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INTRODUCTICON

At the present time there is congiderable discussion
and debate concerning stream pollution by those groups of
persons so interested. It 1s especlally prevalent in our
State of Michigan because of its position as a resort state
and also because it 1s a state which is well industrialized.

Currently, there 1s quite an issue between persons
connected with various conservation leagues, resort organ=-
1zations, and allied sportsmen's groups and the industrialists.
The former wish to maintain and preserve wildlife and stop
further stream pollution. The industrialists agree with this
1dea, as many of them, no doubt, are keen sportsmen. However,
as 1s the case in many problems, money is the big talking point,
since in many cases, 1t would entall the outlay of large sums
of money to treat the wastes for suitable disposal.

It i1s not the intention of the writer to use this paper
as an argunent in support »f either side of the issue, but
merely to present an investigation of this particular phase
of the tremendous problem of waste disposal and stream pol-
lution.

This 1s not a problem which is faced by this state alone.
It 1s a problem which is challanging the whole world. WNeither
1s 1t a new problemn. Sciéntifically nminded men have been seek-
ing a solution to the problem of the disposal of waste pickle
liquor for more than fifty years in an effort to perfect pro-
cesses which will onerate satisfactorily not only from a tech-

nical standpoint but also an economic one.
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Treatment of acid wsstes from iron industries scemed

to have started first in England around the year, 1838. How=-
ever, in the United States, investigations of the problem
were in progress as early as 1890. However, the use of steel
and iron products has increased tremendously since the turn
of the century, thereby increasing the size of the problem.
The use and manufacture of these products has spread consider-
ably also, treatment being necessary in connection with the
Ruhr river in Germany and places as distant as 3ombay, India.

The waste liquor may be disposed of by several methods
without treatment, such as pumping it into deep wells, abandon=-
ed mines or evaporation ponds. Generally, all methods such
as these give rise to situations which are objectionable.
Probably the method which 1s most objectionable 1s the one
whereby the waste 18 transmitted directly to a body of water
such as a stream or lakee. This last method gives rise to the

viewpoint from which the rest of this paper 1s written.
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TYPES of PICKLING LIQUCRS and CONPOSITION
Waste pickling liguors are composed of acid and alkall

solutions. Metal has to be cleaned before it is used in

manufacturing parts. It may be cleaned by the use of sul-
phuric acid either by still pickling or electrolytic pickling.
Red rust 1s removed from iron by still pickling. In this pro-
cess, the iron is immersed in a 4 to 5 per cent solution of
sulphuric acid, which is heated to a temperature of 160 to
170 decrees F. The metal 1s taken out after abour 1% hours,
which i1s the time required for cleaning, and put in a vat
which has a continual source of clean water. It is then put
into a solution containing % per cent caustic soda and 3/4
per cent.trisodium sulphate. The electrolytic method is
usually used to clean off the black magnetie oxide, since the
8t111 pickling method is too slow. The electrolytic method

18 about the ssme as the still method with the exception that
the metal 18 an anode an& the acid solution is stronger. It
18 these above processes which produce the waste which must
be disposed of.

Either process produces acid and alkall solutions and
also soluble ferrous sulphate. The acid solution is usually
thrown awsy after it is lowered to an acid content of approx=-
imately 2 per cent. The wash waters also contain acid. More
sulphuric acid 1s produced when, as the acid 1s neutralized,
the ferrous sulphate is precipitated which 1s hydrolized to
form ferrous hydroxide and sulphurie acid. The alkali sol=-
utions are used to clean the grease from the metal parts and

to neutralize the acid on them.
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i NEED for TREAT!ENT

Treatment of the waste i1s needed for the reuse of the
material and in other cases for the by-products obtained.
There are cases where the by-products obtained, ere valuable
enough to pay for the cost of treatment. There are a great
number of processes which have been developed for the recovery
of useful products. However, the forty-odd processes, only
a few of these have been successfully operated and some of these
are limited by fifferent factors, as for instance 1in the case
of recovery of copperas from pickle liquor. This process 1is
not a difficult one. The 1limlting factor 1s an economic one,
in that the total demand 1s met by a suprly which utilizes
somewhere in the neighborhood of 4 per cent of the total of
waste pickling liquor. However, even in cases where reuse
and recovery products do not in themselves make treatment
ecnonomically gainfull, treatment should be carried on for the
prevention of stream pollution.

Pollution from these wastes has many effects. There is,
of course, a public health menace. Probably no one would
drink any of the polluted water supply direct. There might
be the possibility of its effect on livestock from drinking.
Swimmers micht come in contact with the sulphuric acid and in
such case suffer from its damaging action on animal tissue.
Pollution of this type is unfavorable from an esthetic stand-
point in that the ferrous hydroxide oxydizes to form ferrie
oxide which 18 insoluble. The ferric hydroxide being insoluble
settles out on the bottom of the stream. This brings about a

conditinon which is not only very unsightly but is also an ex-
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trenely unfavorable condition for the propagation of fish

and other aquatic 1life. From a recreétional standpoint this
polluting agent crestes a sltuation which is not advantagéous
to boating enthuziasts. The sulphuric acid has the ability to
regct with the palnt on the boats with undesired results.

From a more utilitarian standpoint, there 1s the effect of
pickling liquor in water supply.

For cosgulation and sedimentation in the clarifying
treatment of turbid waters when alum is used, there may be
an added cost to raise the pH value of the water. Since,
when alum is used for clarification, the reaction takes place
when the pH of the water is alkaline. In most cases, this
would probably require the use of larger amounts of soda ash
(sodium carbonate) for the reaction and clarification to take
place than would be necessary if the raw ﬁater supply were 1in
a condition uncontaminated by the disposal into it of the waste
pickling liquor. ©Still another detriment added to the raw water
supply by this pollution 18 an increase in corrosiveness, ese
pecially in boilers.

Since corrosive‘action on metals by water takes place when
the water contains dissolved oxygen, and nearly all water does.
This action takes place at a rate which is proportional to the
temperature, hydrogen=ion concentration, and presence or lack
of certain mineral salts. From this, the conclusion 1s drawn that
the higher hydrogen-ion concentration (the lower the pH) the more
corrosion that will take place in boilers and probably will neces-

sitate additional water treatment to prevent boller damage.
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In cases where not all the iron is precipitated out
before reaching the raw water intake, it may be necessary to
treat the raw water for removal of the iron compounde. Iron
compounds in the water supply are objectionable for several
reasons. They impart a hafdness to the water which may be
removed by the lime and soda ash process. If the iron com-
pounds are not removed, they have the objectionable ability
to staln everything with which they come in contact, especially
washbowls, lavatories, and bathtubs. When the water is used
for laundering, they are especiallj objectionable., The iron
in the water may preciplitate out of solution and settle in the
mains where there 1s low velocity of flow. A sudaen, higher
demand for water may disturb these rust deposits enough so that
the water supply users experience difficulty using the water.
Iron - bearing water may interfere with cooking by turning
vegetables dark when they are boiled. Iron compounds in the
water supply may stimulate the growth of crenothrix or other
bacterla which may cause the water to have objectionable tastes
and odors. Crenothrix growths may become large enough to hin-
der the flow of water in the mains. |

In cases where pickle liquor is treated in with domestic
sewage, there are certaln difficulties which may be encountered.
If there 1s sufficlent quantity of the pickle liguor to cause
the entire flow of sewage to be acid, the biological processes
of secondary treatment may be seriously interfered with. Where
t he activated sludge process is used, iron in the pickle liguor
willl seriously hamper the functioning of the aeration units by

clogging the alr diffusion equipment. It 1s an expensive pro=-
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cedure to clean or replace the air diffusers, which makes 1t
important that an excessive amount of the pickle liquor does
not get into the sewage treatment plant. In connection with
the treatment of pickle liquor with domestic sewage, 1t should
be noted that this waste has a disintegrating effect on pilpes
and equipment made of steel, cast iron or concrete due to the
action on these materials by the sulphuric acid. Of the fore-
going detriments which may be caused by waste pickle liquor
probably none has an effect which is better known than that of
stream pollution and its resultant consequences to wildlife.

Of 2ll the dangers of pollution, probably none has been
commented on or has been the subject of as many articles written
for the lsyman as the danger to wildlife and in this case most
always the wildlife referred to is the fish population. The
fish population of any body of water 1s dependent upon not only
the water there contained but is sustalned and closely related
to and a part of the myriad of organisms, plant and animal,
whose habitat 1s that body of water. Since our streams and
other bodies of water have a value from the fish 1life estarc-
point, not only as a source of recreation for sport fishing
but also as source of food production through commercicl
fishing, these water bodies should not be mistreated. Whether
or not a stream 1g to be polluted past the danger point for
the aquatic organisms it contains must be determined by a
balancing of values. The value of the body of water not only
as a supporter of aquatic life but also, as previously discussed,

a source of water supply and so forth must be weighed sgainst
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the savings gsined by non = treatment of the waste. Thesge
savings would mean a loss in value of a stream because it
would mean a changing of the environment for the aquatic
conmunlity which would kill off many of the organisms which
can endure only limited deviations from an average set of
c omplex environmental conditions.

Industrial wastes or municipal sewage may pollute a
8tream by several different means elther singly or in combin-
ation. %‘he latter condition is the greater evil. M. M. Ellis,
Senior Aduatic Phipiologist of the U. S. Figh and Wildlife
Service at the University of Missourl has classified pollution

which would be hazardous to fishlife as follows:
(1) Settleable suspensoidés which cover the stream

bottom.
(2) Materials which undergo chemical changes re-
quiring oxygen.
(3) Substances which change the pH of the water.
(4) Substances which change the salinity of the water.
(5) Materials which are of themselves toxic.

A combination of several of these conditions, none of which
8lngly would be lethal, might cause death to fish 1life. Waste
pPlckling liquor generally pollutes a stream by every one of the
above mentioned methods, excepting the fourth.

When the ferrous hydroxide is oxidized, ferric oxide 1is
formed. The ferric oxide is insoluble and settles out on the
stream bottom. This will cause a situation which will make it
impogsible for the bottom fauna to be supportede. Once the bottom

faung 1s smothered out, the food supply of the fish is gone.
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The process by which the ferric oxide is formed from the
ferrous hydroxide is also a bad situation from the oxygen
demand standpointe.

This waste has a very high initial oxygen demand caused
by the oxidation of the ferrous hydroxide to the ferric oxide.
The danger in this situation would be to allow the dissolved
oxygen in the water to go below 5 parts per million. If the
dissolved oxygen level falls below 5 parts per million, even
for only a2 few minutes, some of the fish start dyinge. The
dissolved oxygen level preferrably should be maintained above
this level. Many fish will live in water containing less than
five parts per million of dissolved oxygen but ecertain of their
physiological and blochemlcal processes are stopped or retarded.
Also the fish's resisfance to other hazards 1s reduced. One
of such hazards may be a change in the pH of the water to one
which would not be propitious for suitable environment.

When the pHd of the water goes below 5.0, a condition
exists which is dangerous and may kill the fish. This condition
affects a fish by producing congested areas and stasis in the
terminal portions of the gill filaments. This is a bad situation
since the gillls are a respiratory and excretory organ and as
such, 1t is vital that the functioning of this organ be unime
paired. With the pH of the water Pelow 5.0, the ability of the
gllls to absorb oxygen is impaired, some of the excretory cells
stop functioning, and the flow of blood through the gills 1is

retarded. Extremely small amounts of acid can, 1n sonme cases,
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cause an adverse pH condition.

The sulphuric acid may cause harm in addition to that
caused by increasing the hydrogen-ion concentration of the
water. It can be of its ownself toxic, if it occurs in a
strong enough concentration. This would probably be a rare
occurence, havpening only if the diluting medium were small
In volume or extremely slow moving.

The discussion has to this point, in the opinion of the
writer, shown the need for treatment of spent pickle liquor
in many cases. Some of the various processes and allied
equipment used in the utilization and neutralization of waste
pickling liquor will be the main theme for the rest of this

Paper.
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UTIL;ZATION PROCESSES
The first treatment process to be discussed is the one

from which copperas is recovered. The spenht pickling liquor

i1s heated with scrap iron to neutralize the acid. The solution
which results 1s allowed to stand, so that the suspended mat-
erial may settle out. Then the copperas 1s crystalized by one
of two methods, evaporation or refrigeration. It 1s possilble,
1f the crystals are dried with care, to produce lower hydrates.

However, the drying 1is not usually carried past the trihydrate.

The copperas may be used in several ways. In the treatment of
water snd sewage, 1t may be uged as a coagulating agent with
lime or 1t may be used as in chlorinated copperas forme. The
above process is one of first developed for the treatment of
waste plckling liquor. No free acid 1s recovered by this pro-
cess.

Another process which is used is one in which both cop-
peras and free sulphuric acid are produced. There are several
variations of this type of process. However, they all have
one thing in common and that 1s that part of the ferrous sul-
phate 1s removed as copperas and in some cases, sulphurie acid
is added to the resulting liquor. This is then returned to
the plckling vats for reuse. Mogst of them use cooling and
some evaporation for crystallizing the ferrous sulphate.

There are marked differences in the types of processes
as to equipment and operation used to separate a part of the
ferrocus sulphate from the waste pickling liquor. In some of

the processes, sulphuric acid is mixed with waste pickling



-12-

liquor. The resulting solution is then cooled. This gives

a common lon effect which, when the liquor 1s cooled, increases
the amound of copperas crystallized. 1In another process, the
liquor is cooled to atmospherie temperature which crystallizes
out a part of the copperas. Then the ligquor is drawn off and
concentrated sulphuric acid is added. Next this solution sub-
Jected to refrigeration which lowers thé temperature to around
32 degrees F. and more copperas is obtained. After the liquor
18 withdrawn from the second yleld of copperas, it is diluted
with water to give the proper acid concentration and put back
into the pickling vatse.

In several of the procesges, a part of the copperas,
which has been recovered, 18 dried and mixed with the spent
plckling liquor during one of the first stages of the process.
The liquor is cooled in one to three stages.

A process which uses both crystallization and evaporation
1s the Butler = Little process. First the spent pickling liquor
18 sprayed into the top of a high round tower which has been
lined with lead. A current of cool alr 1s circulated up through
this tower which vaporizes ebme of the moisture and coole the
falling spray so that considerable quantities of copperas crys-
tallize. The copperas is collected at the base of the tower in
a cone = bottom tank. The suspension of copperas and pickle
liquor is taken from this tank and the copperas removed dy the
use of a centrifuge. The liquor is then pumped back to the
plckling vatse

Another procegs whick 1s used 1s one involving evaporation.
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The waste pickling liquor is clarified and placed in evapor=
ation. The waste pickling liquor is clarified and placed in
evaporators which are lined with lead. The pickle liquor is
evaporated under vacuum so that the sulphuric acid reaches a
concentration of about 28 per cent. The resultiﬁg liquor is
drawn off and cooled. The copperas méy then be separated
centrifugally or by usihg a rotary filter. The liquor is then
recirculated to the pickling vatse.

Still another process developed in France uses a multijet
vacuum evaporator and crystallizer which evaporates some of the
water from the liquor in addition to conling it. Some of the
ferrous sulphate is crystallized. The ferrous sulphate 1is
geparated centrifugally from the liquor which is returned to
the pickling vatse.

The last process, to be discussed, for recovery of copperas
and sulphuric acid 1s one which is quite different than the
previous oneg. This one is a patented one and was patented in
Great Britain by de Lattre. A fatty aleohol is added to the
liquor. Most of the ferrous sulphate precipitates as copperas,
which 1s centrifugally separated from the liquor. Fractional
distillation is used to reclaim the alcohol and free acid. The
acid may then be returned to the pickling vats. The processes
80 far discussed hove dealt with the treatment of waste plckling
liquor so as to obtain copperas and sulphuric acid. Another way
of treating the liquor 1s one in which ferric gulphate and sul-
phuric acid are obtalned.

One method for obtaining the ferric sulphate 1eg treating
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ferrous sﬁlphate with oxygen and sulphur dioxide. Jets of

alr snd sulphur dioxide come in contact with a ferrous sul=-
phate solution resulting either from dissolving copperas in
water or from waste pickling liquor. Ferrie sulphate can be
used for the treatment of sewage and purification of water
with good results. It may be used alone or chlorinated and
may reduce Opefating costs. Another treatment process of
waste pickle liquor 1s one involving the recovery of sulphuric
acid and iron oxide.

One method in treating the liquor for sulphuric acid and
iron oxide is one in which the liquor 1s first neutralized with
iron oxide. The resulting solution 1s evaporated directly and
dried to ferrous sulphate monohydrate. The monohydrate is then
mixed with a proper amount of iron disulphide and roasted. This
roasting operatinn produces sulphur diloxide and iron oxide.
Part of the iron oxide 1is used to neutralize the waste pickle
liquor =znd the rest is marketed. It may be utilized as a paint
plgment. The sulphur dioxide goes out with the furnace gases.
The furnace gases are purified and the sulphur dioxide 1s made
into sulphuric acid.

Another process which 1s used to revover iron oxlide was
déveloped in Germanye. A proper amount of low - volstile,
noncaking coal, which has been finely ground, is mixed with
copperase. The copperas is obtained by one of the previously
discussed process. The copperas is firgt dried to approximately
the trihydrate, or it is possible to use a properly proportion-

ed mixture of the monohydrate and heptahydrate. The mixture of



the ferrous sulphate and coal is then roasted to final
temperature of 1250 = 1300 degrees Ce The iron sulphate
breaks down into iron oxide, sulphur dioxide, and water
vapor. The furnace gases are purified and used to make
sulphuric acid. The iron oxide which remains in the fur-
nace i1s sintered until a cinder 1s produced. This cinder
18 produced. This cinder 1s charged into a blast furnace.

A utilization process for the treatment of waste pickl-
ing liquor involving iron oxide 1s one resultines in an end
product of iron oxide which 1s specifically used for a pig-
mente In this process, the free 2cid is neutralized with
gscrap iron and the solution clarified. This clarified solution
is circulated to an atonizer and spray = dried. This operation
produces ferrous sulphate monohydrate. The monohydrate is
produced in the shape of minute spheres which are hollow. The
ferrous sulphate 18 roasted and iron oxide paint pigments
produced. The furnace gases can be used in the manufacture
of sulphuric acid. A process similar to this may be used
with accurate feed control and temperature control to produce
a very fine iron oxlde of uniform size which 1s free of grit.
Tnis product is valﬁable as glass = polishing rouge. By treat=
ing waste pickling liquor with calcium chloride and then calcine
ing this product, iron oxide pigments of several’different colors
are manufactured. ©Several other procesgsesgs have been developed
involving treatment with sodium sulphate, zinc oxide, or soda
ash.

One product derived from the treatment of waste pickling



liquor uses the trade name "Ferron". It is used as a

cnstruction material. In the naking of this material, the
waste pickling liquor is first neutralized by adding mild

of 1lime. This 1s done under carefully controlled conditions
of pid, temperature, snd concentration. A suspension results
which consists of calcium sulfate and iron hydroxide. This
suspension 18 filtered and the resulting cakes are put through
a2 pug mill which extredes the material in the desired shape
wnhich 1s then dried at a temperature of about 175 degrees F.
"Ferron" can sawed or machined and used as an interior con-
étruction material such as wallboard. The uses of materials
manufactured from the treatment of the waste pickle liquor 1is
quite wide, as for instance, the treatment process which pro-
duces ammonium sulphate.

Anmonium sulphate i1s manufactured in one process by
flowing the pickling liquor down a vertical tower which has
a stream of air snd ammonia pumped up through the tower. A
solution 1s formed which contains ammonium sulphate and iron
oxide. The iron oxide is filtered out and can be sintered
for use 1n a blast furnace. The ammonlum sulphste 1s recovered
from the filtratee
The last utllization process for the treatment of waste

plckling to be discussed, 18 one which is not too satisfactory
and probably needs more experimentation. This process con=-
glats of treating the liquor with soda ash. From the result-
ing reaction, sodium esulphate and iron carbonate are recovered.
The sodium sulphete i1s used in the manufacture of soda, glass,

paper, dyes, soap, and other products. In spite of the use of
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this product by a wide varlety of industries, the market 1s
quite limited. The other product of this process, iron car-

bonate, is an expensive ore to processe.



NEUTRALIZATION PROCESSLS

Another branch of treatment processes congists of
various means of neutrallization. The first process to be
discussed 18 the treatment of the waste pickling liquor
with lime. The waste pickle liquor and rinse waters pickle
liquor and rinse waters are pumped to a large tank where a
lime slurry 1s edded. This mixture 1s then pumped to another
tank where 1t 1is thoroughly agitated. It is then transferred
to another tank where clarification takes place as the sludge
is precipitatede The sludge 1is mechanically collected and
transferred to a drying lagoon. The clarified effluent can
be discharged to a body of water without danger of pollution.
The lime slurry acts with both the acid and iron compounds.
about 1/5 of the slurry acts to neutralize the acid and the
rest precipitates the 1ron. The main disadvantage of this
procees 18 that it 1s expensive. In some cases the cost of
treatment can be as expenslve as the cost of the plckling
processe. Another neutralization treatuent which is used
involves the use of limestone.

Limestone has been used for the treatment of the waste
plckle liquor rather infrequently and with results which
were not too successful. This was due to the method used
which congisted of trickling the waste liquor through beds
of lump limestone. The sulphuric acid react?d with the lime-
stone to form calcium sulphate. The calcium sulphate formed
a layer on the lump limestone wh;ch was quite impervious.
This prevented a complete utilization of the limestone. How-

ever, when the limestone 18 pulverized, the process is much;
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more effective since the fine particles tend to act more

nearly to completion. All of the free acid is neutralized

but not all of the iron is precipitated, because a high

enough pH 18 not reached. Where oxygen can be supplied by
aeration or otherwise, all of the iron can be removed. The
reactivity of the limestone is dependent upon several faétors.
Some of these factors are the content of magnesium carbonate,
crystal structure, fineness of pulverizing, and kind and amouqt
of impurities. There is less sludge produced by the limestone
treatment than by lime.

A process which has been developed, which when operated
under favorable conditions, glvés rise to a situation which
could produce substantial savings. This 1s the limestone -
lime split treatment. Fulverized limestone is used to neutralize
the free acid and precipitate part of the iron. The treatnment
1s completed by the use of quicklime. The operation of the
process 18 started by the addition of pulverized limestone under
rapid agitaticn. The llimestone is cdded until the sludge has
a light yellow color. This indicates thet all of the free acid
has been neutralized. No more limestone 1s added but the agi-
tation is continued until a sample shows that evolution of gas
has nearly stopped. Most of the carbon dioxide should be ex-
pelled to guard againet its later reaction with the lime.

Then, from a line = slaking tank, milk of lime 18 added.
Enousgh 18 used to finish the treatment at a pH of slightly
above Q.

There are other alkalies which can be used to neutralize







the waste pickling liquor. Also treatment has been made
using ground basic slag. This treatment is not too success-
ful, however. The reaction wzs not only slow but also

rather incomplete. In some cases, objectionable quantitiesg

of hydrogen sulphide have been produced. Fron all of the
neutralization processes the settled sludge must be disposed
of. This is done usually by hauling it to a dump which should
be situated go that heavy rains cannot wash any of the sludge

into a strean or lake.
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SJUIPLMENT

The equipnment used in most of the utilization and
neutralization processes is standazrd excapt 1In some of the
utilization processes. However the zlir, sludse removal,
and sludge drying equlipnent used in neutralization processes
are standard stock with companlies who manufacture sewage
disposal equipmente. The neutralizing tanks, however, should
be of wood construction or lead lined to prevent action on
them by the sulphuric acid. Lead lined or rubber lined pipe
1s used to carry the waste. In some cases, equipment 1s made
with conduits and othef parts manufactured of Monel metal

because of its resistance to corrosione.
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CO’CLUSION

Shortaze of time has prevented the accomplishment of
a more comprehensive discussion of this problem. Some of the
processes developed have been omitted along with some which
are stlll in the experimental stage. Others which were dig-
cugsed were done so with less extent than 1s desireable.

It 13 satlsfying to know that this probleam of treating
gpent pickling liquors is being met with solutions which are
gradually cutting down its harmful effects and it is hoped
that such progress will continue. Industrielists are spending
large sums of money not only for treatment but also for re-
search in developing new processes and techniques. Some have
benefited by belng able to employ a process which 1s an economic
successe. Others, while not belng fortunate enough to show a
profit from the treatment, have been able to show less loss by
adopting a procesgs which begt suited the demands of the cir-
cumgtances. Certainly, we have all galned by such treatment
as has been used. Gains, such as better recreational facilities,
more favorable water supplies and various othcer things connect-
ed with this problem. We have profited, if not by a better=
ment, then by a sltuation which i1s not made worse. In some
cases, there is definitely a need for more educatiosn, especially
of the interested layman and probably in isolated cases of cer-
tain industrialists. Sparkling clear streams teeming with fish
are an impossibility in a highly industrialized era such as ours,
but there are situations which arc objectionable and should be

remedied. It 18 hoped that these cases can soon be reaedied by



methods which can be operated at a profit or, if this is
impnssible, the smallest loss possible. It takes a long
time to restore a body of water to a condition which makes
1t a sultable habitat for 1ts naturslly contained organisms
and which makes 1t a satisfactory source of recreation and
water supply but it can be changed from a condition which is
satisfactory to one which 1s not in a very short time.

The End
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