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PREFACE

An important function of the Water Resources Researc h
Institute is to provide for training of students in the many aspect s
of water resources . Members of the Institute supervise the
research efforts of graduate students and teach both under -
graduate and graduate level courses applicable to wate r
resources .

A water resources minor is offered under the guidance o f
the Institute for master of science or doctor of philosophy degre e
candidates in established disciplines . Courses offered in thi s
minor cover all categories of water knowledge and include, as a
requirement, a water resources seminar which is conducted by
the Institute each quarter excepting summer session .

This publication is the proceedings of the Fall 1964 seminar
series, which was designed to provide the participant with a
general understanding of the entire field of water quality contro l
including the complexities and interdisciplinary nature of thi s
subject . Guest lecturers were specialists from many of the
agencies and organizations having a direct interest and
responsibility in the field of water quality control .

Corvallis, Oregon
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O f all the natural resources that bless this nation, water has prob-
ably exerted more influence on our cultural, economic and indus-

trial development than, any other single force,' It was the availabilit y
of clean water to sustain life and supply household needs, -water t o
supply fish for food and water for transportation that encouraged th e
early settlers to establish their communities along the natural water -
courses of the . eastern part of. :tire continent . -

Exploration of the west was hastened when Napoleon sold
Louisiana to the United States, for this opened a ' vast new area fo r
trade . Lack of a transcontinental transportation system, to link the .
east to the west made it necessary to rely on an ocean route aroun d
Cape Horn . This was long and time consuming, so it was inevitable
that efforts "would be made by, both the congress and eastern industri -
.lists to shorten this distance_ bydrscovery, if possible, of 41 interna l

continental trade route . One of the objectives of the Lewisl and Clark
expedition, therefore ., was to determine whether suitable navigabl e
water courses existed that were near ,enough to one another to tie th e
west and east together for trade purposes . Unfortunately the Rocky ,
mountains were a too formidable barrier between the Missouri an d
Columbia rivers, and the Colorado was too .far away to be useful ..

Since there was more than enough water to supply the demand s
of people and industry in the early years of the nineteenth] century ,
there was no competition for its use, not even for transportation . The
need to provide some measures for the management and control o f
water was recognized, but quality of water had not become a matter of
concern. Practically nothing .was known about the role of v jrater in the
transmission' of disea-s-e, and the quantity of wastes discharged int o
watercourses was not of . sufficient volume to exert any detrimenta l
effect on filth or other aquatic life . Mo.st of the interest, therefore ,
centered around proposals for improving navigation, the developmen t
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of harbor projects, and flood control. In fact, the Congress had bee n
concerned about flood control for some fifty years before the Civil War ,
but did not establish the Mississippi River Commission until 1874 .

With all the modern conveniences available today, it is difficul t
to imagine that a little over a century ago no public system designe d
primarily for the collection of sewage existed . Drains existed in
some cities for the removal of surface rain water runoff, and thes e
ultimately became the facilities for the disposal of other waste waters ,
both domestic and industrial . It was about 1855 that Chicago became
the first city in the United States to enter into a contract with a con- '
suiting engineer for the design of a community system for collectio n
of its domestic sewage .

As late as 1900 there were less than 1000 cities served by sani-
tary sewers and only 60 of these had provided some form of treatmen t
or disposal. Concern over water quality had begun to develop, bu t
time lag before something was to be done about it proved extremel y
slow . This may have been due to the fact that methods for treatmen t
were not too well developed, and consisted of three general types tha t
had been imported from either England or Germany, such as broa d
irrigation, chemical precipitation and intermittent sand filtration .

It is reported that the first system for disposal of sewage in thi s
country consisted of broad irrigation which was installed by'the Stat e
Insane Asylum at Augusta, Maine in 187Z . The same kind of system
was also installed at Cheyenne, Wyoming in 1883 .

One would think that the invention of the microscope by Van -
Leeuwenhaek in 1676 would have advanced knowledge as to the role of -
water in the transmission of disease . Almost two centuries elapsed,
however, before the work of Pasteur, Koch, Lister, Cohn, and other s
gave scientists a better understanding of the science of microbiology .
These and subsequent developments focused attention on water as a
medium in the transmission of disease . One of the first giant step s
in this direction was Dr . John Snow's epic study of cholera associate d
with an outbreak originating in an area where water had been take n
through the Broad Street pump in London in 1854 . In this instance ,
the well, contaminated from a nearby cesspool, was related to almos t
700 deaths from cholera . The epidemic of cholera, which occurred in
Hamburg, Germany in 1892, dramatically illustrated how intestinal
diseases could be transmitted by water and at the same time demon-
strated the effectiveness of water treatment in the prevention of suc h
diseases . The City of Hamburg used as its source of water suppl y
untreated water from the River Elbe . Altona, a city adjacent to an d
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downstream from Hamburg, also used water from the Elbe contarn-in-.
ated by sewage from that city . Since Altona's water was purified by
sand filters, only 516 cases of cholera were reported-in;thait city
while 'Hamburg had some 18, OQ.0 cases of the disease and, over 800 0
'deaths .

Sewage and industrial wastes created other problems such a s
sludge deposits that interfered with water oriented recreation, -and :
odors and other aesthetically objectionable conditions that arffecte- d
the enjoyment of living. -Undoubtedly some of these led to the 'enact -
ment of the first laws in the nation on water pollution control by the
state of Massachusetts in about 1872 .

With the establishment of the Lawrence Experiment Station in
Massachusetts in 1880, American scientific ingenuity began to brin g
its talents to bear on water pollution control . The station's research
and investigations of the sewage treatment, biological and b ,acteriolog
ical processes, particularly those related to filtration, actuated .
sludge, contact beds and sludge digestion, set the stage for improved
domestic waste treatment in the future . Work on the characteristic s
and treatment' of industrial wastes was undertaken by the Station i n
1895 .

In the meantime, .industry was making giant strides in providin g
the goods and products needed by the nation's increasing 'population .
The development'of rail transportation supplemented water qroutes fo r
shipping and made it possible to bring more raw materials to manu-
facturing centers for processing .

The availability of fossil fuels probably played an important part
in retaining industrial production in the east and midwest or man y
years . With the' discovery of oil and gas in other regions, the' develop-
ment of hydro-electric power, and the extension of railroad services ,
industry could locate its operations nearer to the' source of raw mate-
rials . 'Water pollution also moved west and south'with industry .

There was such a wide variety of industrial products that th e
characteristics of waste ' waters and their effect on streams ., whil e
not toes readily noticed at first, ultimately presented a set of comple x
circumstance's some of which still remain to be solved . Some of these
include acid mine drainage, fines from coal washing, phenols from
coke production, o-rganic materials 'and chemicals from tanneries, pulp
mills, food processing, metal manufacturing, silt from Mining, an d
dye's and grease from textile production .



Plastics, pesticides, synthetic detergents, nuclear reactors ,
nylon, rayon and synthetic rubber, and a host of other such products ,
had not yet come' into being and their impact on pollution was not to b e
recognized until later .

In the early years of the twentieth century, serious outbreaks o f
water-borne disease created an urgent demand for the protection of .
water supplies from contamination by domestic sewage . Destruction
of fish and the contamination of shellfish by pollution established the
need to protect aquatic life . Finally, the appearance of- many stream s
was becoming so objectionable that demands were being made to hav e
such nuisances abated, even in a period when the nation was stil l
largely rural, and the industrial expansion resulting from two period s
of wartime activity still lay ahead.

Most-major streams at that time still provided a substantia l
amount of water . for the dilution of wastes and generally most wast e
treatment plants were designed to take full advantage of the self- _
purification capacity of the water receiving wastes . The practic e
continued for a period of about fifty years until it was finally recog-
nized that dilution was no longer a solution for pollution .

In spite of all these developments, only a few states enacted an y
legislation dealing with the control of pollution. Generally, early stat e
laws were designed to take care of problems .as they arose and usually
provided protection for an individual stream for some particular bene-
ficial use . More sophisticated laws did mot appear until later . . Even
federal attention to water pollution control somewhat followed the stat e
pattern. Earliest federal laws on the subject included the Rivers an d
Harbors Act of 1899, the Public Health Service Act of 1912, and th e
Oil Pollution Act of 1924 . : Congress apparently considered the possi-
bility of enacting laws governing water pollution control, but for a lon g
time failed to take decisive action . Under the Public Health Servic e
Act of 19.12, however, the Service was authorized to initiate studies o f
pollution in navigable streams, particularly as it related to the trans -
mission of disease to man. This resulted in the establishment of a
field station in Cincinnati, Ohio. The work of this productive grou p
greatly broadened knowledge,of the science of water pollution and pave d
the way for more intensive work in the Ohio river basin which was t o
come more than a quarter of a century later .

The first 'comprehensive federal water pollution control act wa s
not adopted until 1948 . Even then support for such activities was no t
strong . While activities instituted under this law were extended unti l
1953 they .were severely reduced for lack of appropriation in 1950 .
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Interest was revived, however, and by 1956 the original act was
amended and made permanent . It was again amended in 1961 .

In the period 1.900-1960 the United States population increase d
from 76 'million tQ 180 million and industrial production rose from an
index of 13 to l09, far oii stripping expectations . Public support fo r
the control of liquid waste discharges, and for the development of new
methodology: to keep abreast. of other problems of water pollution

	

.
control remained meager, however, with a rising tide of interest, .
becoming'-apparent only during the past decade . . Even without consi•d- .
ering the mathematics involved with the newly . developed water-using
household appliances, simple deduction would quickly reveal the fac t
that more people and more production require more water and produc e
more liquid wastes to befoul public waterways .

During these years, agriculture had become a consumer of larg e
quantities of water, too .- In 1902 when Reclamation Act was adopted ,
private enterprise was supplying water to some 9 . 5 million acres of
land. With federal participation in the program, irrigated lands hav e
now increased to 37 million acres with an average use of 104 billio n
gallons of water daily .

Since the cessation of World War II, we have witnessed ou r
greatest population and industrial growth . Industry has. dispersed to
all parts of the country, and so have people . The de,velopent of ne w
industrial products and agricultural practices which have been change d
by new chemical products have created new pollution problems . That
competition for water .has now reached a critical pointwas n.ot readily
accepted until these facts .were publicly recognized : -

1. Expanding cities will require more water to supply th e
needs of their rapidly growing urban complexes . •

2. -Industry will require more water to sustain its expansio n
and extension .

Agriculture will require more water to produce mor e
food for a steadily increasing population .

4. Leisure time affords an opportunity for more people t o
participate in water oriented recreation. This will
require a reserve of water of high quality .

	

~

5. Water reserves of high quality must also be .provM ided to
sustain an abundance of fish and other aquatic life .



6 . Increased amounts of water will be required for stea m
power production, transportation, and water qualit y
control .

These, coupled with the knowledge that, (1) there is a relativel y
fixed amount of water supply, and (2) there is an uneven seasonal an d
geographic distribution of water, clearly emphasize the need fo r
prompt and effective action .

Neither the states nor the federal government were prepared t o
cope with these developments, and, therefore, they were not equippe d
to deal with resulting pollution problems technically, legally, socially ,
or economically . Actually, we had been attempting to meet this set o f
new and complex problems with tools designed to be used twenty-fiv e
to thirty years ago .

An examination of some of these basic facts will serve to brin g
this dilemma into sharper focus . For example, the nation can usually
expect an average rainfall of about 30 inches . This means that we can
plan on about 4, 300 billion gallons of water per day from rainfall .
About 3, 100 billion gallons of this amount is lost through evaporatio n
and transpiration . A substantial portion of the remaining amoun t
occurs as floods and returns to the ocean before it can be used .

It has been estimated that the total amount of fresh water avail -
able today is about 315 billion gallons daily . By 1980 the total depend -
able supply that can be developed is 515 billion gallons daily . With
engineering works, the maximum dependable supply of fresh water fo r
any time will be about 650 billion gallons per day. On these amounts
the people, industry and agriculture must depend .

To further complicate matters, the amounts of water we hav e
discussed are not supplied evenly over the country . Seasonal varia-
tions also create equally formidable problems . Oregon is a good
example of both principles . Rainfall here varies from 30 to 35 inche s
annually in the Willamette valley to 10 to 15inches in the region east o f
the Cascades . In some areas in the Cascade and Coast Ranges, rain -
fall will reach 90 to 100 inches annually. Since most of the precipita-
tion east of the Cascades falls as snow, the period of major runof f
occurs in the late spring or summer . By contrast, most of the runof f
in coastal streams and in those west of the Cascade range occurs dur-
ing the fall and winter months . This means, then, that low flows occur
during different seasons of the year and quite frequently during periods
of extensive industrial and agricultural activity .



An increasing population, new and expanding industry, and an
extension of agricultural activity would be expected to use more an d
more water . Water consumption has increased and can be expecte d
to increase even more in the next forty years, as illustrated in the
following table:

: .Water Consumption in the United State s
1900 - .200 0

"Year

	

Quantityof Water Used
(billion gallons daily)

1900

	

41
'1945

	

15 0
1954

	

22 0
1960

	

35 5
1980

	

600
2000

	

1, 000

. 1

Since the dependable supply of water is only about 515 billio n
gallons daily and the use predicted for 1980 is 600 billion gallons daily ,
re-use of water will become more of a necessity in some regions . It
is almost inevitable that streams will continue to serve as the point o f
final disposal for liquid wastes . This means that this must be accom-
plished in such a manner that it will not interfere with or eliminate
the use or re-use of any stream as it flows past each downstream city ,
industry, farm and recreation area .

In the face of rising water consumption and the necessity fo r
providing water of high quality, attention must be directed to the man-
nitude of the water pollution problem and the steps that must be take n
to reduce it . Domestic sewage and liquid industrial wastes hav e
always been constant and troublesome sources of pollution and wil l
continue-to be so for many years to come .

The situation related to domestic sewage can best be illustrate d
by the table at the top of the following page :
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Year

U. S.
Population
(millions)

Population
Served b y
Treatment
(millions)

Population Equiva -
lent Discharge d
to Public Water s

(millions )

1950 151 54 6 0
1960 180 92 7 5
1970 214 124 78 (85 )
1980 259 170 70 (114)

The residuals estimated to be discharged into public waters fo r
1970 and 1980 anticipate that the present rate of sewage treatmen t
plant construction will continue and that 80 per cent removal of oxyge n
consuming pollutants will be accomplished . Should we fail to mee t
these objectives, the residual propulation equivalents are estimated t o
be 85 and 114 million, respectively . Even the lower figures of 78 and
70 do not represent any substantial gains over stream loadings for 1950 .

Year

Index o f
Industrial Productio n

(Federal Reserve Boar d
Index 1957-59-100)

Population equivalent
of Discharge to
Public Water s

(millions )

1950 75 100
1960 109 16 0
1970 156 50

	

(210)
1980 237 80

	

(310)

It is interesting to note that if the present rate of industrial wast e
treatment works construction continues and an 80 per cent reduction i n
population equivalent can be achieved for 1970 and 1980, the lowe r
figures on waste loading will obtain . If this pace and progress is no t
maintained, waste loads that are four times those estimated will occur .

Current waste treatment methods will not remove 100 per cent o f
all pollutants . Flow augmentation during periods of low stream flow s
will therefore be required . The Senate Select Committee on Wate r

8
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Resources estimated that it will be necessary to provide 522 billion
gallons per day for flow augmentation in 1980 and 700 billion gallon s
per day by the year 2000. The storage requirements involved are 31 5
million acre feet by 1980 and an additional 127 million acre feet b y
2000 .

These probable future conditions should be enough to stagger the
most ardent conservationist, but there are also special problems i n
water pollution control that add to the burden . These include radio -
activity, heat, urban and rural land drainage silt, irrigation retur n
flow, and pollution from navigation . Conventional methods of wate r
and waste treatment now in use are not suitable to provide the ful l
protection against radioactive materials that are necessary . Mor e
effective treatment and control of these wastes at the source appear s
to be the most practical solution.

Electric power production has doubled every ten years since 1900 .
It may be expected to double again by 1970 . Heat pollution can also b e
expected to double in the next ten years . Added to this must be the
increases in temperatures of surface waters that will occur naturally
in impoundments for hydro-electric power, irrigation, navigation ,
water supply and flood control .

Fertilizers and pesticides from land drainage have, on numerous
occasions, already indicated that they will have a rather 'formidabl e
effect on the quality of water to be used for recreation, water supply ,
and aquatic life .

Highway and dam construction, logging, forest and brush fires ,
and other land use practices create conditions which lead to soil ero-
sion. The result is an increase in stream sediment loads, which i n
some river basins have reached major proportions .

Irrigation return flows have for many years been recognize d
as detrimental to water quality in the West . They carry importan t
minerals leached from the soil through which they flow, and the us e
of these waters again and again often makes them unsuitable even fo r
irrigation.

Another condition that has grown to substantial magnitude in th e
past decade is the problem of urban land drainage . Each year more
land is converted to use for streets, housing, highways, airports ,
automobile parking, commercial and industrial buildings, an d
shopping centers . The surface runoff from these lands is almost



100 per cent, and contains a wide variety of substances almost to o
numerous to mention . Included, however, would be such material s
as oils, organic material, trash, soil, fertilizers, and pesticide s
used by weekend gardeners, industrial dusts, and other wast e
products . Recent studies have shown the pollution potential of thi s
sort of runoff to be highly significant .

And finally, there is the matter of pollution from ships . While
this is really nothing new, it must be recognized as a growing condi-
tion that must be corrected . Bilge water, garbage, oils and sewag e
from boats all exact their toll on water quality and can no longer b e
ignored.

Future lecturers in this seminar series will discuss the facet s
of water quality control in more detail . If this lecture has prepare d
the foundation for their discussions, then my mission has bee n
fulfilled .

ti.

10



Presented October 7, . 1964 by VIRGIL H. FREED,' Head, Department .
of Agricultural Chemistry, Oregon State University, Corvallis, Oregon .

Session 2 5erdtetie4

The synthetic organic chemicals which we will be considering toda y
are chemical facts of life in western civilization, and undoubtedly

are here to stay . In this framework, we refer not only to the pesticides ,
which we will consider later, but to all of the synthetic organic chem-
icals that this. complex society is using . Unquestionably a great dea l
of these chemicals finds its way to the water resource-s . It does not
necessarily follow that because some of the-se synthetic organics ge t
into water that they will have reached a threshold level-and that level
we don't know yet for' many of these chemicals-at which impairment
of water quality becomes serious . It is true that at high levels, any
one of these synthetic organics, .is s, serious contaminant.

Among the synthetics that may get into water are the industria l
wastes, with which I suppose. most of you are at least generally familiar .
The substance might be a by-product of an organic synthetic plant, fo r

.example, a phenol . Phenols at a fairly high level become a seriou s
contaminant, because of their toxicity and their objectionable odor, and,
of course, the flavor they impart to the water . In addition, there ar e
the social wastes .' This . is . the twas"te from man's individual activities -
the detergents, let's say, that enter the sewage system from hom e
consumption, or the half bottle ofinsecticide that the urban home owne r
pouts down the drain in order to dispose of ft . One could go on enumer-
ating quite a list of such synthetic organics as waste products that ma y
get into water .

The chemicals to which we give our primary attention here ar e
the pesticides or agricultural chemicals and the problems that might b e
encountered as a result of their entering into water . At this juncture
it should be noted that little is known about the effect of a good Many o f

. these substances on water quality. It does not follow that simply becaus e
there is a trace of a chlorinated hydrocarbon in water that this is going



to be harmful to man. It may be objectionable to have any foreign
organic in water, but I think we are being somewhat unrealistic if w e
think we can avoid any sort of contamination . I would hasten to add
that we should bend every effort to avoid contamination of water wit h
these organic pesticides, but I think we should not exaggerate th e
danger where a few tenths of a part per billion of DDT, or 2,4-D ,
might appear in water .

Turning now to examine these chemicals, we find that there i s
quite an array of pesticides and they can be classified in several ways .
One of the most common classifications and one which perhaps many o f
you employ is that based on use . Thus they may be listed as insecticides ,
fungicides, herbicides, nematocides, growth regulators, solvents, an d
so on. For purposes of this discussion, it would be more precise if w e
look at the classification of these chemicals by their chemical makeup .

One of the first groups of pesticides encountered-and incidentally ,
will embrace virtually all of the classifications of use-are the chlorinate d
hydrocarbons (see Figure 1), The chlorinated hydrocarbon groupin g

Chlorinated

	

Hydrocarbon s

CI CI

	

C I

COOCH3 CI-c ) -OCH2 COOHH3COOC

CI

	

C I

C I

C I

CI -

CI -

ALDRIN DACTHAL 2,4- D

C I
1

CI-C-CI CH 3CCI 2 COOH CI '' N02

CI
CI

DD T

CI
C I

HEPTACHLOR

	

CARBON TET.

	

DALAPON

	

PCNB

FIGURE /

actually is very broad. All that the term indicates is that the molecule o r
chemical contains, among other things, carbon, hydrogen, and chlorine ,
or better, we should say, a halogen .
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The properties of the chlorinated hydrocarbons vary widely . -In
the class known as chlorinated hydrocarbons will be found substance s
ranging in water solubility from a few parts per billion to complet e
.miscibility. The compounds of low solubility are usually those
containing only .carbon, hydrogen, and chlorine ; such _as DDT ,
aldrin and hexachlorocyclohexane .

Further examples of the chlorinated hydrocarbons are thos e
compounds containing in addition to C, H, and Cl, oxygen and other .
atoms . In this class we find the chlorophenols, chloronitrophenols ,
acids, esters, aldehydes and ketones . These compounds hav e
different physical, chemical and biological properties , than do thos e
materials containing only C, H, and Cl . For example, highly
oxygenated chlorinated hydrocarbons will be'.much less persisten t
in the environment. By way of illustration, one might compare th e
persistence o.f 2, 4-D, an acid, to 'that of DDT . 2, 4-D is relatively
unstable, readily attacked by microorganisms, under-goes chemica l
reactions in the environment, all resulting in rapid destruction . In

. contrast, DDT is highly resistant to attack by virtue of its chemica l
stability .

, Among other chemicals that are inc],uded in the chlorinate d
hydrocarbons or halogenated hydrocarbons, are low molecula r
weight, chain hydrocarbons . The materials are used as fumigants
since they are highly volatile . This group is represented by ethylen e
dibromide, chloropropenes and methyl bromide . ;. These materials ,
by virtue of their high vapor pressure, . do not persist long in the -
environment, nor are they likely to be a serious water contaminant .
The only way something like ethylene dibromide or dichloroproene
would be a serious contaminant in water would be if deliberatel y
introduced for the control of some organism .

The next group of compounds to be considered are the o-rganic -
'phosphates . Thi1e the organic phosphates vary in structure and

-properties, the wide differences found in chlorinated hydrocarbon s
are not to be observed here . The organic phosphates have a
characteristic grouping in the ester 'linkage as illustrated in Figure 2 .
The ester linkage is one of the "weak points" of the organic phosphates .
It is at this point'that they may be attacked by water or -enzymes „
converting the malathion to harmless products . . Unfortunately, .

	

1 .

mammals can't do this with all of the organic phosphates . . Those• that
resist the attack prove to be quite toxic . hr' J'n

Because of inherent instability, organic phosphates are rarely .
serious contaminants . However, there have been reports lately of- =
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traces of parathion found in runoff of streams in the South, where para-
thion was used for control of insects . The level of parathion was in th e

order of a few
billion, probably

Organic Phosphates

	

below any danger -
ous level .

(CH 3O)2 PSCH .COOC 2 H 5
..Another group o f
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.organic chemicals
.used as pesticide s
.are the carbamate s
(see Figure Z) .
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CI

		

a special type o f
acid . As esters ,
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ficant properties ,
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. becoming a seriou s
• contaminant .

The ;next groue of compounds to come to our attention are the hetero-f
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cyclic compounds . These are compounds characterized by having nitro-
gen in the ring, for example ; . the herbicide ATA or amino triazole .

These heterocycli c
.compounds var y
from being quite
unstable to being
very stable. Some
of them, such asCI $ NH.CO.N(CH3)2

	

the triazines, which
are both alkylated
and halogenated ar e
very stable and coul d
get into water supplies .

Another compound of
recent vintage belong- .
ing to . the heterocyclic s
is the herbicide' tri-
chlor.o amino picolini c
acid. Piclbram,' as it
is called, is highly
persistent because o f
chemical stability an d
this, coupled with it s
mobility in water ,
could easily lead t o
contamination of
ground water.

Figure . 3 also shows
some metallo-organic
compounds .' Here we
see mercury an d
arsenic as among
the most common
metals in the blo -
cidal metallo-organic
pesticides . The lim-
ited tise of this clas s
of chemical fortun-
ately minimizes the .
problem of contam-
ination .

Among some . of the. most potent chemicals are those containing a

I-eterocyciics .
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nitro group such as nitrophenols . For the most part, they are quite toxi c
substances, but not particularly persistent because of the chemical reac-
tivity of the nitro group. For example, it can be reduced to the less toxi c
amino group. This occurs with parathion, for example, when you feed i t
to a cow. Surprisingly enough you find that a cow isn't nearly as suscept-
ible to parathion as many other organisms . The reason for this is simply
that the nitro group on the phenyl ring of parathion is reduced to the amin o
group in the rumen of the cow; consequently, a great deal of the toxicity i s
lost .

The following table attempts to summarize some of the properties o f
the different compounds . From such information we would hope to predic t
the possibility of contamination . With this and a knowledge of the biologica l
behavior, we can estimate the degree of toxic hazard and certain conditions .
For example, we note that chlorinated hydrocarbons are quite stable an d
knowing their propensity to accumulate in fat, we would reasonably expec t
them to be concentrated in the food chain . The carbamates, on the othe r
hand, would not be expected to do so despite their ready destruction b y
hydrolysis .

Hydrocarbons, such as kerosene, xylene and so on, are generall y
liquids or soluble organics, moderately volatile and generally not con-
sidered particularly stable under ordinary environmental conditions . The
hydrocarbons will usually be lost from water by co-distillation with wate r
vapor.

The next table is a rating of toxicity. This data was compiled fo r
laboratory animals and can be used only to indicate possible toxicity to
other species . Actual toxicity will vary markedly from one organism t o
another . It is interesting to note the wide differences in toxicity betwee n
compounds of the same chemical class, however .

The next table (p. 20) is a summary of the biochemical lesion s
produced by the different classes of compounds . You will note that
chlorinated hydrocarbons generally have as the primary target organ
the liver. Other organs are also affected, but it is the liver that is th e
primary target . The organic phosphates, as you know, exert thei r
toxicity in the blood and brain by inhibiting the enzyme cholinesterase .
Similarly, you will note other classes of compounds produce a
characteristic biochemical lesion .

An important consideration in regard to organic chemicals and
water quality is that of the behavior of the chemical in the environment .
This is determined by physical laws that can help us to predict such be-
havior . For example, one of the most important factors relating to the



TABLE 1

. PROPERTIES OF SOME COMMON PESTICIDE S

Class
Physical

State Solubilit Vapor Chemical Stabili t

1 . Chlorinate d
Hydrocarbon s

Carbon tetrachloride Liquid Fats High Breaks down in ligh t
DD Liquid Fats High
DDT Greasy Solid Org . & fats Low Stabl e
Aldrin Solid Org . & fats Low Stabl e
2,4-D Solid Org . Low Stable except in soil

2 . Hydrocarbon s

(Kerosene,

	

etc .) Liquid Org . •Modera.te

3 . Carbamate s

Sevin Solid Org . & fats Some Moderat e
CI1'C Liquid Org . & fats Moderate Moderate
EPTC Liquid Org . & fats Mod. high Fairly stable

4 . Organic
Phosphate s

Parathion Liquid Org . & fats Moderate Hydrolyse s
Malathion Liquid Org . & fats Moderate Hydrolyse s

5 . Heterocyclic s

Aminotria tole Solid Water Low Light & micro
organism decompos e

Sima zine Solid Low Stable
Nicotine Liquid Water, acid Moderate Moderately stabl e

to high

6 . , Miscellaneou s

Rotenone

	

Solid

	

Org . &fats

	

Low to

	

Decomposed by ligh t
moderat e

1 7



TABLE 2

TOXICITY RATINGS FOR AGRICULTURAL CHEMICAL S

Acute Oral
Human Toxicity

	

Toxicity to rats
Chemical or Product

	

Rating

	

(LD50-mg .lkg .)

	

Comment s

2,4-D 3 500

2,4,5-T 3 30 0

10130 (Sodium Fluoroacetate) 6 1,7 Used only by licensed personnel .

Atanap 3 8,000

Aldrin 4-5 50-6 0

Aliphatic Hydrocarbon s
(kerosene)

3 Primarily hazardous when ingested in large quantities .

Allethrins 3 68 0

Amine Methyl Arsonates (AMA) 4 12 0

Amino Trtazole 1 14,700

Antu 2 6-8 Selective on rate and dogs .

	

Not toxic to humane .

Aromatic Hydrocarbons (Xylene) 4 Same as Aliphatic .

Arsenic Trioxide (whits arsenic) 6 10-13 Human toxicity varies widely due to individual susceptabilit y
and slow solubility of white arsenic,

	

Toxic dose for human e
is

	

0. 1

	

- 0 .5 grams .

Borascu (Borax) 3-4• 6,000

Captan 2 9,000-15,000

Carbon Tetrachloride 5 -- Oral ingestion of 1 teaspoon has been fatal to eusceptabl e
individuals .

	

Also hazardous as vapor in atmosphere a t
concentrations of 25 ppm or greater .

Ceresan 5 30

Chloro IPC 3 1,500

CMU (Monuron) 3 3,700

balapon 2-3 6,00 0

bDT 4 25 0

biazinon 4' 85 .13 5

bicumarol 6 2 Dangerous primarily on repeated dose* .

	

Relatively large r
single exposures can be tolerated .

Dleldrin 4-5 60-9 0

binitro Ortho Secondary
Butyl Phenol

5 4 0

Disodium Methyl Arsonat e
Hexahyd rate (DSMA)

4 12 0

Ethylene Dibromide 4 (Males) 146
(Females_) 420

Also may be toxic as vapor with maximum safe threshold
level in air for humans at 25 ppm .



TABLE 2 (cont'd)

Acute Oral
Human Toxicity

	

Toxicity to rat e
Chemical or Product 	 Rating	 (Lb50-mg ./kg .)

Ethyl Mercury Phosphate

	

. .3 0

Ferbam

	

2-3

	

11,000

Freon (Propellants)

	

3

IPC (Pro .pham,)

	

3

	

1,000

kelthane '

	

3' .

	

app, 800

Lindanc

	

-

	

4

	

125

Comments

I'

	

r

I .

	

1

(Depending on purity and solvent s

(Depending on formulation . )

(Depending on purity.) Also has higit,vapgr tonicity,.
which ib'.abeent with'parathion . . -

	

1' •

Has delayed action which gl. eatly incxeaebd baza r
Readily absorber] through skin:

Malathion

Maleic 1-lydrazide

Metthyl Pai•a,thio n

Naphthalene acetify aci d

Parathion '

	

6

PCN13

Pentachlorophenol

Phenyl Mercuric Acetate (PMA) •

Pyrethrin e

Red Squil l

Rotenon e

Sevi n

Slmazin

Sodium Chlorat e

TEPP

Thime t

Toxaphene

Selective tih sate with little toxic efkec on,l lost i3ynatri's .

Lethal human dose is'so,rlriewhat'above grams .

6'

	

1 .75

	

Has severe vapor hazard atilt) . . .

4-'5

	

69

'1

3

4

:9

4

4

3

3-4

71 0

3.0 .

' Z00

Z00-3,006

13 2

60 0

1,00

4

	

12, 00 0

6•

	

1 : 2

Taken from: Ortho Cal-Spray Research News, Vol . 13, No. 3, Feb . 5, 1960.
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TABLE 3

Toxic Action of Chemical s

Compound

	

P rimary Target Organ

	

Biochemical Lesion

Chlorinated

Hydrocarbon

DD T
Carbon tetrachloride
T oxaphe ne

Liver Oxidative phosphorylation
cytochrome s

Organic Phosphates Blood, brain Choline esteras e

Carbamate s Blood, brain Choline esteras e

Heterocyclic s

Amino Triazole Thyroid Catalase, oxidase s
Coumarin derivatives Blood Clotting time

Phenols Liver, others Oxidative phosphorylation

TABLE 4

Chemical Properties and Behavior of Herbicide s

Compound
Sol. in H2O

Mg/L
Latent heat

of solva Adsorption Leaching

2, 3, 6-Trichlorobenzoic Acid 7700 1 .6 Slight Ready

3 Amino 2, 5-dichlorobenzoic
acid

630 2 .8 Moderate Moderate

2 Methoxy 3, 6-dichlorobenzoic
acid

7900 •

	

1 .9 Slight Ready

2, 4-D 605 "

	

6.1 -_ Strong Mod . Resistant

Isopropyl-N-3 -chlorophepy l
carbamate

103 N 4.,9 Mod. Strong Moderate

S-Ethyl - di -n -propylthiol .
carbamate

375 Moderate Moderate

Phenyl Dimethyl Urea 3850 "3 .9 . Moderate Mod. Resistant

Dichlorobenzylnitrile .45 .

	

2.$ Moderate Moderate

Dimethyl-Tetrachloro 5 . 6 12 .4 Very Strong , ' Resistant
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behavior of chemicals in the environment is absorption . This pr.cES•, '
which is an equilibrium process, influences the amount of chemical#ha .t l
can be leached into water or evaporated into the air . It has, been dis-- .
covered that the amount of energy ,( All) required to drive a chemica l
into solution in water is also related to the strength with which that
chemical will be adsorbed . With this and other data obtained in the . •
laboratory, the behavior of a chemical in the environment' can tpe" esti

'mated. .From -thiswe can speculate, as to the probability of a• material -
.b.ecoming a contaminant of wafter

	

•

Now, finally, let us address ourselves to the question, "'c:an
pesticides be used .safely?" The answer is that they can be, 'b'ut this •
requires both proper chemical and proper . application . '

Let me illustrate the proper choice of a chemical by one 'example .
Down at Clear Lake ' in California there wa's a problem with a particularl y
annoying insect . The biologists, charged with eliminating the nuisance . ,
selected a chlorinated hydrocarbon insecticide of very low mammalia n
toxicity with which to treat the lake . The insect control was highly
successful, but the other- organisms in the lake concentrated the chemica l
in their bodies . As these organisms served as food for fish, toxie .levTels
of chemical appeared in the fish, and, when the fish, in turn, were'con- ,
sumed by the Western Grebe, many of these fine birds were killed.
Control of the insect was still needed, but the danger to other organisms
could not be tolerated . The answer to the problem lay in. selecting
another chemical which, while effective on the insect, would afford n o
danger to the other organisms . A team. of scientists studying the
problem' came up with such a compound in one of . the organic phosphates ..
This compound had the advantage of high toxicity to the insect and rapid
breakdown, thus offering no opportunity of toxicity to the rest of th e
'biotu. In this example we can see that chemicals can .be used safely by
intelligent application of the knowledge available to us .. N•umerou 's othe r
instances where application of our -scientific knowledge will enable us t o
make a choice'of chemicals that will afford less hazard to our resource s
may be found, water or' other resources .

It is appropriate in closing to remark that pest control, by what -
ever means, is afterall aimed toward the benefit of man . In the final
analysis it is the manipulation of the ecology to favor .man t a desires.
We. can manipulate 'with chemicals as we have been doing ; we cant
manipulate it by the introduction of a pathogen, a parasite, or a pred-
ator for the -organism we wish to control, or we can manipulate this
ecology by varying crop rotation, culture, etc .- The . temptation is -
strong for workers in any one of these fields, whether biologists or
chemists, that the first line of .,defense against these pests is the
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particular method of his specialty . Such an assertion is error ; ther e
is no single first line of defense . Rather, man must use all of hi s
ingenuity to manipulate his environment to produce his food and pre -
serve his resources . He cannot afford the luxury of impetuous and
ill-advised action that would curtail production of food for the world' s
starving masses nor befoul his essential water resources . Intelligent
and resourceoul action will preclude both disasters .

.4!
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Presented October 14, 1964 by SAMUEL B . OSGOOD, M . D. , Director ,
Local Health Services Division, Oregon State Board of Health, Portland,
Oregon.
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Comparative Importance of Infectious and Chemical
Agents in Water Quality Control

1 . While such factors as pH, hardness, opacity, biological oxyge n
.demand, tastes and odors may have important implications for corn-
mercial, industrial, and agricultural uses as well as for human nutri-
tion ; the factors of overriding importance in water quality control fo r
all waters likely to be used directly by man should be the presence o r
absence of chemicals, bacteria, protozoa or viruses in a . concentra-
tion which endangers or enhances human health or nutrition .

Examples ; One single water-borne outbreak of typhoid in a Unite d
States town of 8, 000 produced over 1, 000 cases of typhoid and 11 4
deaths . Reference 1(a) . Adding a nutritionally adequate amount o f
fluoride ion to the Portland, Oregon City water supply could have

.saved the Portland residents upwards of 03, 000, 000 . 00 during the
past 20 years . Reference 5 .

'2 . While a great deal is understood and much has been accom-
llished in water quality control relating to the prevention of diseas e
associated with the presence of pathogenic microorganisms and toxic .
chemicals, the improvement of human health and prevention o f
disease through control of the presence of trace elements importan t
to human health is only in the beginning stages of investigation .
References 1, 2, and 4 .

Bacterial Contamination

1 . Asiatic cholera is an acute diarrheal disease caused by
ingestion of Vibrio Comma-the etiologic agent . In 1854, even before
Vibrio Comma had been identified as the causative agent, John Snow
investigated an outbreak in a London, England parish of about 36, 00 0

Session 3
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population. In this outbreak, over 700 deaths occurred. Snow was able
to demonstrate the cause of the epidemic as contamination of a publi c
water supply (the Broad Street pump - drawing water from a 28' bric k
and mortar-lined dug well) by a defective private home cesspool whic h
drained into the supply . Although cholera has been absent from the
U .S .A. for many years, the disease is still endemic and intermittentl y
epidemic in the Orient. The disease has a high mortality . With the
speed of modern transportation, it could be easily reintroduced here .
References 1(b) and 9(a) .

2. Typhoid fever is an acute, prolonged fever caused by ingestion o f
the rod-shaped bacillus Salmonella typhi . Human cases and carrier s
spread the disease through contamination of food and water . Wate r
quality control and proper disposal of sewage have done much to reduc e
the incidence of this disease in the U .S. since the time of the Plymouth ,
Pennsylvania outbreak in 1908 (referred to earlier) . Thirty-nine U.S .
waterborne outbreaks of typhoid involving 506 cases were reported t o
the U.S . Public Health Service from 1946-1960 . Illustrative of thes e
was the Milton-Freewater, Oregon outbreak of 6 cases of typhoid fever .
In this 1960 outbreak the town's public water supply became the vehicle
of spread when feces of a human typhoid carrier contaminated the Cit y
water through a broken municipal sewer line in proximity of a defectiv e
well used as an auxiliary source of the city water supply .

A 1959 typhoid fever outbreak of 14 cases and 1 death' in Keene ,
New Hampshire was traced to contamination of surface water in th e
municipal watershed by feces of a human case . The municipal wate r
was protected only by filtration . This outbreak emphasizes the impor-
tance of protecting watersheds from contamination by humans .
References 2 and 3 .

3. Bacillary Dysentery is an acute diarrheal disease caused by vari-
ous bacilli of the Shigella group such as Shigella sonnei, Shigella flexneri ,
and Shigella dysenteriae . It is usually not a serious disease except fo r
infants and debilitated persons ; however, it is a highly prevalent illnes s
still too frequently spread through contaminated water . Oregon had an
outbreak of 34 cases at a summer resort in 1953 associated with contam-
ination of a surface water supply due to overflow from a plugged septi c
tank drain line and inadequate manual chlorination of this semi publi c
water supply . Since many of the bacillary dysentery outbreaks are mil d
and the causative organisms somewhat difficult to culture, it is probabl e
that this disease is grossly underreported . Reference, unpublishe d
reports of the OSBH.

4. The number of less common bacterial pathogens to be spread throug h
water supplies is large but the number of cases produced appears to b e
relatively small .
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Tularemia is a systemic febrile disea-se caused by the micro -
organism Pasteurella tularense . It is more commonly spread throug h
manual contact with infected wild rodents or by the bites of mosquitoes ,
deerflies, and ticks . Nevertheless, Pasteurella tularense has been
recovered from presumably pure surface water supplies and two huma n
cases in Klamath County, Oregon in 1958 were traced to a poorly con-
structed dug well contaminated by infected wild rodents . Reference 10.

Leptospirosis is a systemic febrile disease of man due to infec-
tion with any of several species of leptospires such as Leptospir a
Pomona, L . icterohemorrhagiae, and L . canicola . Contamination of
domestic water sources with leptospira is probably common since th e
urine of infected wild rodents (especially rats) and domestic animal s
such as dogs, cattle and hogs, not infrequently enter these wate r
sources and the presence of leptospira in such surface water supplie s
has been demonstrated . Human cases due to ingestion of such contam-
inated waters probably occur but rarely, due to the fact that the acidit y
of the human stomach is lethal to leptospira . A number of outbreaks
associated with swimming in such contaminated water have been re -
ported. Reference 12 .

An interesting but apparently rare acquisition of skin tuberculosi s
through an abrasion contaminated with tubercle bacilli (Mycobacterium
tuberculosis) in a public swimming pool was documented in British Columbi a
several years ago . Such an incident-although isolated-makes one wonde r
if it may be possible to contract pulmonary tuberculosis through swimming
in contaminated swimming pool waters . Such possibilities remind us o f
the value of filtration and chlorination of public swimming pool waters .

Although it is well known that gastrointestinal disorders may b e
produced by a wide variety of species of Salmonella bacteria other than
the typhoid bacillus and such pathogenic bacteria have been isolated fro m
public waters used for drinking and swimming in New Mexico, it is un-
likely that water is a significant source of human Salmonella infections .
This is due to the fact that (in contrast to the typhoid bacillus which ma y
produce human infections when only a few bacilli are ingested) human
Salmonellosis infections usually do not occur unless a large number o f
the salmonellae are ingested . It usually requires multiplication of the
organisms (as in food-borne outbreaks) for infection to take place .
Reference 6.

Attention should be called to the fact that large numbers of case s
of human gastroenteritis seem to be associated with the ingestion o f
waters grossly contaminated with non-specific bacteria (or perhap s
viruses) of fecal origin. Reference 7 .

25



Contamination with Protozoa

1. Amoebic dysentery is an acute or chronic, intestinal or systemi c
disease due to ingestion of the protozoon Entamoeba histolytica . ' While
other protozoa may occasionally be implicated in human infections, th e
outstanding example of this class of water-borne diseases is the 193 3
Chicago outbreak . In this outbreak over 700 clinical cases of amoebi c
dysentery in 206 cities were traced to two Chicago Hotels where cros s
connections permitted sewage to contiminate the hotel water supply .
Although local cross connections were responsible for this outbreak ,
it is important to know that chlorination of public water supplies is no t
an effective measure to prevent Amoebic dysentery . The cysts of Ent -
amoeba histolytica are resistant to usual chlorine concentrations . Coag-
ulation and filtration is a much more effective measure against the sprea d
of this disease . References 9(b), 13, and 14 .

Weibel et al (Reference 2) listed only two outbreaks of Amebiasi s
in their review of 228 reported water-borne outbreaks in the United State s
from 1946 to 1960 . One of these was instructive in that it incriminate d
the mode of spread as a leaky factory water main which passed throug h
a sewer manhole while under negative pressure . Reference 19 .

2. Contamination with other protozoa - As in the case of amebiasis ,
diseases associated with other intestinal protozoa such as Giardia lamblia
and Balantidium coli, have infrequently been recognized in water-borne
outbreaks .

Contamination with Animal Parasite s

Cercarial dematitis or "Swimmer's itch" is a comparatively com-
mon nuisance disease contracted by swimmers in certain natural bathing
places (chiefly fresh water lakes) of North America . The Schistosome
responsible for this mild skin irritation (similar to the skin irritatio n
caused by nettles or a mild case of poison oak) is related to but a differ-
ent parasite from the one causing the more serious systemic old-worl d
Schistosomiasis . The parasite causing "swimmer's itch" in Oregon ha s
a complicated life cycle involving ducks and snails so occurs only i n
natural bodies of water and is not a problem in artificial swimming pool s
or domestic water supplies . Reference 11 .

Contamination with Viruse s

The subject of waterborne viral diseases is of unusual interest
because of the evidence that at least some viruses are resistant to the
common methods of filtration and chlorination used for protection o f
domestic water supplies . Reference 15 and 16.
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1. Infectious Hepatitis •- This is a common systemic disease
. prominently affecting the liver . It is believed to be caused by one o r
more filterable viruses . Although perhaps most commonly spread b y
some form of personal contact, there is ample evidence that water- '
borne outbreaks ,of this disease occur quite frequently .

For example, in a preliminary listing of water-borne outbreak s
of disease reported in the United States during 1961, five of eleven- .
listed were outbreaks of infectious- hepatitis . Oregon has had several . .
outbreaks of this disease associated with c.ontaminated drinking water . ,
One outbreak (in 1949 at Glide, Oregon) involved 125'cas.es associate d
with a public school well which was cross connected with a semi publi c
supply serving private residences adjacent to the school and . subject to
contamination from both raw water' from the North Umpqua River an d
an unprotected private dug well .

A recent outbreak involving more than 40 cases occurred in con-
nection with a bowling alley in Marion County, Oregon during 1961 .
Epidemiological evidence indicated that a- drilled well supplying th e
bowling alley had become contaminated with the excreta, of a case
through a septic tank disposal .system in proximity to the well . '

Reference 17 .

Perhaps the largest and most instructive outbreak of water-born e
Infectious Hepatitis occurred in Delhi, -India during November 1955 t o
January 1956 . Over 29, 000 cases with frank jaundice occurred in thi s
city of 1, 600, 000 . population which had a modern water treatment pun t
including filtration and chlorination . This outbreak was so well inves-
tigated and instructive that it would be very worthwhile to read the
reports on it (References 8(a) and (b)) . Suffice it to say here that a
flood changed the course of a river used for the city water . supply so
that sewage normally discharging 700 feet downstream from the
municipal water intake reversed' its flow and entered the city wate r
intake . Filtration and chlorination of the city supply was apparently
adequate to prevent an outbreak of bacterial or parasitic infections ,
but did not prevent the water-borne spread of hepatitis .

2. Other Viral Infections --•• - Althoughi, poliovirus has been recov-
ered :repeatedly from raw sewage, there is comparatively little 'evidenc e
that water-borne outbreaks of poliomyelitis with paralysis occur . A
number of outbreaks have been described in which pharyngoconjunctiva l
fever (due to one or more strains of 'adenovirus) have been associate d
with public swimming pools and bathiing•places . One ,probable epidemic
of this type occurred in association With a Roseburg, Oregon publi c
swimming pool . Type 3 adenpvirus, colon bacilli, typhoid bacilli, an d
bacillary dysentery bacilli are probably all destroyed in water at 25° C
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and pH 7.0 with free chlorine of O . 2 parts per million in 10 minutes o r
•

	

• less . Thirty minutes contact time with 1 .80 parts per million of chlo-
ramines was required under similar conditions to destroy Type 3 ade-
novirus, colon bacilli, typhoid bacilli and Shigella bacilli . Some othe r
viruses such as infectious hepatitis virus appear to be more resistant .
References 18, 15, and 16 .

Toxic and Nutritive Qualities of Chemicals in Wate r

Only 3 of Weibel's list of 228 water-borne disease outbreak s
known to have occurred in the United States during the 15 year perio d
1946-1960 were attributed to toxic chemicals . Two of these were o f
arsenic poisoning and the other from copper . All were associated with
private water supplies . In spite of the rarity of such reports, the pos-
sibility of toxicity from chemicals naturally occurring or introduce d
into drinking water should receive some attention .

1 . Toxicity - It is well known that fluoride ion in excess of 2- 4
parts per million in domestic drinking water may be responsible fo r
disfigured teeth (dental fluorosis) .

Arsenic poisoning may occur either from naturally occurrin g
~• ground water or be accidentally or intentionally introduced into wate r

supplies . The U . S . Public Health Service has set 0 .05 parts per million
as the maximum allowable concentration of arsenic in drinking wate r
supplies . In an unpublished study by Goldblatt et al from the Lan e
County (Oregon) Public Health Department, naturally occurring arseni c
was found in about 30 wells tested in concentrations ranging fro m

• 0 .0004 to 1 .63 parts per million. Most of these were properly protected
drilled and cased wells with depths of 60 to 245 feet . Since chronic
arsenic poisoning is very difficult to recognize by medical examinatio n
and since natural waters containing excessive amounts of arsenic hav e
been demonstrated in this state, care should be observed in choosing
water sources which do not contain excessive amounts of this toxi c
chemical .

It has also been demonstrated that otherwise potable water ma y
be contaminated with toxic quantities of copper and lead by passage o f
the water through copper and lead pipes under certain conditions . Obvi-
ously surface water may also become contaminated with these mineral s
from the use of insecticidal and fungicidal sprays used in proximity to
water sources or from industrial plants .

Nitrates and nitrites in naturally occurring waters have bee n
identified as the cause of methemoglobinemia in infants . This is a type
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mitrition as do iodine and fluorides .

	

-

	

"f~rePTee

of poisoning in which the normal hemoglobin ,(red coloring matter) .oi.
the blood is converted to methernoglob ,in--as, sta:bU
not .-carry

	

to the tissues . Fatal . casdsof this illness _due t O. .
inie.stiott di

	

t, , .containing kWLtra

	

ns•4c• •et eil-tna.'Xirirps.kri! *14,savable
conctiatt.t0tertO *re been de *C414e-ilk in -a nnn,i*s of -areas i▪ n-.t1 b auk*? d
Stat-e.g .

	

.

	

. . 1
. .

	

. . . .

	

.-

Fluorides, nitrates, opliper, O.t1datc.1sillml kialtd,kir agiEr st7li-ean s
- .

exhaust the list of toxic chemicals which may occur naturaarpt
artificially introduced into public water supplies, .but are cfte:.d a s
examples of the variety of problems of chernica,1_ha .zek.riis which .may .

	

.
arise in connection with water quality control . We should not leave

	

,
this subject without brief reference to the subject of biological waria,ze .
The subj,ect of the intentional introduction of such substances 'at : '
botulinus toxin (a biological poison produced by 'the anaerobic'p t
of the bactetiutn ClOetridium botulinum) is one which is outigtdls . 1014 .

	

•.

	

.

	

. .

scope of this discussion . Nevertheless, it reminds us tKapt we he.-Irwit
o guard against intentional as well as accidental c.oats.sDittaticiti - , Gf gi$lb4tg

'Water suppli-e . Radioactive elements in water is another itn4ect () If ,
impose* which I am not qualified to discus.,s .

.
2 . Nutritive▪ 'Qualities of Chemical in Water

	

-' the bee4 Kt-town' 1 :
example of the value of certain chemicals in witer'Suppi.i.cre fc1t humart
nutrition-nemely .the value of 1 .0 part per million 'of flAorlde ion . -pieyenting dental decay was referred to earlier in this raper .
little is known about the importance of ether cht?-tte.As

	

tyaturally' " ,
o' curri▪ ng water,s to humyt

lodinAih .trace quantities is known to proteet'against endemic
goiter (enlargement of the thyroid gland in the neck) .

.

	

. ,
Studies •should be conducted to deternine -the impo_rtance of othe r

naturally occurring chemicals in water s;S thej'.e is evil nxe;-:ta sugges t
that several may'ha.ve .etittallIt

	

nioie irnpref.ttit e.tfitut,;
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STREAM LIF E
and the POLLUTION ENVIRONMEN T
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FIGURE 1 . The assumptions in the hypothetical pollution case under discussio n
are a stream flow of 100 cfs, a discharge of raw sewage from a community of 40,000 ,
and a water temperature of 25°C, with typical variation of dissolved oxygen and BOD .

I
NCREASED field investigation s
over the past 10 years, directe d

toward the abatement of pollution ,
have prompted this pictorial presen-
tation to show the impact of pollu-
tion upon the stream environmen t
and in turn upon the stream life, o r
biota. The illustrations were de-
veloped initially for use in trainin g
sanitary engineers and supporting
scientists at the U . S. Public Health
Service's Robert A . Taft Sanitar y
Engineering Center in Cincinnati ,
Ohio .

To show schematically the effect s
of pollution on biota, raw domesti c
sewage has been chosen as th e
pollutant . With such a waste, th e
lowering of dissolved oxygen and
formation of sludge deposits are the
most commonly seen of the environ-
mental alterations that damag e
aquatic biota . Fish and the organ -
isms they feed on may be replace d
by a dominating horde of animals
such as mosquito wrigglers, blood -
worms, sludge worms, rattaile d
maggots and leeches . Black-colore d
gelatinous algae may cover th e
sludge and, as both rot, foul odor s
emerge from the water and paint
on nearby houses may be discolored .
Such an assemblage- of abnorma l
stream life urges communities not
to condone or ignore pollution, bu t
to abate it without delay . This bioti c
picture emphasizes that pollution i s
just as effective as drought in re-
ducing the utility of a valuable wa-
ter resource. They help to make
clear that pollution abatement is a

The stage for discussion is set in
Figure 1 . The horizontal axis repre-
sents the direction and distance o f
flow of the stream from left to right .
Time and distance of flow down -
stream are shown in days and also

vital key to the over-all problem
of augmenting and conserving wa-
ters of this land .

No two streams are ever exactl y
alike . In their individualism streams
differ fx om each other in the detail s
of response to the indignity of pol-
lution. In the following paragraphs ,
and in the charts they describe, th e
hypothetical stream is made to con -
form exactly to theory, showing pre-
cisely how an idealized stream an d
its biota should react in a perfec t
system. In reality, of course, no
stream will be exactly like this al -
though the principles shown can b e
applied with judgment to actua l
problems that may be encountered .

in miles. The vertical scale of
quantity-or more accurately, con-
centration-expressed in parts per
million, applies to dissolved oxyge n
and biochemical oxygen demand a t
distances upstream and downstream

from the origin of the sewage dis-
charge, which is identified as poin t
zero. Here, raw domestic sewage
from a sewered community of 40, -
000 people flows to the stream . The
volume flow in the stream is 10 0
cubic feet per second, complete mix-
ing is assumed, and the water tem-
perature is 25°C . Under these con-
ditions the dissolved oxygen (D.O . )
sag curve reaches a low point after
two and one-quarter days of flo w
and then rises again toward a res-
toration similar to that of upstream ,
unpolluted water.

The biochemical oxygen demand
(BOD) curve is low in upstream ,
unpolluted water, increases at point
0 from the great charge of sewage
and gradually decreases from thi s
point downstream to a conditio n
suggestive of unpolluted water . BOD
and D .O. are so interrelated that th e
dissolved oxygen concentration is
low where BOD is high, and th e
converse also is true. Green repre-
sents clean water ; orange, a zone of
degradation ; red, a zone of activ e
decomposition ; and blue, a zone o f
recovery .

ASSUMED CONDITION S
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EFFECT OF REAERATIO N

Figure 2 represents an interpreta-
tion of the two principal antagonisti c
factors that have to do with th e
shape of the D .O. sag curve. The
biochemical and other forces tha t
tend to exhaust D .O. supplies, calle d
collectively the process of deoxy-
genation, would reduce such re -
sources to zero in about a day an d
one-half if there were no factors i n
operation that could restore oxygen
to water . The river reach where
D.O. would be completely gon e
would occur about 18 miles down -
stream from the point of discharge
of sewage from the municipality .
However, with reaeration factors at
work, there is appreciable compen-
sation for deoxygenation, and in this

way the actual contour of the oxy-
gen sag curve is determined . Thus ,
the low point of the curve is no t
attained at one and one-half day s
of flow at mile 18 with a zero D .O . ,
but in reality is reached at abou t
two and one-quarter clays of flo w
at about mile 27 . The D.O. here
does not go to zero, but to 1 .5 ppm .

If the population of the city re -
mains fairly uniform throughout th e
year, and the flow is relatively con-
stant, the low point of the D .O. sag
curve can be expected to move up
or down the stream with fluctua-
tions in temperature . In winter, one
can expect to find the low point
farther downstream than shown . In
other seasons, if temperatures ex -

ceed the 25°C upon which the charts
are based, D .O. will be deplete d
more rapidly and drastically with
the low point farther upstream .

The reach of any stream wher e
the D.O. sag curve attains its lo w
point obviously is the stream en-
vironment poorest in D .O. resources .
It represents a place where aquati c
life that may need a high D .O . can
suffocate or from which such lif e
may move to other stream area s
where the D .O . resources are great-
er.

EFFECT O F
LIGH T

The upper graph of Figure 3 il-
lustrates fluctuations of dissolve d
oxygen that may occur over a 24 -
hour period at a single point in a
stream with average density o f
aquatic greenery such as planktoni c
algae or larger submerged plants .
For sake of explanation, any point
in the recovery zone would exhibi t
such diurnal D .O . variations . The
lower graph shows only linear
changes in D .O., and gives no indi-
cation of the daily variation in
availability of this vital gas that
may occur at any single selecte d
point .

If this selected point is in th e
recovery zone at mile 72, one can
see from Figure 3 that D.O. varie s
from a low of about 80 percent
saturation at 2 :00 a .m . to about 140
percent at 2 :00 p .m. Diurnal varia-
tion such as this is a result of pho-
tosynthesis chiefly in algae but i n
other plants also. During dayligh t
hours these plants give off oxygen
into the water in such large quanti-
ties that if the organic wastes ar e
not sufficient to use up much of th e
D.O. in oxidizing sewage, the wate r
commonly becomes supersaturate d
at some time during daylight hours .
In addition to giving off oxygen, th e
photosynthetic process results in th e
manufacture of sugar to serve as th e
base from which flows the nutri-
tional support for all stream life .
The process of photosynthesis ca n
be illustrated schematically as :

6C02 +6H20-> C6H120,;+602
This action proceeds through th e
interaction of the green pigment,
chlorophyll, contained in living plan t
matter, of sunlight, carbon dioxide ,
and even water to form the raw
materials into a simple sugar an d
surplus oxygen .

While photosynthesis occurs, so
also does respiration which proceeds
24 hours on end irrespective of il -

• FIGURE 2 . The dissolved oxygen concentration in the stream is partially de-
stroyed by the pollution load . Full depletion is avoided by reaeration processes .

24 12 0 12 24

• FIGURE 3 . Dissolved oxygen fluctuates according to available light, a resul t
of photosynthesis . Thus, values on the lower curve are subject to daily variation .
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lumination . In this well-known
process 02 is taken in and CO_, is
given off . The algae, during dayligh t
may yield an excess of oxygen ove r
and above their respiratory needs ,
the needs of other aquatic life, an d
the needs for the satisfaction of any
biochemical oxygen demand . Under
these conditions, surplus oxyge n
may be lost to the atmosphere . Dur-
ing hours of darkness photosynthesi s
does not occur and gradually, th e
surplus D .O. that was present is
used up or reduced by algae, fish,
various insects, clams, snails an d
other aquatic life in respiration, and
by bacteria in satisfaction of th e
BOD. That is why oxygen resources
are poorest during early morning
hours . During hours of darkness, a
stream is typically dependent on
physical reaeration for its oxyge n
resources after exhaustion of th e

The bottom graph of Figure 4
illustrates reasons for the decrease
in the BOD curve progressivel y
downstream and offers an explana-
tion for the depression in the oxy-
gen sag curve . On this graph ther e
has been superimposed, in white ,
the shape of the log curve of bac-
terial growth rate. Accelerated bac-
terial growth rate is a response t o
rich food supplies in the domestic
raw sewage . During rapid utilizatio n
of food, bacterial reproduction is a t
an optimum, and utilization of D .O .
becomes fairly proportional to th e
rate of food oxidation .

The upper graph illustrates, in
principle, the progressive down-
stream changes in nitrogen from th e
organic form to the nitrate form .
It demonstrates the initial high con-
sumption of oxygen by bacteria tha t
are feeding on proteinaceous com-
pounds available in upstream waters
in freshly discharged domestic sew-
age. With fewer and fewer of these
compounds left in downstream wa-
ters, the BOD becomes reduced and
the D.O. increases. Fat and carbo-
hydrate foodstuffs rather than pro-
teins could have been chosen jus t
as well to show this phenomenon.

The nitrogen and phosphorus i n
sewage proteins can cause specia l
problems in some receiving waters .
Experience has shown that increas-
ing the amount of these elements
in water can create conditions espe-
cially favorable for growing gree n
plants. In free flowing, clear, pebbl e
brooks they appear as green velvet y
coatings on the stones or as lengthy

"bank of dissolved oxygen ", that
was elevated to supersaturation
levels by aquatic plants .

Obviously, on stream sanitary
surveys where organic wastes suc h
as domestic sewage are pollutants ,
it is important to sample each sta-
tion over 24 hours at intervals tha t
are appropriate to reveal informa-
tion on diurnal D .O. variations. I f
this is not done and station 1 i s
sampled consistently around 8 :00
a .m. and station 6 around 5 :00 p .m .
over a weekly or a monthly survey ,
critical D.O. concentrations will not
be found. If interval sampling over
24 hours cannot be done because of
workday restrictions, reversing th e
time of sampling from the upstrea m
to the downstream station on alter-
nate days will at least show varia-
tions of D.O. that one can expec t
through an 8-hour workday .

streamers waving gently in the cur-
rent. They are not unattractive and
even, in the poetry of Nature, are
complimented by the name "mer-
maid's tresse s". These plants are not
like the troublesome ones which
occur mostly in more sluggis h
streams, impoundments or lakes ,
especially when they are artificiall y
fertilized by sewage. In the clean

brook, they not only are attractiv e
and natural to see, but also they ar e
a miniature jungle in which animal s
of many kinds prey upon each other
with the survivors growing to be -
come eventual fish food .

In more quiet waters, the algal
nutrients in sewage are picked u p
for growth by less desirable kind s
of algae. With great supplies of
nitrogen and phosphorus made
available, free-floating, minute blue -
green algae increase explosively t o
make the water pea soup green ,
smelly and unattractive . In some
unfortunate localities, nuisance
blooms of algae have become so
objectionable that waterfront dwell-
ers have had to forsake their home s
and see their property depreciate in
value . The problem has been studie d
at a number of localities, and som e
studies are still in progress. Specia l
legislation has even been formu-
lated requiring that sewage treat-
ment plant effluents not be dis-
charged to susceptible lakes solel y
because of the algal nutrients the y
contain . Sometimes, under condi-
tions not well understood, some
blue-green algae develop poison s
capable of killing livestock, wildlife
and fish . Fortunately, such occur-
rences are rare . It is completely
clear that sewage disposal and bio -
logical responses of even such lowly
plants as algae go hand-in-hand
sometimes to plague the desires o f
man.

EFFECT OF ORGANIC MATTER

DECOMPOSITION OF
NITROGENOUS ORGANIC MATTER

AEROBIC---NO3 , C0=, H=0, SO, E

ANAEROBIC-- s MERCAPTANS, IN -
DOLE, SKATOLE, H2S, PLUS MIS- + E
CELLANEOUS PRODUCT S

DECOMPOSITION OF
CARBONACEOUS MATTE R

AEROBIC ----CO=+ H=O + E

ANAEROBIC	 ACIDS,
ALCOHOLS, C0=, H 2 , - ECH4 , PLUS MISCEL -
LANEOUS PRODUCT S

THE ENVIRONMEN T

• FIGURE 4 . With a heavy influx of nitrogen and carbon compounds from sewage ,
the bacterial growth rate is accelerated and dissolved oxygen is utilized for oxi-
dation of these compounds . As this proceeds, food is "used up" and the BOD declines .
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FIGURE 5 . Shortly after sewage discharge, the moulds attain maximum growth .
These are associated with sludge deposition shown in the lower curve . The sludge i s
decomposed gradually; as conditions clear up, algae gain a foothold and multiply .

AQUATI C
PLANT S

In the lower part of Figure 5 a
profile is shown of the water and
stream bed with the vertical scale
of the latter exaggerated . Sludge
deposits begin to accumulate jus t
below the point of sewage discharge .
These deposits reach their maximu m
thickness near the point of origin
but blanket the stream bed for man y
miles downstream. The substance of
the deposits gradually is reduced by
decomposition through the action o f
bacteria, moulds and other sludge -
dwelling organisms, until it becomes
insignificant about thirty miles be -
low the municipality .

Also, at the outfall the water is
turbid from fine solids held in sus -
pension in the flowing water. Larger
floating solids, destined to sin k
eventually to the stream bed as set-
tleable solids, are visible on the
water surface as they drift down -
stream. Both the fine and large
solids contribute to the sludge de-
posit, and as they settle progressive-
ly to the bottom of the stream bed ,
the water becomes clear and ap-
proaches the color and transparency
of upstream water above the poin t
of sewage discharge.

The upper graph illustrates th e
relative distribution and quantitie s
of algae, various moulds, and fila-
mentous bacteria such as Sphaero-
tilus . From mile 0 to mile 36, high
turbidity from floating debris and

suspended solids is not conducive to
algal production . Thus, except fo r
slimy blue-green marginal and bot -
tom types, algae are sparse in thi s
reach. In order to grow well alga e
need sunlight, and here it canno t
penetrate the water effectively . Also ,
floating solids that settle out of th e
water carry to the bottom with
them floating algae that drift int o
the polluted zone from clean wate r
areas upstream .

Blue-green algae that may cover
marginal rocks in slippery layer s
and give off foul odors upon seasona l
decay masquerade under the names :
Phormidium, Lyngbya, and Oscilla-
toria . Green algae that accommodat e
themselves to the putrid zone o f
active decomposition frequently in-
clude Spirogyra and Stigeoclonium.
Gomphoneme and Nitzschia are
among the diatoms that are presen t
here .

Algae begin to increase in num-
bers at about mile 36 . Plankton, o r
free-floating forms, steadily becom e
more abundant and reach thei r
greatest numbers in algal blooms
some 40 to 60 miles farther down-

Associated with the bacterial
slimes are certain ciliated proto-
zoans that feed on bacteria and en-
gulf small particles of settleable or-
ganic matter. Such ciliates are als o
found in aeration tanks of sewage
treatment installations as a compo-
nent of activated sludge and on the
surface of rock in trickling filter

stream. This is where reduced tur-
bidity, a lack of settleable sewag e
solids, final mineralization of pro-
teinaceous organics to nitrate-nitro-
gen fertilizers, and favorable oxy-
gen relations result in an idea l
environment for growth of abundan t
aquatic plants .

Algae that may be found abund-
antly here may be represented by
the bluegreen genera Microcystis
and Anabaena ; the pigmented flagel -
lates are represented by Euglena
and Pandorina ; the green algae by
Cladophora . Ankistrodesmus, and
Rhizoclonium ; and diatoms by
Meridion and Cyclotella . Rooted ,
flowering, aquatic plants that form
underwater jungles here are rep -
resented by the "water pest " , Elodea ,
and various species of pond weeds
known as Potomogeton . Such
aquatic forests and meadows presen t
an excellent natural food supply fo r
the aquatic animals, and also serv e
them with shelter . Thus, common-
ly as plants respond downstream i n
developing a diversified population
in the recovery and clean wate r
zones, animals follow a parallel de-
velopment with a great variety o f
species . In such reaches where the
stream consists of numerous alter-
nating riffles and pools, a great va-
riety of fish are likely to occur .

In the reach where algae are
scare, from about mile 0 to mile 36 ,
various moulds and bacteria are th e
dominant aquatic plants . Sphaero-
tilus filaments may abound in riffl e
areas at about mile 36 where physi-
cal attachment surfaces are avail -
able and where oxygen, althoug h
low, is adequate . Bacterial slimes
may cover rocks and other sub -
merged objects and bank margins .
Such slimes have an abundant sup -
ply of available food in readily
usable form of carbohydrates, pro-
teins and fats and their digestio n
products . They are not bothere d
especially by high turbidities or by
settleable solids. They do well livin g
in the center of sludge or near it ,
in what to them is an "apple-pie "
environment .

beds . Common ones are Epistilis ,
Vorticella, Colpidium, and Stentor .

Figure 6 illustrates the interrela-
tions between bacteria and animal
plankton, such as ciliated protozo-
ans, rotifers and crustaceans . The
quantities shown and the die-off
curves for sewage bacteria in toto
and for coliform bacteria separately

BACTERIA AND THE CILIATE S
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• FIGURE 6 . Bacteria thrive and finally become prey of the ciliates, which in turn are food for the rotifers and crustaceans .

are theoretically accurate. The blue
curve for ciliated protozoans an d
the green curve representing rotifer s
and crustaceans are more accurate
in principle than in actual quan-
tities .

After entering the stream as a
part of the sewage, bacteria, includ-
ing coliforms, reproduce to becom e
-abundant in an ideal environment.
Here they feed on the rich organi c
matter of sewage and by multiplying
rapidly:-offer a ready food supply for
ciliated protozoans which are in-
itially few in number . After about
a day of flow the bacteria may b e
reduced through natural die-off and
from the predatory feeding by pro-
tozoans . After about two days of
flow, the stream environment be-
comes more 'ideal for the ciliates ,
and they form the dominant group
of animal , plankton. After seven
-days, the ciliates fall victim to roti-
fers and crustaceans which repre-
sent the principal miorbscopic ani-
mal life in the stream.

It has been long suspected that
the efficiency of this sewage-consum-
ing biological machine depends upon
a close-knit savage society in whic h
one kind of organism captures' and
eats another. Classical research of

some time past showed that a singl e
kind of bacterium mixed with sew -
age in a bottle could not do an ef-
ficient or rapid job of breaking dow n
the sewage. Several kinds could do
a better job, supposedly because one
bacterial type, in acting upon parts
of the sewage as food, prepared i t
for acceptance by another. With
several bacteria a multilateral at-
tack was made possible . But even
a system like this is inefficient. Bac-
teria work best only when they are
growing rapidly and they do this
when they . multiply frequently by
splitting into two . It is important
then that they not be permitted to
attain a stable high and lazy popula-
tion . In the bottle the task of stabi-
•lizing sewage goes most rapidly whe n

Figure 7 illustrates the types of
organisms and the numbers of each
type likely to occur along the cours e
of the stream under the assumed
physical conditions that were stated
earlier . The green curve represents'
the numbers of kinds or species of

ferocious bacteria-eating ciliates are
introduced to keep the population
at a low and rapidly growing state.

These relations between the bac-
teria eaters and their prey, discov-
ered in the bottle, apply as well to
efficient functioning of a modern
sewage treatment ,plant. In some
sewage treatment plants, examina-
tion is made routinely to see how
the battle lines are drawn up be-
tween the bacteria eaters and thei r
prey. It now becomes more obvious
why sewage disappears so efficiently
from the stream, It also is clear wh y
the bacteria, the ciliates, the roti-
fers and the crustaceans increase,
persist for awhile, and then decreas e
along the course of passage of the
stream.

	

-

organisms that are found unde r
varying degrees of pollution. The
orange curve represents the num-
bers of individuals of each species.
In clean water above the city a
great variety of organisms is fotmd
with very few of each kind repre-

THE HIGHER FORM S
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sented . At the point of waste entry
the number of different species is
greatly reduced, and they are re -
placed by a different association of
aquatic life . This new association
demonstrates a severe change in en-
vironment that is drastically illus-
trated by a change in the species
make-up of the biota. However, this
changed biota, represented by a few
species, is accompanied by a tre-
mendous increase in the numbers o f
individuals of each kind as com-
pared with the density of popula-
tion upstream .

In clean water upstream there is
an association of sports fish, various
minnows, caddis worms, mayflies ,
stoneflies, hellgrammites, and gill -
breathing snails, each kind repre-
sented by a few individuals . In bad-
ly polluted zones the upstream asso-
ciation disappears completely or is
reduced, and is replaced by a domi-
nant animal association of rattaile d
maggots, sludge worms, bloodworm s
and a few others, represented b y
great numbers of individuals . When
downstream conditions again re-
semble those of the upstream clean
water zone, the clean water animal
association tends to reappear an d
the pollution tolerant group of ani-
mals becomes suppressed . Thus,
clean water associations of animal s
may form parameters around pol-
luted water reaches . Such associa-

tions may be indicative that water
is fit for multiple uses, while the
presence of a pollution tolerant as-
sociation of animals indicates that
water has restricted uses .

Pollution tolerant animals ar e
especially well adapted to life i n
thick sludge deposits and to con-
ditions of low dissolved oxygen . The
rattailed maggot, Eristalis tenax, i s
not dependent on oxygen in water .
This animal shoves its "snorkle-
like" telescopic air tube through the
water surface film to breathe atmos-
pheric oxygen. Thus, even in the
absence of oxygen it is one of the
few survivors where most animal s
have suffocated. Those who have
worked around sewage treatment
installations have probably observe d
the flesh or milkish colored rat-
tailed maggot in the supernatant
over sludge beds where dewaterin g
performance was poor . Commonly
associated with it in this super -
natant over sludge beds are the im-
mature stages of the well-known
"sewagefly", Psychoda, and wrig-
glers of the sewage mosquito, Culex
pipiens . The rattailed maggot turn s
into a black and brownish banded
fly about three-quarters of an inc h
long, called a "bee fly" because i t
closely resembles a bee . It differs
by having two wings instead of fou r
and does not sting . Sludge worms ,
Tubifex, are dependent upon the

dissolved oxygen in water ; however,
they are well adjusted to oxygen
famine and commonly are found in
water with as little as half a part
per million . They are actually
aquatic earthworms, cousins of th e
terrestrial earthworms found i n
lawns and used as fish bait . These
worms feed on sludge by taking i t
into the digestive tract. In passin g
it through their alimentary canal ,
they remove organic matter from it ,
thus reducing the biochemical oxy-
gen demand . Sludge worms one and
one.half inches long and as thick
as a needle have been observed to
pass fecal pellets totaling five fee t
nine inches through the digestive
tract in 24 hours . Fecal pellets tha t
are extruded from the anal open-
ings have on occasion been found to
have a biochemical oxygen demand
of one-half of that of sludge that
was not "worked-over " by them .
The sludge worms are then, "actu-
ally crawling BOD", in that they in-
corporate sugars, proteins and fats
that are present in sludge into thei r
body cellular components. It may be
difficult to visualize the magnitud e
of BOD removal that one worm ,
needle-thick in size and one and
one-half inches long, can accomplis h
in relation to an extensive sludge
deposit. However, when it is realized
that from 7,000 to 14,000 of thes e
worms may be found per square
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FIGURE 7. The dark curve shows the fluctuations in numbers of species ; the light, the variations in numbers of each .
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foot of bottom surface in sludges,
considerable work is done in re -
moving BOD. By the same token ,
for example, wrigglers of sewag e
mosquitoes . Culex pipiens, that fee d
on the organics of sewage and
emerge as adults to fly out of wate r
represent BOD removed . In this in-
stance it is "flying BOD " that i s
factually taken out of water, where -
as the crawling BOD of sludg e
worms is not removed, but is re -
cycled back as the worms die .

The worm-like body of organisms
composing the pollution tolerant, as-
sociation of the rattailed maggot ,
sludge worms, blood worms, an d
leeches is an ideal type to have fo r
successful living in sludge. As set-
tleable solids fall to the bottom, such
organisms are not trapped an d

Figure 8 shows that the popula-
tion curve of Figure 7 is actually
composed of a series of population
maxima for individual species . The
species form a significant pattern in
reference to each other and to the
varying strength of the pollutant a s
it decreases progressively down-
stream. Sludge worms such as Tubi-
f ex and Limnodrilus can better
withstand pollution than other bot-
tom invertebrates . Thus, they reach
great numbers closer to the sourc e
than other bottom dwelling animals .
In turn they are replaced in domi-
nance by red midges, also calle d
bloodworms or Chironomids, and
then by aquatic sow-bugs, Asellus .
The sludge worms and red midge s
are so numerous in contrast to th e
other organisms shown in Figure 8
that numbers of the latter are ex -

buried in them to die, but by wrig-
gling with their worm-like cylin-
drical bodies, manage to maintain
their position near the surface o f
sludge in communication with th e
water interface . Sow-bugs that ar e
shown in Figure 7 with the "wormy-
horde" do have well-developed ap-
pendages, but their life may be mar-
ginal on stream bank areas and o n
the surface of rocks protruding from
sludge covered bottoms . Thus, they
are not buried by settleable solids .

The invertebrates shown in clea n
water do not form successful popu-
lations in streams where settleabl e
solids sink to form sludge deposits .
Because their appendages may be -
come clogged with sludge as solid s
settle, they may be carried readil y
to the bottom and be buried alive .

aggerated 25 and 30 times to per-
mit showing them effectively. Final-
ly, when the effects of pollutio n
have largely subsided in the en-
vironment, a variety of insec t
species represented by few in-
dividuals of each dominates the bot-
tom habitat.

The story of pollution told here
emphasizes that stream pollutio n
and recovery may follow an orderl y
scheme under the influence of in-
teracting physical, chemical an d
biological forces . Using streams as
dumping places for sewage triggers
the environmental and biotic change s
that have been shown . These
changes are not desirable . In most
cases, in addition, they are hazard-
ous to public health and otherwis e
impair the usefulness of valuabl e
water resources . The needed remedy

is to confine all of these interacting
forces in an acceptable sewag e
treatment works so that this ex -
ample of the Nation 's water re -
sources is protected for present and
future use .
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Session 5

f the many natural resources which we enjoy here in Oregon none i s
more important thah. :our public waters_. This simple -statement o f

fact has undoubtedly been repeated several times at previous session s
of this seminar . Therefore, it should hardly+ be necessary for me .to
have to present evidence tothis audience to prove the. try of :t ti s
statement. It w©ttld be well, however, to remind ottrselves tha t
Oregon's public waters are important not only because of their quantity
but also because of their generally high quality:

Both the quantity and quality of the flow in a given river basin ar e
to a major extent determined by the climatic characteristics and the
size, nature and uses made of the watershed, Fortunately, many o f
our watersheds in the Pacific Northwest are still pretty much in thei r
virgin state and, as a consequence, yield . water of high quality. Some ,
however, through the years have be.en so. modified by activities of man
that their usefulness has been impaired. Because of this impairment ,
which has been due primarily . to changes in quality, it has been neces-
sary in recent years to give increased attention to improving th e
management of Out watersheds .

1

	

• ,

The i dk•tanes- of tie'

	

Waters has to rg,b :en recognized by th e
people of Oregon. As early as 1889 the Oregpn'Legislature adopted a
law declaring it illegal to pollute any public waters which are or may b e
used-for domestic or livestock watering purposes . By statute it has for
many years been the public policy of the state of Oregon to maintain
reasonable standards of purity of all our inland, coastal and ground
waters net only for the protection of public health but also for th e
recreational enjoyment of the people, the' eeonomic and industria l
development of the state, the protection of property, and for th e
censer.ton cif 'human, plant, aquatic and anirnal life .
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Under this broad policy we have the responsibility (1) to preserv e
the excellent quality of water where it still exists in nature and (2) to
restore and maintain the quality of water in those areas where degrada-
tion has in the past been allowed to take place . In order to carry out
these responsibilities effectively it is necessary that there be a thoroug h
understanding of the effects caused both by nature and by activities of man .

To help promote this understanding a special publication entitled
"Watershed Control for Water Quality Management" was printed in Apri l
1961 by the watershed protection committee of the Pollution Control
Council of the Pacific Northwest Area . Much of the following informa-
tion has been taken from this reference .

As previously indicated the physiography, geology, climate, soi l
formation and plant cover of a watershed are all significant factors in
the determination of stream flow and water quality .

Because of their elevation the Coast and Cascade Mountain Range s
in Oregon produce a fairly high annual rainfall in the watersheds locate d
in the western part of the state . Since most storms move inland from the
Pacific Ocean the Cascade Range also causes a decrease in precipitatio n
in the basins in the eastern part of Oregon .

West of the Cascades the bulk of the precipitation occurs fro m
October to May . The summers usually are quite dry . During the
summer the stream flows drop fairly low except in basins where th e
upper watersheds are high enough to produce significant snow packs i n
the winter . These well-known facts are presented here only to poin t
out that although the Pacific Northwest is generally considered to be an
area with an abundance of fresh water, there are certain areas whic h
are always deficient in quantity and many others which each yea r
experience seasonal shortages . In contrast to these area and seasona l
low flows are the short period high stream flows caused by such factor s
as intense rainfall, rapid snow melt, steep terrain, impervious soi l
formations and removed plant cover .

Low stream flows aggravate the effects on water quality caused b y
activities of man on the watershed . High stream flows can by themselve s
result in impaired water quality by eroding soil and causing excessiv e
turbidity and siltation.

A fairly wide range in water quality can be observed in differen t
streams of the state due to the difference in geology . The Coast Range
area in southern Oregon includes sandstones and other sedimentaries ,
metamorphic peridotite and serpentine, and shale . To the north i t
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includes old volcanic basalts and breccias, sandstones and conglomer-
ates . The Cascades include a variety of volcanics . In the Columbia
Plateau portion much of the windlaid material is pumice . The geology
of the basin is often reflected in the amount and composition of sediment
in the stream, , or in the minerals in solution .

	

. -

Because of their geology the majority of Oregon streams are no t
highly mineralized. Some of them, such as those on the west slope o f
the Cascades,- have a very low'-mineral content . Certain of these latte r
streams may on occasion be milky white in appearance due to the natura l
turbidity caused by the presence of glacial flour .

One of the most important physical characteristics of a watershed
is its soil formation. The erodibility of soils, their infiltration 'charac-
istics and their ability to withstand use can greatly influence wate r
quality. , Fine-grained readily eroded. soils are conductive to high tur-
bidity and siltation : Loam soils of open texture permit water to infil-
trate rapidly and release it slowly to streamflow . Clay soils, on the
other hand, slide easily when wet and often cause excessive turbidit y
and sediment loads in streams . Each type of soil may present a .spe-
cial problem . Their classification is necessary for proper managemen t
of. land uses if water quality is to be protected .

Another very important physical characteristic of a watershed from .
the standpoint of water-quality control is the amount and type of plan t
cover. in the Pacific Northw* t .the plant cove.r ranges from the ; dens'®
spruce rain-forest along the coast to the sagebrushdesert of the Cascades .

'the rate of movement of water either across or into the ',ground
surface is influenced greatly by the amount and type of plant cover present .

Good vegetation cover shields . the soil against the beating an d
eroding action of intense rainfall . It also helps to maintain and improv e
soil infiltration capacity and permeability . . Without this protection the
soil surface can become puddled and sealed by the beating action Of rain .
The water will then run off rapidly into the stream and will erode awa y
the upper layers of the soil as it goes . The stream flow will build up
sharply to a high peak carrying with it a high load of eroded sediment .
As the sediment settles out it provides a further sealing action : .

Organic litter accumulations on the soil surface which develo p
with good plant . cover also help to prevent puddling and sea.ling_and to. .
'maintain high infiltration rates . Both . on the surface and incorpo:rat0 d
into the soil body, organic matter protects against erosion . Because
of its contributions to-soil structure and .the protection it affords to the
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soil surface, organic matter is very important to watershed manage-
ment .

Plant roots penetrating the soil increase the porosity and provide
additional means of temporary storage, thus helping to regulate th e
rate of stream flow .

In the upper watersheds plant cover is important for still anothe r
reason . It will control snow storage and melt rate thereby affecting, t o
a small but significant degree, both total yield and distribution of flow .

Though plant cover takes a portion of the water resource for us e
in its own growth, it more than makes up for this consumption by th e
protection which it gives the watershed . Without plant cover there i s
too much water at some seasons and not enough at others . Flood s
alternate with drought . The water that is available will often be too
turbid and sediment-laden to be of beneficial use . Good plant cove r
serves both to regulate and to cleanse the stream flow .

Having given some consideration to the physical characteristic s
and the actions of nature which influence water quantity and quality ,
our attention should now be directed to the effects of activities of ma n
on watersheds .

From the discussion thus far it is evident that the use that is mad e
of the land can greatly affect the physical characteristics of the water -
shed. Conversion of forest land to waste or even to cropland remove s
the protective vegetation cover and bares the soil to erosion . Cultiva-
tion can change soil characteristics to reduce infiltration and increas e
runoff and erosion. Heavy grazing use on range land can compact th e
soil and greatly reduce infiltration in addition to removing much of th e
protective plant cover . Urban and industrial developments, roads an d
streets, all present large impervious areas that increase the amoun t
and rate of runoff . Harvesting the timber from forest land opens th e
cover and affects the storage and melt rate of snow. It can also disturb
the normal soil conditions, thereby causing erosion with resultant tur-
bidity and sediment in the stream particularly during periods of heav y
surface runoff. The blockading of streams by logs, brush and simila r
debris following careless logging operations can cause serious damag e
to fishery resources .

In Oregon some 30, 000, 000 acres, or about half of the land area ,
are covered with forests . They are used not only for timber production ,
but also for grazing by domestic stock and game animals, for mining ,
for important wood products industries, and for recreation . Timber
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harvesting and grazing in the past have had the greatest impact on th e
land although forest fires have also contributed significantly to change d
land conditions .

The proper conservation, development and utilization of th e
forestry resources are vital to the economy of the state of Oregon. It
is just as vital, however, that it be controlled so that it will not inter-
fere with the state's water resources . Unless properly conducted an d
managed the harvesting of timber and the production of various woo d
products can result in serious impairment of water quality .

The principal water pollution problems caused by lumber an d
wood products industries include:

(1) Excessive turbidity and siltation resulting from imprope r
logging practices and poor location or construction o f
access roads in the upper watersheds .

(2) Oxygen depletion due to decomposition of the organic matte r
contained in pulp mill wastes, press water from hardboar d
production, and overflow or drainage from log ponds .

( 3 ) Conditions toxic to fish and other aquatic life caused by
discharge of certain concentrated pulp mill wastes, specia l
preservative compounds used in the production' of plywoo d
and other wood products, and pesticides used in controllin g
infestation .

(4) Slime growths due to nutrients contained in pulp, hardboar d
and plywood mill effluents .

(5) Floating debris and bottom deposits due to pulp and insulatin g
or hardboard wastes, hydraulic barker effluents, and to lo g
storage and transportation .

(6) Blockading of streams by logs, brush and other debris .

Some idea of the magnitude of the pollution problem caused by thi s
industry can be gained from the fact that presently throughout the stat e
there are 500 or more sawmills, more than 100 plywood and venee r
mills, some 9 or 10 fiberboard plants, 6 sulphite pulp mills, 1 neutra l
sulphite pulp mill, and 5 kraft pulp mills .

Because of the large number of logging contractors who are engage d
in the harvesting of timber throughout the state, it has not been possibl e
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for the limited staff of the state water pollution control agency, th e
Oregon State Sanitary Authority, to exercise close supervision ove r
their operations . Under such circumstances it has been necessary to
rely upon education and voluntary cooperation . Fortunately this ap =
proach has proved to be quite successful, particularly since 195 6
when the first draft of the previously mentioned bulletin on watershe d
control was published by the Pollution Control Council of the Pacifi c
Northwest Area .

Prior to that time there had been numerous cases where logging ,
road construction and related operations on upper watersheds ha d
caused gross pollution in streams used as sources of public wate r
supplies . Some of those early cases involved operations being con -
ducted under the jurisdiction of the state and federal forestry agencie s
as well as by private interests . In other cases, even the cities them-
selves who owned and operated the water supplies did not take adequat e
precautions to see that their source of water was not damaged by suc h
operations .

In recent years, however, methods have been devised for th e
harvesting of timber and the construction of access roads on watersheds
of public water supplies so as not to cause damage to this highest of us e
of our water resources . In certain areas the properly conducted timbe r
harvesting has even been beneficial rather than harmful to the publi c
water supply use . Examples of logging operations which have bee n
properly planned, carefully conducted and well managed include thos e
on the Corvallis, McMinnville and Portland municipal watersheds .

In these particular operations the locations of cutting areas an d
road networks have been correlated so as to minimize disturbance t o
the terrain. Cutting boundaries, landings and spur roads are laid out
in accordance with the conditions of topography, soil types, and climati c
factors in order to take into account the effects of snow accumulation s
and melt and to handle drainage so that muddy and turbid waters ar e
kept out of stream beds . Skid roads are never run in channels or down
channel banks . Where it is not possible to lift logs across strea m
channels with a slack line, temporary measures such as log or meta l
culverts are used to prevent scouring of stream banks and excessive
turbidity in the stream . Logging equipment is not used in stream beds.
When logging is performed near stream channels the trees are felle d
uphill, and slash and debris are kept out of the watercourse . Logging
debris has to be removed from stream channels with as little disturb-
ance as possible to the stream bed and banks .

Logging roads are generally located as closely as possible o n
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contour with side ditches constructed to carry water to spreading areas .

Much of the forest land in Oregon is either state or federall y
owned. Now whenever contracts are entered into for timber harvestin g
the managing agencies always include provisions for adequately protect-
ing the water resources .

In Oregon the biggest and most difficult water pollution proble m
associated with the forestry industry has been that caused by the liqui d
wastes from the pulp and paper mills . The 6 sulphite mills presentl y
operating in the state have capacity to produce 800 tons of pulp per day .
Based on oxygen demand the wastes from these 6 mills are equivalen t
to the raw sewage from 2, 800, 000 persons . The 5 existing kraft mill s
in the state produce an average of 2, 400 tons of pulp per day with th e
resulting liquid wastes having a population equivalent of 420, 000 persons .

The specific effects on water quality that have in the past bee n
caused by these mills are : (1) Oxygen depletion in the South Santiarn
River below Lebanon and in the main Willamette River in the Portlan d
harbor, (2) slime growths in the McKenzie River below Springfield, i n
the South Santiam below Lebanon, in the main Willamette below Albany
and in the tidal reach below Oregon City, and in the lower Columbi a
River, the latter caused primarily by wastes from mills located in the
state of Washington, (3) bottom deposits and resultant floating sludg e
rafts in the slough adjacent to Minto Island at Salem, in the Sout h
Santiam below Lebanon, and in the main Willamette below Newberg an d
below the Willamette falls, and (4) odor nuisances in the McKenzi e
River below Springfield and along the ocean front at Newport .

Pursuant to orders from the Oregon State Sanitary Authority th e
pulp mills since 1952 have employed special facilities or practices fo r
disposal of their wastes in order to abate or alleviate their pollution .
The 5 sulphite mills in the Willamette Basin have used impoundment ,
barging and concentration by evaporation for reduction of oxygen deman d
from their strongest pulping wastes . By these means they have effecte d
BOD reductions during the critical stream flow months (June to October ,
inclusive) ranging from about 65% at 3 of them to 85% at one and to bette r
than 90% at the other . To abate the odor and slime nuisance in the
McKenzie River the kraft mill at Springfield has used recycling o f
process waters, improved in-plant controls and land disposal by spra y
irrigation. For control of odor and foam nuisances at Newport the kraf t
mill at Toledo has installed surface aerators for oxidation of odor pro-
ducing constituents and improved detection, diversion and temporar y
storage facilities for handling unusually strong wastes .
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• Because the present facilities being used by the Willamette Basi n
pulp mills have not been adequate to restore and maintain the required
degree of water quality in the river, these mills have recently been in-
structed by the State Sanitary Authority to provide additional or improve d
waste treatment works by not later than December 1966 . Such facilitie s
must provide for year-round removal of settleable solids and increase d
removal during the summer and fall seasons of their total oxygen demand . r _

The officials of each of the companies involved are currently taking step s
to comply voluntarily with these additional requirements .

Another watershed activity which can seriously impair water qual-
ity is the mining and processing of mineral resources . Included in thi s

• category is the mining and washing of sand and gravel, and the dredgin g
or placer mining for gold and silver . Sand and gravel operations ar e
conducted in practically every major drainage basin in the state . Unles s
properly conducted, they can cause excessive turbidity and siltation i n
downstream waters . Serious pollution of this type has in the past been
caused in Bear Creek tributary to the Rogue River, in the Tualatin an d
Clackamas Rivers and in numerous other streams in the Willamett e
Basin and along the Oregon Coast . The resulting turbid condition s
have been detrimental to fishing and other recreation and to domesti c
water usage . To prevent such pollution it is usually necessary that the
mining operations not be conducted in the stream bed and that instea d

• they be completely diked off from the stream flow . It is also necessary
that the wash waters be impounded for efficient removal of settleabl e
solids and excessive turbidity before being returned to the stream .

Placer mining which is conducted during the winter and spring
months adjacent to small tributaries in the Umpqua and Rogue Rive r
basins in southern Oregon and in the John Day basin of Central Oregon
have in recent years caused gross pollution in the form of excessiv e
turbidity and siltation . Such conditions have been particularly damag-
ing to fishing and in some cases to fish propagation.

Gold dredging operations which were formerly conducted in th e
Powder River basin destroyed practically all forms of aquatic life fo r
several miles downstream. Fortunately, these operations were discon-
tinued a few years ago and the stream conditions have again returne d
pretty much to normal .

Impairment of water quality can also be caused by agricultura l
activities such as land cultivation, irrigation, grazing, livestock feed-
ing, and use of chemicals for fertilizer and pest or weed control . Land
,cultivation, if it results in soil erosion, can cause excessive turbidit y
and siltation.



. Return irrigation waters and normal surface drainage 'from cro
p lands can add. nutrients such as nitrates and phosphates which ma y

trigger luxuriant algal growths in .the downstream waters . Thes e
growths are sometimes so heavy that upon decomposition they deplete
the dissolved oxygen from the river water . An example of this is the
oxygen depletion in the lower waters of -the Brownlee Reservoir in th e
Snake River. Nuisance algal growths, of this type can . also be caused by
natural conditions as in the Upper Klamath Lake of Southern Oregon and
the Owyhee Reservoir 'in Malheur County . In .the relatively "unfertilized"
Owykee Reservoir blue-green algae populations each summer creat e
"peasoup" conditions which ' occasionally are highly-lethal to the resident
warm water game fishes . The algal_ blooms which occur every summe r
from natural causes in Upper .Klamath Lake resemble a slurry of gras s
clippings and on occasion have been responsible for fish kills in th e
downstream waters of the Klamath River .

. Return irrigation flows are usually several degrees warmer tha n
the source from which . the water is drawn. This 'may adversely affec t
the water as fish habitat, or , for industrial uOe. •

The pollution caused by drainage' of manure and other organic
matter from livestock feeding lots can be injurious to downstream use s
such as recreation, fish propagation, and domestic water supply. Locat-
ing feed lots where drainage will not reach a watercourse is usually th e
easiest and best solution to this •problem. If this, is not possible, then .
treatment. of the drainage by means 'of- a lagoon or other' facility may be I i

necessary, ' •

	

'

Toxic chemicals .used for weed or pest control by-agricultural inter-
ests frequently find'access t o , adjacent watercourses by accident or as th e
result of careless application to land. Numerous fish kills have be.en
caused by such chemicals in Oregon during the past few years .

SUMMARY :

	

'

There are numerous activities conducted by man on watershed s
which if not properly controlled or managed can greatly affect the wate r
quality and thereby impair the use of such waters for beneficial purpose s ..
To prevent water pollution it is therefore necessary to include prope r
development, conservation and utilization of the land as well as the
water resources .

The watershed activities most frequently ret'ponsible fbr detri-
mentally affecting water quality in Oregon have been timber harvesting ,
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road and dam construction, pulp and paper production, and other woo d
products industries, mining and processing of mineral resources, lan d
cultivation, irrigation, cattle grazing, livestock feeding, and use o f
toxic chemicals for weed and pest control .

The major forms of pollution have been excessive turbidity, silta-
tion, organic bottom deposits, floating sludge rafts, oxygen depletion ,
nuisance slime and algal growths, bacterial contamination, condition s
toxic to human, plant, aquatic or animal life, tastes or odors, an d
increased temperature .

Such pollution can impair the use of the waters for domestic or
municipal purposes, for fish propagation, for recreation including fish-
ing, swimming, water skiing and boating, for industrial purposes, fo r
irrigation and livestock watering, can be a hazard to public health, and
can be destructive to fish and other aquatic life .

Under the public policy of the state of Oregon such pollution mus t
be prevented and controlled in order to maintain a reasonable degree o f
purity in all inland, coastal and ground waters .
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Presented November 4, 1964 by RICHARD F. FOSTER, Radiation
Protection Department, Battelle-Northwest, Pacific Northwes t
Laboratories, Richland , Washington .

Session 6

NATURE AND SOURCE OF RADIOACTIVE MATERIAL S

Natural Radioisotope s

Of the 93 naturally occurring. elements, 29 have radioactive iso-
topes that are found in nature (.e . g. , rad6..oisotipes that existed befor e
man began to produce them) . Most of the natural radioisotopes (ther e
,are about 70 of them), occur among the heavy elements and are part s
of a series of chaaz g'es that atoms of U 238 , Th232 , and U235 undergo
before they eventually become stable Pb206, Pb 208 , or Pb 207 respec-
tively . Perhaps the best known of these isotopes has been Ra226 A
few radioisotopes also occur naturally among the lighter elements ,
and these include •K 40 and 'C l4 .

.The natural radioisotope: mos t r-oftea.. analyzed (or in fresh grater i s
Ra 226, and the amounts Present reflect the R42`t-6 content of thee' ore
present in the watershed . In the United States,' the Iii hest concen-
trations reported are for Joliet, Illinois at'

	

', 10' Y ppm. The
surface of the Portland, Oregon area has a Ra 226 content of about
10 -i1 ppm, which is near the low for the United States .

Measurement of such small quantities by conventional chemica l
methods' is, of course, impractical, but can be accomplished b y
detection of the radiation given off when the Ra 226 atoms change into
atoms of Rn222 (radon) (also radioactive) . A concentration of 10 -1 1
pptn of Ra 226 has about 2 . 6 x 107 atoms per liter, and about one of
these 2 . 6 x l0 7 atoms disintegrates (changes) to Rn 222 each hour .
In 1, 620 years onl half of the original Z. 6 x 10 7 atoms remain (the
"half-life" of Ra22 is 1, 620 years) .

The unit used to measure the number of atoms that "disintegrate "
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in a given interval of time is the "Curie" . One curie = 2 .2 x 10 1 2
disintegrations per minute . It was originally based on the disinte-
gration rate of one gram of Ra 226 .

Samples of natural water or biological material will contain only
a very small fraction of the amount of radioactive material neces-
sary for a curie, and it is more conventional to speak in terms o f
microcuries (M.Ci) (10-6 curie) or picocuries (pCi) (10- 12 curie) .
A picocurie means a disintegration rate of only 2 .2 atoms pe r
minute and can be measured only on high quality instruments tha t
effectively exclude extraneous radiation from other "background "
sources .

The "Curie" (disintegration rate) tells very little about the radio -
active material present . A relatively large amount (1 gram) o f
Ra 226 is necessary to produce one curie and some of the Ra 22 6
atoms present initially are still present after several thousan d
years . On the other hand, At218 (another radioisotope of the u23 8
series) is very unstable, as evidenced by its half-life of two seconds ,
and the amount necessary to produce one curie has essentially all
disappeared in less than one minute . Further, the curie tells nothing
about the amount of energy released when the atoms disintegrate .
This energy is a most important parameter in amount of radiatio n
dose received by lifing organisms (or any material) in the vicinity ,
and thus, the potential biological effect .

The potassium found in nature contains about 0 .01% of the radio -
isotope K40 , which has a half-life of 1 .3 x 109 years . Each gram o f
potassium has enough K40 to produce 1, 900 disintegrations per min-
ute or about 10- 3 4Ci. A man of average size contains in his bod y
about 130 grams of K and thus about 0 .1 1.4.Ci of K40. Aquatic life ,
as well as all other life forms, contain K40 which delivers a majo r
fraction of the "background" radiation they receive, and most of th e
"background" count when samples are measured for their content o f
radioactive materials .

Man-Made Radioisotope s

The discovery (in 1938) that u 235 could be split (fissioned) whe n
bombarded with neutrons, with the release of vast amounts of energy ,
led to the atomic bomb and to the technology of atomic power produc-
tion . These techniques increased the potential for radioactive mater-
ials in streams because :

1 . The demand for natural uranium to provide the basic fission -
able material resulted in the establishment of mills to proces s
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uranium ore . Such ore contains Ra- and other natural radio -
active materials associated with uranium ore, and these natura l
radionuclides may be leached from the tailing piles of the mill s
into nearby creeks or rivers .

2 . When the u235 fissions (either in an atomic bomb or in a reactor )
the resulting "fission products" are radioactive - most of the m
are "artificial" radioisotopes because they did not previously
exist in nature . These fission products (which include suc h
radionuclides as Sr9 0 , Cs137, and I131) can enter streams from :

a. Fallout from bomb debris in the atmosphere .

b. Liquid effluents from atomic energy facilities that proces s
uranium (or other materials) that have undergone fission .

c. Ground water that seeps into streams from underground
facilities used to dispose of liquid wastes that contain fis-
sion products .

3. When u 23 5 (and some other nuclides) fission, neutrons ar e
released that strike other nearby materials and (if the neutron
is captured) these "target" materials are transformed int o
radioisotopes . These "neutron activation products" are also ,
for the most part, radionuclides that never before existed i n
nature . They include such things as Zn65, Co60 , P32, U239 .
(The Hanford plants were built to produce a new fissionabl e
material - plutonium-239 . Ordinary U238 is "neutron activated "
to 1;23 9 in the reactors . The u238 rather quickly decays t o
Np 239 , and then to Pu 23 9 . The Pu239 is separated from un-
used uranium and fission product debris in chemical processin g
plants . The purified Pu239 can be used as weapons material or
reactor fuel in the same way as the fissionable u235 . )

Neutron activation products are formed in the cooling water o f
reactors . In the case of the old Hanford reactors, the coolin g
water is sent directly to the Columbia River . In power react-
ors of contemporary design, the coolant is used to make stea m
and is recirculated, so that there is no direct release of th e
activation products to rivers .

Neutron activation products are also formed when atomic de -
vices are exploded because neutrons strike the materials tha t
contain the device, or the ground or sea . The fish of the
Pacific Test Area have been found to contain greater quantitie s
of activation products, especially Zn 65 , than fission products .
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4. The production of radionuclides in reactors, either as fission
products or as neutron activation products, created a suppl y
of these materials that could be used by industry, hospitals ,
or research workers in both the physical and life sciences.
Some small fraction of the material supplied to the user s
eventually becomes waste and some of the waste may ente r
surface waters via sewers or packages disposed to sea .

RELATIVE AMOUNTS OF RADIOACTIVE
WASTES AND THEIR CONTRO L

High-Level Waste s

By far the greatest amount of radioactive waste results when th e
spent fuel elements from reactors are dissolved at the chemica l
plants in order to recover the unused uranium or the newly create d
plutonium . Here, the fission products are separated from the mater-
ials to be recovered and are sent to large underground storage tanks .
Millions of gallons containing billions of curies of fission products
are now contained in such tanks .

Great care is taken to assure that the high-level wastes stored i n
the tanks does not get into the environment (e . g . , leak out into the
ground and reach the water table) . Several methods for convertin g
the liquids now sent to tanks into solids that can be stored in isolate d
spots (such as salt mines) are now in the pilot plant stage . No one
is considering the disposal of this high-level waste to the environment .

Intermediate-Level Waste s

Although most of the fission products can be concentrated into high -
level wastes and stored, it is impractical to "purify" all of the aqueou s
process streams to a point where no radioactive atoms can be meas-
ured. For example, the condensates from the evaporation of high -
level waste still contain significant concentrations of radionuclides .
These "intermediate" wastes are usually sent to pits (that are cov-
ered) from which the liquids gradually seep into the ground . Most of
the radioactive materials are retained by fixation on the soil minerals .
Careful watch is maintained and, if long-lived radioactive material
begins to break through into the ground water, the site is abandoned .
At major atomic energy sites, the volume going to such pits each da y
may amount to hundred of thousands of gallons containing tens o f
curies . If such pits are not favorably located in respect to the groun d
water and nearby streams or lakes, they can be the most significan t
source of radioactive materials to surface waters . Such pits are not
characteristic of the waste systems of contemporary power reactors .



Low-Level Waste s

Large volumes of cooling water are used by atomic reactors an d
fuel processing plants . Because of the large volumes (millions o f
gallons per day) the effluent streams must usually be returne d
directly to the river or lake from which they were drawn . These
main coolant streams ordinarily remain uncontaminated but prio r
to discharge they may receive small amounts of "low-level" waste s
from floor drains, "bleed lines", or other minor sources . For con-
temporary power reactors the radioactive material amounts to, a t
most, a few curies per year . (The Hanford reactors, with a single
pass cooling system, are a notable exception . )

The cooling water effluent from power-producing reactors is ap t
to be the type of radioactive waste that will most often come to the
attention of biologists and pollution control officers in the next severa l
years . Such cooling waters will undoubtedly contain trace amount s
of activation products, but the concentrations will be so small tha t
identification, or even detection will be difficult .

The effluent water from the Hanford reactors contains a variety
of neutron activated radioisotopes that are created in the coolin g
water as it passes directly through the reactor . Most of the radio -
activity present comes from very short-lived isotopes and has dis-
appeared by the time the river flows out of the Hanford reservation .
Some radioisotopes do have half-lives that are long enough so tha t
they can still be detected at the mouth of the river, however . The
dominant ones are Cr 51 , p32 , Zn65 and Np239 . Nowhere in the
river is the concentration of radioactive materials high enough to
create any health hazard to either people or aquatic life .

Other categories of "low-level" liquid waste include the solution s
that are discarded from hospitals and re search institutions and som e
water from nuclear powered ships .

EFFECTS OF RADIATION ON MAN AND AQUATIC LIF E

The Mechanism of Damag e

When the radiation given off by radionuclides (or by x-ray machine s
or other sources of ionizing radiation) strikes living tissue, much o f
the energy is dissipated in reaction that produces radicals and excite d
molecules in the protoplasm of cells . If this ionization is sufficiently
intense, or occurs in certain vital sites within the cell, the cell can b e
killed or, more likely, injured so that it can not divide and thus repro -
duce itself.
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With moderate doses of radiation, not enough individual cells ar e
damaged to affect the organism as a whole-except, perhaps, by lif e
shortening . Cells damaged by radiation are replaced by new ones ,
as normally occurs with any injury to the body . If, however, the
radiation dose and the associated tissue damage is so great that th e
repair process of the body can not replace the injured cells promptly ,
the function of the organ may be impaired (e . g . , production of blood
cells by the bone marrow) .

If a source of radiation (such as Ra 226 or Sr90 ) remains fixed i n
a particular site (such as the bone) for a long period of time, the
"irritating" effect on the adjacent tissue may lead to tumor formation .

In the case of reproductive cells (sperm or ova) genetic damage i s
also possible . This can happen if the effect on a reproductive cell i s
not so great that the cell is killed (and thus can not enter into repro-
duction) but great enough to alter a chromosone or gene that can b e
passed on in subsequent cell divisions .

Radiation induced injuries are largely nonspecific . The same effect s
can be produced by many other agents, both physical and chemical .

Radiation Dose Versus Effect

The unit of dose received from ionizing radiation is the "rad" whic h
is established at 100 ergs per gram . The biological effect of a rad i s
much the same for x-rays, gamma and beta radiation, but is mor e
severe for an equivalent amount of absorbed energy from alpha parti-
cles and some other types of radiation. Another unit of dose, the
"rem", is used instead of the "rad" where it is appropriate to work
in terms of biological effect rather than just physical measurements
(as made with instruments) .

If a person's entire body is subjected to a single massive exposure ,
doses in the range of 300 to 500 rads (rems) will cause severe "radia-
tion sickness" and about half of the people so exposed will die . Fish
are not quite as sensitive as people and about twice as much radiatio n
is required to produce the same effect . Generally speaking, lowe r
forms of life are more resistant to radiation than the higher forms ,
and 105 or 10 6 rads are required to kill algae and bacteria .

The rate at which the dose is delivered is also important . If a
large dose is acquired gradually over a number of months or a year ,
there may be no discernible effect at all .
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The somatic effects of acute doses on the order of 100 rems can
readily be measured in man . The effects of acute doses of less than
25 rems are very difficult to detect, (a diagnostic x-ray series of the
gastro-intestinal tract may result in doses approximating 15 rems) .

Limits of Exposur e

The persons who are apt to receive the greatest exposures unde r
normal circumstances are those that work with x-ray machines (o r
other similar sources), and those who work in atomic energy plant s
or laboratories . The exposure received by such people can b e
measured with good accuracy and controlled by administrativ e
procedures . To oversimplify, it is limited by federal regulation s
to 5 rems per year . A worker could receive such an exposure every
year without developing any symptoms that would be clinically dis-
cernible .

For members of the general public, prudence has prompted the
establishment of limits for exposure that are about one-tenth o f
those allowed the persons whose occupations involve some exposure ,
e . g. , 0.5 rem to the total body each year . Because some individual s
in a population will receive more exposure than others, the limit i s
reduced to one-third if the average of a population group is used a s
base-e.g ., 0 .17 rem per year . These limits are for exposure tha t
is in addition to natural background and exclude that received fo r
medical reasons (an ordinary chest x-ray involves an exposure o f
about 0 .05 rems), Natural exposure (from K40 , Ra226 , cosmic
rays, etc .) are usually in the range of 0 .1 to 0 .2 rem per year i n
various parts of the United States . Some areas of the earth hav e
alluvial deposits of monazite-bearing sands (rich in thorium) wher e
the natural background is much higher . The dose rate to the people
of one village in Brazil is estimated to be as high as 12 rem pe r
year-over 20 times that established as the limit for persons wh o
live near atomic energy plants in the United States .

EXPOSURE PATHWAYS

Types of Exposur e

Radiation exposure, either natural or from artificial sources, ca n
be classed as either :

1. External - that received from a source external to the body
such as an x-ray machine or cosmic rays .

2. Internal - that received from substances taken into the bod y
by breathing, or with food or beverages .
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Unless a person is in very close proximity to a very large sourc e
of radiation (e . g. , a worker that actually handles sources of radiation) ,
the exposure received from external sources will be trivial . The po-
tential for internal exposure certainly warrants much more considera-
tion in connection with radioactive liquid wastes .

Water Us e

Some potential for exposure exists for each way that water is use d
downstream from the point of release of liquid wastes . Whether or
not any of these potentials is of significance is inseparably associate d
with the kinds of radionuclides present, their concentrations, how th e
water is treated, and in some cases, the ecology of the area. The type s
of water uses that are most apt to have some significance are :

1. Use for drinking .
2. Use for production of food fish .
3. Use for irrigation of crops or pasture .

Drinking Water

,A larger number of people are apt to receive some water-borne ra-
dioactive materials via their drinking water than via other routes .
Substantial fractions of most radionuclides present in raw water ar e
removed by conventional treatment plants, however .

Fish

The chemical composition of fish is relatively consistent and i g the
result of selective accumulation of certain elements that at one tim e
were in solution in the surrounding water . Most of this selection an d
accumulation is done by the algae and invertebrate organisms tha t
form the food web of the fish . Radioisotopes are handled by the foo d
web in the same way as the stable isotopes of the same element .
Thus, many radioisotopes tend to be rejected by the biota, becaus e
they are of no nutritional or physiological value . A few nuclides are
the radioisotopes of biologically essential elements, however, an d
these are avidly removed from the water by the biota and incorporate d
into protoplasm. Phosphorus-3Z and zinc-65 are two such radioisotopes .

If the supply of the radioisotopes in the water is continually replen-
ished, and the abundance of the stable element is limited, then the concen-
tration of the radioisotope in the fish may be thousands of times greate r
than in the water . People who consistently eat fish will obviously take
in more of the biologically concentrated radioisotopes from this sourc e
than from drinking the water .
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Irrigation

Irrigation systems of the spray type are more effective in trans-
ferring water-borne radionuclides to crops or pastures than rill -
type systems . If the water is applied directly to the surfaces of the
plants (as by spray) the radioactive materials will remain as a de -
posit on the surfaces or enter the plant through the leaves . On the
other hand, if the water is applied to the soil (as by rills), a large

• .proportion of most kinds of radionuclides will be retained on th e
soil particles and reach the roots of the plant only after prolonge d
holdup and appreciable dilution by similar elements already present
in the soil .

As in the case of aquatic food webs, the radioisotopes of some
biologically essential elements can be passed along a food chain tha t
starts with the irrigated pasture . Zn65 , Cs137 , 1131 and p32 fo r

•example, can be passed from pasture grass to cows and from th e
cow's milk to man. For a few radionuclides, the irrigation route
may be a more important source of supply to man than drinking
water derived from the same river . If fish are harvested in

' abundance from the same river, however, they will most likely b e
the greatest potential source of radionuclides to man .

. . LIMITS VERSUS EFFECTS ON AQUATIC LIF E

The marked accumulation of certain radionuclides by aquatic organ -
isms has caused some conjecture as to whether or not fish or their foo d
supply might be adversely affected by radioactive waste at concentra-
tions in the water that would be acceptable for humans . At this time ,
relatively few studies are available that bear directly on this question ,
but the evidence strongly indicates that radiation damage to aquatic life
will not be the limiting case . It has been shown that concentrations o f
p32 in water that meet drinking water standards might be too high (b y
about an order of magnitude) to provide adequate protection agains t
.radiation damage to the fish. However, if the fish accumulated enough
P32 so that radiation damage would be manifested, then they would b e
far too radioactive to be used as food by humans . If the concentration
of P32 in the water is kept at such a level that people can eat the fis h
regularly without exceeding the permissible rate of intake, then th e
fish will not receive enough radiation to result in a discernible effect .

P32 is but one of many radionuclides that may be present in low -
level radioactive waste streams . Nevertheless, it appears to be one
that is near the top of the list of nuclides that would approach limitation
on the basis of fish, rather than human exposure .
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In short, until some firm evidence to the contrary is found, ther e
appears to be no need for concern for radiation damage to aquatic popu -
lations (or terrestrial population), so long as the fish (or animals) ar e
maintained in a status that permits them to be used for human food. '
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eat as a PolfutaKt

Some time ago, when Mr . Karr asked me to consider speaking to yo u
today on the effects of heat on watershed usage, I was happy to tak e

advantage of the opportunity, not only to pass along the impression s
that I have gained during my own industrial experience with environ-
mental factors, but also to have an opportunity to collect and review
my thinking in this critical area . Since heat or its measurement a s
temperature form a sort of universal parameter in practically all o f
the life processes surrounding us, a discussion of the effects of heat
necessarily ends up as an interdisciplinary review of a great many
independent technical and economic factors.

At this particular time more and more serious researchers ar e
examining the question of waste heat input or entrapment . However ,
despite this concentration of effort, very few well integrated conclu-
sions are readily apparent. It is obvious that local effects on smal l
streams with restricted drainage serve to focus attention on the stud y
of heat dissipation, but when integrated into a large basin drainag e
system, the over-all effects are somewhat less palpable . In our dis-
cussion today I will attempt to illustrate technical factors related t o
the following four points :

1. The effects of heat on the planning and justification of indus-
trial plants and process conditions will be of increasing im-
portance in both public and private areas . Increased attention
on heat related problems will undoubtedly force improved ad -
ministration of the overall balance between capital formatio n
and recreation industries .

2. The temperature of municipal water supplies will become a
matter of public interest in terms of the optimization of wate r
supply cost, the reduction of chemical taste and odors arising
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from both chemical and natural pollution, and other estheti c
factors .

3. In keeping with improved attention to the definition of tech-
nical problems, the legal aspects of stream regulation relate d
to increasing thermalism will require significant development .

4. Lastly, but perhaps most important, improved attention wil l
need to be directed at defining temperature as a parameter in
research studies of every nature . This is essential in orde r
to provide a reasonable basis for the economic calculation s
involved in industrial process development and financia l
planning.

In order to provide a background for some of the examples, I be-
lieve it is worthwhile to go over the general state of knowledge regard-
ing heat as a parameter . First of all, the question of heat itself mus t
be placed in proper perspective . There is a field of thought whic h
seeks to infer that the quality of heat somehow depends upon process it
originated from. For instance, we hear people speak of gas heat bein g
more moist, or electric heat being drier, or even nuclear heat havin g
somewhat different characteristics than fossil heating .

For the sake of setting the record straight, it is essential to con-
sider human perception of heat as the subjective reaction to variation s
in internal energy. The laws of thermodynamics permit us to assign
precise values of internal energy which we nominally call the tempera-
ture . While these internal energy values profoundly affect chemica l
and physical reactions, by themselves they offer no distinguishin g
characteristics other than that of measured on the thermodynami c
scale . It follows that the origin of heat is quite independent of it s
effects in the presence of isolating barriers such as heat transfe r
surface . The rejection of heat to a stream from a nuclear sourc e
twice isolated by heat transfer surface and intermediate circulatin g
fluid is indistinguishable from that of a conventional steam power plant .
What is significant is the degree of containment of the process rather
than the heat origins .

For example, in a single pass production reactor of the type a t
the Hanford plant, greater than 99 .9 per cent of the heat rejected passe s
a heat transfer surface barrier . The balance of heating develope d
directly in the water by decay of activation reactions probably coul d
not even be measured by direct methods .

Clearly, then, the emphasis must be placed on separation of th e
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variables-and development of further sophistication in reviews of th e
multiplicity of events related to heat rejection processes .

If we are 'satisfied that this position regarding the universa l
character of heat is correct, let us proceed to examine some of th e
effects of the common everyday problems with which we are involved .

If waters are warmed, the rate at which organic materials de -
compose, and the rate at which microorganisms die and are replaced '
by succeeding generations,' are generally increased in keeping iwith
this increased life activity . In this increased decomposition activity ,
the rate at which oxygen is consumed and the rate at which carbo n
dioxide is evolved go up with increasing temperature . Conversely ,
the solubility of gases . declines . In addition, the overall process o f
self-purification of streams tends to increase, although this is an
extremely general statement .

Measurements of the survival of plankton and microorganism s
passing through industrial processes involving sudden temperature ' -
increases usually show a rather dramatic and usually fatal effect :
The death of plankton in turn may produce a regional rise in biochem-
ical oxygen demand as a result of the accelerated formation of decaying
materials . It is also true that dissolved oxygen concentration cause d
by reaeration of streams increases geometrically at about 1 -1 / 2 pe r
cent per degree C . However, even as this occurs, the dissolved oxy-
gen concentration of the water at saturation declines, and the rate a t
which organic matter consumes oxygen also rises . This produces the .
net result that oxygen deficits appear early in the downstream flow o f

.a warmer stream than its equivalent during colder seasons .

It is also true that small increases in water temperature 'tend
to provide a more congenial condition for the multiplication of micro -
organisms in a high nutrient media,' however, natural water usuall y
provides a rather lean diet . Many tests have indicated that it is safe •
to generalize in saying that increased stream temperatures improv e
the rate at which critical counts of microorganisms related to diseas e
in man are eliminated'in lakes and .streams . This topic is currentl y
receiving considerable attention with promise of additional sophistica-
tion in separation of variables and possible rejuvenation of micro -
organism counting as a measure of stream pollution . . Within limits ,
the transitional influence of temperature on the rate reactions appear s
to be of the variable of primary significance .

Along these same lines it is interesting to examine the effects o f
changing temperature .of the effectiveness of chlorine as a disinfectant
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for potable water . These effects have been studied for many years b y
a great many industrial and public authorities . It is usually generally
true that greatly increased quantities of chlorine are required a s
temperature decreases in the range of 25 to 4 degrees C .

However, both the pH of the water and the presence of nutrient s
play a part in determining the overall activity of disinfectants . Further ,
there are few cases, if any, on record giving a great deal of insight int o
the non-seasonal effects on a standardized pathogen with only tempera-
ture as the variable parameter . Since the formation of free chlorin e
residual is also temperature dependent, the question of the chemistr y
versus the biology is unresolved .

Another effect which is of considerable concern to the public con-
sumer of water is the matter of taste . It is generally observed that in -
creased water temperature increases taste problems resulting from th e
residual algae remaining after treatment . While it is commonly believed
that the growth of algae is stimulated by warm water specific definitio n
of the various types must be made in order to provide a better definitio n
of the floral spectra . The grass green algae are most abundant in wate r
supplies during the summer but are seldom found in winter . The seasonal
distribution of the blue-greens is similar but the maximum growth occur s
later in the season and they often show a great increase after a period o f
sustained warm weather . Since the blue-greens appear to provide most
of the problems as regards taste and oxygen depletion in high nutrient
waters, improved understanding of the role of temperature in the accli-
matization of these species is essential . In areas where excessiv e
nutrients exist sufficient glue-green blooms occur to cause mechanica l
fouling in addition to significant progress towards eutrophy.

Perhaps the most highly publicized effect of temperature on life
forms is that on fish . A substantial amount of research effort has gon e
into the relationship of temperature to the propogation of desirable an d
undesirable species . Undoubtedly much more will continue to be don e
as thermal problems are better defined . As an engineer, I can onl y
highlight fish problems superficially ; but as a continuation of an inter -
disciplinary concept of this discussion a review of heat effects o n
various fish forms is probably appropriate . Figure 1, prepared from
an original paper by J . Alabaster appearing in International Journal of
Air and Water Pollution, shows the results of a statistical study con -
ducted under the auspices of government operated power industry .
You will note a relatively constant relationship between the 100 an d
1,000 minute mean life times of the various sample species used i n
the experiment . The data show rather conclusively the better adapt -
ability of the perch type fish forms over the salmonoid forms such a s
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trout, and the high adaptability of the carp-like specie of which th e
European tench is an outstanding example . At the lower right you
will see some points indicating the discharge temperatures of som e
major utility facilities and their relationship to the life expectancy o f
these three statistical groups . These stations use various combina-
tions of direct and indirect cooling cycles which involve additiona l
problems with sudden temperature changes .

With the data of Figure 1 in mind, it is probably safe to mak e
some additional generalizations in this area . Studies indicate tha t
temperature changes produced in short periods of time are frequentl y
fatal to smaller fish because they are unable to move away from th e
area affected. This influence of size on the sensitivity of fish form s
to temperature changes is quite critical, particularly in terms of mi-
gratory species in tributary streams with restricted flows . Some re -
search has tended to make a case for sensitization of pathogens i n
regions of higher temperature through which migratory fish pass .
Other work conducted at the Hanford project has failed to support thi s
contention or suggested other relationships . There have been, how -
ever, some occasional correlations which indicate that retention o f
migratory fish in water which has been held in reservoirs for lon g
periods at warmer temperatures shows increases in fish diseas e
from yet unexplained causes .

Cooling water passed through power station condensers is fre-
quently warmed as much as 10 degrees C . It is evident that poorl y
mixed effluents will disturb normal river conditions, particularly in
streams with restricted flows . In addition these heated effluents b y
virtue of high temperatures and temperature fluctuations alone ar e
statistically lethal to trapped trout and even coarse fish acclimatize d
to normal river temperature . However, small free living fish are
affected to a lesser extent and larger fish appear to be able to swi m
away without difficulty .

The effects of temperature on fish forms increases dramaticall y
in the presence of low dissolved oxygen and high COZ conditions . Her e
is an excellent case where proper definition of temperature as a param-
eter is necessary in order to draw conclusions which are meaningfu l
and free of subjectivity .

I believe it is safe to generalize by saying that erection of powe r
stations and dams on tributary streams will undoubtedly affect th e
natural life forms . Species which formerly thrived will disappear o r
be replaced by other less desirable species . The price of this evolu-
tion is one of those paid by the increasing pressure of civilization .
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Until more efficient heat engines which minimize heat rejection to th e
environment are invented, the economical factors of such rejectio n
should include an appraisal of the value of any fish forms which ar e
affected.

Increasing temperature in streams introduces additional problem s
in appraising the fluid mechanics of reservoir and stream behavior .
Since the density of water decreases rapidly with increased temperature ,
stratification effects become of great importance in the analysis o f
advected heat. Recent fluid mechanics studies by Yih which were con -
firmed by Debler in laboratory troughs, and Harlamann in TVA reser-
voirs, have also been confirmed by the author in detailed studies o f
Lake Roosevelt . They permit the prediction and correlation of the
depth of density currents in reservoirs with relatively low flow-hig h
volume characteristics . However, in long narrow reservoirs like
Lake Roosevelt sufficient kinetic gradient is required to pass restricte d
portions that density currents can be upset when thermal gradients ar e
too small . Stratification reduces the volume available for dilution and
may concentrate cooler oxygen depleted waters in the lower levels o f
dam reservoirs . Artificially induced density currents could be a
means of reducing this effect or the transient effect of heat slugs .

Thermal gradients complicate reservoir and stream heat budget s
by introducing two region flow patterns . Further, horizontal velocity
distribution causes transport of advected energy more rapidly than uni -
form mixing theories would predict . The combination of these with the
added knowledge of the existance turbulence instability appears to offe r
a fertile field for fluid mechanics scientists for years to come .

Stratification effects can, however, be turned to good advantag e
by permitting erection of skimmer walls, wiers, and other hydrauli c
works which permit selected use of lower cooler water on stream s
where higher temperature surface water would cause some loss in
efficiency . An excellent example of this type exists in the Clinc h
River on the TVA system and has been extensively publicized .

- Effects of temperature on the operation of water treatment facil-
ities provide an interesting and complex field of research all by them -
selves . It is generally stated in standard references that flocculatio n
is retarded by cooler temperatures and that the length of filter run s
also decreases because flocculation formed at the cooler temperatur e
is finer and tends to penetrate into the filter media . As an overall
generalization may be true . However, some examples exist where
quite the opposite has occurred, and in our experience with wate r
treatment on the Hanford project we find temperature of relatively
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low significance in assessing the relative efficiency of our flocculatin g
process . It is suspected that mixing may have a higher importanc e
than temperature in determining flocculation characteristics- . One in-
teresting outgrowth of the research work at Hanford also indicates tha t
the age of the turbidity is relatively important in determining the en d
result of filtration. Satisfactory water quality is maintained -with rela-
tively less alum per unit of turbidity removed during high flow season s
than during low flow seasons . '

A classic example-performed by Velz indicated sharp disagree-
ment'with the theory that flocculation is improved as temperatures in -
crease . Rather, Velz found that alum requirements increased wit h
temperature and were strongly related to the pH of the treated water .
At similar temperatures of 20-25 degrees C the optimum pH was nea r
5 .8, .while in winter at 8-14 degrees C the optimu m- pH was near 6. .7. .
Undoubtedly further .research'is necessary and will probably indicate
that' accumulation of electrical charge on suspended material is of pri-
mary importance in determining efficiency of flocculation process .
Aeta potential measurements at Hanford show promise, but far fro m
conclusive correlations . Improved isolation of temperature effects b y
themselves or as a parameter needs to be done before really meaning-
ful information is available . . This is especially true in view of the de-
velopment of improved filtration processes involving multiple densit y
filter bed media and polyelectroiyte filter aids .

Having completed this extremely brief review of the overall effects ,
let us examine a typical heat producing industrial process of a turbin e
generator plant . .The laws of thermodynamics tell us that,no engine ca n
be more efficient than a reversible engine operating between given tem-
perature limits . From this simple statement we can conclude that the
lower the exhaust or rejection temperature the higher the efficiency o f
our heat engine . While this generalization is profoundly true, it is af-
fected by the character and , quantity of . the fluids involved in an actual
engine and may require considerable modification in practice . Figur e
2 illustrates a large single shaft turbine generator . steam cycle, con-
sisting of a high pressure stage, , intermediate pressure 'stages and lo w
pressure stages, all on a single shaft . In this particular example ther e
are seven stages of feed water heating by extraction from the variou s
expansion stages . In a plant of this type feed water is heated from con-
densing temperature up to .as high as 450-500 degrees F before injection
into the boiler . Each feed water heater involves a temperature gradient
across the prime surface which makes the detailed economic analysis o f
the effects of,one or two degree temperature decrease at the low end of
the cycle become somewhat involved . Further, ,the effects of windag e
losses in the final stages of the low pressure turbine are more of an '
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aerodynamic rather than thermo dynamic problem .

In Figure 3 we see the effects of various types of cycles on th e
efficiency of modern stages and a postulated economic advantage .
Changes in the high pressure or upper limit of the cycle are relatively
easy to evaluate because all of the variables are controllable and be -
come a question of the proper balance of resources and raw materials .

Figure 4 is a generalized illustration of the effect of varyin g
cooling water temperature on the ratio of cooling water required t o
the steam condensed, also related to the absolute pressure . The
chart clearly indicates that large increases in cooling water are re-
quired in order to obtain extremely low vacuum . The normal range
of water flows is from 60 to 90 pounds per pound of steam condensed .
Within this region the effects are relatively linear .

Figure 5 summarizes the overall effects of plant economy as a
function of condensing pressure for varying feed water temperatures .
This plot is developed for a plant using eight stages of feed water heat-
ing but varying steam pressures . In general it can be seen that increas-
es of feed water temperature decreases the gain from vacuum increas e
somewhat . The loss of 1-1/2 inches of mercury vacuum to a system o f
400 degrees F feed water temperature is still in the neighborhood of . 3
of 1 per cent of the plant heat rate . This item alone, over a twenty yea r
period, is worth in excess of $50, 000 figured at $2 . 00/bbl for heavy oil .

It is evident then that the detailed analysis of temperature effect s
on industrial machinery, particularly heat engines, is extremely involve d
and is an intrinsic part of the management responsibility of the owner -
operator . Serious changes in overall plant efficiency can adversely af-
fect the payout of plants in highly regulated industries where rigid eco-
nomic supervision by public authorities such as the Federal Powe r
Commission is imposed . Once built and optimized the changes occa-
sioned by large stream temperature changes cannot be easily absorbe d
and often appear as important factors in the early obsolescence of suc h
equipment .

On the other hand in the chemical industry, close optimization o f
heat transfer as related to steam temperature has never been a vital
factor in the justification of plants . Such plants are generally depre-
ciated over rather short time intervals and are more sensitive to a
whole host of more significant process conditions . An exception t o
this case is the new desalinization process industry which may b e
somewhat more involved with the question of heat rejection or th e
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temperature of feedwater . Very little work has been done .on the
optimization of desalinization of plants subject to varying input tem-
peratures . Many of these plants can be expected to be combined wit h
steam .turbine generation facilities which are highly dependent upon
inlet water temperatures' for competitive operation . It-appear s
essential that future work in the field of desalinization include som e
emphasis on the long range economic impact of inlet water or hea t
rejection temperatures before too much optimization• is done en the
current process knowledge . • '

Occasionally there arises a ca-se where a heat producing indus-
try, such as a large power plant, is forced to operate on a stream
with a limited flow rate, sometimes only a fraction of the condenser
water flow. Figure 6 shows the pondage and holding pattern'for a
station of this type . Generally the hydraulics of the -receiving strea m
are altered in order r to . permit a circulatory mixing pattern which wil l
permit the' station to go through the peak daily operating period ,
generally between 7 :00 AM and 8:00 PM, before the hot effld.ent ' re =
circulates back into the intakes . Such a holding pool allows surfac e
evaporation and convective heat transfer to perform a more effective
job in reducing downstream temperatures . Incorporation of skimme r
walls and other means to direct resulting stratification patterns is als o
used to improve the flow pattern . The Alden Hydraulic -Laboratory ha s
conducted extensive work with circulating pondage of this type in studie s
for power plants in New England .

Even in large main stream plant installations such as Hanfor d
plant the operation of the plant is affected by neighboring facilitie s
which introduce effects of economic significance . In Figure 7 we se e
atypical installation of a once through reactor at Hanford . The efflu-
ent stream is directed to the center of the river and proceeds for sev-
eral miles downstream eventually todisappear by eddy division . The
existence o.f several plants of this type along the stream plus the bank
discharge of other effluents from back washing processes and leakin g
effluent facilities introduces other advected heat sources which appea r
along the shores .

In Figure 8 we see the action of the stream in passing by a plan t
intake and again note a circulatory pattern which serves surface water -
through the plant intake along with a considerable amount of circulatin g
bank water from the location immediately downstream . As river flows
are fluctuated sharply by upstream dam operations the recirculatio n
problem changes rapidly involving temperature changes of two or mor e
degrees C, in short periods of time to the plant process. Figure 9
shows a historical pattern of a six day period involving such operation .

69



In this particular case the reactor process concerned is relativel y
difficult to adapt to rapid temperature changes, with the net resul t
that power levels require adjustment to somewhat higher mean intak e
conditions than would otherwise be the case . The net result is a de-
creased effectiveness of the process . This case is cited as an illus-
tration of potential problems when multiple use operation of strea m
resources is increased.

Erection of dams and reservoirs provides another instanc e
where the creation of potential heat problems requires a. great deal of
additional analysis in order to determine precise effects on existing
facilities and future facilities . A great deal of material is availabl e
which indicates that on streams with relatively high reservoir volum e
to stream flow ratios the natural result of erection of such reservoir s
is to decrease mean temperature of discharge water . This has been
pointed out on the TVA Dam system where a thriving bass fishery ha s
been depleted by the construction of these dams, although some suc-
cess is being sustained in development of a substitute trout fishery .
Other researchers performing statistical analysis on undisturbe d
streams have developed correlations which indicate that over a suffi-
ciently long period of time, very little change in stream temperatur e
can be expected in terms of departure from the overall statistica l
mean. Such efforts are more difficult to perform on large stream s
such as the Columbia .

Figure 10 shows the results of one study made with currentl y
available data . It illustrates in curve A, representing the three yea r
average of temperature from the Priest Rapids gauge falls well within
the high and low limits for the ten years between 1947 and 1957, indi-
cating no obvious overall effect from erection of Wanapurn, Pries t
Rapids and Rocky Reach during the intervening period . In addition,
while not plotted on this figure, stream temperatures measured befor e
1938 also fall within the high-low range for the 1947-1957 period, indi-
cating that even Grand Coulee may have only marginal effect on the
mean downstream conditions . However, a detailed review of the indi-
vidual temperature data of the downstream exits of these various facil-
ities, showed an increasing tendency for sharp variations from th e
mean to occur over relatively short periods of time . The varying in -
dependent activities of reservoir operators causes heat storage effect s
which if coincided with activities of other operators can cause a rathe r
severe heat cycle . Such a cycle occurred in 1964 where the incidental
manipulation of the various reservoirs for maintenance caused a tw o
degree increase and followed by a sharp drop in stream flow temper-
ature in less than one week . Such a variation is of low significance t o
most of the parameters which we have discussed today but the potential
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exists that such resonant reactions from the ,increasing multiple us e
of Columbia River .water such as pump storage and long term Canadia n
storage may involve transient effects of serious consequences . In
addition the detailed heat budget analysis of the storage of the rive r
below Grand Coulee Dam does indicate that under stable operatin g
conditions general heating of the river does occur although probabl y
to a lesser extent than investigators such as Raphael have predicted .

By way of summary it is probably desirable to develop som e
generalized thoughts on 'the overall question, heat as a potential pol-
lutant. At the present time there appear to be a very few instance s
within the continental United States, other than on small restricte d
flow streams, where entire river basins are currently suffering fro m
a thermal problem . It appears rather that the thermal problem as i t
potentially develops, will turn out to be a question of transient analyse s
of the most difficult form rather than one involving equilibrium, air -
water mass transfer relationships generally used .

As a general observation the present concept of cooling water a s
a riparian use may require some evolutionary modification . Riparian
owner's have a right to ' a reasonable beneficial use of a stream provide d
that the stream is allowed to flow on untouched in quantity and quality ,
except for such alteration resulting from reasonable beneficial use . .
Obviously,. the determination of reasonable beneficial use is significant
to the question . One proposed definition for reasonable use of a stream
is that which 'does not raise the stream temperature above prescrib-ed
limits associated with retention of desirable wildlife and does not other -
wise interfere with its ability to assimilate,organic or inorganic waste .
There are, however, -problems to be faced where .a . cooling use involve s
the width of the stream and perhaps some distance downstream. Under -
such a condition a detailed case 'study is the only, way to define the
desirable conditions, chart the economic impact both on the propose d
investor and the surrounding communities .

Generalized use of cooling towers while probably inevitable, =i s
probably not an ideal solution . It is often possible to,show, by detaile d
analysis that more water is wasted by windage, loss from , holding pond s
and surface evaporation .than from pondage 'type, direct cooling systems .
In the long run improved means for defining the relative importance o f
varying water uses must of necessity be evolved . As stated previousl y
this is one of the costs of increased industrial use which limits the
freedom of each of us to erect the facilities we desire for som e
individual purpose .

Out of consideration of all of these things it appears to point u p
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the need for additional research in three vital areas . First, of primary
importance is improved attention to heat budgets and the mathematica l
treatment of air-water transport phenomena . A great many existin g
studies, including some of my own, were previously based on the con-
cept of uniform mixing of internal energy changes occurring from sur-
face phenomena . This concept was made rational by the apparent lac k
of stratification in most of the larger streams currently under study .
The erection of a number of dams on the Columbia River and furthe r
developments in the mathematical prediction of density currents ha s
pointed up the need for more sophisticated treatment of transport re-
lations . A program currently under development by the author an d
expected to be published shortly, may form the basis for others t o
continue development work in this vital area .

Secondly, a closer indentification of the specific changes associ-
ated with the temperature parameter is necessary . Practically all o f
the existing studies are involved with the changes of several parame-
ters at one time and as such permit little freedom in their use fo r
temperature studies alone . This approach must recognize the basic
interdisciplinary nature of heat in order to provide background dat a
for this type study .

Thirdly, there is a great need for improved standardization an d
methods of economic analysis for identification of the significant eco-
nomic factors involved. Most of the classical methods of analysi s
were created years before the impact of environmental studies on
plant optimization began to be felt . It is necessary in considering the
evaluation of facilities such methods as the Present Worth method t o
consider varying environmental factors which cause shifting of opti-
mums and reduced profitability . The various techniques of linea r
programming will undoubtedly be of some assistance . However, ap-
propriate attitudes and input data will be necessary to any successfu l
financial analysis .

Finally, to close, the question of temperature in streams mus t
be faced from a sociological viewpoint . The impact of increased in-
dustrialization along with the increased need for recreation facilities ,
provides the technical need for a rational synthesis . What are neede d
are appropriate guiding factors, a constructive attitude, and a sincer e
appreciation of the total broad needs of the community in order t o
develop perspective that will yield the optimum social result .
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FIGURE 1
COMPARISON OF INCREASES IN TEMPERATURE LETHAL .TO FIS H

FROM - ALABASTER I . J . A . W . P.- VOL 7

6

	

8

	

10

	

12

	

14

	

16

	

18

	

20

	

22

	

24
Acclimatization Temp. e C • Mean Normal River Temp.

73



74



9300

9200

9100

9000

8900

880 0

8700

C

4•
C

d

FIGURE 3
PLANT HEAT RATE AND SAVINGS RELATED TO STEAM CONDITION S
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FIGURE 4
COOLING WATER AND TURBINE EXHAUST RELATIONSHI P
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FIGURE 6
DISCHARGE .P,ATTERN FOR A. POWER PLANT . WITH LIMITING STREAM FLOW ANIi
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Presented November 18, 1964'by. JAMES ' R . BOYDS-TAN, Technica l
Services. Director, Pacific _Northwest Water .Laboratory, Division o f
Water Supply and Pollution Control, U. S. Public Health Service ,
Corvallis, Oregon .

Session 8

B efore beginning a discussiopi°of waste treatment methods, it may b e
well to consider for a moment why we are concerned about waste dis-

charges into our public waters. Early in the twentieth century, few peo-
ple were alarmed over the pollution of our watercourses and little wa s
heard about water shortages . But at that time, .we were using only abou t
one-sixth as much water as we do today.

The amount of available water for our use is strictly limited . If
the average annual rainfall were evenly distributed over the continenta l
United States, it would be about 30 inches, or 4, 300 billion gallons daily .
Seventy-two per cent, or about 3,100 billion gallons . of this is lost
through evaporation or transpiration . , About one-half of the remainin g
1, 200 billion gallons is lost to .floods which quickly• return the water to
the oceans . The maximum dependable supply which we can ever hope to
develop by engineering works is about one-half the , average total runoff
or about 650 billion_ gallons daily.

The demand for water, on the father hand, has increased at-a rat e
which exceeds the national population growth rate . From 190.0 when
water use amounted to about 40 billion gallons per day, the demand in -
creased until it caught up with the developed supply in about 1958 . From
that time on the water use in this country has exceeded the supply by a n
increasing amount. It is estimated that by the'year 2000 we will be us-
ing over 1, .000 billion gallons daily, but the supply will remain fixed a t

. 650 gillion gallons pe-r day .

Many streams in the nation arealready used a number of times b y
cities and industries before the water reaches the sea and this reuse of
water will become more common as the population growth and industria l
expansion continue . We have reached the point, in many localities ,
where conventional treatment of municipal and industrial wastes i s
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inadequate to protect the downstream users . We must not only provid e
more treatment plants, but we must keep pace with technological advance s
by learning how to treat entirely new types of wastes . Even as recently
as 25 years ago there were no radioactive wastes, no synthetic detergents ,
almost no organic pesticides, and water use was only half what it is today .
Adequate waste treatment is now essential to the continued growth an d
progress of man.

Most of the major categories of wastes that are encountered have
been discussed in previous sessions of this series . Synthetic organics ,
infectious and toxic agents, oxygen-consuming wastes, watershed activ-
ities, radioactive wastes, and heat are all potential pollutants that ma y
have adverse effects on water quality . Because of time limitations, this
discussion will be primarily concerned with treatment methods for oxygen -
consuming wastes and destruction of infectious agents, with a brief revie w
of some of the newer methods which have been suggested for removal o f

•

	

synthetic organic and some inorganic chemicals .

One of the earliest known treatment works in this country was th e
broad irrigation system employed at the Maine Insane Asylum in 1872 .
The wastes were spread on the ground at rates estimated at 10 to 2 0
inches per year .

Chemical precipitation followed by sand filtration was anothe r
early method. A coagulant, usually ferric chloride, ferric 'sulfate, o r
alum, was added to the waste and the waste then passed through a flas h
mixer for about a minute, then through a slow mix or flocculator for 2 0
to 30 minutes, then through a settling tank or clarifier with a detentio n
time of about 2 hours, and then the clarified waste was passed throug h
a sand filter . This treatment method was effective in removing sus-
pended matter, but produced large volumes of chemical sludge tha t
were difficult to dewater . This process is used at several places eve n
today because of the ease of starting and stopping the plant . It does not
depend upon the development of a biological growth for its effectiveness .

Intermittent sand filtration was often used for waste treatment ,
particularly in small communities, and consisted of about 30-inch bed s
of coarse sand through which settled sewage was passed to a tile under -
drain system beneath the beds . The sewage was applied intermittentl y
to these beds by sewage siphons or pumps, and it was common practic e
to dose one bed for 1 day and then switch the flow to an adjacent bed o r
beds for 1 or 2 days . Normally the sewage loading on intermittent san d
filters was 100,000 to 120, 000 gallons per day per acre . Only settled
sewage could be applied to these sand filters if clogging were to b e
avoided. This system is still used occasionally today as a wast e
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treatment for very small flows although it is not as widely used a s
septic tanks .

One of the earliest forms of sewage treatment still in use toda y
for individual homes is the septic tank which is simply a large close d
tank of sufficient size to permit low velocities for the removal o f
sewage solids by settling and with sufficient storage capacity fo r
bacterial decomposition of this sewage sludge . Subsurface disposa l
of the effluent through an underground tile system is usually employed .
These septic tanks are not satisfactory for larger sewage flows be -
cause of the large tank capacity required and the fact that anaerobi c
decomposition of the sewage sludge interferes with efficient settlin g
of the fresh sewage flowing through the tank .

The Imhoff tank is an improvement over the septic tank in tha t
a separate flow-through compartment for settling is provided in th e
top portion with a longitudinal slot in the bottom of this settling com-
partment to permit separated solids to fall into the lower compartment .
This tank provides for about two hours' detention in the settling com-
partment and 90 days' or more detention for the sewage sludge in the
lower compartment. About 20% of the surface of the tank is open t o
the lower compartment to permit dissipation of the gases forme d
during digestion . The Imhoff tank has some disadvantages since i t
is not practicable to heat the digestion compartment because of th e
common walls with the flow-through compartment and some odors
escape from the surface of this tank. It is economical since bot h
clarifier and digestion processes are incorporated in one tank and
Imhoff tanks are still in limited use today, especially in smal l
communities .

In many communities, the so-called primary treatment is used .
"Primary treatment" is a term used to describe a form of treatmen t
in which the sewage is subjected to plain sedimentation plus solid s
disposal. The effluent is usually chlorinated to destroy pathogeni c
bacteria. The raw sewage solids are normally anaerobically decom-
posed in a separate digester and then dewatered on sludge drying beds .
Primary treatment results in only a partial removal of pollutants-.
about 50 to 60% of suspended solids, but only 30 to 50% of the bio-
chemical oxygen demand (BOD), and almost no removal of the dis-
solved organic and inorganic compounds .

It may be advisable at this point to explain that BOD, or bio-
chemical oxygen demand, is a measure of the polluting strength of a
waste . The BOD is determined by measuring the amount of oxyge n
consumed by microorganisms in decomposing a sample of the wast e
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over a fixed time, generally 5 days, at a constant temperature of 20°C .
This determination is often used to predict the effect a quantity of wast e
will have on the oxygen balance in a receiving stream, and is used as a
design parameter in selecting the size of new aerobic treatment plant s
and to determine the efficiency of existing plants .

The average sewage composition figures normally used in desig n
include a flow of 100 to 125 gallons per capita daily, 0 .17 pound per da y
of BOD per capita, and 0 .20 pound per day of suspended solids per cap-
ita . Preliminary treatment units normally provided in any treatmen t
process include grit removal facilities consisting of a long, narrow ,
manually-cleaned channel in which the sewage flow is reduced to a
velocity of 1 foot per second to permit settling of inorganic particle s
without settling of organic solids . These channels are usually 50 to
100 feet long or they may consist of rectangular tanks to which com-
pressed air is supplied to maintain a spiral velocity of about 1 foo t
per second within the tank . To maintain nearly constant sewage veloc-
ity regardless of channel depth, a proportional weir or Par shall flum e
is often installed, and this device can be used for flow measurement .

The preliminary treatment facilities also normally include eithe r
bar screens or sewage grinders for the removal of large objects from
the sewage flow which could harm plant pumps or other mechanica l
equipment . Oftentimes these units are installed at the end of gri t
removal channels .

Clarifiers used to separate settleable and floatable solids ar e
simply flow-through tanks of sufficient size to reduce the waste flow
velocity to the point where the larger suspended solids will separat e
by gravity . Conventional design calls for a detention time of 2 hour s
and an average tank depth of 8 to 10 feet . Small, simple plants ma y
employ tanks which have steep, hopper bottoms which depend on
gravity to move the sludge to central withdrawal points . Larger plants
use clarifiers with relatively flat bottoms in which a slow-moving rak e
or plow moves the sludge to a point in the tank from which the sludge
is withdrawn through a pipe to sludge treatment facilities .

Clarifiers may be round or rectangular, with horizontal or ver-
ticle flow, and some of the newer rectangular tanks combine some o f
the features of both horizontal and vertical flow . Settled sludge may
be removed at frequent intervals or continuously to prevent a build-u p
of sludge to the point where anaerobic decomposition may occur withi n
the sludge mass, causing gases to form which may float portions of the
sludge to the tank surface causing odors and interfering with sedimen-
tation. Most mechanically cleaned clarifiers are equipped wit h
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skimming devices to remove grease and other floatables . Preaeration
is sometimes employed in the entry portion of the tank to improv e
settling characteristics of the waste .

Primary treatment provides little actual treatment to sewage o r
waste except a removal of the larger settleable and floatable solids ,
which improves the appearance of the waste effluent in the receivin g
stream . A large diluting flow must be provided by the receivin g
stream if the waste is to be assimilated without creating advers e
effects .

The principal method in use today for the treatment of sludg e
removed by the clarifier is anaerobic digestion. The sludge is hel d
in a closed tank at an elevated temperature for an extended time .
Anaerobic bacteria in the digester break down the organic solids into
methane and other gases and produce a stable, inoffensive sludg e
which is easily drainable . Raw sludge may be 2 1/2 to 5% solids and
amount to 40 to 80 cubic feet of wet sludge per day per 1000 persons .
Digestion will change the sludge from about 70% to about 40% volatil e
solids .

In batch digestion of sludge three separate phases may be ob-
served . First, an acid formation stage which lasts about 2 weeks a t
60°F during which organic acids are formed. The second phase of
digestion is a period of acid regression lasting about 3 months . Dur-
ing this phase active digestion is starting and much gas is forme d
which contains a high percentage of carbon dioxide . Considerable
foam may form during this phase . The third phase is known as alka-
line fermentation which usually lasts about 1 month . During thi s
stage the sludge is highly buffered and maintains a pH of 7 .0 or above ,
and the biological activity gradually decreases . The gas formed a t
this stage contains a higher percentage of methane .

In actual practice digestion is a continuous process with ra w
sludge added in small amounts at frequent intervals . When prope r
digestion is established, the contents of the tank are at a pH near 7 . 0
and digestion occurs at a moderate rate with production of sludge ga s
containing about 70% methane and 30% carbon dioxide . The digestion
process is highly temperature dependent . For example, at 50° F
digestion takes about three times longer than at 90°F . The optimum
temperature for anaerobic bacteria in digesters is about 95°F and ,
at this temperature, digestion will be practically completed in 20 t o
25 days . It is possible to reduce digestion time below this figure b y
elevating the digester temperature to about 125°F at which poin t
thermophilic organisms become active, but digester control is very
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difficult . At this point foaming conditions are often experienced an d
digester temperature must be controlled to a very narrow range .

Unheated digester tanks are not efficient and should not be use d
except for the very smallest communities . In most cases, very littl e
digestion takes place in unheated tanks and these are not much mor e
than storage tanks .

Digester tanks are heated by direct steam injection into th e
sludge, by transfer of heat from hot water through coils installe d
inside the digester, water jackets around mixing devices, or hea t
exchangers located outside the digestion tank .

It has lately been recognized that mixing is essential to ensur e
rapid and complete digestion. In the past, external circulating pumps
were used to provide some mixing of tank contents, but because of the
high density of the sludge, very little actual mixing occurred . Com-
mon practice now is to install draft tube-type mixers in the digeste r
to provide a high turnover rate . These are propeller-type mixer s
which move 5, 000 to 10, 000 gallons per minute of sludge . The draft
tube in which the propeller is located may be provided with a wate r
jacket to incorporate digester heating .

Single digesters are not efficient since raw sludge must be added
• at frequent intervals which in turn displaces a like amount of super -

natant which will be of very poor quality if the digester is properl y
• mixed . It is, therefore, much more desirable to have two digesters ,

the first stage of which is maintained at optimum temperature an d
provided with turbulent mixing while the second stage digeste r
receives the overflow from the first and provides quiet settling withi n
the tank to separate the digested sludge from a clear supernatan t
liquid.

Sludge gas is produced during digestion at a rate of about 1 cubi c
foot per capita . This gas is combustible and contains from 600 to 70 0
B . t . u. 's per cubic foot . The gas is usually burned in a boiler to pro -
vide heat for the digester, but in larger plants the gas may be used a s
fuel in gas engine generators for the production of plant electricity .

- After digestion, the sludge is normally withdrawn to open bed s
for air drying. These may be sand beds or asphalt paved, generall y
with an area of 1 square foot per capita . After dewatering, the sludge
may be used as a low-grade fertilizer or as land fill . Larger cities
often provide for vacuum filtration of digested sludge using cotton o r

• wool blankets on a vacuum drum . Occasionally cities will provide

ti
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equipment for flash drying and incineration of the digested sludge . In
this process the sludge must be dried to 10% moisture-or less before
it will burn. This has the advantage of reducing the sludge volume t o
4bout . 1/50 of the original volume .

Newer processes in use in large cities use wet oxidation of th e
raw sewage sludge in place of conventional digestion . The Zimmerman
process, as it is known, uses a combination of high pressure and tem-
perature to oxidize the volatile organic solids while still in the liqui d
state . This is a highly efficient sludge disposal method, but require s
a large- capital investment and highly technical operation to ensure con-
tinuous operation of the system . A different process suspends the
sludge in a fluidized sand bed at high temperature to oxidize thes e
sewage solids . This system operates at low 'pressure, but additiona l
air must be provided to maintain sufficient oxygen in the system .

.The preceding discussion has described primary treatment pro-
cesses as those which involve simple clarification of the sewage with
sludge treatment and disposal . As indicated previously, primar y
treatment will remove only about 35% of the oxygen-consuming organic s
from sewage and in most locations today this degree of treatment i s
inadequate . Secondary treatment includes all of the primary treatmen t
units plus additional facilities to provide biological treatment of the
settled sewage . The secondary units consist of trickling filters o r
activated sludge tanks or modifications of these processes .

Trickling filters are simply open beds of rocks, 1 to 4 inches i n
diameter, normally 3 to 10 feet deep. Sewage is sprayed evenly ove r
the top of the bed and permitted to trickle through the filter to a til e
underdrain collector system. The underdrain is-an open channel
system to permit .easy movement of air through the filter . The rock
provides a surface area for the growth of an aerobic biological film
which , utilizes the finally suspended organics in the sewage as a foo d
source .

Low rate trickling filters are hydraulically loaded at 2 to 4 mil -
'lion gallons per acre per day (mgad) or at 0.3 to 0 .6 mgd per acre-ft .
.BOD loadings on low rate filters range from ZOO to 400 pounds per da y
per acre foot or 0 .1 to 0.2 pound per day per cubic yard. Low rate or
standard rate filters, as these are often called, receive a single pass .

'of the sewage and no facilities for recirculation around the filter ar e
'required. A secondary treatment plant utilizing low rate filters-wil l
be 75 to 90% efficient in BOD removal and 70 to 90% efficient in sus -

- pended solids'rerneval . . These filters may serve as a breeding plac e
for small filter flies which create local nuisance conditions around th e
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plant, but the flies can be adequately controlled by recirculation to
maintain continuous application of the sewage to the filter or some -
times controlled through the use of insecticides . Trickling filter s
should always be followed by secondary clarifiers to remove th e
growth that sloughs off the filter and is suspended in the filte r
effluent .

High rate trickling filters are similar to the low rate units, bu t
are designed with smaller volume of rock and equipped with pumps t o
recirculate flows around the filter up to three times the plant inflo w
rate . The construction is identical to the low rate unit, but hydrauli c
loadings are much higher . Normal application rates may range from
15 to 30 mgad or 2 .5 to 4 .0 mgd per acre foot . The organic loading
varies from 1800 to 3000 pounds of BOD per day per acre foot or 1 . 2
to 3 .4 pounds per day per cubic yard . The efficiency of high rate fil-
ters can be as high as that from standard rate units if two-stage oper-
ation is provided . The high rate filters do not provide as much nutri-
fication to the sewage effluent as the low rate units .

The activated sludge process is also a biological oxidation system ,
but in this system the active growth of organisms is suspended in a tank
of sewage rather than attached to a stationary surface as in rock filters .
To maintain adequate oxygen levels for the support of the biologica l
growth, compressed air is pumped into the sewage, or mechanica l
aerators agitate the surface of the tank to permit transfer of oxyge n
from the atmosphere . The activated sludge process is more efficien t
than trikling fulters, the construction cost is approximately the same ,
but the process needs more careful attention to operation than tricklin g
filter plants . This type of plant has very little headloss compared wit h
trickling filters, which may be an advantage in site location .

The aeration tank is normally installed after the primary clari-
fier and is a rectangular tank from 10 to 15 feet deep, large enough t o
provide from two to six hours' detention to the average plant flow . If
the plant uses diffused air for mixing and to provide oxygen, the ai r
flow rate is usually 1/2 to 1 1/2 cubic feet of air per gallon of sewage .
The activated sludge growth will give a brown, turbid appearance to
the tank and will usually maintain 1 . 200 to 3, 000 ppm suspended solid s
in the tank . To operate efficiently, there must be a proper balanc e
between the activated sludge organisms, the food supply, and the oxy-
gen levels . The organic matter in the sewage or waste provides th e
food source which is uncontrolled, but the concentration of organism s
can be controlled by limiting the amount recirculated to the aerato r
and the air supply can be physically controlled . The aerator must be
followed by a secondary clarifier to permit the separation of the acti -
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vated sludge growth from the treated sewage,before discharge to th e
receiving stream. A - portion of this sludge removed in the secondary
clarifier is returned to the head of the aerator to seed the incoming
sewage and to maintain the proper population of organisms in the'tank ,
and the excess sludge is wasted to the head of the primary clarifie r
for additional settling and transfer to the digestion process .

Several modifications of the activated sludge process have bee n
used in which the amount of air supplied to the aeration tank is varie d
throughout the tank length, or the sewage may be- admitted to th e
aeration tank at various points throughout its length. These modifica-
tions are attempts to maintain an even distribution of organisms, foo d
supply, and air . The most efficient plants are equipped with mechan-
ical mixers to provide, violent mixing throughout the tank and thu s
maintain -uniform loadings .

Almost all present-day sewage treatment plants, whether pri-
mary or secondary, are equipped with chlorination facilities for th e
destruction of infectious bacteria remaining in the sewage afte r
treatment. Gaseous chlorine is the most common disinfectant and it
is applied as a gas or in water solution to the sewage so as to provide
adequate -nixing and then the sewage is retained in a tank for about 3 0
minutes before discharge to -the. receiving' stream. The kill of micro -
organisms is not instantaneous, but follows a logarithmic curve .
Organic matter and some inorganic compound-s . combine with th e
chlorine and reduce its effectiveness ... ; For-this reason, less chlorin e
is required to adequately treat secondary than primary treatment plant
effluent. Disinfection is usually adequate if the chlorine residual is `
0.2 to 0 .4 ppm after a 30-minute detention time . Chlorine is a highly
effective disinfectant against nonspore-forming bacteria such as thos e
causing typhoid fever, but viruses such as those causing infectiou s
hepatitis are quite resistant and the cysts of amoebic dysentery an d
beef tapeworm are almost unaffected by normal chlorine dosages .

Many other treatment processes have been attempted with vary-
ing degrees of success, and one worthy of mention here is the sewag e
lagoon . Lagoons have been used with success in dry climates and ar e
adaptable to smaller communities where low-cost land is available .
The sewage lagoon is a shallow pond usually not over 4 feet in dept h
with a surface area of about 1 acre for each 100 persons connected t o
the system. Sewage is discharged near the center of the lagoon with
no primary-treatment . Wind induced currents are relied upon fo r

. mixing and prolific growths of algae occur and assist in maintainin g
adequate oxygen supplies for the aerobic bacteria which decompose s
the sewage . This system effectively reduces the organic content of
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the sewage if the lagoon is not overloaded . An additional lagoon cell
is usually provided to permit some separation of sewage effluent fro m
the algae before discharge to the stream . The lagoon effluent is some -
times chlorinated to protect downstream waterusers .

Most industrial waste treatment plants are similar to sewag e
treatment plants if the waste is organic in nature, but many time s
earthen basins are substituted for concrete tanks to reduce plan t
costs . Most plants producing inorganic or toxic wastes have develope d
special chemical treatment processes for the reduction of their specifi c
waste loads .

Final disposal of plant effluents is usually to a nearby watercourse .
For cities located along the coastline, ocean outfalls are often used .
These provide for waste disposal by dilution and dispersion, but shoul d
not be considered as a substitute for treatment . At least primary treat-
ment and chlorination should be provided before discharge to an ocea n
outfall . There is always some onshore movement so that the outfall
must be sufficiently long to adequately dilute any of the wastes whic h
may eventually come back to the shore .

New York City has adopted a standard that ocean outfalls mus t
be of sufficient length that shoreline contamination will not result in a
most probable number (MPN) of bacteria of 1000 per 100 ml or greater .
Ocean outfall disposal is quite expensive ; for example, a 30-inch pipe
will cost between 50 and $100 per foot to install, and maintenance o f
the outlet diffusers may be a continuous and expensive item .

The cost of sewage treatment varies with the type of treatment
plant constructed and the population . Per capita costs for some typica l
plants in two-size ranges are shown in the following table:

Per Capita Cost of Treatment

1 .0 mgd
8, 000 Population

5 .0 mg d
40, 000 Population

Primary $28 $1 8
Standard Rate Filter 37 2 3
High Rate Filter 34 2 0
Activated Sludge 36 22

These costs vary for different regions of the country, but the figure s
cited are typical of recent construction costs in the northwest .
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Because of new types of wastes being produced today, includin g
inorganic and synthetic organic chemicals, and because of our rapidly
increasing demands for water, we are approaching the time when the ,

_need for reuse of our water resources will require treatment beyon d
that provided in conventional secondary treatment facilities . Some of
the' special wastes 'which create treatment problems , include syntheti c
organic pesticides which are extremely toxic to aquatic . life ; for '
example', the toxicity to fish may be measured.irt a few parts pe-r
billion instead .of the, normal measureme-nt units 'of parts: per inillidn .
Some .o€ the waste chemical' fertilizers either lost from chemical
plants of washed from agricultural . lands may produce prolific alga e
growths in the watercourses which cause taste and odor. problems in
downstream water supplies . The enormous use of household deter -
gents has caused foaming problems in receiving streams and eve n
ground water supplies since these- material's are not removed 1)y con-
ventional waste treatment plants . Metallic salts are highly toxic to
both human and aquatic life and phenols discharged to . the stream s
create serious taste and odor problems in water supplies .

Intensive research is underway to test many suggested method s
of advanced waste treatment and to determine methods of reducing th e
typically high construction and operation costs . One method showing
great promise ' is adsorption on activated carbon . This process util-
izes sand or other fine grain filters for pretreatment of secondary
treatment effluent using high . coagulant dosages 'and then passage ,o f
the sand filter effluent through activated : carbon columns or beds .
T-his process removes phosphates and about 80% of the ,soluble organi c
material in secondary treatment plant effluent . The cost' of . this ; pro-
cess currently is in the range of .5 to . 104 per 1000 gallons . A full -
scale plant using this process is under construction at South Tahoe, '
California.

Electrodialysis has been tested-and found effective in removing
inorganic ions . The c,ost of this process is currently 15 to 20 pe r
1000 gallons, . and to be effective, organics must be first removed .
Membranes used- in this process may have to be regenerated by acid s
and solvents .

Foam separation shows promise since it is inexpensive, costin g
only about 2 per 1000 gallons . In this system some detergent is
purposely added to the treatment plant effluent and air is bubble d
through the waste to produce foam . The foam can be skimmed from
the effluent and contains fr.om 30 to 40% of the organics present in a n
activated sludge effluent . An air to liquid ratio of 5 to 1 is used and
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the foam will be 1 to 2% of the plant flow . In current pilot plants thi s
foam is being recirculated to the aeration tanks .

Evaporation has been considered as an advanced waste treat- '
ment method because of recent emphasis on sea water evaporation
'methods . Since the total solids in sewage and waste effluents i s
much less than the total solids in sea water, it appears likely tha t
evaporation of wastes may cost as much as 30% less than sea wate r
evaporation. Treatment by freezing may have some application an d

• this could be accomplished at about half the cost of sea water freezing .
Other experimental methods of advanced waste treatment include
extraction with solvents, reverse osmosis, ion exchange, and oxidation .

In summary, waste treatment is an essential responsibility o f
all users of our water resources . Our use of water already exceed s
the developed supply and it is estimated that when our relatively fixe d
national water supply is fully developed near the end of this century ,
the fresh water needs will be nearly double the supply . Our traditional
methods of gravity settling and biological treatment of wastes then
become inadequate to preserve the necessary high quality of thes e
water resources for multiple reuse . We, therefore, are seeing, an d
will continue to see, increased emphasis on advanced waste treatmen t
methods that will remove more of the inorganic ions and organic pollu-
tants present in ever larger amounts in the waste streams being
returned to their watercourses of the nation .
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Presented December 2', 1964 ,EDWARD PERRY, Program Direc-
tor, Columbia-Fisheries Program, . U. S . Bureau of Commercial Fish- .
eries, Portland, Oregon .

Session 9

In view of my current, primary interest in management aspects o f
fish conservation, my remarks are restricted to information that, ha s

been developed by research workers with 'references to my experienc e
on the application to management. These pertain primarily to the fish-
ery problems of the Northwest and, particula-rly,• salmon and steelhea d
of the Columbia ,Basin. .

' Generally, water quality problems affect wildlife to a lesse r
extent than fish in the Northwest . . Sorne local toxicity problems devil -
op that affect waterfowl and there is, of course, an increasing use o f
pesticides which affect waterfowl as .'well as upland and big game . .

My personal ass©c4ati-on. with waterfowl. toxicity has been limited . .
One interesting problem was= the, mbr:tality of Swans on-the deiia .a.rea •
of Coeur d'Alene River in Idaho .. Coeur d'Alene River carries waste s
from nines and processing mills : in the upper basin and deposits the m
in the delta . Although mining activities have been reduced in recen t
years, deposits of .earlier days have , played a part in killing swan s
which feed on the delta . With their long necks, swans feed' deeper than
other birds and reach deposits of heavy metals well below the surface .
The problem was serious enough. in past years to cause an ,annual mor -
tality of swans .

	

.

	

:

	

. .

. Water quality standards must be necessarily high in the North-
west because of the requirements for fish and wildlife in this area .
We are accustomed to clean, cold, fresh water, and we are not willing
to accept the lower standards of quality found in other parts of the
United States where requirements for warm-water fish are less rigor-
ous . Oxygen tolerance levels of salmon and trout are generall y
accepted in a neighborhood of 5 ppm, but we strive toward a mor e
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desirable minimum of 7 ppm. We will be forced by encroaching civil-
ization to lower standards soon enough, but we should not voluntaril y
lower them to invite contamination and pollution of our water supplies .

The present status of our water quality in the Northwest gener-
ally is good; however, there are few areas that are really problems t o
fish . They are few and we can almost pinpoint them individually . '

Water quality problems in the Columbia Basin, as far as fis h
are concerned, are not so much a question of mortality caused b y
toxins as they are a matter of gradual change that affect the total _
fish population and contribute to the deterioration of the total fis h
population .

A few mining areas contribute wastes that are toxic . Gravel
removal for commercial use is often detrimental in the destruction of '
spawning areas and increasing turbidity . Dredge mining has been a
real problem in the past. At present there are few, if any, dredge s
operating in the Northwest . Our main problem with dredging at the
moment concerns the rehabilitation of streambeds to enable fish t o
spawn. Dredges have ,completely destroyed many good spawnin g
streams, and very little rehabilitation has been attempted by th e
dredging companies . Research under contract with Oregon Game
Commission is now developing methods of restoring such streambed s
to usable condition, especially in the John Day system .

The heavy silt load of some streams is serious . Logging is . .
accompanied by soil erosion, faster runoff, and heavy silt loads .
Although the effect is not often recognized, it is certainly widespread .
Experiments have demonstrated the loss of eggs and bottom food -
organisms to be as much as 100% in gravel near fresh slide areas .

Sphaerotilus is a nuisance product of pollution, primarily fro m
pulp mills . Its occurrence is prominent in the Columbia River down -
stream from the Camas mills and in the Yakima River . Commercial,
fishermen in affected areas of the Columbia are forced to discontinue .
fishing at some seasons of the year because their nets are so com-
pletely fouled from fibrous mats of Sphaerotilus . In the Yakima
River many fish screens in the irrigation diversions become clogged
with Sphaerotilus and must be removed at times, allowing young
migrants to pass into irrigation ditches and become lost .

The migratory habit s of salmon and steelhead and the instinc t
which brings them back to a parent stream from which they hatche d
are not fully understood . We do know, however, that many factors



control their migration . These apparently include geographic orienta-
tion, celestial navigation, as well as recognition of organic odors an d
tastes of water . The latter pertains to our analysis of water qualit y
problems and is of real significance .

Experimentally we can artificially flavor the water supply wher e
young fish are raised. They become accustomed to this even though i t
is not natural and, when they return as adults two to four years later ,
they recognize this treated water and seek it in preference to th e
natural water that is untreated .

Another example is a recent study conducted by our Fish Passag e
Research Program at Spring Creek National Fish Hatchery across th e
Columbia from Hood River . In one experiment, several hundred adult
chinook that arrived at the hatchery to spawn in the fall were trans -
ported to other locations 13 miles upstream and 15 miles downstream .
These fish were treated so that part of them could no longer smell an d
an equal number could no longer see . About 25% of the fish that wer e
released downstream, and still could smell, returned to Spring Cree d
Hatchery, but only 2% of those returned that could not smell but stil l
could see . Of the fish that were released upstream, about 20% of those
that could smell returned downstream to the hatchery ; whereas, non e
returned that could no longer smell but still could see . These result s
emphasize that the olfactory sense of salmon plays a prominent par t
in their homing instinct .

	

.

. Water affected by pollutants, temperatures, or nontoxic chemic -
als could have considerable influence on the migratory habits of salmon
leading many of them astray to such an extent that they may never spawn.

Oxygen is easily influenced by pollution . In some places this de-
terioration is enough that the lack of oxygen becomes a complete bloc k
to the migration of fish . In the lower Willamette River the oxygen
content often dropped in past years to zero . Recent improvements in
water quality control and increased dilution by regulated flows fro m
storage dams upstream have brought favorable results . The oxygen
content sometimes even now drops to as much as 2 .5 ppm which' hold s
up the free movement of salmon in late summer . Continual effort i s
being put on this problem by Oregon Sanitary Authority, and we expec t
further improvement to the extent that we propose to construct a ne w
fishway at Willamette Falls for use during the late summer season at
a cost of $2 million .

The heavy organic load of the Snake River caused by irrigatio n
returns, food processing plants, and sugar factories has created a
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problem in Brownlee Reservoir that was recognized by research o f
the last three years by the Bureau of Commercial Fisheries . We
have discovered that the deposition and decomposition of organi c
matter is sufficient in the upper end of the reservoir to create an
oxygen deficiency block about 15 miles downstream which prevent s
the free passage of downstream migrant salmon through the reservoir .
Even though the block is eliminated later in the season, many fish ar e
delayed long enough to lose their migrating urge and they never leav e
the reservoir . Thus, regardless of the efficiency of fish passage
facilities at the dam, if the fish never reach them, the run fails .

Pesticides are presenting a newly recognized problem that w e
do not fully understand . Occasionally, we are confronted with heav y
mortality, but we do not have enough background experience to estab-
lish sound standards to protect the fish. One interesting example in
Madison River, Montana, was a heavy mortality of trout severa l
months after forest spraying occurred . Apparently, the accumulation
of residue in bottom organisms for several months built up to a point
where the fish were killed, as they fed on them, whereas the initia l
spray was not toxic .

Temperature is the one feature of water quality that concern s
us most at the present time in the Columbia Basin . You have heard
some features of this problem in an earlier seminar from Dr . Jaske
of General Electric Company. We have serious apprehension about
the future of the Columbia River system because of increased temper-
ature expected from impoundments and steam generation of powe r
from atomic energy.

The temperature of the Columbia River is increasing slowl y
because of water resource development . This trend is slow an d
gradual, but it is insidious and certainly the salmon runs are being
influenced. The plasticity of salmon is sufficient that they can adjus t
to many changes in environment but, if these changes are too great o r
too rapid, they cannot accommodate them .

Some temperature thresholds are fairly well defined . One ob-
server has stated that if salmon start spawning in temperature of 58° F
to 60°F we can expect an egg survival of 81% . If they start spawning
in water of 60° to 63°F, the survival is reduced to .69%. Another ob-
server notes that 50% of eggs will die at a temperature of 57 . 5°F ;
whereas, 100% will die at 60°F .

We generally recognize that 60° is an important threshold . Egg s
in water ofer 60° invariably experience heavy mortality . The optimum
temperature is in the low 50's . Adults that are resting in pools an d
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awaiting the ripening of their eggs should not be in water with temper-
ature over 60° . We prefer an upper limit of about 55° . Young salmon
can be reared in higher temperatures under carefully controlled condi-
tions, even as high as 70° . In such water their growth rate is fast ,
but they may also encounter increased disease problems .

Disease is more prevalent in higher temperatures . We expec t
'a heavy mortality from a disease called Columnaris at temperature s
over 60° and certainly over 70° . The Snake River has temperature s
as high as 80°, and we have been warned by pathologists from Univer -

• sity of Washington that an epidemic could start easily . The effect o f
temperature increases may not be fully apparent in nature, but i t
becomes a serious problem in hatcheries where fish are confined t o
small areas . The mortality in nature may never be conspicuous, but ,
at the same time, it could easily affect the population trends of salmo n
and stealhead.

In the Columbia River and its main tributary, the Snake, there i s
being constructed a continuous series of dams and impoundments fro m
Bonneville to the Canadian border and up the Snake above Boise . Such
impoundments do increase the water temperatures, although some hig h
dams may have a cooling effect if operated with that objective in mind .
We are told by Dr . Jerome M . Raphael of the University of Californi a
that the Columbia River in the neighborhood of Wanapurn and Pries t
Rapids Dams increases approximately at a rate of 1°F in . 50 mile s

'without impoundments and 1°F in 20 miles with impoundments .
Wanapum and Priest Rapids Dams are estimated to increase the
temperature lt° F in the month of August . If a similar increase i s
reflected at all dams of the Columbia, the result could be tremendou s

. by the time the river reaches Bonneville .

Steam generation with atomic energy is forecast to increas e
., significantly in the Columbia Basin . One engineer has stated tha t

cooling water for this purpose could conceivably increase the temper-
ature of the Columbia as much as 17°F.

At Oxbow Dam, on Snake River, adult fall chinook held in artifi-
cial facilities for spawning purposes have suffered greatly from high
temperature . In the fall of 1962 the loss of these fish was near 75 %
when temperatures were well above 70°F. In 1963 this loss was about
55% when temperatures were in the 60's .

Control of temperature in the Columbia is being studied . We hope
to obtain some relief from dams such as High Mountain Sheep, Dworshak ,
Grand Coulee, Arrow Lakes, and Mica in Canada . We believe it i s
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possible to reduce the temperature several degrees at the mouth o f
the Snake River by proper manipulation of High Mountain Sheep stor -
age to release cold bottom water during critical summer months .
Similar improvement is conceivable in the Columbia River as a re-
sult of storage in Canada .

We are endeavoring to research this problem in cooperatio n
with other agencies to determine means of getting the greatest benefi t
possible from water storage at high dams .

The correction of these water quality problems would go a lon g
way to assure perpetuation of the salmon in the Columbia River .
Solutions for fish passage are being found for both adult and down -
stream migrants, but we are seriously worried about the deteriora-
tion of water quality, More time and energy must be devoted to solv-
ing these problems . There are many conflicting interests in the
basin, and, although we believe that conservation of salmon rank s
among the most important, other interests have their place .

As an example of the potential value of a tributary of the Colum-
bia, we can look at the Willamette River . If the Willamette Falls i s
provided with a satisfactory fishway so that fish can pass upstrea m
during the late summer months and the water quality of the Portlan d
Harbor is improved so that fish can migrate through it satisfactorily ,
we anticipate an increased salmon run that will be at least four time s
the present . The increase in commercial catch could be as much a s
200, 000 salmon and the increase in the sport catch, 120, 000. The
value of this increase is conceivably as much as $3 .8 million a year .
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Presented December' 9', 1964 by JAMES L . AGE E ', Deputy Director ,
Columbia River Basin Projecib, Division of Water .Supply and Pollu-
tion Control, U . S . Piublic Health Service, Portlarr'd,~ Oregon .

The Federal Water Pollution Control. Act directs the Secretary of the
Department of Health, Education_, And Welfare to prepare compre-

hensive programs for the elimination or reduction of pollution in sur-
face and unde-rground waters•, and specifies that, in preparing thes e
programs, due regard shall be given to the improvements required t o
conserve waters for all legitimate purposes, including public wate r
supplies, propagation of fish and wildlife, and recreational, agricul-
tural and industrial uses . The preparation :of these programs is to be
undertake-rin cooperation with other federal agencies and with affecte d
-state and local interests . The Act also requires that in the planning of
any reservoir by the Corps of'Engineer-s, .Bureau of Reclamation, . o r
other federal agencies, consideration be given to the inclusion o f
storage for the regulation of 'streamflow for the purpose of wate r
quality,ontroi, but specifies . that such streamflow regulation shall not
be uses a substitutes for adequate treatment . 'The need for, and the
value ofyr storage'is to be determined by these agencies with the advice
of the Secretary of Health, Education, and Welfare . The possible nee d
for flow regulation storage must,' therefore, also be considered in pre -
paring these comprehensive programs .

This directive .naturally tais?ess questiana: regarding what is meant
bjy a "comprehensive" program, what is involved in preparing one, an d
of just what is expected to be accomplished by one . The following dis-
cussion, in the form of a series of questions and answers, attempts . to
explain the need for, and the nature and objectives of these programs .

What 'do we mean by "Comprehensive "
Water Pollution Control Planning ?

Comprehensive planning simply means all-inclusive planning . As
such, it is concerned not only with the physical entities involved, , such
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as the water and land resources in a whole region or basin, but also
with the social patterns, the political structure and the economic back -
ground and activities which characterize the area for which plannin g
is being conducted . Thus, planning for Comprehensive Water Quality
Management Programs means planning for all of those present an d
future water needs and uses in an entire river basin or region i n
which water quality plays a role .

Such planning must give consideration to all sources of water ,
all needs for or uses of water, all effects of such use upon the qualit y
of the water, and the interaction of all of these elements upon eac h
other. It must take cognizance of the interests of the political subdi-
visions and other institutions of the area, its legal and social patterns ,
its economic resources and potentialities, and its esthetic preference s
and community values . The objective sought is the preservation o r
improvement of the quality of the waters of the basin or region in suc h
a way as to insure continuing optimum benefit for the basin as a whol e
at minimum economic cost .

Why is Comprehensive Water Management
Planning Necessary in the First Place ?

Any study of the water resource problem will indicate that as we
move into the future, we must anticipate a rapidly increasing use o f
water in the face of an unchanging supply. In the past, increasin g
demands for water have been met more or less locally in most area s
by impounding water which otherwise would escape uncontrolled to the
sea . Reliance on this method may still be possible in most areas fo r
a few more years, but in the long run, our limited supplies will re -
quire that we reuse water several times as it moves downstream . In
some areas, this is already necessary . The maintenance of wate r
quality is the key to this reuse .

Quality determines the usefulness of water . A satisfactor y
quality is a basic requirement for all water use . Enough water may
be available to permit the economic and social growth of an area, bu t
unless the quality of that water is reasonably satisfactory for th e
intended use, this growth potential will go unrealized, and the publi c
health may also be endangered .

With water being withdrawn for use repeatedly as it flows from
the headwaters to the sea, the water quality problems of the futur e
will be complex. Each use causes some degradation of quality, an d
natural phenomena further aggravate this situation. Our growing
population and industries are using increasingly larger quantities of
water and are producing greater quanties of wastes, both absolutel y
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and relatively, while the distances between points of water use an d
waste discharge are being reduced . Thus, some answer is required
to the question of how to control the discharge of polluting wastes into
waters which must be used over again by other users downstream .

With continued growth, and increasing use of water for all pur-
poses, there will thus be an increased need to provide treatment o f
all waste waters before returning them to the stream for further us e
to the maximum degree economically possible . It will also be neces-
sary to bolster the ability of streams to assimilate the wastes remain-
ing after treatment, by augmenting the flow of the stream through addi-
tional releases from storage, in those situations where, after adequat e
treatment, the wastes impose too great a load on the stream unde r
natural low flow conditions . These additional releases from storage
must be provided for . Since all of the uses of a stream, both in term s
of withdrawals and returns, and of instream uses, mutually affect eac h
other, it becomes obvious that a comprehensive basinwide plan o f
development and management is required if all of these uses an d
demands are to be met most economically, efficiently, and equitably .
It is also apparent that such a plan must anticipate future require-
ments and conditions as well as recognize existing conditions .

What Policies have been Formulated
for the Administration of this Program ?

The legislative history preceding the enactment of a law usuall y
forms the base upon which the policies and principles for its adminis-
tration are formulated. In the case of the above-mentioned act, the
legislative history appears to indicate that it was the policy of Con-
gress that :

1. Water quality management is an integral part of the concep t
of planning for comprehensive river basin development ; in thi s
sense, quantity and quality are inseparable components .

2. Water resource developments should be visualized as larg e
comprehensive systems of interrelated, interlocking land an d
water components rather than as individual, isolated or purel y
local undertakings .

3. Unless there is a definite reversal in the present popula-
tion growth pattern, or a revolutionary scientific or technologica l
breakthrough in water use and waste water treatment techniques ,
which would make it possible to use less water, or reuse wate r
oftener, full development of water resources in all basins wil l
ultimately (100-200 years) be required .
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4. While current studies may not be able, to disclose fully th e
economic justification and timing for this total future water use ,
such total use should, nevertheless, be assumed as an eventuality
in planning a development .

5. In developing federal reservoir sites, every effort should b e
'.made to conserve their full potentialities for optimum developmen t
including a provision for the future water needs of municipalitie s

. . .and industries and the maintenance of satisfactory water quality .

6. Primary effort in water pollution abatement should be oriente d
-•toward the reduction or elimination of polluting wastes at the source
by means of waste treatment plants or other means .

7. Flow regulation is not to be considered a substitute for wast e
removal, but should be looked upon, rather, as a supplement to a

program of adequate treatment .

	

.

8. In providing storage for municipal or industrial water supply ,
the necessity of providing additional water for the dilution of the
treated waste effluents resulting from its use should be recognized .

9. The costs of waste treatment or removal should rest firs t
with those producing the wastes ; but, beyond this, the costs of stor-
ing dilution water producing widespread benefits should be non-reim-
bur sable .

What Considerations are Involved in
Planning a Comprehensive Program?

The following summarization of the principal data collection an d
evaluation processes involved in preparing a comprehensive program
will provide an insight into the scope of these studies . At least six
considerations or areas of investigation and analyses are required .

Consideration No. 1 . How much Water is Available ,
and What is its Pattern of Occurrence ?

Hydrologic analyses and investigations are required to answe r
this question . Analysis of existing streamflow, ground water, an d
rainfall records within the drainage basin of the river in questio n
is the first step in this phase of the study. Existing data of thi s
type are, in many instances, insufficient, however, and it may b e
necessary to undertake additional field measurements . The end
result is a determination of the total amount of water the basi n
can be expected to furnish, the variations in the rate of ital.
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occurrence, and the magnitudes and frequencies of these variations ,
both for flood flows and low flows . The ground water studies deter -
mine the location, quality, and dependability of ground water sup -
plies, and show the extent to which they can be developed and relie d
upon to provide maximum yields . The usefulness and potentia l
hazards of the disposal of waste through either subsurface injection

	

.1 1

or broad surface irrigation is also determined by these studies .

Consideration No . 2 . What are the Existing Wate r
Uses and Waste Water Discharges in the Basin?

• r..

It is necessary, in studying a river basin, to determine the loca-
tions, amounts, and reasons for all withdrawals of water from th e
basin, and of all return flows to the stream . All instream uses i n

• the basin, such as fishing, boating, and other recreation, must als o
be determined . These inventories provide information on the amount s
of water used and for what purposes, the location of withdrawals and
of the existing water supply systems and treatment facilities . With
these and other data developed by the demographic and economi c
studies, it is possible to project amounts, and, to some degree, th e
locations of future water supply requirements .

Water pollution inventories provide necessary information on th e
rotations, kinds, amounts, and characteristics of all sources o f
pollution, including combined sewer overflows and discharges fro m

• municipal and industrial sewer systems and waste treatment facili-
ties . These data, combined with those from other studies, provid e

• the information on existing pollution loads, as a starting point fo r
estimating future pollution loads, their location, and their potentia l

• effect on receiving water quality .

• Consideration No . 3, What are the Physical ,
Chemical, and Biological Characteristics of
the Streams, Lakes, and Estuaries of the

• Basin ?

The existing physical, chemical and biological qualities and char-
acteristics of the waters of the basin are determined by extensiv e

• sampling surveys and laboratory analyses . Where a lake or estuary
• is concerned, these investigations are extended to include specia l

• studies of an oceanographic character to determine such things a s
currents and stratification, as well as the other characteristic s
mentioned above . These data, together with the inventories an d
other studies show where water quality has deteriorated, th e
extent and cause of such deterioration, the mass movement o f
water in estuaries, the ability of given waters to recover fro m
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pollution, and the protective measures required, to maintain wate r
quality objectives .

Hydraulic studies include measurements of velocity, depth ,
turbulence, stratification, effects of impoundments and regulating
devices, and other physical characteristics of streams . These
physical characteristics influence the capacity of the stream to
assimilate wastes and a knowledge of them is essential to the re -
liable prediction of the effects of varying kinds and amounts o f
waste loadings on water quality.

Consideration No . 4 . What are the Existin g
and Projected Future Population and Indus-_
trial Developments of the Study Area ?

Population and economic data, together with other economi c
analyses, are used to prepare an estimate of future population an d
economic conditions in the basin . The economic data establish th e
historic trends in industrial, agricultural, and other development s
in the basin in terms of type, size, location, and labor force .
When coupled with other economic analyses, such as nationa l
trends, resource availability, etc ., they provide the basis fo r
forecasting future industrial developments, including projecte d
size and distribution of labor force and job opportunities . Special
studies are undertaken, where necessary, to determine probabl e
kinds, amounts, and locations of specific industrial developments ,
as a basis for estimating industrial water needs .

The historical population figures establish the basis for project-
ing future populations in terms of growth, age groups, distribution ,
and movements, although economic and other factors must also b e
recognized in making these projections . The population studies ar e
correlated with the economic and industrial projections, in prepar-
ing the estimates of future water uses and needs, and the amount s
and kinds of resulting wastes . The geographic area covered b y
these economic and population studies is that area which is expecte d
to be served by the water resources of the basin, rather than the
drainage basin of the stream .

Consideration No . 5 . What Geographic and
Natural Resource Characteristics of the Basin
Affect or Relate to Water Quality ?

It is necessary to study the topographic, geologic, climatologic ,
and natural resource characteristics of the basin for several reasons .
These studies provide an inventory of the location, kinds, and stage s
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of development of the natural resources of the basin. They ar e
needed to determine the storage ,capacities of potential sites fo r
impoundments for both water supplies and for water quality contro l
storage . The natural resources data are used in conjunction Wit h
projections of population and industrial growth and distribution .
Data on Land utilization and management practices are also usefu l
in connection with water quality and quantity determinations .

Consideration No . 6 . What will be the Amounts ,
Locations, and Characteristics of the Futur e
Waste Water Discharges to the Stream ?

The determination of future waste water discharges is based o n
the economic projections of populations and industries, coupled wit h
data on trends in' water use . in homes, commercial establishments : ,
public activities, and in various kinds of industries . From these
projections, the location, kinds, and magnitude of required addi-
tional treatment facilities is developed and the resulting waste dis-
charges to the stream determined. These estimates are based on
the , assumption that all wastes will be given treatment to the maxi -
mum degree which present technical knowledge and engineerin g
practice indicates to be economically feasible . With respect t o
domestic sewage and similar organic wastes, this is usually take n
to be about 85% removal of BOD at the present time, but this figur e
is expected to be greater in future years . Treatment required fo r
other kinds of wastes depends upon the kind of wastes .

The estimates of volume, and kinds of wastes expected to b e
discharged to the stream are- in turn used to determine the amount s
of storage required to provide stream flow regulation for wate r
quality control in the stream . However, the 'determination of thes e
storage requirements is complicated by the demands upon th e
stream for water for all other purposes, -'and must be undertake n
in conjunction with the overall water use determinations discusse d
below.

How is the Finial Water Quality Control Plan Prepared ?

The knowledge obtained from the series of complex and interre-
lated studies 'de'scribed in the six preceeding sections give a picture o f
present and past conditions in the basin and of the possible future econ-
omy of the area to be served by the basin . Projections of the futur e
economy are used to develop estimates of future water requirements
and waste water discharges . A projection-of probable future wate r
quality conditions'at various points along the water courses of the basin
is then developed, using the estimates ' of waste discharge, runoff ,
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hydraulic features, and other data . The final stage in the preparation
of the plan is the determination of the remedial, and protective meas-
ures required to achieve the overall water quality management objec-
tives of the basin .

The development of this plan is an extremely complex process .
Many combinations of water use and water quantity and quality contro l
facilities are possible, and the objective is to ascertain the combination
or combinations which appear to be most economical and acceptable .
Because of this complexity and the time consuming character of th e
computations which would otherwise be required, mathematical models ,
computators, and the techniques and procedures of operations researc h
are often used in developing the program to be finally recommended .
The objective is to develop a comprehensive management progra m
which in essence describes the alternative actions which can be take n
to preserve the quality of water for beneficial uses . In describing the
alternatives, the costs and benefits of water pollution control action s
are evaluated .

How are Comprehensive Program Studies Undertaken ?

The accomplishment of the various detailed and complex surveys ,
investigation and analyses, and the fitting together of the results of thes e
efforts to produce an acceptable water quality management program fo r
an entire river basin is a formidable undertaking requiring several year s
and a high degree of organization to undertake .

Many of the Federal, State, and local agencies possess essentia l
information on particular facets of the study, and skilled staff for gath-
ering needed additional data . Others have an intimate knowledge o f
water needs and water management problems in the basin, and of th e
legal and administrative structures which are controlling . Therefore ,
while the Public Health Service employs and organizes a substantia l
staff of scientists and engineers to deal with many of the aspects of the
study, such as biological and chemical sampling and analyses of water ,
the inventorying of water supply and sewage treatment facilities, th e
study of currents, and dispersion characteristics, and the use of
mathematical models and other techniques for marshalling and analyz-
ing the assembled data, it also enlists to the maximum degree possible ,
the assistance of many of these other agencies . Sometimes this is done
by means of arrangements for reimbursing these agencies for expenses ;
sometimes these agencies are able to arrange for their share of th e
work through their own budgets . And where another agency is author-
ized to undertake a comprehensive survey in a basin covering its ow n
sphere of interest, such as for flood control, or irrigation, advantage

, is taken of this situation to join with that agency in a partnershi p
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endeavor to the mutual advantage of both agencies .

To assure that there is full understanding on the part of all inter-
ests regarding the objectives of the study, and to insure that a maximu m
degree of cooperation from all of these interests is achieved, an advisor y
committee, .consisting ofrepresentatives of the important federal an d
state agencies is also organized. Various technical working committee s
are also created, where this procedure is advantageous . Finally, wher e
'needed expert knowledge, guidance or assistance is not readily available
from within the vp.rious affected agencies, consulting services are solic-
ited from private firms, individuals, universities and other learne d
institutions ., This latter practice applies particularly to the assembl y
and analysis of economic data, and to certain operations research an d
computer processes required in arriving at a decision regarding th e
program to be recommended . -

What Benefits Result from Comprehensive
Water Pollution Control Studies ?

Completion of comprehensive water pollution control studies shoul d
not only result in the development of long range plans for the abatemen t
or control of pollution in the principal river basins of the nation, bu t
should also provide a basis for achieving optimum use of the waters for '
all purposes . More specifically, these plans should result in an under -
standing or knowledge of :

1. The projected demands upon surface and ground waters for all,
purposes, such as municipal and industrial usage, cooling, waste '
dilution, irrigation, fishing, water oriented recreation and general -
improvement of the environment .

	

-

2. The capturable supplies of water- available to meet thes e
demands, and the capacity and location of potential storage 'site s
required . to hold t-his ' water .

3. The location and kinds of waste loads expected to be impose d
upon the streams, lakes, and estuaries .

4. The individual characteristics of each stream or estuary
which govern the way in which its waters react to waste loads .

5. The quality of water necessary for each of the beneficial use s
and the control system required to achieve such quality, including
the degree of treatment which wastes must be given, and the regula-
tion of the river system necessary to assimilate treated waste
effluents .
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6 . 13as•ed on the foregoing, the water reuse potential of th e
waterway and,. therefore, the ability of the waterway to meet the
projected demands, including the alternative choices available t o
the water users, df all demands upon the,river for water canno t
be 'satisfied .

• 7. The optimum potential population and industrial develop- '
merit which the, river can support, within the known limits of the . • '
.art and science of water quality management ansi use .

8. The cooperative inter-relationship which must' exist or b e
brought into being between all water users in the area, or regio n
served by the river, in order . to achieve optimum development ,

9. A tentative time schedule 'for the construction of the variou s
facilities required to meet .the various water needs and ,se of the
basin.' .

Properly drawn, the comprehensive plan can serve a•s an a n• alogou s
model for the agencies concerned with the control and management of th e
waters of the ' basin . Thus, upon completion, a comprehensive pof .Wtion
control plan should provide, the Public Health Service with 'a sound basis -
for meeting its own responsibilities for conducting the pollution c• ontrol
and research operations and the technical, financial assistance, and ,
enforcement programs provided for in the Water Pollution Control. Act .
It should also provide valuable water pollution control guidelines for th e
Congress in connection with the authorization of water resources pro -
grams and projects, and for other federal, state, interstate, and-local
agencies which have direct responsibility for the construction of facilitie s
and the management of the waters of river basins, in connection with th e
carrying out of their respective programs .

What Governs the Selection of Projects :

The criteria by which dates are chosen for undertaking comprehen-
sive program projects are based upon :

1. Urgency of need to integrate comprehensive water pollution contro l
planning with ' other . water resource development planning, includin g
state and federal agency construction schedules ; -

2. The need to take advantage of opportunities to collaborate wit h
federal, state, interstate and local . groups ;

	

-

3. The need to resolve eritical water problems where pollution ha s
curtailed water uses ; and
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4 . The need to establish anti-pollution measures where imminent
municipal growth or industrial development poses a serious threa t
to water quality .

Where have Comprehensive Water Pollution
Control Studies been Started?

1. Arkansas - Red River Basin, 1958-1964 .

2. Chesapeake Bay-Susquehanna River Basin, 1961-1967 .

3. Columbia River Basin, 1961-1967 .

4. Delaware River Estuary, 1962-1966 .

.. Great Lakes-Illinois River Basin, 1961-1967.

6. Ohio River Basin, 1963-1969 .

7. Southeastern River Basin, 1964-1969.
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Presented December 16, 1964 by CURTISS M . EVERTS, Director, '
Pacific Northwest Water Laboratory, 'Division of Water Supply an d
Pollution Control, U . S . Public Health Service, Corvallis, Oregon .

Earlier lectures in, this seminar series on "Water Quality Control "
have traced the .problem of water pollution from its . simpler aspects

of a half-century ago to the more complex problems of urbanization .
and industrialization that must now be overcome, The discussions on ,
substances that cause pollution, their effects on beneficial water uses ,
the effectiveness of conventional treatment methods, and the implica-
tions of comprehensive planning for water quality control should hav e
given each of you a little better appreciation of the magnitude of th e
job that remains to be done if pollution is to be prevented or controlled .
It is now time to give consideration to the manner in . which this knowl-
edge is put into practice . The responsibility for the control of wate r
pollution in the United States is shared along five broad lines a s
follows :

The State has the primary responsibility for water pollution -
control . In Oregon the responsible agency is the State Sanitary Author-
ity. It establishes standards for water quality within its area of juris-
diction, conducts surveys and investigations,- collects and evaluate s
data, provides technical assistance to local government and industry ,
supports research, and applies 'the appropriate State laws and regula-
tions, including enforcement .

Local governments construct and operate municipal sewag e
treatment works, provide consultation and technical assistance t o
industries they serve, and enforce their own regulations and
ordinances .

	

-

	

-

Industries are responsible' for control of their own pollution .
They institute inplant measures for waste reduction and-construct and
operate waste treatment or disposal facilities if they do not hav

e access to a municipal sewer system. They conduct research to



develop ox improve waste treatment methods or to reduce or eliminat e
pollution.

Universities are responsible for conducting res.earcki aRd train-
ing scientific manpower needed by other jurisdictions . They, also pro -
vide technical services and consultation .

The Federal government has a leadership-role to play in waste r
'pollution control . It supports and supplements the programs of th e
other four leyels . It conducts research and investigations, collects ,
and analyzes data on a national basis, provide's technical assistanc e
and training to states, local governments, and to industries . It de-
velops comprehensive water supply and pollution control program s
and coordinates these with the states and with the water resource s
programs of other federal agencies . It carries out the enforcement '
provisions of the Federal Water Pollution Control-Act . It provide s
grants for (1) State program development ; (2) as incentives to munici-
palities for the construction of sewage treatment works ; and (3) fo r
research, demonstrations and training .

While the fundamentals of these program responsibilities hav e
remained essentially unchanged, increases in urban population, ne w
and expanding industry, and the development of new chemical product s
have required the institution of more sophisticated techniques and th e
adoption of stronger laws . More emphasis is now being placed on
research, special studies, public information, and enforcement .

Time does not permit a thorough explanation of each of these
responsibilities in depth . Our interest today is concerned with th e
administration of water pollution control programs . The remainde r
of the discussion, therefore, will be devoted to those activities essen-
tial to the implementation of water pollution control programs, and t o
some of the problems that are inevitably encountered along the way .

The backbone of any water pollution control program is the law
tinder which the responsible agency operates . Such laws may fall int o
two categories . One is a basic statute which : (1) enunciates the polic y
of the State relative to water cleanliness ; (2) establishes the agenc y
legally responsible for administration of water pollution control an d
outlines its powers and duties ; (3) provides guidelines for the adoption
of regulations governing water quality criteria, waste treatment an d
disposal, administrative procedures, etc . ; (4) outlines the basis on
which hearings may be held and orders entered ; (5) provides the pro-
cedure for instituting legal action when necessary to abate pollution
or to enforce administrative order to abate pollution .
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The second group of laws is generally designed for the specia l
protection of specific waters or water uses. Examples of these in
Oregon include :

1 . The protection of Lake Oswego from sewage pollution .

2, The preservation of the Deschutes River and its tributaries, an d
' . the upper McKenzie River as sources of drinking water supplies .

3. The protection of certain streams in Benton and Yamhill countie s
for water supply .

4. The prohibition of swimming in some irrigation canals where th e
. water must be used for drinking purposes .

•

	

5 . The prohibition of the discharge of certain materials into stream s
that will cause the streams to be unfit for drinking water supplie s
or that will damage fish and aquatic life .

Laws in this category provide specific penalties for violation ,
and, in Oregon's case, represent some of the state's first efforts to
control pollution of public waters . Responsibility for enforcement,
however, was divided among several agencies and in some instance s
no responsibility was placed at all .

While many of these laws were quite adequate at the time the y
were adopted, and served usefully for many years, it must be recog-
nized that advances, improvements, and changes have occurred in th e
judicial arm of government, just as they have in the executive and leg -

• islative branches . Fdr example, the first comprehensive water pollu-
tion control law in Oregon was adopted in 1939 . While it followed th e
basic principles which were outlined earlier, some of its provision s
were quite broad . It provided authority for the adoption of regulation s

• but did not specify any subject areas for which such regulations could
• be promulgated . The authorization for hearings and entry of order s

was not related to any established procedure, for there was none .
These deficiencies became apparent, as the law was applied in severa l
situations, and were remedied by subsequent amendments .

This means then that all state laws governing pollution contro l
must be reviewed periodically to remove weaknesses that become

▪ apparent as a result of experience and court decisions . To cope with
today's rapidly moving industrial and urban investment, legal provi-
sion should be made for the responsible agency to move promptly an d
decisively to halt pollution that seriously impairs the use of publi c
waters for beneficial purposes .

.
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Until Congress adopted the Federal Water Pollution Control Ac t
in 1948, federal activity in water pollution was authorized in thre e
laws : the Rivers and Harbors Act of 1899, the Public Health Servic e
Act of 1912, and the Oil Pollution Act of 1924 .

One segment of the Rivers and Harbors Act prohibited the dis-
charge or deposit of refuse into navigable waters, except that whic h
flowed in a liquid state from streets or sewers . Obviously this wa s
designed to prevent hazards to navigation .

The Public Health Service Act of 1912, among other things ,
authorized investigations of water pollution related to transmissio n
of disease to man .

The Oil Pollution Act of 1924 was intended to control the dis-
charge of oil in coastal waters to prevent damage to aquatic life ,
harbors and docks, and recreational facilities .

The first Federal Water Pollution Control Act adopted in 194 8
was limited to a trial period of five years . After that time it was t o
be reviewed and revised on the basis of experience . The Act was
extended for a 3-year period in 1953, but no revisions were made .

The Federal Water Pollution Control Act of 1956 was the firs t
permanent legislation on the subject and extended and strengthene d
the 1948 law. The new law:

1. Reaffirmed the policy of Congress to recognize, preserve ,
and protect the primary responsibilities and rights of the
States in preventing and controlling water pollution ;

2. Authorized continued Federal-State cooperation in the develop-
ment of comprehensive programs for the control of water pol-
lution;

3. Authorized increased technical assistance to States and inten-
sified and broadened research by using the research potentia l
of universities and other institutions outside of Government ;

4. Authorized collection and dissemination of basic data on wate r
quality relating to water pollution prevention and control ;

5. Directed the Surgeon General to continue to encourage inter -
state compacts and uniform State laws ;

6. Authorized grants to States and interstate agencies up t o
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$3, 000, 000 a year for 5 years for water pollution control activ-
ities ;

7 . . Authorized Federal grants of $50, 000, 000 a year (up , to an aggre -
gate of $500,000, 000) for the construction of municipal sewag e
treatment works ;

8. Modified and simplified procedures governing Federal abatemen t
actions against interstate pollution ;

	

'

9. Authorized the appointment of a Water Pollution Control Advisor y
Board ; and

10. Authorized a cooperative program to control pollution .

Amendments to this Act in 1961 :

1. Extended Federal authority to enforce pollution abatement i n
intrastate' as well as interstate or navigable waters and strength=
ene d the' enforcement procedures ; .

2. Increased the annual authorization for Federal financial 'assist-
ance to municipalities for construction of waste treatment work s
to $80 million in 1962, . ' $90 million in 1963, and $100 million for
each of the four following fiscal years 1964-1967 ;

3. Intensified research toward more effective methods of pollution
control; authorizing for this, purpose annual appropriations o f
$5 million up to an aggregate of $25 million and authorizing; the
establishment of field laboratory and research faciliti-qs in ,
'among others, seven specified major areas of the . Nation ;

4. Extended for seven years, until June 30, 1968, and increased
from $3 million to $5 million per year the Federal financial
support of State and interstate water pollution control programs ;

5. Authorized the inclusion of storage in Federal reservoirs fo r
regulating streamflow for the purpose of water quality control ;

6. Designated the Secretary of Health, Education, and Welfare t o
administer the Act .

A comparison of the provisions of State and Federal laws wil l
indicate that the day-to-day task of pollution control still falls withi n
the realm of State activity, with the Federal government placed in a
strong supporting role, chiefly in the areas of financial and technica l
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assistance, research, comprehensive river basin planning and, whe n
necessary, enforcement .

Normally, enforcement action has been a responsibility of Stat e
or interstate agencies . Insufficient staff, lack of legal guidance o r
authority, disagreement as to the standards of water quality to be
achieved, and, in some cases, reluctance to proceed for economi c
reasons, can result in time-consuming delays in an abatement pro -
gram . In the case of interstate or navigable waters in or adjacen t
to any state or states, pollution which endangers the health or welfar e
of any persons is subject to abatement under the Federal Water Pollu-
tion Control Act . The procedures for conferences, hearings, and
court action are well defined and may be invoked by the Secretary o f
Health, Education, and Welfare on his own initiative or upon the re -
quest of the governor of any state, or a state water pollution contro l
agency, and under certain conditions upon the request of a municipality .
To date, 32 Federal enforcement actions have been initiated and thes e
have resulted in agreement on the required corrective measures in
every instance where the actions have been completed . Some agree-
ments are awaiting studies that are now in progress .

While the law provides the foundation on which a water pollutio n
control program can be planned, the effectiveness of such a program
will depend upon the ability of the administering agency to maintain
seven fundamental activities on a sound and substantial basis . Thes e
are:

1. The recruitment and training of a competent, highly qualifie d
technical staff composed of as many scientific disciplines and
technical skills as may be required to discharge legal and
administrative responsibilities .

2. The development of facilities such as laboratories, field sta-
tions, and research units sufficient to support the total wate r
pollution control effort .

3. The collection and collation of data on (a) the physical, chem-
ical, and biological characteristics of surface, underground ,
and coastal waters ; (b) the volume and characteristics of waste
effluents discharged into such waters ; (c) the hydrology and
hydrography of waters under surveillance ; and (d) such othe r
information as may be required for sound planning .

4. Based on the data collected and evaluated, the development o f
a comprehensive plan for the prevention, control, or abatemen t
of pollution by wastes effluents and from other sources .
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5. An aggressive information program to keep the public advised o f
the nature and extent of water pollution control problems, wha t
has been done to correct them, what needs to be done about them ,
and the fiscal and legislative support required to accomplis h
desired objectives .

6. Initiation of the special studies or research necessary on prob-
lems for which current technical knowledge does not provid e
answers .

7. Initiation of enforcement action to bring about compliance whe n
voluntary cooperation or other means to achieve abatement fail .

The selection and training of a water pollution control staff is on e
of the administrator's most important responsibilities . Keen ingenuity
and judgment must be exercised to determine the nature, magnitude and
timing of the various work assignments, to separate routine operation s
from those of special importance, and balance these with the financial
resources available to employ the staff required . The agency is seldom
in a position to do everything that needs to be done at the time it shoul d
be done, so priorities and appropriate staffing schedules must b e
developed .

Once this is done, staff requirements and supporting services ca n
be determined . The number and grade of engineers, aquatic biologists ,
microbiologists, chemists, technicians and clerical and administrativ e
personnel needed make up only a part of the budgetary requirements .
Field sampling equipment, office and laboratory equipment, office an d
laboratory supplies, and travel provide the remainder. The administra-
tor must be prepared, however, to adjust programs in line with appro-
priations, for the latter do not always meet needs or come up to expecta-
tions . Since it is not always possible to employ highly specialized per-
sonnel for short time assignments, outside resources such as other
state or federal agencies, universities, and sometimes private industr y
must be drawn upon to furnish needed technical assistance .

As assembly of a staff begins, plans must be made for orientation
training so that each member is aware of the nature and extent of the
control program, its missions and objectives . It is equally important
that each member of the staff, including secretarial and clerical ,
recognize the contribution his particular skill will make toward th e
attainment of established objectives . Short term, specialized training
is necessary to bring professional staff up to date on new developments ,
and long term formal academic study may be required to permit some
professional employees to extend their areas of responsibility .

118



One key aspect of any water pollution control prograrn-is th e
reporting of significant events in a manner that will be readily under -
stood by those who will read or hear of them . Technical reports ar e
essential to the proper ' distribution of new information to the scien-
tific community . . These should be prepared with care and precision .
It must be remembered, however, that these same reports are of n o
value to lay people unless the facts they contain are presented in '
familiar and -understandable language . The importance of properl y
interpreting programs, problems, what is being done and why, an d
what needs to be done, cannot be over emphasized . This require s

.,special skills which most , scientists do-not possess, and these task s
should be assigned to those whose training and experience equip the m
for the task.

The development of public support at the local level for th e
water pollution control effort can be a most difficult task. It become s
even more complex when support is needed to resolve a river basi n
problem involving several states . Almost every intelligent individua l
is -"for" the control of water pollution, but to get this support organ-
ized in an effective and decisive manner so that the legislative branch
of government is impressed with the necessity for substantantia l
financial and legal support is another matter . While scientific an d
engineering judgment is important in matters of water pollution con-
trol, it must be remembered that the impact of these judgments o n
the socio-economic situation must also be evaluated by professional s
in those disciplines .

Disagreement. as to objectives and needs, the reluctance of man y
individuals to express opinions, and the complexities of control pro-
cedures have all contributed to an apparent inability in the past t o
develop a united effort. With the advent of better comprehensive
planning for river basin development, backed by close coordination
on the part of the agencies involved, these discrepancies are gradu-
ally being overcome . With the aid of the press ; radio, and television ;
conservation organizations ; civic groups ; professional, technical, an d
public administration societies ; industry organizations ; and others, the
need for clean streams is beginning to be presented in a manner as t o
keep the individual citizen informed of regional water .pollution prob-
lems, and what needs to be done about them .

	

-

A great deal remains to be done, and we are faced with a situa-
tion where new pollution problems are being created at a rate faste r
than solutions can be obtained . All levels of responsibility in the realm
of water pollution control must rapidly accelerate their efforts if sub-
stantial accomplishment is to be made . Otherwise we may well find
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ourselves in the same philosophical frame of mind as "An Indian at th e
Burial Place of His Fathers" so aptly described by William Culle n
Bryant in his poem of this title when he wrote of the change in wate r
supply brought about by unwise land use practices :

"The springs are silent in the sun

The rivers, by the blackened shor e

With lessening current run;

The realm our tribes are crushed to get

May be a barren desert yet . "
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