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ABSTRACT

Diveharges from sait weter cooling towers can be evaly-
ated in terma af thelr two major components, agueous va-
pors and ambient particulctes.

Bork the agueous vapor and the ambieni particulutes are
wpically of collpidal size or larger. Distribution of salt waler
copling fower discharges may occur by condensation meth-
vds. Candensution generally involves the coalescing of water
vapor conlaining particulares in the form aof elemental salrs.
This concentration method Increases the salinity and conse-
quently increases the rate of salts discharged 1o the sur-
rounding environment.

Sublimarion Is.a means by which the particulate dis-
charges find their way lo the environment Sublimation
refers to the hygroscopic characteristics of elemental salt
and calcium chioride. After emissior from the stack, the
caleivm and sodium chlorvides are in a crystalline elemental
Jorm, After this particulor poini, they find their way
through the environment and may be absorbed by moist or
Aumid conditions and therefore, deposited in regions of
increased or mesic enviremmental gualities.  Finally,
evaporative deposition serves as a means by which elemental
sails can be transporied and eventually deposited on plant
tissue, ground, animals, efe.

The five major environmental pathways of salt water
effluents are: soils, plants, terresivial vertebrates, aquatic
organisms and finally, man himself. The physiology of
eifects of salrs on soils and the terresirial biota is beinig
determined through many programs aof lesiing at the
present time, Aquatic organisms and their uptake rates are
being studied through water quality programs. The effects
of salts on man have been determined and efforts to reduce
concentrations of these salts thar would be deleterions to
curdiovascular systems and hemopoetic spstems qre being
conducted at the present time.

What then gre the methods by which control of these
discharges can be effectively opergted?

First, precipitation offers one answer o the probiem. By
means of baffles, large amounts of clemental selts can be
re-precipritated as they pass through the emission stacks
This re-precipitated salt can be utilized on site jfor such
purposes as deicing

Accumulation gffers another technigue. This also in-
volves the baffling system whereby sqlt deposition can be
accomplished through heated bajfles which serve to provide
surface on which salt crysialy can grow,

The elevation dynamics of the stack itself can serve 10
limit the amaount of salt emitted from the tower. The higher
the tower, the greater the distance within the wwer and
correspondingly the greaier the percentage of condensation
that will oceur within the tower itself, can prevent the re-
lease of large solt water volumes.

Areas for further study tnvolve the physislogical effects
on biote of salt and iic constituent produces. An efficient
means of controlling emissions is a keypoint to the devélop-
ment of @ cooling tower discharge program that does not
huve widespread environmental effecis. De-salination pro-
casses frave been iried and efficienr means are yet to be
developed so that salr from discharge efffuents can be use-
Jully removed and urifized in some other aspect of plant
aperations. The investigation of other cooling methods is ar
present under consideration und this oo should offer an
area for further research and development,

INTRODUCTION
Salt water vapor has several sources including ocean
spray from the marine environment, salt water vapor pro-
duced hy desalination plants from their stack efflueats,
cooling towers in the power industry, spray ponds from
the power industry which provide some salt water vapors
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through evaporation and mining operations which pro-
vide salt water vapor from wind ablation and hydraslic
spray and through deicing agents for roudway applica-
tions.

Salt water vapor discharges include two principal com-
ponents of concern from an environmental siandpoint,
aguepus vapors that are generated and ambient particu-
lates. Both of these vapor components are characteristi-
cally of colimdal size or larger, i.c., approximately six
microns in size. The distribution of salt warer vapor usu-
ally occurs by means of condensation. Condensarion gen-
erally invalves the coalescing of water vapor and
elemental salts in the form of particutates. Another means
by which salt vapor is brought into contact with the envi-
rorment is through the process of sublimation. Thisis the
pracess by which a dissolved or heated salk solution s first
released to the atmosphere, then conled and reconverted
1o a solid elemental state.

ENVIRONMENTAL PATHWAYS AND

EFFECTS :
There are four principal environmental pathways for
salt water vapor discharges, First, soils carry salts through
solid and liquid salt deposition and accumulation. Sec-
ondly, terrestrial plants also carry salts primarily through
solid and liguid salt deposition. Thirdly, terrestrial ani-
mals are affected, primarily through efementul solid de-
Bosivion, and fourth, fresh water aquatic organisms are
affected through dissolved salt deposition and accumula-
tions. Man, in one form or another, receives the effect of
salt vapor discharges, either directly in his diet, or through
sconomic influence on crop plants directly, and Jivestock

secondarily.

SOI1LS

In soils chloride ion concentrations from 16 to 73 parts
per million are acceptable for the normal vigor of most
plants produced from cuitivation. Accumulations of salt
vapor from 100 to 200 parts per million are excessive and
cause reduced yield and vigor. Physical and chemical
properties of solls change salts. Fortunately salt is rapidly
leached from the soii. This is the result of electrochemical
action of salt as an electrolyte coursing through the
groundwater. However, if precipitation or drainage are
lacking, large scale accumulations can occur with deleteri-
cus consequences for the soif itself and its associated vege-
tation cover.

PLANTS

In plants, the effects of salt vapors can be seen primarily
s an effeet called “burmng” or neerosis. Leaves of decidu-
ous species, considered o be the mast sensitive to salt,

normally are the first to exhibit salt effects by a general
barning at the tip and along the margins of the leaves
which progresses as the salt injury increases. Buds and
twigs, including flowers and fruit, can also be concurrently
affected. In the conifers, needle burn necrosis is exhibited
from the tip to the rear of each leaf as the injury pro-
gresses, Leaf scorch is characteristically exhibited uas 2
change to a straw to orange color as the result of salt
poisoning. There are some plants which are highly resis-
tant to scorch by salt; however, for each there 1§ a concen-
tration threshold which when reached decreases plant
vigor and eventually plant mortality ensues. Studies by
Baovee (1934) have shown that the collecting efficiency in
plants for salt varies with their morphology. The finer the
leaves, the more efficient the plant becomes as a collector.
A particularly appropos example of the effects of marine
salt vapor on the vegetative community i3 cited by Moss
(1840}, On September 21, 1938, & day that will long be
remembered in New England as the day of “the hurri-
cane,” a storm transported extensive marine spray to the
hardwoods of coastal New England. The full effect of the
salt spray damage was not known until the following
spring when leaf scorch could be seen in sensitive species
as lar inland as forty-five miles. This is just one example
of seme of the pervasive influences that salt vapor can have
on a terrestrial plant community.

TERRESTRIAL ANIMALS

In terrestrial animals similar occurrences have been
found. In a study by Clark, Rogers and Wolgast (1971),
salt poiscning was observed in the fisld in cottontail rab-
bits, hobwhite yuait, ringnecked pheasant and rock dove.
Sub-lethal effects were observed by McNabb (1969}, in
bobwhite quail when drinking water with one percent
dissolved sodium chloride. Many species are able to cope
with increased salt accumulation in their diets by increas-
ing their food consumption. In addition to direct salt up-
take and poisoning in some species, there is the secondary
consequence of a change in available forage vegetation
resulting from a lack of plant species which tolerate in-
creased salt levels. The result 15 that one trophic level in
the food web can have a pervasive influence on another
level, even though it superficially appears to be quite re-
moved.

AQUATIC ORGANISMS

In fresh water aguatic organisms, the effect of salt is
somewhat more varied. In fish, salt poisoning has been
observed in many experiments. Changes in iso-osmotic
potentials within the individual cell which result from salt
uptake actually can cause a dehydration to occur. Addi-
tional studies have shown, however, that many species
have very wide tolerances for accepting greater salt con-
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centrations for 2 short period. This fact makes the predic-
tion of specific cifects very difficult. In addition to
freshwater fish, the phytoplankton and zooplankton ex-
Libit sensitivities to increased salt concentrations, Phyto-
plankion, according to Ketchum (1953), generally react
adversely when salt concentration is increased by ten parts
per million over the background concentration. Even
more narrow bands of tolerance are encountered with
zooplankton, where the range of threshold tolerance to
from two to three and one-hall parts per million. There-
fore, the importance of salt in the freshwater environment
is keved to the salt concentrations in the food chain which
limit the carrying capacity for the consumer organisms.
The effects of salt water vapor in man are both psychelogi-
cal and physiological. The effect of salt vapor on automo-
biles, paints, houses and machinery are all well known for
their psychological and economic impact. Physiologically,
salt causes increased sfress to the cardiovascular system,
in addition to the changes it canses in the blood chemistry.
Whether the increase in salt is the result of ingested food
subject to salt spray or by direct inhalation of salt vapor,
the effects of salt vapor on man are coming under more
intense scrutiny every day.

CONTROL OF SALT VAPOR DISCHARGES

What then are the effective means by which salt vapor
discharges can be effectively controlled? For industrial
operations, precipitation of salts by cooling sysiems, wet-
packs and flters offer one method of control. Accumula-
tion of salt in baffles and extractors is another means by
which the salt vapor can be prevented from release in the
atmosphere. Aerosol salt spray systems should be de-
signed so that increased particle size is achieved, thus
reducing the airborne and evaporative drift common to
spray ponds. In mining operations, dust pretectors for
large salt cargoes should be used. In addition, modifica-
tions should be made in hydraulic spray systems which
incorporate nozzles and spray heads having configura-
tions which limit overspray and drift. Stack effiuent sys-
tems should be developed to trap salt and accumulate it.
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Deicing agents should be designed using mixtures of ele-
mentai salis and other additives which could reduce the
roadside szlt spray by preventing salt from concentrating
or being blown off the rosdway and onto adjacent vegeta-
tion.

SUMMARY

This paper has briefly considered the effect of salt water
vapor on the environment, salt water vapor sources, in-
dustries responsible for salt vapor discharges, vapor com-
ponents, including vapor size and particulates. The
distribution criteriz have been considered through con-
densation and sublimation factors. The pathways throngh
which the salt vapor pervades the ¢nvironment have been
discussed, including the role of soil, terrestrial plants and
animals, freshwater aquatic organisms and man. Finally,
some means of controliing vapors bave been discussed.
Uliimately there is hope through research for solution to
excessive salt spray vapor discharges. There are many
possibilities for advanced research on the effects of salt
where beneficial resuits can be achieved through the com-
bined positive efforts of the ecologist and the engineer for
the production of a more balanced and productive envi-
ronment.
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