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VWATER BUPPLY AKD WATER POLLUTION CONTROL
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YATER BUPPLY

Water, (H,0), is absolutely essentisl to all 1ife as we know it.
Purtbermore, 1t is so difficult to imsgine any kind of life not dependent
on water that epace bioleogists consider drr rlanets to be extremely poor
hunting grounds in the search for extraterrestrial life.

The earth hes water in ebundance. Approximately three-fourths
of its surface is covered by vater. The water surface would be substan-
tially greater in area if the polar ice caps vere to melt, Practiéally
all the water in or on the land surface of the earth eyeles through the
oceans. Evaporation produces clouds which drift over land sapd subse-
Quently precipitate ss rain or snow. Scme of the fallen water percolates
into the ground vhere it slowly flows through aquifers to the sea. The
Journey may take thousends:of years. Most rainfall and melting snow,
however, flow into rivers vhere this runoff from the land guickly finds its
vay back to the sea. In this process, the soluble salts already in the
ocean water and those carried from the land in each new cycle remain and
eccumulate in the sea. The clouds consist of "fresh” water slthough the
rainwvater soon absorbs impurities from the air and the soil upon contact.

The role of water in supporting living matter my bea considered
as twofold. First, it &5 the necessary intracellular environment for all
life forms. In all biochemical reactions, the participating chemicals
must be in agueous sclution. Secondly, the vast majority of living things

on earth alsc require water as their extraocellular enviromment. These
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oerganisms range from algae t6¢ whales. Without the availability of water,
1life scon suffers. Living organisms, including man, can survive longer
without food than without water. Droughts have rendered nearly barren
larse areas of the eaxth that opce supported rich vegetation and animal
populations. |

For mankind, water has numerous uses other than the basic
biological ones. Converted into steam, water carried directly the burden
of the world's power requirements for over a century prior to the discovery
of the slectiric motor. It continued to be basic to the development of
electric power. From earliiest times, its solvent properties made it the
best cleansing agent and rendered it essential for countless industrial
processes uponr which the modern woerld depends. The teeming nicroox;ganim
in water assimilate and convert to harmless form sevage and other waste
materiel deposited in 1t unless the quantity of the waste or itas toxi-~
citj is overvhelming. .

It is estimated that 92 to 98% of the earth's water is econcmically
unussble by man, chiefly because of two reasons: (1) the salt concentration
in the ocean and {2) much of the water is "locked up” in ice and snow.

Until recently, however, the few percent avallable appeared sufficient for
mankind's use for the near and distant future. BDBut by the midpoint of

the 20th century, signs miltiplied pointing to a future problem. The world
population was growing at an unprecedented rate. The amcunt of water used
rer person was increasing at an even greater rate. New industrial uses

and increased agricultural uses for irrigation exceeded the rising domestic
m&;. To compound the problem, people moved to the cities in numbers that -
changed the entire lend use snd water use patterns. Fov many people required

tremendous quantities of water in small geographical areas. The demand wvas
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overtaking the supply in these areas. Meanwvhile, mounting quantities of indus-
trial weste and sewvage discharged in surface waters diminished the supply of
usable vater. To avert this impending crisis, governments and scientists are
turning their attention to four kinds of solutions.

First, reseérch is being directed toward methods of increasing the
availadle supply by converting salt water to fresh vater. Thias might
solve the problem for areas near sources of saline vater.

Second, ways ere being sought to make better use of the availatle
supply of fresh water, chiefly by combatting pollution even to the point
where the same water might be repeatedly used. Wastewater is already neax
the place where clean water is needed and hence transportation costs are
minimm.

Third, fresh water wasting to the sea in areas wvheres it 1is
relatively plentiful is increasingly being stored and piped long distances
to'areas of need. In thirsty California, water obtained in this fashion
is transported approxinn€ely 1000 miles.

Fourth, the "seeding” of clouds with tiny particles, such as
silver iodide crystals, to causerthe elouds to drop their load of moisture
when it would not otherwise have rained is being attempted. To date, the
results of this msthod are controversial, and it has not a&s yet produced
major quantities of water in dependable fashion.

The best s=olution to the water shortage in a particular area
depends on the relative costs of the fonf methods for that perticular
application. Thus no single solution is best for all cases.

A At the presen; time, principal research efforts are being placed.

on the firét tvo methods, saline water conversion and pollution control.
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CALINE WATER CCHVERSION

The (ffice of B8zline Water was created by Congress in 1.52
to feocus attentlon end support reseerch con this potential xethed T
incresaing the world's fresh wanter supply. Countries wita desert sreas
near the sea, like Isrzel and Saudi Arebia, hed alrecady established
desalination plasnts, of wihich some 200 small installetiona were in opera-
ticn throughout tne world by 1s565. A drasatic exarple is the plant whizh
tae United Etales Havy set up in Cuantansmc, Cuba, to moke the naval basgse
independent of the Cuban water supply.

The United Btates tock the lead in resesrch on saline vater
cenversion chlefly because -c:f the water needs of 1its kighly develcped
industey. Awerlcesn Industyy requires nany times as much wvater as the
population uzes for personal rejulrements, Mcoreover, the water thus used
mst frequently be purer than water tclerables for drinking,

With the aid of gavermmqt subsidies, a dozen or more firas
developed pilct plants for ﬁesnmsat_icd with & view toward improving the
eccacales of the varilous processes used. The following sre the principal

rethodas found to be fensible techaically:

L. Distilletica. This is the cldest wmethed, describad for
chipboard use by Thomea Jefferson. A nusber of different dis-
tillation methods are in use and under development., fzplest
1e tne solar still. Such an installetion iz now operzting in
Smyrna, Syrim, waiere the sua's réys, passing through a2 plastie
curtaln cevering & shallov basin, evaporate tie vater, walca
conéenses on the under side of ine curtsian and runs into

storage tanks.
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In znother distillation prccens, sall water is pasced thrcugh
evaporater units connected in geriee so that the condensed stesm
frea each unit heats the water in the next. Ancther variation,
knowa as flash distillation, hesis saline woter to n peint Just
beleow bolliag and then introduces it into o compartment at lower
pressure. Part of the water luwmediately veporizes; tae rest ruas
inte a chsmber at still lower presasure a2nd additiocnsnl water is
vaporized,

Freezing. Thils process makes use of refrigeration. The salt venter
is chilled until ice erystals are formed, As weter freezes, it
tends to exclude iwmpurities. Taus, the ice is free of salt asd,
when collected emd melted, produces fresa water,

Electredielysis, In tals process, salt weter 1s placed in & vat

divided iato a nusber of compsrtments by epecisl plastic nen~
branes. An electric current i passed through the weter, csusing
tue pesitive and negatlve charged lons of tae dlasolved salts to
nove toward thelr respective opposite poles, Some of the reubranes
permit passage of positive loas cnly and otiers permit only nega-
tive icns to psss, The wenbrznss ore alternately spaced, In
noving toward their respective poles, ioas of bota caerges are
trspped in alternste compartmzeats, Thus, the woter in every other
compartment gradually becomes fresh, while that in the others
becomes very galty. Tae fresh water is then collected.

Reverse Cesmosis, If & meubrane permeable to uater, but not to

dissolved salts, is placed betveen sea water and fresh wvater,
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the lastter will penetrate the mecbrane end diffuse into the sea
water. 9The oszactic pressure exerted by the sea water 1s epproxi-
mately 350 pounds per squere inch end is the fcree driviang the
fresh vater through tne mesbreane. The exertion cf s pressure

on the sea water exceeding the osmoiic pressure will cause the
frech wvater flev te reverse, That 1s, fresh water will be

ferced thrcugh the merbrane from the ses water compzriment inco
tiae fresh vater cowmperiment vaere it will sccumulate, This is
the basis ¢f & relatlively nev and prosising ssline vater

conversicn method,

Common to a1l the processes is z regquirexent for large smounts of
energy. Conversion efficiencies remain many-fold less then thei theoreti-
celly pcasible o8 calculsted thermodynamicslly. lence the economic
fessibility of coaversicn in competiticn wita other sources of fresn water,
éepends largely on the cost of power., (ne dlssdventage of saline woter
conversicn vhich plsces sn sdditicnal peower requivement on all ceoaversica
eyctems is that cea veter, of course, occcurs &t sea level., Thus, the
vater wust be pumped teo its peint of use. Biream water, on the ctoer hand,
is generslly trepped in a reservoir et en altitude high encugh to tske

ccnsiderable ndvantage of gravity for distributicn,
VATER PCLLUTICH COHTROL

Tespite the vost qusntity of water cn earih, novhere deoes it

cceur &8 pure HoC, It e2luays contains dissolved substsnces. The definiticn
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of “pollution” is, therefore, difficult. Hovever, for practical
purposes, it is useful to thimk cof pclluted water as water containing
substences in ecolution, cr suspensicn, in guentities which meke the water
unfit for the use desired. ‘

Polluticn of fresa wvater comes calefly from witreated or
inndejuately treated sewege end froem industriel wnstes. The polluticn
may be so intense tnst resultant biclogical end chemical rescticns
deplete tihe &issolved oxygen in tie watex to the point where aguatic
1ife ie killed in the vicinity of the diechsrge., Belween the point of
discharge snd the zcone of recovery, polluticn exscts its esthetic zrd
econcisic toll snd imposes a threst (o the publie heslth. Recovery oocurs
as the result of dilutica of the wastes, serstica of the weter by stream
flov or wind section end, primarily, tarcugh the assizilation of the
v=ptes by microorgsnisme.

Alsost all sevege treatment processes tske advauntage of this
ability of microarganizms to convert vastes into relastively innoeuous
products, Thus, sevege treatment plents moy be thcught of o8 "ccondensed
rivers” in vhica the microwrgunisus ere cultured and glven engineering
end scientific suppurt to exert s vigorcus attack upon the wastes., Ia
gost such procesces, large qusntities of air wmuet be pwaped lnto the
gevege Lo supply the dlssclved oxrgen reguired by the microcrganisus.
Excess quantities of the microcrgunicms and solid rmoterinls settled from
the sewnge are usunlly tekea to # digester waere sneercbic ziercorgaulces
convert them to inert, sclid vastes for dispossl as land £ill. The
treated licuid vastes are souetizes dlsinfected with chlorine pric to

Cischarge to surface woters. A modern complete sewvage treatwent plant

removes betueen 05% and 5% cf the crganic wastes present in domestic sevnge.
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As elties have growvn in population, it hos been necessary to
inerease tihe degree of sewage treatzent provided in order to protect the
surf{oce waters. The improved trestment nore cospletely reduces the
sevege Lo incrganic minerals. Anong these minersls are dissolved nitrate
and phospante, whieh ere excellent nutrients or fertilizers. Additicnel,
larze quantities of passpazte sre being edded to sevsge tarcwrh tie ccne
etantly increasing uce of phosghate-rich detergents in homes and irdustry,
These autrients hmve creatsd a new type of polluiticn. Because of the more
intensive seunge treatment, the receiving wsters sre cleaver., Sualigat
core easlly penetretes, and photesynthetic crganisms, mostly slgse, use
t“he nutrients to proliferate, Undesirsble, explosive growths of taese
orgenlsas occur. They soon dle, lnposing & aeavy oxysen demend cn the
strenm snd, except for tae publiec health espect, can create condltican
Just as cbjectionzble as if the sewege hmd not been treated. lluch resesrch
ir now golng into methods to remove the nuirients, prineipally tae phospnzte,
from the sewege offlueat, Toe predblem has become scute in many of the world's
Tesous 1skes and rivers, including Iske Geneva, Leke Erie, Luke Truee end
the Potomace River. |

Inducstrial vmstes coastisute the other large scurce of
contawinsticn in bodies of fresgh water. OCil, sulrite from peper =mills,
acid mine wvastes, steel wmill wastes, organic énd incrganic compounds froa
chemical plants, slaughteraouse wnstes, brewery wastes, and meay cther types
of industirinl vastes, including zeat;, sre not esplly removed ar treated,
Beme of these wastes contain nevly cdeveloped chcéicals for vhich 1little cr
0o inforaetlion on trestment exists, C(thers, even after extensive researca,

defy treatment. Control of industrisl vastes at the socurce, pretreatment

.
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befcre discharge io municipal severs, and special, complete treatment at
tue industrial site are the three principal methods used in combatting
this problex,

¥Wnile scientific studies may di#cever successful waste treatnent
processes and practices, their effectiveness is dependent cn gcvernmental
ectiocn restrsining sbuses by wunicipalities end industrisl firms,. Congress
passed the Water Pollution Contrel Act in 1943 waich suthorized matching
Federal grants for construction of municipal facilities for waste treatment
by virtue of the Federel government's jurisdictica over ianterstste wvaterwveys.
Su&aequent acts of Congress, in 1355, 1961 snd 1955, made the program
permanent, expanded it in the enforcement, research end constructicn grsnt
ereas, snd provided a mechanism for establishing vater gquality staeandards.
As of the middle of 1555, 39 enforcement ecticns against wmunicipalities end
industries hsd been initisted. The moral effect wes mueh vider, leading to
pelicies a&cpted by numercus cunicipelities end industrisl cerperaticns to
find feaglible means of avolding polluticn of public waters. As a furtaer
intensificaticn of the weter pollution program, in 1355, at the specifie
reguest of the President, m nev Federal Water Pollutica Control Adalnis-
tration vas establiched within the Depertment of the Interior. Water
pellution control ketivities and perscnnel, previocusly centered within the
Depsrtzent of Health, Educatlion snd Welfere, were transferred to the new
egency waich was charged with instituting a progres to élean up the

Hation's rivers, lskes and estusries.



