humid areas to many
thousands of years in.arid areas for
this salt to return to its source®. The
highest fallout is on the coast, and the
amount decreases geometrically inland
for roughly 50 to 1,000 miles, depend-
ing on the land mass and its geogra-
phy and the size and character of the
maritime air mass, until a point is
reached where the amount is believed
o be fa1riy constant®®h?,

Saltfall in the Umted States has_

been estimated to amount to 3.81h/
acre/yr and in some coastal areas may
well be as high as 100 .1b/acre/yr™.
Extremes of chlorides in precipitation
recorded in some areas of the world
include the breakwater at Ft. Sherman,
in the Canal Zone, where more than
4,408 1b/acre/yt lave been reported®,
Lagos, Nigeria has had a fall of 2,600

Io/acre/yr of sedium chloride®, Over -

45 pounds of salt per acre were de-
posited in .Perth, Western Australia,
during a single 3-day storm in which
4.16 inches of rain fell*. Seasonally on
the beach at Lagos, Nigeria in Jan-
uary 1954, 250 mg/m?/day were de-
posited and during August over 2,000
mg/m?/day were recorded®, At Ft,
Sherman, Canal Zone, a daily average
of 47.7 mg. of chloride was recorded
in November 1964, and over 5,200 mg/
m?*/day in March 19648 The rate of
precipitation of chloride during the
passage of a typhoon (Kitty)} in Japan
ranged from about 0.003 to 0.08 mg/
m?*/second with an average of about
0.02°.
THE SEA-SALT CYCLE

A quick review of curreni thought
pertaining to the sea-salt c¢ycle is of
interest. It should be mentioned that
not all theories in this field are uni-
versally accepted, so this presentation
may be subject to revision, Salt satur-
ated droplets or particles in the air
are formed from bubbles produced on
the sea surface by breaking waves, by
snowfall on the sea, by rainfall, or by

warming.  of sea watet in spring
Bursting of a bubbleé jets'a small posi-
tively charged droplet from the sur-
face of the ligiid into the air®'®, Such -
dropiets are jetted upwards at a speed
of from 10 tb 80 mph and rise no high-
er than 6 to 8 inches™. The droplet’
usually evaporates at least in part, in
a matter of seconds, leaving a “salt
crystal or droplet of concentrated
brine to be picked up by the wind and"
carried away. The approx1mate Criti--
cal refative humidity governing -whe-
ther the salt, in equilibrium, will con-
sist of droplets of solution or solid
crystals is 76%. Only one of the four
or five droplets ejected as the ‘hubble -
bursts is expected to remain airborne.”
The * great maj ority of bubbles aré
less than 200 microns in size. The ~
larger the bubbles the greater - the '
amount of salg'®. ;
Salt particle size varies from"about'_'
0.1 micron to 20 microns radius or
even latger. Salt particles with radii °
from 0.1 to 0.8 micron are most num-
erous, but about 98% of the total mass
of sea-spray particles inmarine air are’
larger than 0.8 micron radins®. The
sea-spray particles smaller than 0.1
micron radius are believed to be negli-
gible in terms of either mass or num- -

- ber. -

Major processes that contribute to
the removal of sea-salt particles from
the atmosphere are: washout by pre-
cipitation, fallout under force of grav-
ity, combing by surface obstacles,

. and encrustation of the ground and

surface objects by salt laden winds.
Washout by precipitation, believed to
be the most important process, is ac-
complished by removal of particles
that act as nuclei during condensation,
removal by agglomeration of cloud
droplets, and removal by collection
during fall of raindrops.

Dry fallout under force of gravity
is important everywhere, but particu-
larly close to the ocean source and to
coastal areas where the larger salt par-
ticles fall out. The rate of descent of
salt pdrticles in the atmosphere has
been compitted to-be 1 to 2 cm per sec-
ond'. Two collecting bottles were ex-
posed side by side at Boston, Massa-
chusetts: one was open to precipiia-
tion. only ; the other open continuously.
The open bottle collected 25 per cent
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mote chloride as a result of dyy fall-
out®. Dry fallout may prove to be very
important in continental interiors such
as that of the United States, where
maritime air masses off the Pacific or
tropical Atlantic encounter cold polar
air and precipitate water and sea-salt
during storms.

Impingement, ot the combing of sea-
salt particles by bushes and {rees, is
difficult to assess at this time because
of lack of comparative data. Analyses
show that rainwater collected under
trees in Sweden has much higher con-
centrations of inorganic ions than that
collected in the open'®, This phenom-
enon is attributed to dry salt accumu-
fated .on the trees by impaction. It is
probably safe to state that this may be
an important process in forest and bush
areas particularly pear the ocean.

Encrustment, or the coating of the

eround and surface objects with a-

salt layer during driving wind storms,
is an impaction process of local impor-
tance. The conditions under. which this
coating is deposited is not known, but
in Halifax, N.S. on 30 December 1956
and in Minorca in various years, it has
been associated with rainless winds. In
Mauritius the encrustation was assoei-
ated with a hurricane', Encrustment
causes much damage. For days after
the Halifax wind. storm the salt layer
interfered with the distribution of elec-
tricity because pole insulators became
conductors, every time a slight amount
of moisture fell on them. Encrustment
must be cleared off television antennae
after an intense storm in island or

coastal areas in order to receive a.

‘clear picture. :

SEA-SALT FALLOUT
OVER THE CONTINENTS

Although knowledge of the distribu-
tion of sea-salt over-the continental
land masses is rather incomplete, a
number of noteworthy widespread
systematic and local surveys have been
made and these surveys have provided
most of what is known about the dis-
tribution (Map I). No systematic sur-
veys for South America or Asia are
known. Many difficulties are involved
in trying to estimate the fotal salt
fallout from all processes from these
data (which are usually restricted to
one process of measurement only) and
from isolated reports. '

It is believed that in practically all
cases the figures presenfed represent
minimal figures uniess actually so
stated, Lacking day by day sampling
and tie-in with daily weather condi-
tions, certain generalizations regard-
ing salt distribution for design criteria
purposes have been made based upon
the findings of these surveys. They are
presented herewith and are supporfed
where possible by data available from
systematic corrosion surveys, which
will be acknowledged by reference.

NORTH AMERICA.

United States

The highest sea-salt fallout occurs
along the sea coasts where the salt
spray is coniinuously being generated
and blown inland. Fallout decreases as
the distance inland from the coast in-

- creases. About 300 to 1,000 miles in-

land, depending on the area, there ap-
pears to be a tendency toward con-
stant fallout. The fallout level in win-
ter is higher than in summer.

The figures used in the following
description of fallout in the United
States refer to the original figures ob-
tained by Junge and Werby'® as re-
computed by Eriksson' and refer to
the concentration of chlorides in pre-
cipitation, In order te estimate what
the total saltfall of an area is, the fig-
ures should be increased by a factor of
about 3 toinclude saltfall by impac-
tion, dry fallout, and encrustment, par- ..
ticularly in the coastal and near-coast-
al areast. Compared with the results
obtaihed from the northwest European
cooperative network and selected sta-
tions in other parts of the world, the
figures for the coastal United States
appear 10 be lower than one would ex-
pect. This can be attributed in part to.
the fact that the initial survey was lim-
ited to only 62 first order weather sta-
tions and that these were selected on
the basis of location and hours of op-
eration. Cities and industrial areas
were avoided, as well as stations that
did not aperate on a 24-hour schedute.
Also,in contrast with the luropean net-
wortk, the collecting boitleswere opened
only during periods of precipitation.

The heaviest amount of sea-salt pre-
cipitated in -the United States is at
Tatoosh Island, Washington in the cy-
clonic storm area of the coastal Pacific
Northwest, where amounts in excess of
32 1b/acre/yr have been recorded. Salt-

16

THE JOURNAL OF ENVIRONMENTAL SCIENCES



fallj’drops"Of‘f-rath&r rapidly to the~

east beyond Spokane where it is about
2 pounds and in the south beyond
Eureka where it is about 7 pounds.
Saltfall on the California coast varies
from 3 to 5 lb/acre/yr and is highest
in the Los Angeles area.

Along the Gulf of Mexico the salt-
Azll-in precipitation is 4 pounds along
the Texas coast, 11 pounds along the
Louisiana coast and '8 pounds on the
Florida west coast. Along the Atlantic
coast the greatest saltfall in precipita-
tion is reported- from Miami where
about 15 Ib/acre/yr is noted. Cape
Hatteras, N. C. reports 10 1b/acre/yr.

From the coastal areas to about 300
miles inland, the concentration of salts
in precipitation decreases until the
amount becomes more or less constant
over much of the continent at from 1
to 2 or less 1b/acre/yr. Several excep-
tions to this statement should be noted ;
(1) the industrial areas of the east,
where the concenfration in precipita-
. tion-appears-to be slightly higher (5
pounds) than normally expected, even
though industrial areas were avoided
in selection of sites; (2) the Mississip-
pi-Ohio Valley, where a monsoon-like
inflow of maritime air from the Gulf
of Mexico persists over much of the
summer, carrying a.relatively higher
saltfall of 2 to 3 1b/acre/yr inland for
over 1000 miles; and (3Y the arid
lands of the southwest, where various
salts are picked up on the dry playas
‘and salt iakes by strong gusty winds,
which may cause severe local salt cor-
rosion problems if the relative humid-
ity is high enough. .

Much of the interior of the Unite
States from the eastern border of the
Pacific states, including the inland
valleys of those states, to a line ex-
tending from near Fagle Pass on the

Rio Grande northeastward through .
central -Missouri, -

“reastern Oklahoma,
and eastern Towa to eastern Wisconsin,
has a fairly uniform fallout of beiween
14 to 1 Ib/acre/yr. The lowest amounts
occur  between Sheridan, Wyoming ;
Goodland, Kansas; Albuquerque, New
Mexice; and LasVegas, Nevada, where
the amount drops below 14 1b/acre/yr.

The general pattern of distribution
of sea-salt in precipitation presented
here for the United States is- con-
firmed, except in industrial areas, by
a corrosion survey'®. Uncoated pieces
of 28 gauge, low-carbon, cold-rolled
sheet steel -were exposed in. 523 citles
in the TUnited States. Survey results
showed that those panels that were lo-
cated in cities along the sea coasts and
in industrial regions deteriorated in
from 3 to 4 years but in inland cities
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of the Southwest corrosion took 15 or
more years,
Canada .
Data on sea-salt fallout in Canada is
provided by several researchers'”*®,
One group found that a point 135 feet
from the ocean at the entrance to Hali-
fax Harbor, N.S,, the saltfall amount-
ed to 98 1bs per acre which is equiva-
lent to 1,176 Ib/acre/yr while ahout
11 miles inland at the Technical Col-
lege at Halifax, the fallout estimated
from samples taken at specific inter-
vals during the years amounted to

only 48 to 144 1b/acre/year.

An analysis of rust samples from
outdeor corrosion exposure sites estab-
lished by the National Research Coun-
cil across Canada indicates the chlo-
ride content of the rust samples in
Saskatoon, Saskatchewan and Norman
Wells, NNW.T., is much higher than
inland stations to the east and west
of these towns., The figures are shown
in Table I,

Halifax City, N. S . 796%
Halifax-York Redoubt . ... 218
Montreal, Quebec ... .o 230
Ottawa, Ontario ... ... 161
Saskatoon, Saskatche . ... 359
Norman Wells, N. W. T. . ... B&B
Trail, B. C. oo I ... 148
Rocky Point, Yancouver Istand ... 307

* Chloride in parts per miliion.

TABLE 1

At present there appears to be no
solution to this enigma. It might be
poingted out that a similar situation ap-
pears to exist in the dry areas of the
Soviet Union where highly saline dust
particles may contribute to the high
fallout.

South and Central America
And the Caribbean Sea
““The only data available for South
America reports chioride concentration
in precipitation at British Guiana
as equivalent to 193 1b/acre/yx”. Cen-
tral America data includes monthly
reports from the U.S. Army Tropical
Testing Center at Ft. Sherman, Canal

Zone, where amounts as high as 4,600
.. Ib/acre/yr are recorded on the beach

breakwater®.

One report on chlorides in precipi-
tation in Barbados, B.W.1. indicated
that 211 lb/acre/yr were received in

precipitation”. However, another report.

showed 'thai a station network opera-
ting from mid-June to mid-August
vielded a maximum of 20 and a mini-
mum of 10 pounds per acre every
day™, .

From the above limited data and

from a knowledge of climatic condi-
tions certain generalizations can be
made concerning distribution of chlo-
rides in this area. Very high saltfall
can be expected on coasts exposed to

~ the northeast and southeast trade

winds because this is a region of rela-
tively low humidity which is conducive
to the production of large salt crystals,
which make up the mainh mass of at-
mospheric salt in the source areas, Most
of the Caribbean Islands, including
the drier trade wind islands, can be
expected to have a high saltfall be-
cause of the trades and fall hurricane
winds. Much. fallout can also be ex-
pected along the Mexican coast east
of the Sierra Madre Oriental, from
east winds from the Caribbean Sea in
summer and in southern Chile and .
Argentina including the South Atlan-
tic islands within the zone of prevail-
ing westerlies. The major part of the
continent extending from Colombia,
Venezuela, and the Guianas southward
through Brazil, Paraguay, and north-
eth Argentina can be expected to have
moderate amounts of saltfall (from
5 to 25 1b/acre/yr). On the arid areas
of Patagonia east of the Andes the
saltfall can be expected to fall below
1 Ib/acre/yz. In the arid area innorth-
west Argentina the saltfall may be as
high as 3 lb/acre/yr from the deflect-
ed Southeast trade winds that season-
ally bring maritime air to northwest
Argentina. The desert region on the
west coast of South America can be
expected to have a moderate to high
saltfall along the coast because of the
fog and the winter drizzle that ac-
companies it created by contact of
tropical maritime air with the cold
water in the Humboldt current and
the on-shore anabatic winds. The salt-
fall inland above the fog zone on the
west face of the Andes is presumably
low. .
Evrope

The most comprehensive data on’
chlorides in precipitation is provided
by the Western Europe cooperative
network., Data in this section primar-
ily are based upon reports of this net-
work. '

In Furope, the salt fall is heaviest
on the immediate ocean coast and les-
sens with increasing distance from the
ocean. The gradient is steepest along
the mountain-backed Norwegian coast
and least in the industrial areas of
France, Belgium, Germany, Switzer-
land, and Czechoslovakia. The chlo-
rides in precipitation along the sea
coast vary from about 200 lb/acre/yr
at Valencia in southwestern Kire, to
130 at Lands End, southwest England,
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40 on the Brittany Peninsula, 160 on
the Netherlands Coast, 40 on the coast
of Denmark and the Kattegat coast
of Sweden (Vinga), 100 at Lista en
the southwestern tip of Norway, about
60 on the west coast of Norway and
about 270 in the Shetland Islands. An-
other source reported 660 Ib/acre/yr
on the Galician coast of northwest
Spain®. '

The decrease inland is quite pro-
nounced in England where chlorides
in precipitation decline from 130 1b/
acre/yr on the west coast to 10 to 20
Ib/acre/yr on the eastern side of the
island and also on the Scandinavian
peninsula where chlorides decrease
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from 100 in Norway and 40 elsewhere
on the west side of the peninsula {o 1
to 3 lb/acre/yr in eastern Sweden.
Central Finland shows a slight in-
crease which may be attributed to the
Gulf of Bothnia even though the salt
content of that water body is low. Salt-
fall over Germany, Czechoslovakia,
Netherlands, Belgium, Luxembourg
and France does not show the rapid
drop expected from coastal areas to
inland areas.

Higher amounts than expected have

also been reported in precipitation
south of Moscow where 7 lb/acre/yr
have been reported® and near Khar-
kov where amounts as high as 24

" pounds were reported?s.

The latter
high amount is ascribed to the prox-
imity of the Black Sea and frequent
cyclonic southerly winds aiong the
coast in winter, even though the winds
are predominantly from the northeast
both in summer and winter, The higher
saltfall than expected in the USSR
is attributed in part to the cyclonic
storms that enter the USSR through
the Baltic-North Sea gap®.

_ The sea-salt totals in precipitation
over southern continental Europe gen-
erally are believed to be much less than
in central and northern Eurcpe®. On
the other hand, fallout on the Galican
coast of northwest Spain is shown to
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be among the highest in Furope —
660 1b/acre/yr* at Guardia® The
same source states saltfall data for
Perugia at 40 pounds and for Scan-
dicci at 55 pounds in Italy, Although
background details. of this report are
not available, it would appear that
some areas of southern Europe have
very high rates as would be expected
because of the variable relief. For ex-
ample, on this island of Minorca,
northerly winds from off the sea pre-
vail for two-thirds of the year, and at
times blow with such force as to carry
salt spray across the island,” covering

* Eriksso.ng‘ cites B. Merine’s original figure as
comparable to 447 kg/hafyr or 398/Ib/Acre/yr.
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the ground with an encrustation of
salt. Similar conditions may prevail
ont other islands and coasts in the Med-
iterranean, particularly in the Gulf of
Genoa, the Adriatic east coast, and the
Greek Islands.
: Asia

In view of the scanty data avail-
able from Asia, the distribution of
chlorides in the atmosphere has to be
inferred from what relationships have
been developed between environmental
conditions and the distribution of sea-
salt particles on other continents.

In Asia, only scattered reports are
available from Israel, Ceylon, India
and Kirghiz S8R, and the data are

quite unrelated from a time sequence
viewpoint. About 115 Ib/acre/yr are
reported received on coastal Israel at
Tel-Aviv®®, One report states Ceylon
received 298 Ib/acre/yr, and India at
Madras received 60 pounds and Cal-
cuita 54" About 130 pounds of chlo-
ride per acre were contained in the 43
inches of rain that fell on Bombay
during the 1939 monsoon™. A citation
by Eriksson reported that 14 ib/acre/
¥r were received at Frunze, capital of
the Kirghiz SSR™.

Going beyond available data, it is
expected that the highest rates in Asia
will be found on coasts exposed to the
southwest monscon, and areas which
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can be expected to have a high salt-
fall, include Ceylon the East and West
Ghats of India, the lower Ganges val-
ley, the Burma and Malayan coasts, Su-
matra, Java and the other islands of
Indonesia, the Siamese and Viet Nam
coasts, Borneo and New Guinea, south-
east China coast and Hainan and For-
mosa, Japan, Korea, northeast China,
eastern Siberia and Kamchatka.
With the exception of the Black,
Aegean and Mediterranean Sea coasts
of Turkey and the coasts of Syria,
Beyrouth and Israel and the Caspian
Sea Coast of Iran and the USSR, the
Near East probably receives very lit-
tle saltfafi, Central Turkey, Syria,
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northern Arabia, and northwest Iraq,
may receive as much as 1 lb/acre/yr,
but the eastern part of the Near East
and extending into Iran, Afg'hanistan,
and Baluchistan probably receive no
more than 0.5 Ib/acre/yr. Southern
Arabia can be expected to receive
more because of the influence of trop-
ical maritime air from India, and Gulf
of Guinea air from the south Atlantic.
This influence is probably greatest in
the. mountains of Yemen and Oman
with reduced amounts along the Had-
hramaut coast.

In the vast arid region of central
Asia centered on the beiow -sea-level
Turfan depression, saltfall derived di-

rectly from the sea is probably as low
as any region in the world. Maritime
air blowing toward the summer low
pressure area may bring small amounts
inte the fringe areas of the southeast-
ern Gobi but it is not expected that
saltfall will anywhere exceed from .25
to .5 Ib/acre/yr. Balts derived from

blowing dust, however, for which this

region has been known since early
historic times, may amount to a con-
siderable quantity over the years and
should be considered in designs of
equipment expected to be used in these
areas,

Saltfall in the Arctic and subarctic
areas in Asia can be expected to be
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low — probably iess than 3 lb/acre/yr
owing to the low salinity of Arctic
waters, the low air temperature, low
evaporation rate and high humidity
during the summer months when salt-
fall is possible. )
Africa
Data on chloride concentration in
precipifation are available for only a
few stations on the continent of Africa.
They include: Lagos, Nigeria (2,600
Ib/acre/yr); Congo Republic (from 2
to 4 pounds); Bloemfontein (4 to 5
pounds) ; Durban (65 pounds); and
Grahamstown {23 pounds).
One report of work with corrosion
of metals in the tropics showed that
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where there is no industrial pollution,
the governing factor is airborne salt
and while in very saline atmospheres
steel may corrode as much as 8g/dm?/
month, in very humid areas free of
high salinity, the rate may be less than
0.1g/dm?/month®. Also noted was that
corrosion of ferrous metals and zinc
is proportional to the rate of deposit of
salt on a damp textile surface. In Ni-
geria airhorne salinity as measured
py any method seems to reach a mini-
mum - about 50 miles inland from the
sea but then increases to about 500
miles in the semi-desert where the sa-
linity (when determined by the dew-
flask method) is of the same order as

at the ocean shore. This increase is at-
tributed to fine particles that probably
come from the northwest or west and
traveled over 2,000 miles without be-
ing precipitated®. There is also the pos-
sibility that these particles originate in
the Sahara desert.

This same air mass, deflected toward
the southern hemisphere low pressure
area during its summer, may account
for the strange condition in the Congo
where the two stations farthest from
the sea near Stanleyville and the north-
ern end of Lake Tanganyika have
double the saltfall of Leopnldville, the
station nearest to the sea. Inland sta-
tions in South Africa obtain their salt-
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fall at the same season from maritime
air inblowing from the Indian Ocean.
Tt seems that the chlorides in precipi-
tation over much of interior humid
Africa are fairly uniform at 2 o 4
Ib/asre/yrt.

In most arid areas the saltfall de-
tected by universal methods is much
less than 1 1b/acre/yr. Fog along the
southwest Africa coast created af the
contact of warm air and the cold water
in the Benguela current is responsible
for a saltfall of 70 lb/acre/yr on the
coast and about half that amount 30
miles inland'. Passing cyclonic storms
bring a moderate amount of chleride
to the South Africa coast during July.
The east and northeast coasts can be
expected to receive moderate io heavy
amounts of salt fallout during the
northeast monsoon season when some of
the coasts are exposed to-the prevail-
mg winds, It is expected that the
North Africa Mediterranean coast may
receive moederate amounts of salt dur-
ing the winter months, when onshore
winds seem to be dominant in some
areas. Inasmuch as the winds along the
northwest Africa coast are parallel fo
the coast much of the year the saitfall
there can be expected to be low. There
may be come salt fog on the islands
and on land areas adjacent to the cool
Canaries current.

Aystralia

‘ Analysis of rainwater in coastal

areas of western Australia shows that
the mean salt content ranges from 15
. to 50 ppm and inland it is 4 fo 20
. ppm* This amounis to from 100 to

600 lb/acre/yr in coastal areas and
from 10 to 60 Ib/acre/yr inland. The
Mundaring Reservoir received 80 1b/
acre/yr and the researcher concluded
that this salt is wholly derived from
the ocean and is brought to the catch-
ment area by the wind and precipi-
tated with the rain®.
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Over a period of 25 years there

was an increase of salinity in railway

reservoirs {which created locomotive
boiler problems) following the clear-
ing of vegetation in the surrounding
country. It was observed thdt the first
water entering reservoirs after the dry
summer period was much more saline
than the hormal winter supplies. This
was attributed to salt being deposited
on the surface of the soil during the
sunmer®

In scutheastern Australia 85 1b/
acre/yr was deposited in precipitation
on the York Peninsula west of Ade-
laide and 35 1b/acre/yr on the coast
near Melbourne®”. On the north flank
of the Great Divide range north of
Melbourne the rate had declined
inland to only 7 1b/acre/yr. The moun-
tain range is an effective barrier to
the westerlies that bring rain to the
area in winter,

There are no data available for oth-
er parts of the continent. The northern
part receives its moisture during sum-
mer when moist northeast winds enter
the continent and continue as far as
the center covering the central and
northeastern parts of the continent. At
that time, the north-central part prob-

.ably receives a moderately heavy salt-

fall along the northern coast with an
inland decrease to about 3 to 4 Ib/
acre/yr. The southeast trades can be
expected to bring a rather bheavy to
moderate saltfall along the eastern
coast east of the Great Divide range.

PRELIMINARY SEA-SALT DESIGN
CRITERIA AREAS

Designers frequently reguest infor-
mation where no known data exists,
Under the circumstiances, an estimate
can only be given reflecting a compar-
ison of environmental conditions of
analogous areas of the world where

the salt fallout is known. Based upon

the data provided in the preceding

section, and estimates inferred from
environmental conditions over the con-
tinents, a preliminary map has been

prepared showing world-wide sea-salt

design criteria areas (Map II), Four
areas are outlined: I—oceanic- isiands

and coastal areas; II—intermediate

coastal and humid inland areas; I11—
subhumid and humid interior areds of
uniform low saltfall; and IV—inland
and coastal arid areas of variable salt-
Iall. The demarcated areas are general
and, as stated above, represent the best
estimate that the writer has been able
to make for use by designers. Quan-
titative values have been assighed to
each of these areas for mapping pur-
poses. The values assigned are approx-
imate only and may not be realistic for
any station near the boundaries, where
considerable overlap exists, or in arid
areas where salty dust is a major fac-
tor. It should also be pointed ocut that
the salt content of the atmosphere, like
the weather, changes from day fo day
or year to year within known extremes.
Sea coasts are always vulnerable o ex-
ceptional wind storms and as a result
the amount of salt precipitated during

-«one violent storm could exceed the total

amolnt received the preceding year.
However, despite these and other limi-
tations, it is believed that the map will
be useful to designers. The following
paragraphs describe each of the areas
shown on the map.

Area 1: Oceanic Islands and
Coastal Areas ~— Heavy Fallopt

Saltfall from all processes ‘varies
from a minimum of 25 lb/acre/yr to
more than 300. Specific well-exposed
areas may receive as much as 3,000
to 4,000 Ib/acre/yr. Individual Z-or 3-
day storms may deposit as much as 30
pounds per acre per storm. Daily salt-
fall during maximum periods may be
as high as 20 pounds per acre per day.
Gale winds have been known to en-
crust the surface of the land and ail
exposed trees, buildings and other ob-
Jects with a salt cover and to scorch
trees and sugar cane and other crops
severely for several miles iniand. Con-
siderable variation in szlt fallout can
be expected from year to vear but the
amount of saltfall is always high in
this area. Knowing certain weather
conditions, saltfall probably could be
predicted with reasonable accuracy in
MAIy areas.

Coastal areas of low-lying re-

Jlief, and gaps in hills and mountain

ranges that permit entrance of mari-
time air containing sea-salt particles
into the interior of continents, have a
lower coastal fallout but a higher in-
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land fallout. The same is also true of
embaymenis and inland arms of the sea
that penetrate the land masses. Cus-
pate forelands, peninsulas, tombolos,
exposed coral reefs, rocks awash, off-
shore sandbars and isiands in areas of
moderate or more intense winds can be
expected to have a high sea-salt fallout.
Coastal areas that come under dom-
inatien of cyclonic storms, trade winds,
seasonal monscon rains, hurricanes and
tornadoes, and low pressure’ areas in
general along with areas subject to sea
fogs can be said to have high sea-salt
fallout,

Area Il: Intermediate Coastal
and Humid {nland Areas —
Moderate Fallout

Saltfall from =all processes varies
from a minimum of about 3 1b/acre/yr
to about 25. A belt of decreasing
amounts of saltfall extending from and
including parts of the coast where off-
shore winds or winds that parallel the
coast are dominant, to a point from 50
to 1,000 miles inland (depeading on
the continent) where saltfall variabil-
ity is reduced to a minimum and fhe
amount is more or less stabilized.

This area includes the industrial
areas of northwest Iurope, eastern
United States, and southeastern Aus-
tralia that are believed to contribute
chlorides to the atmosphere in such
amounts that there is a rise of several
pounds per acre above that of the air
in adjacent regions.

In areas thus classified, corrosion
rates of ferrous metals and zinc fall
off very rapidly from the coastal area
to a point inland where theve is little
or no visible corrosion within a year.
The area includes those humid parts of
continents that are affected by large
scale air turbulence, hrought about as
the maritime air passes from the rela-
tively smooth sea surface to the uneven
land surface. Relief varies from low-
lying coasts with plain-like areas in the
hinterland, in which the sea-salt fallout
rates fall off gradually inland, to
cliffed coasts backed by mountain
ranges which cause considerable uplift
and orographic precipitation. Such
coasts may be moderately saline, but
salinity drops off very rapidly inland.

Area Hl: Subhumid and Humid
Area of Uniform Low Salt-
Fall — Light Fallout

Saltfall from all processes in such
regions is less than about 3 to 5 1b/
acre/yr from atmospheric sea-salt fall-
out as recorded by standard measure-
ments. The areas are located primarily
in the interior of continents but ap-
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proaches the coasts on the margins of
arid areas. The outer boundary is de-
termined by the area where horizontal
and vertical distribution of sea-salt
particles is relatively uniform in the
troposphere and saltfall therefore be-
comes more or less uniform. The inner
boundary is marked by the surface
soils which have a noticeable salt con-
tent which became airborne during
windy periods and increases the total
saltfall to the avea {see Area IV),

Area 1V: Arid Areas of Variable
Saltfall — Light to
Moderate Fallout

Sea-salt fallout is normally less than
about 3 to 5 lb/acre/yr but total salt-
fall may locally be abnormally high
due to salt laden winds from off the
lakes of very high salinity (some as
high as 300 paris per thousand), or,
to wind-blown topsoil efflorescences
from intermittent playa lake surfaces.
The area includes not only the areas
of inland drainage but also includes
areas of external drainage where rain-
fall is not suffictent to remove the sur-
face salts.

Winds may blow the sodium chlo-
ride and other salts not only onto in-
stallations and equipment but may also

blow salt particles into or be injected
into parts of operating machinery or
vehicles where the relative humidity
is high encugh to cause internal cor-
rosion. Another unique feature is the
amount of external abrasion resulting
from driving sand, dust and salt par-
ticles which assist the corrosion proc-
esses by removal of protective surfaces
and surface coatings. Characteristics of
this area are the seasonally continuous
high temperatures or large daily
ranges in temperature, low or negli-
gible precipitation and consequently
little salt fallout from this process.
Evaporation is high and this contri-
butes to the salinity of water bodies.
The area encompasses the low lati-
tude hot-dry deserts which have result-
ed from the subtropical high pressure
and trade wind belts. Such belts occupy
the central and western sides of con-
tinents from 15° to 35° mnorth and
south of the equator. On the western
side of the continents, where cold cur-
rents with local fog prevails, the area
is from 5° to 10° closer to the equa-
tor. Also included in this area are the
cold deserts that extend from 30° to
50° north latitude and occupy the in-
terior enclosed basins of continents.
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