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HE Oregon State Engineering Experiment Station was established

by act of the Board of Regents of Oregon State University on
May 4, 1927. It is the purpose of the Station to serve the state in
a manner broadly outlined by the following policy:

(1) To stimulate and elevate engineering education by develop-
ing the research spirit in faculty and students.

(2) To serve the industries, utilities, professional engineers, pub-
lic departments, and engineering teachers by making investigations
of interest to them.

(3) To publish and distribute by bulletins, circulars, and tech-
nical articles in periodicals the results of such studies, surveys, tests,
investigations, and research as will be of greatest benefit to the peo-
ple of Oregon, and particularly to the State’s industries, utilities, and
professional engineers.

To make available the results of the investigations conducted by
the Station, three types of publications are issued. These are:

(1) BULLETINS covering original investigations.
(2) CIRCULARS giving compilations of useful data.

(3) REPRINTS giving more general distribution to scientific
papers or reports previously published elsewhere, as for example,
in the proceedings of professional societies.

Single copies of publications are sent free on request to resi-
dents of Oregon, to libraries, and to other experiment stations ex-
changing publications. As long as available, additional copies, or
copies to others, are sent at prices covering cost of printing. The
price of this publication is $1.00.

For copies of publications or for other information address

OREGON STATE ENGINEERING EXPERIMENT STATION,
CORVALLIS, OREGON
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PREFACE

The 1963 Pacific Northwest Industrial Waste Conference
was conducted at Oregon State University on May 9-10. This was
the eleventh meeting of a conference series which has been held
on odd-numbered years and alternated among Oregon State
University, Washington State University, and the University of
Washington in cooperation with industries of the Pacific North-
west, The next conference will be held at the University of
Washington in the spring of 1965.

The program of the conference is planned and conducted
by an executive board, with industrial divisions representing
wood-pulp-paper, mining-metallurgy, chemical-petroleum, and
food~agriculture. Representatives from water management
agencies serve on this board as ex-officio members.

Throughout the years the conference has grown in pop-
ularity and become increasingly productive as a meeting where
industry, water management agencies, and universities may
mutually share the findings of industrial waste research and
operational experiences that are useful for the protection of our
valuable water resources.
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INTRODUCTORY REMARKS
J. H. Holloway

In the foreword of the published Proceedings of the First
Pacific Northwest Industrial Waste Conference held in 1949, Mr.
Richard G. Tyler, professor of sanitary engineering at the Uni-
versity of Washington, spelled out the problems facing industries
and municipalities in the Pacific Northwest in the fields of water
and air quality conservation and control. These problems had
multiplied as a result of the rapid influx of population during World
War II and the augmented industrial growth of the area.

This situation prompted the University of Washington,
with the cooperation of technical personnel from the state and
regional governmental regulatory agencies, to invite all interested
parties from industry, university, and government to meet and
discuss these waste disposal problems through the presentation of
scientific information and engineering data.

Since that time, nine additional conferences have been
held, the sponsorship of which has been assumed periodically by
the University of Washington, Oregon State University, and Wash-
ington State University. During this l4-year period much of the
research and engineering information that first saw the light of day
in these conferences has grown to full maturity in the form of
commercial installations involving the expenditure of many millions
of dollars by the industries represented here today.

The problems are complex and solutions often come
slowly. The complete solution, of course, would enable us to
eliminate the term "Industrial Waste Conference, " and change it
to "Industrial By-Products Conference. "

Meanwhile, true progress in the abatement of industrial
and municipal pollution will come only through, (1) acquisition of
factual information by industrial, university, and governmental
scientists and engineers, (2) objective appraisal of this factual
information by trained scientists and engineers of the regulatory
agencies who are thoroughly familiar with the unique problems
and characteristics of the area under study, including the assim-
ilative capacity of the local atmosphere and receiving waters for
the effluents of industries and municipalities, and (3) impartial
administration of the statutes in the granting of operating permits
and licenses.



We trust that the information presented at this Eleventh
Pacific Northwest Industrial Waste Conference will help us to take
one more step toward final solution of these problems.



ON PRESCRIPTIONS AND PARALYSIS,
FACT-FINDING AND THE FUTURE

C. Montgomery Johnson

I am a practitioner in public relations and public affairs.
I am neither a natural resource manager nor a water quality
technician. I bring no direct answers to specific questions in
watershed management. I have no direct solutions to technical
problems,

My company is vitally interested in most, if not actually
all, aspects of watershed management, particularly as they bear
on relationships between forest production and the production of
satisfactory quantities and qualities of water. It is affected by
practically all watershed decisions. So is industry generally. So
is the community. My family's future is affected. So are you
and yours.

In this field great written and oral eloquence has been
expressed on:

1. Increasing people demands and decreasing watershed
acreages.

2. Using chemicals to increase tree and wildlife growth
and to decrease forest pests and disease—to eliminate some fish
species and to stimulate others; on the lowering of water tables
and the raising of water standards.

3. The need to close municipal water supply areas for
protection of city water and to open these same areas for fishing
and hunting grounds.

In this field, both casual reader and careful student are
exposed not just to profusion, but also to confusion. One day we
are told by the Secretary of the Interior that man and nature al-
ready have paid a heavy price for widespread use of pesticides.
The next, we are told by the Surgeon General that pesticides have
contributed greatly to health—by the Secretary of Agriculture that
without some of these pesticides and some of these chemicals we
would have insect equality where food and agricultural production
is concerned, if not insect ascendancy.

We read in a summary of a 1960 U.S. Forest Service
study that modern logging practices affect the hydrological char-
acteristics and behavior of watersheds from "lightly" to "'severely,"

We read in another Forest Service report that following the
November 1959 floods on the Snoqualmie National Forest numerous
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cutting areas were examined and no indication was found that run-
off was any heavier on cutover areas than on timbered lands.

We are told by municipal water supply officials that
allowing fishermen and hunters into watershed areas will endanger
water purity, and simultaneously told by a professor of clinical
medicine that there is no greater prevalence of waterborne
diseases in open watersheds than those which are closed to public
entrance.

We have been told that the fish farm program was and is
"the answer" to replenishing our fisheries, but we have just read
that the Washington Department of Fisheries evaluated its own
fish farm program with results ranging from "very promising" to
“"fajlure'—and more expensive than anticipated.

We read in a recent U.S. Public Health Service sym-
posium on siltation that one California fisheries biologist thought
it "pretty obvious' that an increase in stream or lake turbidity
affects photosynthesis. We read in another presentation in the
same symposium that another expert from Oregon State University
concluded that 99. 9 percent of the so-called research in the area
of turbidity and sedimentation problems today results in data that
allow, for the most part, inaccurate conclusions.

We cannot imply that any of these statements (most are
direct quotes) express the full, unequivocal position of any man
or agency. This is to suggest, however, that "all the hay isn't
in the barn' so far as watershed research is concerned. Further,
to repeat an old saying,

It ain't the things you don't know
what gets you into trouble; it's the things you
know for sure what ain't so.

So where do we stand today in watershed management?
Where should we be going? How should we be planning to get
there?

Even to a non-technician in watershed management, the
most important fact seems to me to be the need for more facts.
You cannot read a report, attend a conference, talk to technicians,
or even scan a newspaper or television, without concluding this.

Here are several examples of what I mean:



Millions of people watching television last month heard a
Public Health Service toxicologist say there is no evidence that
the small doses of pesticides we get are causing harm. The same
millions watching the same program heard a staff member of the
President's Science Committee and the Federal Council of Science
and Technology say there is a great deal that we do not know about
the biological effects of pesticides as they relate to soil, water,
and animals in our country, as well as man himself,

Millions last month also read a nation-wide wire service
account in which the director of the Bureau of Commercial
Fisheries was quoted as saying that fisheries research and devel-
opment programs are inadequate, information is mainly limited
to a few species that are heavily fished, and a step-up in research
is needed to fill gaps in knowledge if the domestic industry is to
develop.

We read in a recent University of Washington Fisheries
Research Institute circular that in the case of upstream salmon
spawning, our biologists know what salmon eggs and fry require
for survival but know almost nothing about the gravel, the life
of the plants and animals that are in it, or the interrelationships
which determine whether the final resting place of the eggs is
favorable,

We hear the managing forester for a large forest
products firm with an advanced forestry research program ad-
monish that we don't yet understand the physiological inner
workings of a tree—the plant on which our entire forest products
industry is based.

We read recent Congressional testimony of the chief
hydraulics engineer for the U. S. Geologicé.l Survey in which he
observes that while the nation spends $10 billion annually on
water control activities, very little is spent on basic water re-
search,

We read in the proceedings of a recent Public Health
Service symposium that fisheries managers want to know, and do
not know for certain, how much sand or silt is permissible in the
bottom of a lake or stream; how turbid the water can be and for

how long. We read in the same proceedings that fisheries man-
agers do not know for certain what sort of research they need on
the subject of siltation (which Bertrand Russell partly would solve
with his observation that the stupid are cocksure and the intelli-
gent full of doubt),




The volumes accounting the blind spots, voids, vacuums,
and needs for watershed management facts seem almost as thick
as the data developed to date. There seem to be so many problems,
and some of them seem so large and complicated they obviously
cannot be attacked all at once. At the same time, to concentrate
on just one would probably leave 99 or 199 others standing in the
way of progress.

The situation seems to call for a systematic weighing of
problems, a thorough analysis of the research and fact finding
already conducted, and an evaluation of priorities to guide in
setting future effort.

A systematic approach should probably include the
following considerations:

1. Favor those areas of research and fact finding which
can be seen to lead toward affirmative results. Find which
combination of practices, conditions, or uses produce more water
or better water, or fish, or game, or trees. Expend effort
where the potential is greatest; where it will produce the most
beneficial and worthwhile results in relation to investment of
money or manpower in the shortest period of time.

For example, we are told that mortality of salmon is by
far the greatest in fresh water, that probably 90 percent of their
eggs die under conditions unmolested by predators, unaffected by
man. Yet for some time now we have been tilting at pulp mills on
the estuaries, forcing the installation of millions of dollars of
control and recovery equipment. Much of this effort is questionably
marginal or unknown in its effect on water quality. Why wouldn't
it be more sensible at this date to direct our estuarial effort
toward finding out what water conditions actually are required to
correct identifiable problems? More important, instead of
spending millions more on downstream mills, why wouldn't it be
more productive to spend thousands more on determining how to
improve upstream egg survival?

2. Remember that watershed management research and
fact finding always costs somebody money. In the quest for
answers never forget that these are not solely biological ventures.
Economic factors are part of every watershed management problen
They are not separate problems to be resolved after biological
answers are revealed.
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The cost of growing trees and of forest management has
been reckoned with and borne by the forest industry for years.
The cost of providing game and game fish is shared by hunters and
fishermen, to the extent that hunting and fishing licenses pay the
bill. The cost of outdoor recreation is just beginning to be
recognized.

The cost of water, in relation to its worth, has largely
been taken for granted. Only recently have people begun to
appreciate that we have acquired water at bargain prices. A real
dilemma confronts private forest land owners in the matter of
protecting water quality on a watershed they own or control.

If the landowner on whose land the water is developed
really determines to go all the way to maintain the water at its
highest practical quality, who pays the bill? How much should
the landowner be expected to do without finding a way to charge
the user for the quality of water he has protected, or being other-
wise reimbursed?

These are critical questions when recognizing that tree
growing as a business venture returns the owner no more on his
investment than he can realize by sitting at home and investing in
relatively risk-free investments such as government bonds.

3. Involve to the fullest practical extent the principal
qualified and affected parties in setting priorities on research
and fact finding to be initiated or issues to be resolved.

This seems fundamental. Priorities on projects can
hardly be set rationally without having some predetermined course
or policy for watershed use. How can an equitable settlement of
""'cities vs. sportsmen' for example be reached for city, sportsman,
and landowner if all parties, including the appropriate public
agencies, are not called upon to participate in contributing and
weighing definite information and the specific facts of the
matter.

The manner and the attitude with which facts are sought
and used as a basis for finding solutions are equally important as
the need for the facts themselves, We should review which pro-
cedures for compiling and analyzing facts have worked and which
have failed,

Here are a few proven prescriptions to encourage failure:
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1. Determine the answer first, then dig out the facts to

prove it. If a regulatory agency today sets out to prove a con-

clusion—that pollution does exist in a given area, for example——
it will prove it. If an industry sets out to prove that no pollution
exists, it will prove that, too.

Technology has advanced to where any competent agency
is clearly capable of clouding a complex water issue with an
assortment of statistics, some relevant, some perhaps not, in
order to develop a publicly convincing image of pollution. Industry,
too, has demonstrated with at least equally competent men and
equally convincing statistics an ability to checkmate the matter as
often as not.

2. If you represent industry, consider all government

men "the enemy." Nothing triggers your adrenalin better or makes

you feel more like you are in a crusade than to declare government
the enemy and fight all its representatives as though they were the
advance guard of a growing army out to destroy free enterprise,
with their feet firmly planted in the public trough and their hands
clasping your wallet.

If you represent government, consider all industry and

land owners ''the enemy." Nothing stirs your adrenalin better or

makes you feel more like you are in a crusade than to tell your-
self and your friends that those industry guys manage resources
only where and when they can make a buck, do not give a damn
about water, fish, game, or people, and have too much land and
too much money anyway.

3. Regardless of the issue, take the position that there

will be no compromise. For example, a municipal water supply

manager simply says to sportsmen, '"There will be no compromise
with any activity that tends to jeopardize the purity of the city's
water. .. and that's that..."

I won't become maudlin about the concept of compromise.
Some could remind me of the view that compromise is only the
sacrifice of one right or good in the hope of retaining another,
and too often ending in the loss of both, I think another view of
compromise, however, is more realistic. I certainly prefer it;
the observation of the 18th century Englishman, Edmund Burke,
"All government—indeed, every human benefit and enjoyment,
every virtue and prudent act—is founded on compromise and
barter."
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4, Work alone in gathering or analyzing your facts.
Surprise all other interested parties and agencies with your ac-
complishment. You are serving on an advisory committee
charged with developing a plan that proposes the consolidation of
a state's water handling functions and departments into a single
agency. Don't ask the career people in these agencies for their
views on what will work. Send them a copy of your recommen-
dations after they are mimeographed.

You work for a regulatory agency concerned about a
discharger on a vital waterway. You want him to improve his
methods. Seek his cooperation by, (a) publishing a '"surprise"
departmental report on his operation, (b) blasting him in the news-
papers, (c) making a speech or two about his unhealthy attitude to
the local sportsmen's club, and (d) then asking his help in con-
ducting a '"'cooperative' survey to determine what the stream con-

ditions really are.

5. Speak loudly and carry a big stick. Approach all
water quality problems with the following attitude:

(a) Public opinion is what you are bidding for.

(b) The public is sort of apathetic and possibly a
little stupid, too, so overdramatize your story, use
color book cartoons, leave out inconvenient truths.

(c) Characterize waste dischargers, loggers, road
builders, mill operators, and users of chemical
sprays as potential, if not actual, murderers of little
fish, little rabbits, or even little children.

(d) Advocate law enforcement as the most important
single factor in solving water problems.

This posture results in creating an educational-infor-
mational image of watershed management and water quality prob-
lems where the ingredients each smack a little of Mickey Mouse,
Arthur Sylvester's Cuba and Murder, Incorporated, where the
tools of the trade include the use of public hearings to gather
opinion, not facts, where the enforcement tools are the mob, the

rope, and the hanging tree.

At this point I want to be certain that I am clearly under-
stood. These "prescriptions for failure'" are not in my mind
categorical. There will always be honest differences of opinion
on what does, in fact, constitute pollution, or for that matter,
what constitutes fact.
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There will always be individual viewpoints which various
parties are obliged to defend.

There will always be certain principles which morally
compel exposition.

There will always be a need for governmental action,
and private action, to be based on public opinion.

Something is to be said, however, on what kind of public
opinion. Someone once observed that "accurate knowledge is the
basis of correct opinions; the want of it makes opinions of most
people of little value." This is not necessarily so in a democracy
where the majority of people are right, whether they are right or
wrong. A political fact most certainly may not be a scientific
fact, yet in all likelihood it will be controlling in a democracy.

Consider the wisdom of James Russell Lowell when you
are considering how you would shape public opinion on watershed
issues.

All free governments, whatever

their name, are in reality governments by public

opinion, and it is on the quality of this opinion

that their prosperity depends.

There are hopeful signs. In recent years private land
owners, state and federal agencies, and university research
centers have found it mutually beneficial to cooperate on manage-
ment problems relating to deer, elk, porcupine, and bear damage
and other watershed management problems. The Washington
Pollution Control Commission, University of Washington's
Fisheries Research Institute, and Weyerhaeuser are entering now
upon an extensive, cooperative study of Boise Creek and its
watershed. Other public agencies, both state and federal, have
expressed interest in cooperating on certain phases of the study.

When the study is completed many months from now, it
would be nice to think that conclusions will have been reached
that are compatible with the interests of all water users on Boise
Creek. With the principal parties working together, the con-
ditions for mutual understanding of each water user's problems
are certainly improved. Furthermore, the procedures evolving
in the Boise Creek project, both as to technical fact finding and
as to the cooperative administration of the program could well
set precedents for effective work on other streams and water-
sheds.
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In southwest Washington, a cooperative hemlock looper
control program has been in the planning stages for many months.
The infestation covers some 70, 000 acres of lands owned by
several private forest products companies, the state of Wash-
ington, the federal government, and others. Coordinated by the
State Department of Natural Resources, some fifteen different
agencies and organizations have participated in various phases of
the planning to date. Among the cooperators are: U.S. Forest
Service, U.S. Bureau of Commercial Fisheries, U.S. Bureau of
Sports Fisheries and Wildlife, U.S. Public Health Service, Oregon
State Sanitary Authority, Washington Pollution Control Commis-
sion, departments of Natural Resources, Health, Fisheries, Game,
Conservation, and Agriculture, representatives of Pacific and
Wahkiakum counties, and the principal land owners.

Commercial and sports fishing exists in or near the
spray area. Oysters, crabs, clams, fish hatcheries, and dairy
farms must be protected. All these parties have been or will be
contacted before the project is launched, probably in June of this
year. Every safeguard and control technique know to the men in
governmental agencies and companies has been considered and
will be employed.

The project could be a total success or a partial failure
insofar as destroying the infestation and saving the timber or
protecting the other resources in the area. What can be said with
reasonable assurance at this time is that the chances of all around
success are increased manyfold by the cooperative attitude taken
by all parties to date. Further, a similar project carried out in

northwest Oregon last year was very successful.

In my limited direct experience in the watershed manage-
ment field and my travels among its literature, three other
propositions seem worthy of mention:

1. Utilize the resources and talents of university
facilities to a greater extent than in the past. Here is a source
of information and experience upon which both industry and
government at times can draw and rely for competent work. Here,
too, is offered the possibility of third party, detached objectivity,
often necessary in watershed determinations.

2. Invite more industry representatives to participate
in the conferences and symposiums on water quality research,
particularly those which are sponsored by government. The day
is long since past when government can afford to rely solely on
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the judgment and experience of its own employees in watershed
management deliberations. Similarly, the day is gone when
industrial land owners can afford the luxury of leaving things
solely to tax-supported research and decision making. Both as
water managers and as water users, private industry and land
owners must share in the knowledge and responsibilities of the
conference table input and output. This has been a successful
technique employed in forest and land management problems for
years. It certainly should be employed in problems of water
quality and watershed management.

3. Change the name of this venerable and worthy con-
ference from "Industrial Waste'" to something that looks more
positively into the future. Five years ago I spoke to the Pacific
Northwest Sewage and Industrial Wastes Association in Spokane.
I think it is fair to say that some of the things said then about the
name of that organization led to consideration of its name change.

The name of any group or conference creates an image in
the public mind and affects its participants' attitude toward their
deliberations. Too, there is a certain futility and ridiculousness
in naming a group after something you are trying to reduce or
eliminate rather than something you are trying to attain or emulate.
Many people, including the public generally, will have more
confidence in all of us if this biennial affair were called something
like "Pacific Northwest Water Quality Conference' rather than
"Pacific Northwest Industrial Waste Conference."

Industry, too, would feel better, I am sure. Too often
industry comes to too many conferences of this type with a chip
on its shoulder and a monkey on its back. By getting industry off
the defensive we may contribute much toward solving such
problems as we may have.

Watershed management has been for too long a time a
field plagued with the concept that "any change in nature is a
change toward evil, ! where too many conclusions have been
reached before investigation, where the best way to solve prob-
lems has often been considered the use of the mob, the rope, and
the tree, where the principal private and public parties have
viewed each other as the "enemy, " and where the competition for
"facts" has often exceeded constructive, cooperative effort to
gain them.

It is time to discard the methods of Mickey Mouse and
Murder, Incorporated.
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It is time to junk the paralyzing game of cops and rob-
bers with its polarizing effects that divide the community into
good guys and bad.

It is time to think of the past only long enough to re-
member the lessons it taught, of the future only long enough to
plan for it and to remember that useless worries generally dis-
appear in the face of constructive, cooperative activity.

It is time to tackle the tough problems with selected tools
of precision, scientific techniques of the universities, industry,
and government, and the social talents of mature men.

There is no question in my mind but that public water-
shed policy is shaping toward making room for all compatible
interests on the same watershed. Right now, water and water-
shed users are about like 25 impetuous college freshmen making
a dive for the same telephone booth. Given time, cooperation,
and common sense, they all will make it. So will we.

One day soon I can visualize a meeting of the hunters
and fishermen and game and fish biologists, of municipal water
supply managers and health officers, of loggers and foresters
and farmers—yes, and of regulatory men and lawyers, too—
for they always will have important roles to fulfill.

It will be a happy meeting. It will be held on a local
watershed, more than likely whose ownership is commingled
public and private. The guests of honor will be the technical
people in industry, education, and government who showed the

way toward watershed compatibility and harmony.

The politicians, in whose hands our social decision
making rests, will be relieved.

The public relations men will be pleased.

And the public will be served.
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WATER SUPPLY AND WASTE DISPOSAL
PROBLEMS OF THE FOOD INDUSTRIES

Walter A. Mercer
INTRODUCTION

As representatives of the food industries and suppliers
to these industries, we cannot avoid or postpone recognition and
study of our water problems—shortages of supply, deterioration
of quality, and prevention of pollution.

From every side we hear that our water supply is
running out. We are told that our water pollution problem is a
national disgrace, that filth in our streams is a creeping menace
and a galloping disease.

Whether the situation demands such dramatic language
is questionable, but we must be realistic. Men of foresight in
the food industry have said that our advancing technology in food
production may enable us to win the battle to feed an ever in-
creasing population—only to lose in the long run because we
destroyed our water supply.

In the real sense we are not running out of water. Over
the span of years our national rainfall remains constant within a
few percent of the annual average of 30 inches.

Inherent in the causes of our problem is maldistribution
of people and water. In the West our population and industries
are growing at an explosive rate. Yet, broadly speaking, the
western half of the nation receives only one-third of the annual
national rainfall. In California, for example, 70 percent of the
water supply from annual rainfall originates in the northern one-
third of the state, while 77 percent of the need for water lies in
the southern two-thirds of the state.

Added to the maldistribution problem is the increasing
individual demand for water. Our 180 million people now use
300 billion gallons of water per day. For each of us, 1600 gallons
of water per day must be used to supply the commodities and
services we are so dependent upon. For a family of four, 550
gallons per day are required for bathing, dish washing, clothes
washing, watering the lawn, washing the car, and filling the
swimming pool. On the basis of water usage we are surely the
cleanest and certainly the most extravagant people in the world.
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Each year this personal need for water is increased.
Because of this and our population explosion, within 20 years we
will be withdrawing as much water from both surface and under-
ground sources as we can possibly develop.

The only logical way that we as a nation can meet water
requirements in the years ahead is to collect more of the water
now wasted to the oceans and to use our available water over and
over again—and water reuse means pollution abatement.

Regarding water pollution, our Public Health Service
says that over the past 50 years the volume of municipal wastes
in our nation's waterways has increased 200 percent, and indus-
trial pollution has risen 2900 percent. It is said that $7 billion
must be spent over the next few years to adequately treat waste
waters and correct pollution problems.

Recently, at a National Conference on Water Pollution
sponsored by the Public Health Service, a national credo was
pronounced. It goes like this:

1. Users of water do not have an inherent right to pol-
lute that water

2. Users of public waters have a responsibility for re-
turning them as clean as technically possible

3. Prevention is as important as control of water
pollution

These statements, in broad aspect, reflect national
thinking on water pollution. There are now many individuals and
groups who believe that the streams of our nation should be
restored to the pristine purity of that time when the white man
first gazed on them. This, they believe, must be done at all
costs.

The approach of the clean water fanatic is that water
pollution control requires treatment for every waste discharge,
whether needed or not. The consequences of such a requirement
are that public and private monies are spent unnecessarily, public
funds are diverted from other needed projects, and technical and
scientific facts are ignored.

The definition of water pollution differs with who you are,
how you make your living, but most of all depends on your choice
of recreation. More than 32 million Americans purchased hunting
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and fishing licenses last year. By 1980, it is predicted 60 mil-
lion persons will buy licenses and spend $6. 3 billion in outdoor
recreation. Today, 8 million pleasure boats are in use on the
nation's rivers, lakes, and coastal waters. Skin diving has
soared into a $100 million business. Leisure-time activities in
the nation, often grouped together as recreation, are now re-
sponsible for an annual outlay of $40 billion, or more that 8 per-
cent of the gross national production.

There are as many definitions of pollution as there are
groups of people concerned with pollution. To the Fish and Game
Commission pollution is any condition which prevents abundant
fish life. In our opinion, a good, fair definition is that of Dr.
Richard Hoak of Mellon Institute, who has said, '"Pollution is the
discharge of any material that unreasonably impairs the quality
of water for maximum beneficial use in the overall public
interest.'" We are fortunate in that a number of our state water
pollution control agencies follow quite closely the philosophy of
this definition.

Although some regulatory agencies may be sympathetic
to our food industry problems, we would be unrealistic not to
expect and plan for more rigid requirements with regard to
water pollution control and protection of the quality of our
ground water resources. We must realize that water used by
industry is community property and must be returned after use
in a condition which does not damage or otherwise cause undue
inconvenience to the community.

WHERE DOES THE FOOD INDUSTRY STAND?

Where do the food processing industries stand with regard
to this concern about water supply and water pollution problems?
To produce our annual, nation-wide pack of 700 million cases of
canned foods requires about 36 billion gallons of water. A river
of 5 billion gallons of water is needed to process California's
tomato crop. To can the bean crop of the Northwest requires
more than 400 million gallons of water.

Together, the nation's canning and freezing industries
use approximately 0. 10 percent of the total usage of water by all
industries.

We are most vulnerable with regard to the heavy load
of organic wastes in the water leaving our plants. The 36 billion
gallons of clean water we take in is discharged with a required
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treatment potential equal to 300 billion gallons of domestic sew-
age. Processing 10 tons of tomatoes produces a liquid waste
equivalent in strength to the daily sewage from 700 people.
Liquid waste from canning one ton of peaches has a population
equivalent of 500.

It has been said that on peak days of operation the food
industries of the nation produce organic waste materials which,
if untreated, would be equivalent in strength to the sewage pro-
duced by every man, woman, and child in the nation.

The disposal of liquid and solid waste materials from
food processing is rapidly becoming one of our most perplexing
problems. For most processors the net expense for waste
disposal is already a substantial item in the cost of producing
canned or frozen foods. For the future we can only expect waste
disposal to be progressively more troublesome and expensive,

Twenty years ago it was commonly considered that to
produce the average case of canned product 25 gallons of water
were required. Today, because of quality improvements and a
more rigid definition of clean foods, the average use per case is
nearer to 50 gallons.

Fifteen years ago waste disposal or treatment costs
amounted to about one-tenth of a cent per case, Today this ex-
pense is in the vicinity of seven-tenths of a cent per case,
Costs as high as four and one-half cents per case are forecast

within the next few years.

A major factor in the gloomy waste disposal situation in
the West is the explosive increase in population and industrial
growth. For the period 1955 to 1970, the average population
growth rate for the nation is calculated to be a 27 percent in-
crease; for California, 57 percent; for Washington, 33 percent;
and for Oregon, 38 percent.

This means that existing treatment facilities are or soon
will be inadequate. The trend toward suburban building means
that food plants which may once have enjoyed relative isolation
can now be surrounded by homes or other industries more for-
tunate with respect to the nature of their waste materials.

Even the economics of food processing have a trouble-

some influence on waste disposal problems, As the margin of
profit per unit of finished product becomes smaller, the processor
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must increase production to survive. Larger tonnages of raw
product mean larger volumes of stronger waste materials to be
handled and disposed of at higher costs. As an industry, we have
been slow in awakening to the seriousness of the problems we are
now facing.

WATER CONSERVATION RESEARCH

What is the canning industry doing about water supply
and waste disposal problems?

An important part of the answer to that question is our
realization of a hard but simple truth—the industry must learn to
use less water. This must be done in the face of the fact that
raw foods must be washed cleaner than ever before—but with less
water. There must be more thorough removal of pesticide
residues and, perhaps, even radioactive fallout.

Only through research can we determine how much water
usage can be reduced and still allow an efficient sanitary operation.
Reduced water usage can be rewarding not only in conservation of
a commodity so vital to the industry and the nation, but also in
reduction of the volume of fluid waste whose disposal becomes
more troublesome each year. These reductions in water usage
must be accomplished by procedures which cause no undesirable
effects on the physical appearance, nutritional qualities, or
sanitary condition of the product. This is an important area in
our research on product protection.

The theme of this cooperative research is, simply,
"Cleaner foods with less water." For example, we have worked
together to determine the conditions which influence the effective-
ness of raw product washing. Regardless of the water use
situation, raw foods must be cleaned.

Our study of the conditions required to remove soil,
insects, microorganisms, and chemical residues from raw foods
shows that final cleanliness of the food is not dependent on the
volume of water used but on the method of applying the water to
the food.

As a result of this work we are able to supply information
regarding the type of spray nozzles which give most effective
cleaning. We know, for example, that nozzles which deliver a
spray of medium-size droplets have more mechanical scrubbing
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action than nozzles which atomize the spray. We are able to
recommend the most effective arrangement of the spray washing
system with regard to the construction of the belt conveying the
product beneath the sprays, location of the sprays with regard to
height and spacing above the product, the pressure of the sprays,
and the temperature and volume of water to be used.

The need for more economical methods in food production
has brought about development and, now, widespread use of bulk-
handling methods in preparing foods for canning. Within the
factory, bulk handling includes the use of hydraulic dumps for
receiving raw foods and hydraulic systems for moving raw foods
to and from operations which prepare them for final processing.

Fruits of all kinds, spinach and peas, and even fish are
extensively flumed and pumped. Indiscriminate operation of
such hydraulic systems for food handling creates situations of
concern with respect to the sanitary condition of the food. Our
research has shown that microbial counts for foods in the can
are influenced by the sanitary condition of the water in which
they were pumped or flumed.

Of equal concern is the excessive water demand of
hydraulic systems when used in areas faced with current or
potential shortages in water supply. In any area the disposal of
resultant large volumes of waste water may create water pol-
lution and public nuisance problems. Excessive use of water in
these hydraulic systems may insure the good sanitary condition
of the foods being conveyed, but we must stress the need to con-
serve water and prevent waste problems through more efficient
use of the water. This can only be accomplished by extensive
reuse of the water.

Based on our research, we are prepared to suggest the
flume systems which use clean waters reclaimed from other
operations in the cannery and which recirculate the water to the
extent possible without causing unsatisfactory sanitary con~
ditions,

The water-saving potential of these water reuse pro-
cedures is highly significant. In pea canneries, for example,
where all clean waters are collected for reuse and the flume
water is recirculated to the maximum extent, water consumption
may be reduced by as much as 45 percent.
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Hydraulic conveying systems are usually operated as
though they are inflexible with regard to the volume of water used.
The setting on the water valves is always wide open. In such
systems the sanitary condition of the water varies with the load of
product being conveyed, the gallons water used per unit weight of
product, and the use or not of chlorination. Where the volume of
water is constant and the rate of production, measured in cases
per hour, increases, the gallons of water used per case decreases.
Since the ratio of water volume to product load is decreased, the
concentration of organic solids in the water and numbers of bac-
teria are increased. With the addition of chlorine held constant,
an increase in organic solids causes a resulting decrease in
chlorine residual.

Our previous and current studies have convinced us that
means must be found for controlling the sanitary quality of the
water in these hydraulic systems. This must be done as a safe-
guard for product quality.

We are impressed with our experimental results which
indicate that measurement of selected physical characteristics in
these recirculated waters is a reliable means of estimating their
sanitary condition. Such a relationship is that between total
solids and total numbers of bacteria.

Values for turbidity and color can also be related to
sanitary conditions. We are convinced that these measurements
can be made the basis for operation of continuous, automatic
monitoring devices which can control the addition of fresh water
to hydraulic systems. By this means satisfactory sanitary con-
ditions can be maintained without excessive use of water. This
work is being supported in part by a grant from the Division of
Environmental Engineering and Food Protection of the Public
Health Service.

Under the conditions of food plant operation, there is
now no practical test by which the bacteriological condition of
food washing or fluming waters can be determined. Such methods
or tests must necessarily be limited to those which give an im-
mediate answer since the condition of concern is that at the
moment of sampling. For this reason counting the number of
bacteria by plate culture methods cannot supply the information
needed at the time of sampling.

Presently, we are working with model flume and pumping
systems. Measurement and control of the physical condition of
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the water recirculated through these systems has been designed
around a sensitive turbidimeter. Previous study of waters re-
circulated in commercial hydraulic systems serves as a basis
for formulating simulated waters which are pumped through the
model flume,

We believe that use of such control systems suitably
automated to give continuous monitoring of the water's condition
would have important advantages, among which are the following:

1. "One-pass" uses of water could be eliminated,

2. Discharge of clean water during work slow-down or
stoppage would be prevented.

3. Continuous monitoring methods for measuring the
organic concentration in waste waters would allow issuance to
industry of permits to discharge to storm sewers or streams,
waters which comply with prescribed conditions. In many sit-
uations such controlled discharge of relatively unpolluted waters
would relieve the overload on sewage treatment plants,

With reference to water usage and fluid waste disposal
problems, we urge the canners to keep these goals constantly in

mind:

1. Development of in-plant practices which will limit

the volume of process waters to that necessary to carry out a

sanitary canning operation.

The thought here is that containment of the waste load
in as small a volume of water as possible is essential in reducing
capacity requirements, in treatment facilities, and in promoting
more efficient treatment,

2. Segregation at the point of origin of strong waste

waters from weaker, cleaner waters.

A case in point here are the blancher waste waters in pea
canneries which, volume-wise, represent only about 2 percent of
the total waste flow, yet contain 60-70 percent of the total organic
load. In some cases clean waters, thus segregated, can be re-
used or discharged to streams without causing a pollution problem.
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TREATMENT AND DISPOSAL OF LIQUID WASTE

With water usage reduced to a level which still allows a
bacteriologically safe and sanitary operation, and the liquid waste
adequately screened to remove solid wastes, the final volume of
liquid waste must be disposed of with or without treatment.

Much of the difficulty involved in the satisfactory disposal
of liquid cannery wastes is a result of the nature of the wastes.
As compared to domestic sewage, their pollutional strength is ten
to fifteen times higher. They are unusually high in soluble sugars,
starches, and other complex organic materials. Unfortunately,
the concentration is usually less than one percent, which does not
justify attempts to recover useful constituents.

A further difficulty is the large volume of liquid waste
resulting from the usual cannery operation. The average waste
flow for western canneries is more than a million gallons daily.
Multiply this volume by 60, 100, or 200 days of plant operation
and the enormity of the problem is more clearly seen.

In spite of the difficult nature of cannery wastes, many
improvements have been made within the scope of the following
general methods of disposal:

1. Discharge to a municipal sewage treatment plant.
This is the preferred method. Its success depends on adequate
capacity of the receiving plant and sufficient dilution of the can-
nery wastes to prevent disruption of the necessary biological

processes.

2. Discharge to a land disposal system. The use of
lagoons is decreasing since this method of disposal is often
complicated by odor, fly, and mosquito problems. However,
improvements have been made in the design and operation of can-

nery waste lagoons.

Spray irrigation is increasing as a method of liquid
waste disposal. Under suitable conditions this method will
prevent stream pollution and odor problems. It is usually less
expensive than other methods of treatment. With average con-~
ditions it can be roughly estimated that 40 to 50 acres of land will
be needed for each one million gallons of waste produced each day.
In some areas this acreage is not available or is too expensive to
be used for waste disposal. In one of our studies we are delib-
erately saturating experimental plots to determine how much water
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the soil and cover crop can take. The volumes of waste sprayed
on the plots are accurately measured. The plots are graded so
that the run-off is collected and measured. Samples are tested to
determine how much improvement has occurred in the quality of
the water,

Our preliminary studies with tomato waste show that:

a) The pollutional strength of the run-off from
the plots was reduced by 52 percent.

b) The dissolved oxygen content was increased
from zero to an average of 4, 2 ppm,

c) Allowing 8 hours rest between spray periods
the area of l1and required to handle one million gallons of
waste per day could be reduced from 60 to 24 acres,

These results are encouraging and will be supplemented
by the results of further experiments,

3. Discharge to cannery-operated treatment systems.,
Chemical treatment is now seldom used for fruit and vegetable
canning waste, However, all food plant wastes are amenable to
biological treatment methods. Partial or complete treatment of
the total waste flow involves extremely high costs for equipment
having sufficient capacity to contain the flow for the time period
required for adequate treatment.

Our research is now concentrating on high-rate treat-
ment methods suitable for handling relatively small volumes of
strong wastes. It is expected that, in some cases, the disposal
of liquid waste will become so troublesome that canners and other
food processors will be required to treat strong waste to some
degree before it is discharged to the sewer.

DISPOSAL OF SOLID WASTES

With reference to solid wastes from canning operations,
the problems of disposal are rapidly reaching a critical stage,
Much of this waste material is presently dumped or spread on
land. The infiltration of urban industry and population into once
rural areas no longer allows the isolation necessary to prevent
nuisance and public health problems arising from this method of
disposal. The breeding of flies and agricultural pests in fruit and
vegetable refuse can be demonstrated.
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Heightened activity in protection of stream and ground
water quality has given rise to justifiable doubt about land-fill
disposal of these high moisture waste solids. Because of the
wet nature of the solids and air pollution problems, incineration
cannot be considered as a solution. Utilization in by-products
recovery is seriously limited by pesticide residue problems.

OCEAN DISPOSAL OF SOLID WASTE

Solid wastes are being barged out to sea from one area
in California. Approximately 70, 000 cubic yards of fruit, tomato,
and vegetable solids are collected by a scavenger company and
accumulated in a concrete sump located near the Oakland side of
San Francisco Bay. From the sump the solids are bulldozed
into a hammer mill for breaking up the larger pieces of fruit
and the peach pits. Following this the solids are pumped into a
converted oil barge which, when loaded, is towed to a disposal
area about 26 miles beyond San Francisco's Golden Gate.

The mechanics of disposal at sea consist of pumping the
waste material from the barge at a rate of discharge prescribed
by the pollution control agency. The speed and direction of the
barge is also prescribed.

A monitoring program was required by the pollution
control agency. This was carried out by sampling the ocean at
various depths and distances behind the barge. All regulatory
agencies concerned with the operation are pleased with this
method of disposal. The results of all tests indicate that the
discharge creates only momentary changes in the water.

COMPOSTING OF SOLID WASTES

Ocean disposal of solid wastes is, of course, limited
just to coastal areas. Even there, because of the threat of
maritime labor strikes and the excessive cost of the operation,
it cannot be considered as a permanent solution to the disposal
problem. It is an alarming fact that if open dumping or land-fill
disposal were suddenly prohibited there is no alternative
method known to be reliable and economically feasible.

For the past two seasons our laboratory has conducted
a series of pilot experiments to study the feasibility of composting
fruit waste solids. The Sanitary Engineering Research Labora-
tory of the University provided a composting side at their Rich-
mond field station. We are just now initiating a four-year study
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program, supported in part by the Division of Environmental
Engineering and Food Protection of the Public Health Service.

It was realized from the beginning that to be success~
ful and practical the compost process would have to be rapid,
non-odorous, and free from fly problems. In composting lan-
guage this means a high-rate, aerobic process.

The process offers considerable promise as a means of
disposal. The current season's experiments are attempting to
determine the conditions necessary to accelerate the compost
process. Previous experiments indicated that an initial lag in the
process was due to the low pH of the starting mixture of fruit
waste and dry waste materials, such as sawdust and rice hulls.
Lime is now being added to control pH level within a range more
optimum for rapid microbial growth. Because of the low avail-
able nitrogen content of these compost mixtures, nitrogen in the
form of urea is being added. Preliminary results of current
experiments indicate that these additives are having the desired
effect in accelerating the breakdown and stabilization of the
fruit wastes.

It is expected that population growth and industrialization
of many areas will limit the land space available for compost
operations. In many situations it will be desirable for the food
processor, on his own premises, to convert waste solids into
compost or other stabilized by-products no longer capable of
causing nuisance problems. In view of this prospect, a second
phase of the current experimentation is investigating the mechan-
ics of continuous composting. The overall aim is to develop
machinery and handling techniques which automate composting of
the waste solids and maintain conditions which allow continuous
feeding of wet solids into a system producing a dry, stable end-
product.

CONCLUSIONS

The National Canners Association feels that food proces-
sors should make determined efforts to reduce the wastage of raw
products which it processes and the volume of water used in the
process, for these are the causes of pollution and disposal prob-
lems. The Association feels that the industry should attempt to
correctly evaluate its responsibilities in the prevention of waste
disposal and water pollution problems. At the same time the
Association feels that much of the complexity and magnitude of
the waste disposal problem facing the industries today are not of
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their making, and the search for solutions to these problems not
entirely the responsibility of these industries. Explosive in-
creases in population and industrialization of once rural areas
have created problems which can be solved only by community
efforts. To this end research programs designed to aid in these
efforts should have support from public funds administered by
the Public Health Service. In turn, the Public Health Service
should have the good will and cooperation of industry.

PROBLEMS ON WHICH HELP IS NEEDED

The use of water in food plants and disposal of waste
waters from these plants create problems which are varied in
character and always complex, Solution of current and future
problems will require the attention of engineers, chemists, and
other workers in many fields.

I wish to direct my concluding remarks to food machinery
manufacturers, agricultural scientists, representatives of the
University, and to all who may be in a position to help with the
industry's water and waste problems.

Briefly outlined, some of the-problems which deserve
your attention are:

1. New designs in equipment for harvesting canning
crops should give consideration to the sanitary condition of the
harvested crop. Excessive amounts of soil, leaves, and stems
necessitate the use of excessive volumes of water to clean the
product.

2. New designs in food plant equipment using water
should consider factors which increase the efficiency of water
use. In addition, the design of the equipment should be such that
it is easily cleaned without excessive use of water. I include here
raw product washers using less water to give cleaner products,
can coolers using less water to accomplish cooling, and evapora-
tive condensers which require less water.

3. Methods for cooling water, prerequisite to its reuse,
should be more efficient and less expensive. Many canners now
without cooling systems feel that the conventional redwood towers
are too expensive and inefficient.

4., Greatly needed is equipment which would make pos-~
sible the screening or filtering of process waters to remove soil
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and organic debris, thus rendering the water reusable. Perhaps
a liquid cyclone separator would do this.

5. Evaluation of food plant waste waters for irrigation
of field crops could have far-reaching consequences. Basic
questions must be answered before irrigation of crops with waste
water would be widely accepted.

a) How do various types of organic waste
waters affect soil structure, ground water levels, and
ground water quality?

b) What are the soil building potentialities of
organic waste waters?

c) What crops would be best suited to irrigation
with waste waters ?

d) What are the economics of transporting
waste waters to suitable sites for irrigation disposal?

6. Of great value would be an investigation of the feasi-
bility of disposal of food waste waters by direct injection into
confined aquifers. Injection by pumping into a water-bearing
stratum would not be a health hazard since waste waters from
fruit and vegetable canning contain no microorganisms of public
health significance. Admittedly, many problems would have to
be solved by experimentation, but artificial recharge of ground
water resources with waste waters of this type would have con-
siderable potential for the ultimate solution of some of the state's
water problems.

Assistance in these and other related problems would
enable food processing and other industries to rest easier and at
the same time be a step in the direction of improvement in our
water resources situation.
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COMPOSTING FRUIT WASTE SOLIDS
Walter W. Rose, Jay Chapman, Walter A. Mercer

INTRODUCTION

Composting may be defined as a biological process in
which many types of microorganisms decompose organic matter
into stable material, usually called humus. To this definition we
add that it must be a high-rate oxidative process which is main-
tained under aerobic conditions by either turning or forced
aeration. Anaerobic composting results in low temperatures,
slow rate of decomposition, and the production of malodorous
gases.

Composting involves many types of microorganisms
which appear in sequence, and each group contributes towards
completing the cycle. The first group to appear are the meso-
philic acid-producing bacteria. These bacteria break down
simple organic compounds and raise the temperature of the
composting material so that the thermophilic bacteria begin to
predominate. Because of the intense biological activity of these
organisms, the temperature has been known to reach 160°-170°F.
During the thermophilic cycle most of the readily available
organic compounds are utilized, after which the temperature
begins to decline. The actinomycetes now become the predom-
inant group as indicated by the alkaline pH of the compost mix-
ture. This is due to the production of ammonia gas. The fungi
are present throughout the cycle but never become the predom-
inant group. They do utilize acids and perhaps raise the pH for
the thermophilic bacteria. The fungi also attack and decompose
complex materials such as lignin, cellulose, and pectin. Each
group has a specific job, and their sequence is independent of
most environmental factors.

Because composting is a biological process, environ-
mental factors influence the activity of the organisms and de-
termine the speed and course of the cycle. Some of the more
important factors to be considered are particle size of the ma-
terial to be decomposed, moisture content, aeration, hydrogen
ion concentration, and the initial carbon-nitrogen content. It
is our job to manipulate these factors so that optimum con-
ditions exist throughout the compost cycle.

In regard to the disposal of cannery waste solids, the
particle size can be controlled by grinding. The moisture con-

32



tent can be adjusted by the use of moisture absorbent material,
Oxygen requirements can be met either by turning or forced
aeration, The low pH of fruit wastes can be neutralized by alka-
line substances and the carbon or nitrogen content can be adjusted
by adding the appropriate compound.

For the past two seasons our laboratory has conducted
pilot experiments to study the feasibility of composting fruit
waste solids. Our objective was to develop techniques and oper-
ational procedures for composting fruit and vegetable solids which
result from peeling, coring, trimming, sorting, and otherwise
preparation of foods for final processing., This coming season we
shall begin field scale experiments to establish a cost basis,
space requirements, and other factors involved in the practical
operations of windrow composting fruit and vegetable wastes.

METHODS OF PROCEDURE

The experiments to be described were carried out in
open-top redwood bins. The bins were 4 feet square and 5-1/2
feet high. Previous work by others indicated that a compost mass
of one cubic yard would give reliable information applicable to
large-scale field operations. Three bins were arranged as shown
in Figure 1, at opposite ends of a concrete slab. The slab was
used in mixing and turning the compost from the bins.

For each experiment the solid fruit waste material and
the moisture absorbent material were weighed separately before
mixing. The bins were filled by alternate layers of fruit waste
and dry material. After {illing each bin, the height and volume
were recorded as well as the weight of each admixture. At the
end of a cycle these values were recorded again except that a
combined weight was taken to compare with the initial weights.

On the following day the material was removed from the
bin onto the concrete slab. Here it was mixed and turned with a
shovel and returned to the bin. This procedure was repeated for
five consecutive days, after which it was turned on alternate days
until the end of the cycle.

Separate samples of the fruit waste and the dry material
were taken for chemical analysis before each experiment. After
each turning, approximately 2 pounds of sample were taken for
pH and moisture determination. At the beginning and end of each
cycle a complete analysis was made on samples.
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Temperature measurements were made daily at nine
points in each bin. Temperatures were taken at 2-inch depths
and 8-10 inches below the surface, as shown in Figure 2. The
values used in this presentation were taken at point number 5 and
at a depth of 8-10 inches.

Since space requirements would be a major consideration
in evaluating the feasibility of large-scale composting of fruit and
vegetable waste solids, particular attention was given to the
changes in the weight and volume of the mixture at the end of a
cycle. Also, we were quite concerned as to whether or not the
finished air-dried compost could be recycled as the absorbent
material for additional batches of fresh waste. Figure 3 shows
the compost being dried at the end of a cycle.

EXPERIMENTAL RESULTS
Experiment 1

To compare the time periods required for composting
ground and unground peach solids, Experiment 1 was performed
using the weight ratios given below for unground fruit and dry,
recycled compost.

Bin No. Weight Ratio of Peach Solids Total Weight
to Recycled Compost in Each Bin
(Pounds) (Pounds)
1 150 to 100 2500
200 to"100 3000
3 250 to 100 3150

In this and the following experiments the dry recycled
compost and the fruit solids were placed in the bins in alternate
layers. After a 24-hour period the mass was removed from each
bin to the concrete slab, there mixed, and returned to the desig-
nated bin. After an additional 24-hour period the first tempera-~
ture readings were made and grab samples taken for chemical
analysis of the initial mixture.

Figure 4 has been prepared to show temperature changes
in the mixtures. The first readings were made 48 hours after
the fruit waste and dry material were layered into the bins, and
24 hours after the first turning for aeration. At this time the
temperature was approximately 115°F for bins 1 and 2 and about
102°F for bin 3. Temperature readings taken before turning the
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piles on three successive days were lower in each case. These
unexpected variations in temperature levels are believed to be
due to changes in the free moisture concentration, and conse-
quently changes in pH value throughout the mass in each bin.
Although the laboratory determination of initial moisture content
was 74, 76, and 79, respectively, for bins 1, 2, and 3, these
results did not represent the moisture concentration in all parts
of the pile. Much of the moisture and fruit acids, during the first
days of the compost period, was concentrated in the tissues of
the fruit pieces. Moisture and pH determinations on slurried
samples did not indicate true conditions in the bins, Release of
juices from the fruit tissues and turning of the mixtures re-
sulted in moisture and pH conditions less optimum for microbial
growth than beginning conditions.

Between the fourth and fifth day after the initial turning
of the compost mixtures, elevations in temperatures occurred.
About the eighth day, after reaching a medium range (120°~
125°F) the temperature for the three lots decreased, as shown
by the curves in Figure 4. By the twelfth day the temperatures
again increased for each bin to reach a high level within the range
of 140°-150°F. Thereafter the temperatures remained high for
a period of 20 days, then rapidly subsided.

The cause for the second decline in temperature is not
definitely known. It is conjectured that at the initial pH, between
4.0 and 5.0, only acid-tolerant microorganisms were able to
develop. Acid production by these organisms retarded growth of
other types. After utilization of the readily available fruit
sugars, growth of fermentative organisms declined, with a con-
sequent fall in temperature. Increased growth of molds de-
stroyed organic acids and resulted in an elevation of pH and con-
ditions more optimum for growth and development of thermo-
philic aerobes. It is known that failure to turn the compost
frequently after reaching thermophilic temperatures can cause a
decline through either partial sterilization or depletion of
oxygen. The curves in Figure 4 show the rapid temperature in-
creases which occurred about the tenth day of the compost period.
Figure 5 shows the changes in pH for the three compost mixtures.

In Figure 6 are curves for changes in percent moisture,
and values for temperature and pH for the compost mixture of 250
pounds fruit waste and 100 pounds of recycled, air-dried compost.
After 25 days the moisture concentration was reduced from 79 to
30 percent. Although the pH continued a slow increase up to the
final day of the experiment, the process could have been terminated
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after 25 days. After this period the temperature showed the
decline characteristic of the final stages of the compost process.
Table 1 gives the results of the laboratory determinations made
before and after the third use of the recycled compost.

Experiment 2

The previous experiment worked with fruit waste as it
came from the cannery. Whole fruit and pieces of fruit were
not ground before being composted. It was apparent that slow
release of moisture from the larger pieces and the proportion-
ately small surface area open to microbial attack were con-
ditions which extended the time required for decomposition of
the compost mass. Shortening of the time required for satis-
factory composting was considered to be an important factor in
determination of the feasibility of industrial application of
composting as means of disposal for high-moisture organic
wastes.

Peach waste solids were passed through a Reitz dis-
integrator having a screen opening of 0.75 inch. The ground
waste was mixed with the municipal compost recycled from
Experiment 1. The following weight ratios were used:

Bin No. Weight Ratio of Peach Solids Total Weight
to Recycled Compost in Each Bin
(Pounds) (Pounds)
1 100 to 100 1600
150 to 100 1500
3 200 to 100 1800

As shown by the graphs in Figure 7, the temperature of
the mass in bins 1 and 2 began increasing after the third day and
continued to increase until reaching, on the seventh day, levels
between 150° and 170°F. A gradual decline in temperature
followed. Figure 8 shows that increases in pH value followed
the pattern of temperature changes. Between the seventh and
ninth days the pH for bins 1 and 2 ranged between 7.5 and 8.5,
and remained stable within this range.

Bin 3 received the highest weight ratio of peach waste to
dry material. The initial moisture concentration was 71 percent.
For bins 1 and 2 the initial moisture concentration was 59.6 and
63.4 percent, respectively. The high moisture content of the
mixture in bin 3 caused the mass to be too compact for adequate
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aeration. The soggy consistency of the mixture prevented it from
falling apart during turning of the pile. When shoveled back into
the bin the weight and fluidity of the mixture eliminated air

spaces in the mass. As shown in Figures 7 and 8, the tempera-
ture and pH for this mixture remained relatively unchanged for

a period of 9 days. During this time the mixture was spread in

a 6-inch layer on the concrete slab and air-dried for 24 hours.
The first drying failed to start the compost process, Following a
second air drying period a rapid increase in temperature occurred,
After a 7-day period the temperature decline and the pH remained
stable at a level above 8.0.

The mixtures in bins 1 and 2 composted in a satisfactory
manner and reached stability within 8 days. Bin 2 contained 150
pounds of fruit solids to 100 pounds of the recycled, dry compost
from Experiment 1. Figure 9 gives the curves for changes in
moisture, temperature, and pH in this mixture. The curves for
temperature and pH show that an initial lag period of approx-
imately three days elapsed before the composting process became
evident. The question arises as to whether or not the initial acid
reaction (pH 5.4) retarded microbial growth and multiplication,
and whether or not adjustment of the pH with lime or other alka-
line material would have shortened the lag period and, thus,
shortened the time required for composting.

Table 2 gives the results of chemical analysis of the
ingredient materials and of the initial and final compost mixture
contained in bin 2. Comparison of the analysis for the finished
compost from Experiment 2 to that for the compost recycled from
Experiment 1 indicates that slight increases occurred in per-
centages for carbon, nitrogen, phosphorus, and potassium,

Comparison of the analytical results for the finished
compost to the results for the initial mixture shows that slight
reductions occurred in percentages for carbon, nitrogen, and
potassium. The phosphorus concentration was unchanged. The
increase in percentage of ash indicated changeover, through
microbial activity, of organic compounds to an inorganic state.

Finished compost from Experiment 2 was air-dried and
set aside to be used for the third time as the dry material in
later experiments. Comparison of the analysis for this finished
compost to that obtained after the first use (Table 1) indicates
slight increases in nitrogen, phosphorus, and potassium.
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Experiment 3

Previous results indicated a slow beginning of the com-
post cycle. Sometimes there would be a lag of up to 5 days be-
fore a noticeable pH or temperature rise began. Since one of
our specific objectives was to accelerate the compost cycle, we
set up some experiments to determine the benefits from the use
of alkaline and nitrogen containing compounds. By examining the
results it was noticed that the pH was low and probably prevented
maximum growth of the microorganisms.

Ground apricot waste solids were mixed with recycled
municipal compost (used in the experiments in 1961). The
apricot waste solids were ground with a Reitz disintegrator with
0.75-inch screen opening. The two bins received the following
mixtures of recycled municipal compost and ground apricot
waste:

Bin Weight of Fruit Waste Total Weight Lime Added Per
No. to Municipal Compost in Each Bin 200 1b of Compost

(Pounds) (Pounds) (Pounds)
1 200 to 100 3150 0
200 to 100 3150 1

Because the lime was not added until the seventh day, no
attemnpt was made to determine the length of the compost cycle
with and without added lime. However, the bin which had the
lime added reached a temperature of 147°F six days after the
lime had been added. The bin without added lime had a temper-
ature of 83°F at this time. Figure 10 shows a comparison of the
average temperatures of bins 1 and 2. The addition of lime to
the compost mixture reduced the time required to reach maximum
temperatures by four days.

Figure 11 shows a comparison of the pH values for bins
1 and 2. Bin 2 (lime added) reached a pH of 8.1 eight days before
the pH of bin 1 reached the same value. The changes in pH,
temperature, and percent moisture for both bins are given in
Figures 12 and 13. Table 3 presents the results of chemical anal-
ysis of the materials and of the initial and final composted mix-
tures.

The initial wet weight of the mixtures were reduced 56.4
percent (bin 1) and 53.9 percent (bin 2). The volumes were re-
duced 39.4 percent (bin 1) and 36.9 percent (bin 2) during the
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compost cycle,

Following the compost period, the lots of finished com-
post were weighed, and air-dried. The increases in dry weight
and amount of waste utilized is listed below.

Bin 1 Bin 2
Control Lime Added
Wet weight of raw fruit
waste utilized 2100 1b 2100 1b
Increase in dry weight at
end of cycle 150 1b 236 1b

Ground apricot waste solids were mixed with sawdust.
One-half of the sawdust had been used in the experiments during
the 1961 season, The new and used sawdust was mixed before it
was put into the bins. The apricot waste solids were ground with
a Reitz disintegrator with 0. 75-inch screen opening. The two
bins received the following mixtures of sawdust and ground apri-
cot waste:

Bin Weight of Fruit Waste Total Weight Lime Added Per

No. to Sawdust in Each Bin 200 1b Fruit Waste
(Pounds) (Pounds) (Pounds)
1 200 to 45 1715 0
200 to 45 1715 1

As shown in Figure 14, the bin which had the lime added
reached a temperature of 152°F in 15 days from the start of the
cycle, while the bin without added lime did not reach 150°F until
19 days after start of the cycle. The addition of lime reduced the
time required to reach maximum temperatures by four days.
Figure 15 shows a comparison of the pH values for bins 1 and 2.
The pH value for the bin with lime added reached 8.0 eight days
before bin 1 reached the same value. There is an initial lag of
3 days before the pH of the bin with added lime begins to rise,
whereas there is a lag of 9 days before the pH begins to rise in
the bin without added lime.

Table 4 gives the results of chemical analysis of the
materials and of the initial and final composted mixtures.

The initial wet weights of bin 1 and bin 2 (lime added)
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were reduced 54.1 and 57.6 percent. The volumes of bin 1 and
bin 2 (lime added) were reduced 25 and 24.3 percent.

There was an increase in dry weight of 225 pounds in bin
1 and 290 pounds in bin 2. The reason for the high increase in dry
weight was that the apricots used in this experiment had numer-
ous free pits which amounted to 40 percent of the initial weight.

The finished compost from this experiment was air-
dried, screened, and set aside to be used in later experiments.

Experiment 5

The purpose of this experiment was to determine the
effect of the additions of nitrogen, nitrogen plus lime, and lime
on the time required to complete the compost cycle. The con-
centration of nitrogen and lime used in this experiment was 1
percent. The ratio used in these experiments was 150 pounds of
ground peach waste to 45 pounds of sawdust. The peach waste
was ground with a Mr. Gilead apple grater. The four bins re-
ceived the following mixtures of sawdust and ground peach waste:

Bin No. Weight of Fruit Waste Total Weight

to Sawdust in Each Bin
(Pounds) (Pounds)

1 150 to 45 1560
150 to 45 1365 + 1% N(urea)

3 150 to 45 1365 + 1% N(urea) &

1% lime
4 150 to 45 1365 + 1% lime

Figure 16 has been prepared to show temperature changes
for the different mixtures in this experiment. The bin with 1% N
(urea) and 1% lime was the first to reach a maximum temperature
(142°F) in six days. The bin with 1% N (urea) reached 147°F in
seven days. It should be noted that there was rapid drop in
temperature after reaching a maximum temperature in the bin
containing 1% N (urea) and 1% lime.

However, the bin containing 1% N (urea) did not have as
rapid a drop in temperature. The difference in the temperature
curves may be due to the more rapid utilization of the readily
available fruit sugars in the bin with 1% N (urea) and 1% lime
added. When the readily available fruit sugars have been utilized
the growths of fermentative organisms decline, with a consequent
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fall in temperature, When the temperature curves for the control
bin and the bin with 1 percent lime are compared, the benefits
from the addition of lime to the compost mass is again shown by
the more rapid rise in temperature and an overall higher temper-
ature. The addition of N (urea) plus lime, or N (urea) recuced
the time required to reach maximum temperatures by five to six
days when compared to the bin with lime added.

Tables 5 and 6 give the chemical analysis of the ma-
terials and of the initial and final composted mixtures.,

The initial wet weight and volumes of the bins in this
experiment were reduced as follows:

Percent Bin 1 Bin 2 Bin 3 Bin 4
Reduction Control 1% N 1% N + 1% Lime 1% Lime
Volume 33,3% 32.1% 28,4% 17%
Wet weight 54. 7% 53.3% 52.8% 51.9%

After the compost cycle was completed the finished
compost was weighed and air-dried. The increases in dry
weight and amount of waste utilized is listed below:

Bin 1 Bin 2 Bin 3 Bin 4
Control 1% N 1% N + 1% Lime 1% Lime

Wet weight of raw
fruit waste utilized 1200 1b 1050 1b 1050 b 1050 1b

Increase in dry wt
at end of cycle 53 1b 43 1b 50 1b 52 1b

SUMMARY OF RESULTS

The results of preliminary investigations indicate that
composting offers a feasible and esthetically acceptable method
for disposal of high-moisture wastes, such as fruit and vegetable
solids. The following summarizes the results obtained and con-
clusions based on the results:

1. Dry materials, such as municipal compost, sawdust,
or rice hulls, can be used to absorb the moisture from fruit
waste solids and to adjust the moisture concentration of the mix-
ture within the range optimum for high-rate composting,
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2. For fruit waste-dry material mixtures, the optimum
initial moisture concentration was in the range of 60 to 65 percent.

3. The maximum weight ratio of fruit to dry material
successfully composted was 250 pounds of peach solids to 100
pounds of municipal compost. More optimum composting con-
ditions were obtained when the weight of fruit was reduced to 200
pounds.

4., When peach solids were ground previous to com-
posting, the weight ratio of fruit to dry material had to be re-
duced, since grinding released julces from the tissues and gave
a higher initial moisture concentration for the mixture. How-
ever, under optimum conditions grinding the fruit shortened by
approximately 50 percent the time required for stabilization of
composted unground fruit.

5. Aerobic conditions in the compost were maintained
by a turning schedule in which an initial turning was done 24
hours after layering the fruit and dry material into the compost
bins, followed by daily turning for 5 to 6 days and, thereafter,
turning on alternate days until the process was judged to be
complete.

6. The initial low pH (4.5 to 5.0) of the fruit compost
mixtures appeared to be the cause of an initial lag in develop-
ment of desirable microbial flora and elevation of temperature
in the compost pile. Because the shortest possible composting
time is an important requirement for industrial use of com-
posting, adjustment of pH by addition of alkaline materials should
be investigated.

7. Of the dry admixtures used, municipal refuse com-
posted by the Dano process and rice hulls performed satisfactorily
Shredded redwood bark failed to adequately absorb moisture and
appeared to inhibit microbial growth, probably because of the
high tannin concentration. Wheat straw did not provide the nec-
essary structural strength to prevent compaction. White pine
sawdust performed adequately in absorption of moisture and
maintenance of porosity in the compost pile. However, the strong
buffering system in the wet sawdust depressed changes in pH and
prolonged acidic conditions in the compost mixture. Addition of
alkaline materials makes the material more suitable for com-
posting use.
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8. With municipal compost as the dry admixture, the
C/N ratio appeared to be within the range for optimum microbial
development and rapid composting. With rice hulls and sawdust
the fruit waste~-dry material mixtures were low in nitrogen. The
addition of nitrogen-rich materials, such as sewage sludge and
animal manures, is indicated and should be investigated.

9. Because fruit waste solids are approximately 85 per-
cent moisture, evaporation during composting and microbial
action on carbohydrates to give carbon dioxide and water re-
sulted in marked losses in weight and volume of the compost
mixtures. Reductions ranging up to 70 and 59 percent, re-
spectively, occurred in the initial weight and volume of the
mixtures. Consequently, the weight of the air-dried compost
increased only slightly when it was recycled for absorption of
moisture in successive lots of compost.

10. Offensive odors did not develop in the fruit waste
solids. During the initial stage of the compost process slight
fruit fermentation odors were noticeable. The odor of ammonia
could be detected in the final state of the process. Fly
breeding in compost was not a problem. Fruit pieces exposed
in the compost pile attracted flies but egg deposition was not
observed.
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TABLE 1

CHEMICAL ANALYSIS OF COMPOST INGREDIENTS
AND INITIAL AND FINAL COMPOSTED MIXTURE

Ratio: 250 lbs. of Peach Waste to 100 1bs. of Recycled Compost

Analysis of Individual Ingredients Analysis of

Recycled Raw Peach Compost Mixture
Determinations Compost Waste Initial Final
Ash % 49.3 7.6 42,2 52.9
Moisture % 40. 3 85.0 79.0 30.0
Carbon % 28,2 51.3 32.1 26.2
Nitrogen % 1.77 1.08 1.7 1.67
Phosphorus as POy % 1.23 0.40 1.2 1.86
Potassium % 0.91 1. 14 0.91 0.54
C/N Ratio 15.9 47.5 18.9 15,7
pH 8.05 3.95 4.5 8.6
TABLE 2

CHEMICAL ANALYSIS OF COMPOST INGREDIENTS
AND INITIAL AND FINAL COMPOSTED MIXTURE

Ratio: 150 lbs. of Ground Peach Waste to 100 lbs. of Recycled Compost

Analysis of Individual Ingredients Analysis of
Compost Mixture

Raw Ground

Determinations Recycled Compost Peach Waste Initial Final#
Ash % 52.3 7.6 46.7 49.3
Moisture % 36.0 85.0 63.4 40. 3
Carbon % 26.5 51.3 29.6 28.2
Nitrogen % 1.71 1.08 1.78 1.77
Phosphorus as PO, % 1.16 0.4 1.23 1.23
Potassium % 0.88 1.14 1. 16 0.91
C/N Ratio 15.5 47.5 16.6 15.9
pH 8.7 3.95 5.4 8.05

*End of second cycle.
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TABLE 3

CHEMICAL ANALYSIS OF COMPOST INGREDIENTS
AND INITIAL AND FINAL COMPOSTED MIXTURE

Analysis of Individual Ingredients

Recycled Muni- Raw Apricot
Determinations cipal Compost Waste
Ash % 54.9 7.6
Moisture % 23.0 61.8
Carbon % 25.06 51.33
Nitrogen % 1. 65 2.56
Phosphorous PO, % 0. 36 0.71
Potassium % 0.77 0. 35
C/N Ratio 15.2 20. 1
pH 8.0 4.5

Analysis of Compost Mixtures

Bin 1 Bin 2

200 1bs. of Fruit Waste to 200 1bs. of Fruit Waste to

100 1bs. of Recycled 100 1bs. of Recycled
Municipal Compost Municipal Compost*
Determinations Initial Final Initial Final
Ash % 48. 6 51.9 46.9 55.1
Moisture % 51.0 30.2 51.0 28.0
Carbon % 28.56 26,72 29.5 24.94
Nitrogen % 1.79 1. 69 1.71 1. 63
Phosphorous POy % 0. 68 0.76 0. 80 0.79
Potassium % 0.96 1. 10 1. 07 1.05
C/N Ratio 15. 96 15. 81 17.3 15.3
pH 5.3 7.42 6.1 7.15

*One pound of lime per 200 lbs. of compost was added to compost
mixture 7 days after start of cycle.
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TABLE 4

CHEMICAL ANALYSIS OF COMPOST INGREDIENTS
AND INITIAL AND FINAL COMPOSTED MIXTURE

Analysis of Individual Ingredients

Raw Apricot

Determinations Sawdust Waste
Ash % 4.6 7.6
Moisture % 32.8 61.8
Carbon % 53.0 51.33
Nitrogen % 0. 56 2. 56
Phosphorous POy % 0.13 0.71
Potassium % 0. 39 1.79
C/N Ratio 94.6 20.1
pH 6.7 4.5

Analysis of Compost Mixtures

Bin 1 Bin 2
200 lbs. of Fruit 200 1bs. of Fruit Waste to
Waste To 45 lbs. of Sawdust, plus

Determinations 45 lbs. of Sawdust 1 lb. of Lime/200 lbs. Waste

Initial Final Initial Final
Ash % 5.7 11.2 9.1 13.8
Moisture % 64.0 34.0 70 31.0
Carbon % 52. 39 49. 33 50. 50 47.89
Nitrogen % 0.99 1.38 1. 67 1. 20
Phosphorous PO, % 0. 34 0.63 0. 60 0. 69
Potassium % 0. 86 1,17 1.27 1.21
C/N Ratio 52.9 35.7 30.2 39.9
pH 4.9 7.9 4.8 8.1
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TABLE 5

CHEMICAL ANALYSIS OF COMPOST INGREDIENTS
AND INITIAL AND FINAL COMPOSTED MIXTURE

Determinations

Ash %

Moisture %

Carbon %

Nitrogen %
Phosphorous POy %
Potassium %

C/N Ratio

pH

Determinations

Ash %

Moisture %

Carbon %

Nitrogen %
Phosphorous POy %
Potassium %

C/N Ratio

pH

Analysis of Individual Ingredients

Sawdust

9.7
16. 6
50. 17
1.03
0. 54
0.69
48.7
7.1

Analysis of Compost Mixtures

Raw Peach
Waste

7.1
87.2
51. 61

1. 09

0. 48

2.02
47.2

3.8

Bin 1

150 1bs. of Fruit Waste
45 lbs. of Sawdust

Bin 2

150 1bs. of Fruit Waste
45 1bs. of Sawdust~1%N(urea)

Initial Final
8.3 12. 8
70.0 50. 0
50. 94 48, 44
0.94 1. 74
0.51 0. 30
1.03 1.06
54.2 27.8
4.25 8.3

47

Initial

9.4
70.2
50. 33

3.49

0.27

0, 86
14. 4

5.0

Final

10. 7
52.0
49, 61
2.23
0. 34
1.01
22.2
8.8



TABLE 6

CHEMICAL ANALYSIS OF COMPOST INGREDIENTS
AND INITIAL AND FINAL COMPOSTED MIXTURES

Analysis of Individual Ingredients

Raw Peach
Determinations Sawdust Waste
Ash % 9.7 7.1
Moisture % 16.6 87.2
Carbon % 50.17 51.61
Nitrogen % 1,03 1.09
Phosphorous as PO, % 0. 54 0.48
Potassium % 0. 69 2.02
C/N Ratio 48.7 47.2
pH 7.1 3.8
Analysis of Compost Mixtures
Bin 3 Bin 4

150 1bs. of Fruit Waste 150 1bs. of Fruit Waste

45 1bs. of Sawdust + 45 1bs. of Sawdust +

1% N{urea) and 1% lime 1% lime
Determinations Initial Final Initial Final
Ash % 25.5 17.8 16.5 15. 4
Moisture % 72.2 51.4 68.6 52.0
Carbon % 41, 39 45,67 46. 39 47.0
Nitrogen % 3.45 2.12 0.98 1.56
Phosphorous as PO, % 0.55 0. 32 0.51 0. 33
Potassium % 1,01 0.95 0.95 1,01
C/N Ratio 12,0 21.5 47.3 30.1
pH 8.0 8.4 5.9 8.6
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FIGURE 1
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FIGURE 3. DRYING OF COMPOST AT END OF CYCLE
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FIGURE 7. TEMPERATURE CHANGES IN GROUND PEACH
WASTE - MUNICIPAL COMPOST MIXTURES
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FIGURE 8, pH CHANGES IN GROUND PEACH WASTE -
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FIGURE I1.
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FIGURE 2.

MOISTURE, TEMPERATURE AND pH CHANGES FOR GROUND
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FIGURE 13.

MOISTURE, TEMPERATURE AND pH CHANGES FOR GROUND
APRICOT WASTE - RECYCLED MUNICIPAL COMPOST MIXTURE
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FIGURE 15.

COMPARISON OF pH CHANGES FOR GROUND
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WATER RESOURCES PLANNING IN THE PACIFIC NORTHWEST
W. W. Towne

We in the Public Health Service welcome this opportunity
to discuss with you the various phases of water resources planning
and development which, at the Federal level, are the particular
responsibilities of the U.S. Department of Health, Education, and
Welfare, and of the Public Health Service, an agency of that
department. These responsibilities are concerned with de-
termining the municipal and industrial water supply needs and
the development of comprehensive plans for pollution control and
water quality management.

The responsibilities and duties of the department and
service are contained in the Public Health Service Act (Public
Law 410, 78th Congress) and the Federal Water Pollution Control
Act (Public Law 660, as amended by the 87th Congress in 1961).
The Federal Water Pollution Control Act defines several areas of
responsibility for the department which are necessary to carry
out an integrated water pollution and water quality control pro-
gram. These include responsibilities for carrying out and en-
couraging intramural and extramural research, the provision
for grants to state and interstate water pollution control agencies
to assist them in maintaining adequate control measures, the
provision of grants to municipalities and other political sub-
divisions to finance the construction of necessary treatment
works, the development of basic data relating to water quality
and water pollution control, the provision of technical assistance
to state and interstate agencies and to municipalities in connec-
tion with the prevention and control of water pollution, the
provision for Federal action to abate pollution of interstate or
navigable waters within the specified limits as set forth in the
Act, and the development of comprehensive plans for pollutional
control. This last named responsibility is the subject of our
discussion today.

Section 2 of the Act directs the Secretary to develop
comprehensive programs for eliminating or reducing pollution
and improving the sanitary quality of surface and ground waters.
It further stipulates that such programs shall be developed in
cooperation with other Federal agencies, with state and inter-
state control agencies, and with municipalities and industries.

Section 2(b) of the Act, which was an amendment to
the original Act by the 87th Congress and which was approved by
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the President in August of 1961, requires that consideration be
given to the inclusion of storage for the regulation of stream flow
for the purpose of water quality control in reservoirs being con-
structed by the Corps of Engineers, the Bureau of Reclamation,
or other Federal agencies. Congress has placed a constraint on
the use of this flow regulation, however, by stipulating that
storage in Federal reservoirs will not be provided as a substitute
for adequate treatment or other controls at the source. This
policy is also in keeping with the public policy recorded at the
National Conference on Water Pollution called by President
Eisenhower in 1960, which stated "that the goal of pollution
abatement is to protect and enhance the capacity of the water
resource to serve the widest possible range of human needs,

and that this goal can be approached only by accepting the positive
policy of keeping waters as clean as possible, as opposed to the
negative policy of attempting to use the full capacity of water for
waste assimilation, " and that "users of public waters have a
responsibility for returning them as nearly clean as is technically
possible. "

Water, as found in nature, the universal solvent that it
is, always contains impurities. Unfortunately, both the con-
centration and types of these impurities increase as man puts
water to his beneficial uses. Any such impurity is a pollutant
when it becomes objectionable or interferes with other essential
uses of water. These pollutants may be physical, biological,
or chemical, and they may stem from man-made or natural
sources. In this context, therefore, water pollution control and
water quality management are synonyrmous terms.,

Today, we recognize three methods of controlling
pollution. The most effective of these is in-plant control, which
will keep concentrated wastes from entering the industrial out-
falls. Such control not only is more effective but, many times,
is more economical than treatment. Industry is well aware of
the benefits of this control measure and has spent large sums of
money in research on reclaiming useful by-products from waste
streams in order to reduce the total amount of pollution per unit
of production. Good housekeeping practices and the segregation
of wastes to reduce the size of treatment works have also been
demonstrated as effective in-plant control measures. Had we
been more concerned with some of the waste problems associated
with manufacturing processes and the effects of manufactured
products on water quality, we might now be experiencing less
difficulty with detergents. The development of soft detergents
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(those that are degraded by biological action) might have been de-
veloped and put into production several years ago. Also, we

might well have concerned ourselves with developing pesticides

and herbicides that lose their toxic effects shortly after application.

The second method of control is the treatment of waste
water to destroy or alter undesirable pollutional characteristics.
The science of waste treatment, both domestic and industrial, is
not yet developed to the point that all pollutants can be removed.
In fact, some are little affected by the conventional waste treat-
ment methods we know today. There is a definite need to
improve our knowledge in this field, and considerable sums of
money are being spent by both industry and other research
institutions in this respect. For instance, one of the major re-
search efforts of the Public Health Service is directed at de-
veloping advance waste treatment methods which will more
completely remove the impurities which find their way into our
waterways as a result of man's activities.

Stream flow regulation for quality control is the third
line of action. As previously stated, however, this method can-
not be used as a substitute for either in-plant control or adequate
treatment at the source but, in combination with these control
measures it can play an important part in long-range water
quality control plans. Treatment as we know it today does not
completely cleanse used waters, and many streams are polluted
by natural sources or by man-made sources which are not
amenable to waste collection and treatment. Water quality is
often degraded by biological nutrients and chemicals which find
their way into the water courses as a result of land-use practices.
Under such circumstances flow augmentation can prevent adverse
quality conditions which would otherwise occur during critical
stream flow periods. Furthermore, from the standpoint of
optimum development of water resources, storage now provided
for quality control may be available for other beneficial uses as
the science of waste treatment is perfected. It has been the
history of water resources development that the availability of
water attracts uses which are not predictable. Sooner or later
there will be a need for water that can now be economically
stored in reservoir developments and, when that addition need
arises, the value may be greater than it is today.

The Federal Water Pollution Control Program is di-

rected to the elimination of pollution and the maintenance of sur-
face and ground waters in a satisfactory sanitary condition
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through the application of all approaches to water quality control,
This can best be done through the development of a comprehensive
river basin plan and the implementation of such a plan in an
orderly and systematic way. At the present time comprehensive
programs for water supply and water quality management are
being carried out in seven of the major drainage basins of the
country. These include the Arkansas-Red, the Chesapeake-
Susquehanna, the Colorado, the Delaware, the Great Lakes-
Illinois, the Upper Ohio, and the Columbia River basins. The
latter project also includes the coastal waters of Oregon and
Washington. Within the next decade it is proposed that compre-
hensive programs will be developed in all of the 21 major basins
in the country. This is in keeping with the Senate Select
Committee Report, which was completed in January 1961, and
which recommended that the Federal Government, in cooperation
with the states should prepare and keep up to date plans for
comprehensive water resource development and management for
all major river basins of the United States, and that such studies
should be undertaken and completed by 1970. Both the Eisen-
hower and the Kennedy administrations have strongly supported
the need for better planning in the development of the nation's
land and water resources.

The Columbia River Basin Project varies slightly from
the other ongoing projects in that practically all of the others
were started largely because of the immediate need to correct a
serious existing pollution problem. For instance, in the
Arkansas-Red River Basin salt from natural salt springs, and to
a lesser extent from oil field brines is destroying the usefulness
of some 40 million acre-feet of water each year. In the Ohio
Basin, acid mine water from improperly operated or abandoned
coal mines is seriously limiting the use of the waters of that
basin. In the Colorado Basin, the radioactive pollution from
industries of our nuclear age is imposing a threat to man's
beneficial use of the waters, while in the Great Lakes Basin the
diversion of Lake Michigan waters to the Illinois waterway by the
Chicago Sanitary District and the State of Illinois is being challenged
in the Supreme Court by the other Great Lakes states, and there
is a need to evaluate the water quality effects of present and pro-
posed practices. Here in the Columbia Basin, however, the
primary objective of our program is to prevent the need for sim-
ilar extensive corrective action at some future date by better
planning for the orderly development of our land and water re-
sources. Fortunately, in contrast with many parts of the Nation,
man's activities here in the Pacific Northwest have not yet
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seriously deteriorated the quality of our water resources except
in a relatively few instances. Because of this fact, the people of
this area still have it within their power to chart a course in
resource development that will maximize benefits and minimize
conflicts in water uses. While water, adequate in quantity, is a
primary prerequisite for economic development, history has
demonstrated that the adverse effects of man's activities on his
water supply are first reflected in a downgrading of water
quality. In many instances this has proceeded to the point that
most beneficial uses are seriously impaired. Once this state
has been reached, it is difficult, and frequently economically
impossible, to restore water to a quality level that could have
been maintained by the application of appropriate and feasible
preventive measures. Clean water constitutes a major appeal
to tourism, one of our most important industries.

While the Pacific Northwest is endowed with a bountiful
supply of extremely high-quality water, it is also true that the
continued economic development of the area is closely related to,
and dependent upon, this very feature. The comprehensive plan
for water quality management being undertaken by the Public
Health Service is designed to preserve this quality so that the
maximum development of land and water resources may be
realized. In carrying out this undertaking it will be our ob-~
jective to spell out how preventive measures can be applied to
reduce future conflicts in water uses and to develop essential
data and information on water supply and water quality which can
serve as a guide to the public in arriving at the political and
legislative decisions necessary for the development of the region
along those lines that are in the best interests of the public.
These evaluations will also serve as guides to state, local, and
Federal agencies and municipalities and industries in carrying
out their respounsibilities for pollution control.

Studies upon which such planning is based must include
the collection and evaluation of data on all factors that will have
an effect on water quality. Economic base studies and projections
to determine the economic and population potentials and to pro-
ject water supply needs and waste discharges on the basis of
future area development are one of the basic elements of the plan.
The type, magnitude, location, and potential development of
natural resouzces will influence the growth and location of pop-
ulations and industries, as well as the water uses and the pol-
lutional characteristics of the used waters. These, in turn,
will govern future water quantity and quality requirements and
when and where such requirements will occur. It is in this area
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of resource planning that industry can be of major assistance to
the planner. As we move further into our economic studies, we
will want to counsel with you concerning the long-range industrial
growth potentials as you envision them. We are also working
closely with other Federal and state planning agencies which are
engaged in similar economic and population projections.

Another important factor requiring consideration is re-
lated to the total water resources and water needs of the region.
Water supply inventories provide data on the history and present
use of surface and ground waters for domestic, municipal,
industrial, agricultural, power, recreation, and other uses,
The quantitative dependability of our water resources, the
variability in seasonal stream flows, the locations of water
withdrawals and uses, and the quality characteristics of both
surface and ground waters are essential planning tools. Like-
wise, it is important to know how much water is lost to the area
in flood flows, and where and in what quantities it may be eco-
nomically retained for beneficial uses, We have already con~
tacted several industries in the Willamette River Basin to de-
termine their present water supply requirements, These will
serve as the basis for projecting future demands. Your
assistance in providing such information is indeed appreciated,

From the standpoint of industrial water supply, we
recognize that quantity considerations are undoubtedly more
controlling than are the quality factors, Where necessary, it is
usually possible for industry, through water treatment practices,
to supply process water to meet its quality requirements. How-
ever, we should not lose sight of the fact that meeting the water
supply demand is only a part of the total water supply picture.
The maximum industrial development may be limited more by
the ability of the receiving stream to receive residual wastes
without damage than by the quantity of water that can be developed
to supply the industrial demands. Water withdrawn for domestic
and industrial purposes usually results in essentially the same
quantity of used water being returned to the stream,

A third important element of a water resources plan is
related to the location, source, quantity, and characteristics of
waste discharges and their effects on water quality. It is also
essential to have an understanding as to the treatability of wastes
and how the residual waste, following treatment, will react when
discharged to the receiving waters. Some wastes (chlorides, for
example) are not changed in character or quantity as they pass on
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down the stream; they are only reduced in concentration by di-
lution from increased stream flows. Other wastes are affected
by physical, chemical, and biological phenomena and change in
both quality and quantity characteristics with the passage of time.
Here it is important to determine those stream characteristics
that affect the ability of a particular stream to assimilate residual
wastes without destroying its usefulness for other purposes.

This information will also serve as a basis for predicting where
flow augmentation may be beneficial and how much will be re-
quired to maintain desirable water quality. It is equally

essential to evaluate the potential damages to water quality that
may result from water resource developments and their operation.
The facilities which are being developed to enhance water quality
for one use may damage it for another. For example, the
impoundment of mountain streams can produce an environment
more favorable to algae growths within the reservoir, which

may be carried downstream to cause tastes and odors in public
water supplies.

Here in the Willamette Basin we have spent considerable
time in developing a computer program which will permit us to
predict the cause~and-effect relationships among waste loadings,
stream flow, quality parameters, and low-flow augmentation
requirements. For example, by using dissolved oxygen as a
quality parameter and by establishing a minimum concentration
that can be tolerated in any stretch of the stream, for any given
waste loading at different points throughout the stream, we can
predict stream flow requirements necessary to satisfy the
dissolved oxygen requirements. If additional flows are required,
it is possible to predict the low-flow augmentation storage re-
quirements and the tributary or tributaries which can best supply
the demands.

Still another factor requiring consideration is that of
water quality criteria. A knowledge of the water quality re~
quirements for all legitimate water uses likely to be practiced in
a drainage basin is basic to the development of a water quality
control plan and program. Information on the types and magni-
tude of those quality characteristics that interfere with existing
and anticipated water uses will permit the establishment of
quality requirements to serve both as planning guides and as
pollution control objectives. This information, together with an
assessment of the effects of waste discharges on water quality,
will also serve to indicate where conflicts in water use are most
likely to develop. At the present time our knowledge in the field
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of quality criteria leaves much to be desired. In my opinion, the
state water pollution control agencies in this area have acted
wisely in establishing as their objective the maintenance of the
waters of the Pacific Northwest at the highest practicable level.
This policy is expressed in the "Water Quality Objectives™ of

the Pacific Northwest Pollution Control Council, an organization
of state water pollution control agencies in the five Northwest
states:

The Pacific Northwest is at present in
an enviable position as regards its natural re-
sources and potential development when com-
pared with many other areas of this country.
This is especially true of natural waters which
are admittedly one of the area's greatest assets.
Water is so definitely tied in with the health,
welfare, and pleasure of citizens, and with the
whole economic structure of the area as to make
high water quality objectives not only desirable,
but imperative.

This statement serves as one of our important guides
in evaluating the water quality needs of the area, and we think
that it would be "penny-wise and pound-foolish" to establish
water quality objectives, developed on the basis of very limited
knowledge, which would barely satisfy the needs of the various
water uses. In this area of high water quality, such require-
ments would not be standards of quality but would become
standards of degradation inviting all users to load the stream to
the point that only minimum quality would be maintained.

From the previous discussions I am sure it is apparent
that we do not have all the answers that are needed to develop
the best technical approaches to the solution of our water quality
problems. If we wait until such knowledge is fully developed,
however, we will have waited too long. Nevertheless, we should
not stop seeking the best possible answers., With the recognition
of this fact, therefore, another important element is to define
the research needs required to solve some of the perplexing
problems confronting us. The project has made some accom-
plishments in this direction and has prepared a report which
delineates the status and critical needs of water pollution research
in the project area and the capacity of the area to meet these needs.

It should also be noted that the Water Pollution Control
Act authorizes the construction of nine new regional and special
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purpose water quality laboratories throughout the United States.
One of the first to be constructed will be located here on the Oregon
State University campus. Plans and specifications for the labora-
tory are now being prepared by a firm of engineer-architect con-
sultants, and it is anticipated that construction will start within

the next few months. The facility will cost somewhat in excess

of $200, 000, 000 when completed and fully equipped, and will house
a staff of approximately 150 scientists and supporting personnel.

The role of these laboratories as outlined by Congress,
will be to conduct research, investigations, experiments, field
demonstrations and studies, and training, all related to the
prevention and control of water pollution. This facility will
serve six western and northwestern states, and will work
closely with research institutions and universities throughout the
area. A significant function of the laboratory will be to stimu-
late extramural research in these non-Federal research facilities.

The primary purpose in developing a comprehensive
plan for water pollution control and water quality management is
not fulfilled when the report is completed. The plan is of no
value unless it is implemented. This will be done largely by the
people who will be called up to determine how their funds shall
be spent and how their resources shall be developed. It is in
this area that the state agencies responsible for water quality
control will assume their appropriate role, a role which was
recognized by Congress in Section 1 of the Federal Water
Pollution Control Act when it was declared "to be the policy of
Congress to authorize, preserve, and protect the primary
responsibilities and rights of states in preventing and controlling
water pollution."

In closing, I would like to mention some of the benefits
that should accrue to industry as a result of our comprehensive
study.

The study will indicate the adecluacy of the water re-
sources to meet the needs of the major water-using groups,
making available information on the physical, chemical, and
biological quality of the region's waters. The findings will be
used by Federal construction agencies as guides in determining
storage requirements in multiple purpose reservoirs necessary
to meet the municipal and industrial water supply needs. The
study will evaluate the impact of natural resource development
on the demands for water and the water quality problems
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resulting from such developments. It will provide information
on waste treatment requirements and the ability of the surface
waters to receive residual waste loads without seriously dam-
aging other water uses.

The study will indicate those areas where stream flows
may be critical and where high water quality uses are likely to
develop. This information will indicate potential areas of con-
flict in uses, and the advantages and possibilities of alternate
site locations for future industrial developments. The study
will also provide information as to the need for, and value of,
water storage for stream flow regulation for quality control pur-
poses, and where such storage can be most economically
developed.

Intelligent planning now can do much to insure that the
future development of the water resources will be in the best
interests of the public. The assistance and cooperation of all
private and public agencies and groups are essential to develop
such a plan.
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CHANGES IN WATER QUALITY DUE TO IRRIGATION
Gilbert H. Dunstan, Donald E, Proctor, Ervin Hindin

The Columbia Basin Irrigation Project includes 3, 900
square miles of semi-arid plateau in Central Washington, and
consists of portions of Grant, Franklin, and Adams counties.
The area lies east of the Columbia River and north of the City of
Pasco. The most easterly point is approximately 60 miles from
the river, and the northern boundary is slightly north of Ephrata,
about 120 miles north of Pasco.

The project has created thousands of farm units from
wasteland, and more are being added each year. The project
area is divided into blocks ranging from 2,000 to 40, 000 acres in
size, with several blocks being placed under irrigation each year
since 1952. Approximately 450, 000 acres are to be irrigated
under the current program. With towns and industries springing
up, the ultimate population, sometime in the future, is esti-
mated at about a quarter of a million persons.

Figure 1 shows the area involved. In a previous paper
(1), Skrinde has described the physiography and geology of the
area. He also pointed out that there has been a considerable in-
crease in water levels. In several areas water levels are now
within 30 feet of the surface.

In the area south of Quincy, from Winchester to Burke,
which was brought under irrigation between 1952 and 1955, the
average rise in water level between 1952 and 1958 was 17 feet
per year for 60 wells. In the Moses Lake area, brought under
irrigation in 1952 and 1953, the average yearly rise in 28 wells
was 12 feet. Since 1955, however, no noticeable rise has taken
place, due presumably to increased westward migration of water
toward Potholes Reservoir. Similar results can be shown for
other areas.

Published data on wells in this area are given in Water
Supply Bulletin No. 8, "Geology and Ground Water Resources of
the Columbia Basin Project Area, Washington, " vol. 1 (2).

The change from a semi-arid area, with limited crop
production, to an irrigated area results in many changes, one of
which has already been indicated by the rising water table. But
what of the quality of the water in the wells and in streams as a
result of run-off from irrigated lands? Do these changes
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constitute a potential health hazard? This investigation was under-
taken primarily to determine the changes in ground and surface
water brought about by irrigation in the region under considera-
tion. The use of fertilizers, insecticides, and weedicides was
considered likely to alter the quality of the water. Whether a
health hazard exists will depend upon the allowable limits of these
substances in water, and must be determined by toxicologists and
medical scientists.

GROUND WATER CHANGES

Chemical analyses of a number of wells were made
during 1960-62, and whenever possible data from previous tests
were assembled. Results will be given here for selected wells,
leaving a complete tabulation for the project report which is
under preparation (3).

Wells vary in depth from 16 to more than 1, 000 feet,
although the majority range from 200 to 500 feet. There is no
significant difference in mineralization between shallow and deep
wells, Most of the waters can be considered hard, an average of
50 wells being 240 mg/l. The principal cations are calcium,
magnesium, and sodium. Sodium may be present in excess of the
total for calcium and magnesium combined. The principal anions
are bicarbonate, sulfate, and chloride. When sodium is high,
chlorides are usually high also., However, due to the length of
time samples were held in bottles before sodium was determined,
sodium values shown are open to question.

Concentrations of salts have accumulated in the soil and
waters in various areas of the basin over the past years. This
is due in part to the natural topography of the basin, which does
not permit easy drainage, and to evaporation losses. In highly
mineralized areas, such as Soap Lake, ground waters prior to
irrigation were extremely high in dissolved salts. This has made
Soap Lake a tourist attraction. With the advent of irrigation, a
freshening effect has occurred both in the lake and in the ground
water,

Table I shows changes in the chemical content of the
water from a well 66 feet deep near Soap Liake, Total hardness
is expressed in mg/1 as calcium carbonate. Although the 1953
analysis is incomplete, over the nine-year period the hardness
and chlorides were reduced to less than 20 percent of the original
concentrations. This illustrates a water which was so highly
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mineralized as to be unfit for human consumption before irriga-
tion, and which was rendered usable after irrigation.

Other wells have shown reductions. In the Moses Lake
area, a well 352 feet deep shows a decrease to a hardness of
about one-third the original over a nine-year period, with a much
greater decrease in chlorides. These data are given in Table II.

In general, where the water table has risen and where
the land was not highly mineralized prior to irrigation, the chem-
ical concentrations have increased., In some cases this increase
has been slight, but in others it has been several hundred per-
cent.

Table III gives data for a well between Moses Lake and
Warden, in which both hardness and chloride content have more
than doubled. This well is 342 feet deep. This well shows an
increase in nitrate of approximately seven times since irrigation
developed. Even the well in Table I shows a slight increase in
nitrate content. Since nitrogen has increased consistently in well
waters since irrigation was initiated, it is probable that the in-
crease in nitrate content of the water is due to the fertilizer
application for crop production. Other factors may include
natural deposits of nitrogen compounds and the growth of
nitrogen fixing crops. Water with nitrate-N above about 10 mg/1
should not be used as it may cause methemoglobinemia, or blue
babies. It is therefore noted that this well is over the safe
limit established by the 1962 drinking water standards, as are
some other wells in the basin.

A well in the Warden area, which is 185 feet deep,
shows a very great increase in nitrate content, although the final
values are slightly less than for the well just noted, and are just
about at the danger point. Hardness and chlorides have more
than doubled since irrigation. Data is given in Table IV,

Data are given for a well in the Quincy area in Table v
and for one in the Mesa area in Table VI. These show increases
in dissolved mineral content, as well as in nitrate content, but
the latter is still well within safe limits. It does not seem likely
that nitrates will ever be a health hazard in these areas, except
possibly in isolated wells. Since nitrogen is very soluble, it
will tend to leach out through drainage systems.

Some benefit is to be derived from the increase in
nitrates. A nitrate-N content of 5 mg/l provides about 40 pounds
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of nitrogen per million gallons of water, which is equivalent to
about 3 acre feet.

During the initial summer a total of 42 sampling
stations were established for the periodic collection of surface
waters. These were located on creeks, canals, drains, and
springs. They were selected to provide information on all major
surface outlets to the Columbia River, on irrigation water
entering the basin, at several points where long-term retention
or prior irrigation use could have an effect on water quality, and
at inlets and drains for nine ''self-contained' irrigated areas.

In general, each station was sampled and analyzed weekly
throughout the irrigation season. Temperature and pH were de-
termined at the time of sampling and a dissolved oxygen test
sample was ''fixed" for later analysis. At a field laboratory
established in Ephrata, Washington, analytical tests were per-
formed to determine electrical conductivity, phenolphthalein and
total alkalinity, calcium, magnesium, hardness, chlorides,
sulfate, nitrites, nitrates, ammonia, orthophosphates and poly-
phosphates. Small samples were stored for sodium and potas-
sium analysis by flame spectroscopy at a later date.

The nine "self-contained" areas were regions in which
drainage limits could be closely defined. Farm surveys were
made to determine the crops grown and acreage of each, amounts
of fertilizer and pesticides used, and crop yields. From the
chemical analysis data a study of outlet-inlet concentration
ratios were made for such variables as hardness, chlorides,
bicarbonate alkalinity, nitrates, and orthophosphates. On the
basis of the ratios of chlorides and nitrates and also the farm
survey data, it was decided that only two of the self-contained
areas would be studied further after the first summer.

To illustrate the changes that occur in some water
quality characteristics, Figures 2 through 7 show respectively
the electrical conductivity in micro-ohms/cm X 106, the total
hardness in mg/l as CaCO;, the total alkalinity in mg/l as
CaCOg3, chloride ion in mg/l, sodium ion in mg/l, and nitrates
in mg/l as N. The open circles on each graph represent the
characteristics of water from the West Canal, which has not
been used previously. The solid circles represent water that
has been used one time on a self-contained farm unit south of
Quincy, Washington. The squares are for water in Potholes
Canal south of Othello, and is water that has been used one or

77



more times for irrigation. Water quality at this point is also in-
fluenced by evaporation and long-term storage in Potholes Res-
ervoir. To some extent it contains surface water from a small,
natural stream, Upper Crab Creek, and does receive some unused
irrigation water from wasteways connected to the main canals.
Triangular data points on the figures are for samples taken at
Ringold Springs. This spring has appeared in the bluffs along the
Columbia River at a point southwest of Mesa since the advent of
widespread irrigation in the Columbia River Basin Project. The
large flow from these springs is probably water that has traveled
underground for variable distances ranging up to perhaps 20 miles
through strata that was well above the water table prior to irri-
gation in the southern half of the basin.

By inspection of Figures 2 through 7 and other plots not
included in this paper, it appears that all characteristics of the
water entering the basin (open circles) are fairly constant.
Sodium concentrations show some marked changes, but this may
well be caused by sample storage in glass vials rather than by
variations in water quality. Ammonia nitrogen (not shown) was
also quite variable though never higher than 0. 25 mg/1 in the
inlet water to the basin.

Water quality in the drain from the self-contained area
south of Quincy (solid circle) shows a marked but variable in-
crease in conductivity and in all dissolved constituents as a
result of the single pass over or through the soil. For con-
ductivity, hardness, total alkalinity, nitrates, chlorides, and
sulfates a noticeable rapid increase in concentration occurs in
late June or early July each year. Numerically, the greatest
increases were in hardness (from about 70 in the inlet to about
300 in the outlet on occasion) and in alkalinity (from about 80 to
about 225 at times in the outlet drain water). The percentage
changes were quite large for nitrates, but still the nitrate-N
content never exceeded 5.5 mg/l in any surface water sample
throughout the basin in the three-year study period.

Much of the return water from irrigation in the northern
one-third of the basin finds its way by underground seepage or
drains into Potholes Reservoir and on out into the lower portions
of the basin via Potholes Canal. Some dilution of used water by
flow from wasteways occurs in the reservoir and also by runoff
from Upper Crab Creek. This dilution probably explains the
fact that Potholes Canal water (shown by squares) has less of
nearly every dissolved constituent than the once used water from
the self-contained area. The water is definitely more mineralized
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than the water in the miain canals entering the project, however.

The water quality data for Ringold Springs (solid tri-
angles) is somewhat surprising because of its variability. As
previously mentioned, these springs issue from the steep hill or
bluff along the Columbia River southwest of Mesa. The springs
discharge immediately above a nearly impervious consolidated
strata in the Ringold Formation. The springs extend almost
continuously for approximately 1/4 to 1/2 mile along the hillside.
Considering the large volume of flow and the distances of under-
ground flow involved, it is difficult to explain the rapid changes
that occur in conductivity, hardness, nitrates, and chlorides. It
should be noted that existing knowledge of the geology of the area
does not support the idea that solution channels, such as might
be found in limestone regions, could allow the rapid transmission
of surface water to the springs. The fluctuations in chlorides,
hardness, conductivity, and nitrates appear to be in seasonal
cycles that are out of chronological phase with similar changes
at other surface water sampling stations. This suggests that the
time of flow from irrigation areas to the springs is perhaps as
much as 4 to 8 months.

Unfortunately, data were not obtained on fluctuations in
rate of flow at the springs. This prevents estimation of the
effect that the springs may have on water quality outside of the
irrigation project area.

The use of certain chlorinated organic compounds for
the control of pests on irrigated croplands in the Columbia Basin
has given rise to a new consideration in regard to water quality.
Because of the low solubility of this class of pesticides in water,
concentrating techniques were required to obtain samples of
sufficient concentration for analysis. The carbon filter technique
using activated carbon as an adsorbent, similar to that used by
the U.S. Public Health Service, was used in the study. Though
perhaps not giving quantitative recovery of pesticides, activated
carbon is thus far the best, available, nonspecific medium for
the removal of organic compounds from water.

A number of analytical techniques were investigated to
determine the identify and to quantitatively estimate the individual
pesticides in residues extracted from the activated carbon. It
was found that gas chromatography was the best approach for the
separation of the residue into its individual constituents. Gas
chromatographic columns, containing either 5 percent Dow 200
silicone or 5 percent Epon 1001 on 60/80 mesh Chromosorb P,
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gave satisfactory separations of mixtures into the individual
pesticides. Four types of detecting systems used in gas chromo-
tography: thermoconductivity, hydrogen flame ionization, elec-
tron capture, and microcoulmetric titrator in conjunction with a
microcombustion furnace, were investigated. The latter was the
most specific for analyzing, both qualitatively and quantitatively,
the chlorinated hydrocarbon pesticides in extracts from field
samples. D.S. May, et al (4) at the 18th Purdue Industrial Waste
Conference described the analytical procedure and detector com-
parison.

As a result of sampling in the Columbia Basin during
the 1961 and 1962 growing season, pesticides were found on
occasion in all wasteways, impoundments, and lakes in the
Columbia Basin. On three different occasions aldrin, DDT, and
the esters of 2,4D were found, each in concentrations ranging
from 0.1 to 3.0 parts per trillion (ppt), in the flow of the West
Canal near Quincy, Washington. Aldrin, DDT, DDD, and the
esters of 2,4D were present on two occasions in concentrations
ranging from 0.1 to 0.7 ppt in the flow of the Potholes Canal
below the Scooteny Reservoir. Sampling stations on Crab
Creek, the Potholes Canal above Scooteny Reservoir, and the
low canal above Warden gave concentrations ranging from 0.1
to 0.5 ppt. DDT, aldrin, and the esters of 2,4D were the pre-
dominate chlorinated pesticides present.

Mud samples from Evergreen, Coffin, and Moses Lake
revealed that the sediments contained DDT, aldrin, and the
esters of 2,4D, each in concentrations in the parts per billion
range.

CONCLUSIONS

It may be concluded from this study that rather marked
changes have occurred both in ground and surface water. In
the highly mineralized water of the Soap Lake area dilution has
resulted in reducing mineral content. In the waters of the lake
this has caused concern, since the tourist business is a major
economic factor here and tourists are attracted by the high
mineral content of the lake waters. In other areas drainage flow
which enters lakes and streams shows increases in mineral
content from that in the applied waters.

From the health viewpoint no particular hazard is
evident except in the case of several wells where the nitrate-N
content exceeds 10 mg/1l. Such waters should be used with care.
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However, pesticides have been detected in the water in drains,
lakes, and reservoirs, and in bottom muds. At present these
are in low concentrations. Until toxicities are determined and
allowable limits are prescribed by public health authorities, it
cannot be stated whether or not there is a health hazard from
these substances,
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Total Hardness
Sodium
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Total Alk (CaCOjy)
Sulfate

Chloride
Nitrate-N
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Total Hardness
Sodium
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Total Alk (CaCO3)
Sulfate

Chloride

Nitrate - N
Phosphate

Total Hardness
Sodium

Potassium

Total Alk (CaCOB)
Sulfate

Chloride
Nitrate-N

REDUCED MINERAL CONTENT

Table 1

Well No. 22/27 - 30 P2

Depth 67 Feet
(Soap Lake Area)

8/4/53 8/15/60 9/12/60 6/21/61 8/1/62
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
2370 370 756 357 ————
- 113 98 97 PP
- 9 13 8 .

550 262 249 258 ———-
———- 286 565 270 —-———
430 33.5 59.8 31 22.5
---- 1.9 0.75 2.18 2.06
———- 0.27 ———- ———— ————
Table II
Well No. 19/29 - 22 C1
Depth 352 Feet
(Moses Lake Area)
1/8/52 8/15/60 9/12/60 6/21/61
(mg/1) (mg/1) (mg/1) (mg/1)
176 38 41 52
37 23 46 23
8 2.3 2.6 2.3
244 86 88 87
82 14 14 13
46 1 1.3 0.25
S 0.11 0.4 0.8
S 0.15 —- a——-
INCREASED MINERAL CONTENT
Table 111
Well No. 18/29 - 17 Pl
Depth 342 Feet
(Between Moses Lake and Warden)
2/ /52 8/30/60 8/9/61 8/1/62
(mg/1) (mg/1) (mg/1) (mg/1)
102 258 277 .-
36 56 29 ----
11.0 3.9 3.2 ———-
140 150 140 ———-
29 60 68 -——--
18 42.5 51.5 52.2
2.08 13.40 16.30 14.21
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Table 1V
No.
Depth 185 Feet
(Warden Area)

well

11/1/53 8/30/60 8/9/61 8/1/62
(mg/1) (mg/1) (mg/1) (mg/1)
Total Hardness 121 258 252 ——--
Sodium 33 78 48 —---
Potassium 2,7 5.7 4.3 ——--
Total Alk (CaCOB) 292 129 140 ----
Sulfate 30 131 125 --—--
Chloride 17 44 42 49.5
Nitrate-N 0.05 10.8 10.06 12.3
Phosphate - 0.11 -—-- ----
Table V
Well No. 20/23 - 10 Nl
Depth 351 Feet
(Quincy Area)
9/11/53 8/22/60 7/17/61 8/1/62
(mg/1) (mg/1) (mg/1) (mg/1)
Total Hardness 158 232 246 -—--
Sodium 27 67 40 -—--
Potassium 3.9 7.7 7.5 ----
Total Alk (CaCO3) 296 144 144 -——
Sulfate 53 77 81 ———-
Chloride 15 63 70.8 76
Nitrate-N 0.16 3.55 3.23 3.61
Phosphate - 0.04 ---- ----
Table VI
Well No. 13/29 - 26 Bl
Depth 175 Feet
(Mesa Area)
12/10/54 8/15/60 8/16/61 8/1/62
(mg/1) (mg/1) (mg/1) (mg/1)
Total Hardness 175 312 312 .-
Sodium 24 71 35 ———-
Potassium 5.5 8.4 7.4 ———
Total Alk (CaCOj) 221 280 274 -
Sulfate 71 63 68 -
Chloride -—— 27 30 30
Nitrate-N ———- 4,8 4.4 4.2
Phosphate ——— 0,05 ---- -
Note: Mesa Area only area where total Alk (CaCO3) has increased

18/30 - 16 Rl

General Nitrate-N Concentration Trends

Down
Soap Lake - Ephrata Area
Ringold Springs Area
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LEGEND
FOR SURFACE WATER QUALITY GRAPHS

Figures 2-7

O = New water sampled at inlet to self-contained area
south of Quincy.

® = Once used water in drain from self-contained area
south of Quincy.

-— = Multi-used water from Potholes Canal south of
Othello. Contains some unused water from
wasteways and is influenced by long-term storage.

A - Water from Ringold Springs west of Mesa at

Columbia River bluffs. Probably used irrigation
water flowing underground up to 20 miles.
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WASTES MANAGEMENT IN THE FOOD PRODUCING
AND PROCESSING INDUSTRIES

S.A. Hart and P.H. McGauhey

"Wastes!" To produce and refine but a single pound of
food for the American household requires that five to ten pounds
of solid wastes be left in the field or processing factory and that
many gallons of process water acquire the unholy status of
waste water.

Any substance, liquid or solid, becomes a "waste'
when its owner or producer considers its value insufficient to
justify its retention. Any suggestion that further money be in-
vested in its disposal or other financially unrewarding objective
is likely to be considered absurd. The true problem of wastes
management lies in this attitude, and in no case has the con-
sequence become more critical than in the food producing and
food processing industries.

Time was when the U.S. population was almost exclu-
sively agricultural; food production, processing, and consump-
tion, along with the handling of wastes so produced, lay with
each individual, and because population density was low, wastes
management posed little problem beyond using up some other-
wise productive labor. In today's urban society there is great
separation of the activities of food producing, food processing,
and food consuming. Waste disposal too has followed this same
evolution, to the end that municipal wastes, industrial wastes,
and agricultural wastes are generally looked upon as separate,
discrete, and unrelated problems. Nothing could be further from
the truth, either in actual practice or in developing satisfactory
solutions. Nevertheless, economical and comprehensive solu-
tions to the overall community wastes handling must await
future awareness of the interrelation between rural and urban
waste disposal problems. In the meantime, the food industry
must look to separate solution of its own problem. A closer
look at the character of these problems may, however, enable us
to see better what must be done to save modern man from being
engulfed by mountains of his own wastes.

FIELD AND FARM WASTES
Agriculture is by far the biggest producer of wastes.
The most significant of these are crop residues and animal ma-

nures (1). For example, three pounds of manure are defecated
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for each quart of milk produced. Livestock produce six to twenty-
five pounds of manure per pound of weight gain; or a total of 1,12
billion cubic yards of manure per year—enough to supply each
family with more than twenty-five cubic yards. Some of this ma-
nure is left in pastures and on rangeland, and hence does not
create disposal problems, but at least half of it is deposited in
feedlots and barns, from whence it must be removed for disposal.

One, of course, immediately thinks, "Ah, but manures
can be used as fertilizers. They are not in fact wastes."
Strictly speaking, this is true; if some profitable use can be
found for a waste, it can be called a by-product. But livestock
are not kept for the sake of their manure; farmers (and proc-
essors) would be much happier if there were no portion of their
produce that had to be handled as a waste, The farmer can buy
and distribute bagged chemical fertilizers cheaper than he can
scrape up manure and spread it on the field (2). He handles
manure only because he has to control fly breeding, odors, dust,
and disease hazard to his animals.

The management of manure is the number one technical
problem facing the livestock industry today. This is particularly
true in the high-investment rural belt impinged on by the post-
war expansion of cities. Here, both the urban and rural dwellers
are confronted with difficulties, the farmer finding it extremely
expensive to pick up animal manure and transport it to an
acceptable disposal site, the latter finding fly and odor nuisance
of gargantuan proportions. Some idea of the magnitude of this
problem may be gained from statistics of California communities.
Here, in the vicinity of burgeoning cities, there are egg and
poultry installations, each housing 10, 000 to 100, 000 hens (3),
and feeding pens in which a single owner fattens as many as
6,000 steers per year. Itis estimated that such concentrations
produce a total of 20 million cubic yards of manure annually, with
a fly-producing potential beyond calculation.

Needless to say, the animal manure problem in the newly
urbanized rural area is imperfectly resolved. Wastes cannot be
left where they fall; land on which they may be spread is seldom
to be found nearby; high investment in fixed installations, plus the
speculative pricing of land further out, tends to pin down the
owner disinclined to give up and sell his land for subdivisions;
and local jurisdictions are neither organized nor educated for
waste disposal on an area basis. Current solutions to this dilem-
ma involve a combination of expedients. The individual farmer
seeks to pursue the historic land disposal method, or goes out of
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business under the impact of urban enforcement of nuisance
abatement laws or ruinous taxes as the city overruns his prop-
erty. Meanwhile, research seeks new solutions through
lagooning, digestion, or composting of animal manures, either
alone or in combination with other organic debris.

Like the animal grower, the crop farmer is faced with
prodigious quantities of residues. The tonnage of stalks, stems,
leaves, and cull fruit left in the field far exceeds the tonnage of
crop harvested and hauled to market. The ear of corn is but
one-third of the total plant weight, and tomatoes actually harvested
are but one-fourth of the weight of residue left in the field (4).
The story is the same for all crops, from asparagus to zucchini.
Since some 112 million tons of plant crops are harvested each
year in the United States (5), the field wastes are overwhelming
enough to give each American family 8 tons of cull fruit, dead
plants, and field trash to go with his mountain of animal manure.

As with manures, something must be done with these
wastes to prevent fly breeding and other sanitation problems, and
to allow the farmer to prepare the land and grow the next crop.
There are three ways of disposal: plowing under, burning, or
surface spreading. Probably the most universal is the plowing
of wastes into the soil. Sanitation-wise it is effective, but it is
expensive. In addition, the nutrient imbalance of the residues
often creates soil fertility problems when they are turned over,
thus requiring additional chemical fertilizers.

Burning of residues, such as cereal stubble and tree
prunings, is a simple procedure but adds to the air pollution
problem already vexing more than 10, 000 U.S. communities.
Trash cutters and wood chippers are sometimes used to reduce
the volume of tree prunings, corn stalks, and cotton plants.
The residue is then left on the field, but this procedure may
foster diseases and insects that will attack succeeding crops.
Control may then call for stronger insecticides, which can lead
to greater problems of water pollution for processors of the
produce. In any event, such waste disposal can be done only
after the complete crop is removed. But many fruits and veg-
etables are harvested over several weeks to several months.
Cull fruit from the beginning of harvest must just lay in the
field and rot and create problems until the harvest is finished
and disposal of the total crop residues can be undertaken.
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FOOD PROCESSING WASTES

The U.S. could not support and sustain its population
without our modern-day food processing industry. Pasteurization,
canning, freezing, dehydrating, and all other purifying and pre-
serving techniques remove the time limitation of food harvesting
and eliminate the health hazard of eating. The increased refine-
ment and tastiness of foods, convenience of use, and generally
lower cost to the consumer are other benefits of modern food
technology.

But even here, all these benefits are not without their
price in the production and management of wastes. Creameries
use and discharge more water than the amount of fluid milk they
process (6). The prime example, however, is cannery waste.
Here, both liquid and solid wastes are produced in tremendous
quantities. The problem is further compounded by the fact that
most of these wastes occur in a short period, during the harvest
season.

In volume of wastes from a cannery, the liquid is by far
the greatest, varying from 1/4 gallon to over 4 gallons per pound
of fruit or vegetables processed (7)(8). The concentration of
pollutants in the process waters may be small; nevertheless, for
a number of reasons they are difficult to deal with. For example,
water used in washing raw products may be high in inert solids
(dirt) and contain insecticides and other chemicals. Pea blancher
wastes have a high BOD, fruit processing wastes contain readily
available sugars, etc. Biological methods developed for sewage
treatment are often ill-suited to the task of stabilizing cannery
wastes because of the poor balance of carbohydrates and nitro-
genous compounds in the wastes and the seasonal load imposed
precipitously on treatment plants designed for domestic sewage.
Mechanical and chemical purification methods, such as screening,
flotation, heavy chlorination, and chemical oxidants, have all
been tried but with only moderate success. The current approach
is to get rid of process water quickly by spray irrigation onto
land (9), provided, of course, that the cannery has moved from
its city location and has not yet been overrun by urban develop-
ment.

Solid wastes—the skins, reject fruit, pits, etc., present
truly unique problems in waste disposal. Here, not only cost,
but inadequate process technology combine to present almost in-
surmountable difficulties. In specific cases some solid wastes
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such as tomato skins and seeds may be dehydrated for animal
feed. Fruit pits are often converted to charcoal for industrial
use or for backyard barbecues—some 25, 000 tons of peach pits
were handled this way in a single plant in California in 1961 (10).
These specific by-products represent but a fraction of the solid
wastes. Each year, for example, 60 to 75,000 tons are produced
in the East Bay area of California, and at least 300, 000 tons in
the great Central Valley. The high sugar content of some of
these solid wastes suggests its use in the manufacture of industrial
alcohol. Here, no unusual process problems are involved, but

it is impossible to build a satisfactory economically competitive
fermentation industry around a short-term, high-volume waste,
either as a separate enterprise or as an activity of the canning
industry itself. In addition, the wastes from such an alcohol
plant would still represent a secondary disposal problem.

During the past several years a number of canneries in
the Oakland, California, area have disposed of their solid wastes
by barging them out to sea. This is expensive as well as phys-
ically hazardous, and of course is not practical for inland areas.
In any event, it is looked upon with an increasingly jaundiced
eye by a growing band of "true believers' who would guard the
sanctity of the sea as fearlessly as the Isaac Walton League does
our fresh-water streams. No one considers dumping wastes in
the ocean an adequate answer.

One hopeful process—disposal of cannery solid wastes
by composting—was begun in 1962 by the National Canners'
Association and the University of California, and was described
earlier this afternoon by Mr. Rose (11). It may represent to
urban waste disposal a solution that may later be applicable to all
solid wastes produced by the domestic and industrial community.

THE NEED TO MANAGE WASTES

Wastes are, of course, an inevitable result of man's
production and use of food and fiber. Just as inevitably as
wastes are produced, so must they be managed. The ultimate
goal of the food~-producing and processing industries with which
this paper is concerned is to furnish food for the consumer. That
food nourishes and sustains him, and in due course itself becomes
a waste. However, only the water-borne segment of such waste
has been subjected to well-engineered disposal systems capable
of accepting similar liquid wastes from the industrial sector of
the community. The cans, bottles, packaging, food scraps, and
fancy wrappings that entice the housewife are usually managed in
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the haphazard manner that characterizes the disposal of food
producing and food processing wastes. Only, this is done by a
different jurisdiction not concerned with coordinating the disposal
of its solid wastes with that of other segments of the food waste
chain.

The need for an integrated approach to wastes manage-~
ment is nowhere more evident than at the so-called "urban-rural
zone of contact.'" As previously noted, urban centers have, since
World War II, been spilling out into the surrounding countryside
in a suburban sprawl. Here is where high-cost homes, food
processing plants, and agriculture meet. In the historic pattern
the rural area adjacent to a metropolis is devoted to intensive
agriculture. Here are the truck crop farms, dairies, egg ranches,
and perhaps feedlots, all designed to supply the metropolitan area
with foodstuffs adequately and efficiently. Since investment in
land and equipment is high, this rural shell loses its adaptive
flexibility. It also exists in considerable depth and has a pro-
found effect on the waste management problems of the entire
community. Thus, when the city expands, it comes into direct
clash with intensive agriculture and creates problems for both.

Integrating the disposal and utilization of area wastes
has received some small attention, but the motivation has gen-
erally been economy to the segment of the food chain that is in
trouble at the time. This passing of the wastebucket, of course,
began with the consumer when he became a city dweller and
delegated the chores and the wastes back to the processor or
producer. The processor in turn frequently tries to shift the
waste burden forward or backward.

A specific example is seen in the movement of dairy
processing plants to cities so that their process water may be
handled by the municipal sewage treatment plant. Or the shift
may put the burden of waste disposal back upon agriculture, as
when the pea and bean processor makes the farmer take back
the shelled-out vines and dispose of them on the field where they
were grown, or the cannery develops a spray irrigation system
to dispose of its waste water on agricultural land. The farmer,
too, often tries to shift the burden, as when he goes to mechan-
ical harvesting of a crop without field sorting and cleaning, and
passes this chore on to the processor, While this approach is
undoubtedly proper, it is regrettable that the motivation is
narrow and that each segment of the community attacks its own
waste problem with myopic concern only for itself, without re-
gard for the impact of the whole waste problem upon society.
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POSSIBLE SOLUTIONS TO THE PROBLEM

There appear to be no simple and separate solutions to
the problem of management of wastes from the food producing
and food processing industries. In fact, the problem exists be~
cause of the failure of attempts to dispose of individual wastes
by methods suited only to a far less complicated rural society.
Regrettably, too, the emphasis in disposal has been on cheap-
ness rather than adequacy of method. Two principal approaches
now seem imperative: (1) a program of education of the citizen,
his elected representatives, and the food producer and processor;
and (2) a program of research into economical and technologically
feasible methods of community waste disposal.

The objectives of the educational program must include
the concept that in a modern urban-industrial-agricultural
complex there is no longer any way by which a single jurisdiction,
or individual sector of the economy, can dispose of its wastes by
simple export to some area beyond its own limits, to be burned,
buried, or dumped without concern; but that instead a compre-
hensive program of integrated community wastes management is
necessary.

The educational program must also lead the public to
understand that waste disposal is worth whatever it costs within
the framework of sound engineering and administration, and
that the cost is a part of the price we must pay for the urban-
industrialism from which our high standard of living derives.
Citizens are well aware that it costs more to police, provide
fire protection, and operate an urban society than it does for the
people to live as hermits. The advantages and benefits of com-
munity life are generally recognized as worth the cost, however
grudgingly the citizens pay the taxes that provide municipal
services. It remains to apply this same rationale to the devel-
opment of a more efficient and satisfactory solution to the
problems of waste disposal in the food industry. Obviously,
the farmer or processor cannot be expected to demonstrate
greater altruism than the urban citizen by voluntarily burdening
himself with costs of waste management beyond what will
benefit him directly. Nor will many housewives buy '"Product
X" simply because its manufacturer spends on extra cent per
can going the second mile in waste disposal. The solution will
come only when coordinated systems are developed that will
give society its desired level of sanitation, and when the
citizenry is convinced of the necessity of paying for it.
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The search for economical and technically feasible
methods should begin with a recognition of certain fundamental
assumptions. Concerning solid wastes, it should be recognized
that animal manures, crop residues, cannery solid wastes, and
municipal refuse may all have to be combined and treated as a
composite waste. Certainly it must be realized that the ultimate
disposal of most of such stabilized material will have to be upon
agricultural land. Further, such material, even more than ma-
nure, will probably not be able to compete with commercial
fertilizers. Thus, encouraging the farmer to use it will probably
require that it be given or sold to him at a cost below the actual
cost of stabilizing it. Research funds to establish the technology
and economy of area-wide waste disposal must come from public
sources since the food industry, unable to resolve its waste
problems separately, can in no way be expected to resolve the
overall community-wide problem. Necessary studies of the
feasibility of waste disposal districts or other jurisdictional
arrangement to carry out a comprehensive program must be a
part of the research program.

A hopeful approach to solid wastes research has been
reported today by Mr. Mercer (12). Although its immediate
objective is the disposal of cannery wastes, its sponsors look to
its application to combined community wastes. Again, the
integrated approach will be necessary but the motivation will be
to benefit all segments of the food chain; indeed, to benefit the
whole of society.
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POTATO WASTE TREATMENT
Robert E. Pailthorp

In 1961, the potato processing industry of Idaho was con-~
fronted with the problem of waste treatment to protect the waters
of the state. In only two years the processors have banded to-
gether into a working unit and, with the assistance of equipment
manufacturers, state agencies, and engineering consultants
have conducted pilot plant studies, made equipment evaluations,
developed design criteria, and designed and constructed treat~
ment plants.

Idaho's potato processors produce potato flour, starch,
chips, french fries, granules, alcohol, flakes, slices, and other
items. The growth of the industry has been phenomenal. In
1950, the industry in Idaho used 202, 500, 000 pounds of potatoes,
and in 1960, this had increased to 2,009, 300,000 pounds. In
only 10 years the industry expanded nearly 10 times and, con-
sequently, so had the waste disposal problem. In 1961,
2,561,700, 000 pounds of potatoes were used by processing plants
in Idaho.

During the processing of potatoes between 20 and 25 per-
cent of the raw product is lost as waste. This means that
between 500, 000, 000 and 625, 000, 000 pounds of potatoes must be
disposed of each year by the potato processors.

A majority of the processing plants are located along
the Snake River or its tributaries and have, in the past, dis=~
charged waste directly to the stream after it had been screened
to remove large solids. The Snake River is also used for mu-
nicipal water supplies, sewage disposal, irrigation, and recre-
ation. Over the past years the flow in the river has decreased
as a result of increased irrigation needs and as a result of the
fact that Idaho has recently experienced some very dry years.
All of these factors have caused deterioration of the water quality
in the Snake River, which resulted in the State Board of Health
requiring, in a report dated February 1961, that all potato
processing plants above American Falls Reservoir remove 50
percent of the pollution from their waste flow and plants op-
erating below American Falls Reservoir remove 90 percent.
Proposals for providing treatment were to be submitted to the
State Board of Health by July 1, 1961, and the plans for treat-
ment were to be submitted by January 1, 1962. The treatment
facilities were to be completed by September 1962.
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In view of the treatment requirements, a survey of all
available information was made. It was found that no information
existed which could be directly applied to the waste treatment
problem, and that processors in other parts of the nation and
Canada were asking the same questions and pondering the same
problems.

PROCESS

Most of the potatoes are processed to produce prepared
foods., Therefore, the waste from this source was of major
concern. Although all potato plants are individual and have their
own peculiarities, the general sequence of operations is similar
throughout the industry. The flow diagram in Figure 1 illustrates
a typical plant and the sources of waste.

The first operation is to wash the potatoes to remove the
soil. This waste contains rocks, soil, and some potato solids.

The next step is to peel the potatoes. Two processes
are used—steam peel or caustic peel. In either system the outer
layers of the potato are softened so that they can be removed by
high-pressure water sprays. A majority of the waste is pro-
duced at this point. This waste contains the outer layers of the
potato and, in the case of caustic peel, an amount of sodium
hydroxide which results in a waste with very high pH.

The potatoes are passed from the peelers to the trim
tables, where bad spots, eyes, and other blemishes are removed
by hand, A majority of the waste trimmed from the potatoes can
be removed from the waste flow by screening. A relatively
small amount of water is used in this operation.

Next, the potatoes are cut to a desired shape and then
blanched in hot water. The waste from the blanchers is of high
strength and the solids are largely dissolved.

After the blanchers the potatoes are processed into the
final product. Wastes result from many sources during the final
processing but, in general, they are of minor significance and
vary widely from one plant to another.

Cleanup of the plants results in sewage flows of high

strength. The character of the waste flow from cleanup oper-
ations varies widely from one plant to another.
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Potatoes can be conveyed within the plants with water or
mechanically conveyed from one operation to another. When
water is used to convey potatoes, it is discharged to waste after
being recycled several times. This water contains both dissolved
and suspended solids. Water use varies in processing plants
from 1-1/2 to 2-1/2 gallons per pound of potatoes processed,
with 2 gallons per pound as an estimated average use.

APPROACH BY PROCESSORS

The potato processors realized that they all faced the
same problems and, therefore, to eliminate duplication of effort
organized a waste disposal committee which consisted of
representatives of most of the major potato processors of Idaho.
The committee was formed in the spring of 1961. The objective
was to develop the best method for treating potato waste so that
the requirements of the State Board of Health could be met. The
group set out to conduct laboratory and pilot plant work for re-
moving solids from the waste and disposing of the solids. The
methods of treatment first considered were sedimentation,
screening, centrifuging, flotation, lagooning, and spray irrigation.

The studies were financially supported by a majority of
the processors of the state. Most of the pilot plant equipment
was made available by various equipment manufacturers. A
full-sized sedimentation unit was constructed in an existing con-
crete tank at the R.T. French plant in Shelley, Idaho.

IN-PLANT CHANGES

Most of the processing plants measured and ran tests
of individual waste flows within their plants to determine the
extent of their particular problems and to indicate the methods of
reducing waste flow. The flume water, which in most plants is
used to convey the potatoes to the processing plant from holding
cellars and to remove soil from the potatoes, was not treated.
In most plants the flume water was already separated from the
other waste flows and was being recycled. Plants which were
not doing this have since changed to the flow pattern so that the
flume and wash water is separated from other plant waste flows.
It is probable that at some future date this waste will have to be
treated. Make-up water must be added to the flume water
system to displace soil from the system,

The greatest saving of water within the plants was made
by recycling water in the peelers or by reusing water from other
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points in the plant in the peelers. In some plants this saved up to
250 gallons per minute of water usage. In some cases water
from the waste treatment plant can be reused within the proc-
essing plant.

The reuse of water is controlled by biological buildup
and foaming. Potato waste foams very easily and produces a
very stable foam, which can cause annoying problems. A high
biological count in the food product as a result of excessive water
reuse would, of course, be disastrous.

Numerous methods of water reuse were investigated by
most plants, and in some cases nearly a 25 percent saving in
water could be made.

PILOT PLANT RESULTS

Laboratory and pilot plant tests were run to develop a
maximum amount of useful information in as short a time as
possible. It was suspected by the processors that 50 percent of
the COD could be removed from the waste flow by settling. It
was also recognized that when 50 percent of the COD was re-
moved by settling, the result would be a large quantity of solids
for disposal. It was hoped that the solids could be used as
cattle feed.

Preliminary tests indicated that the solids content of
the underflow from a clarifier would be about 5 percent. There-
fore, a plant processing 1 million pounds of potatoes per day
would have approximately 5, 000 cubic feet of solids to dispose of
each day. An underflow which contained only 5 percent solids
was found to be very fluid and difficult to handle. For cattle
feeding purposes, the palatability of such a liquid material was
very poor. It was necessary to find a way to further dewater
the solids and then to determine if they would make an
acceptable cattle feed.

Many tests of various types were conducted. The
following is a discussion of those tests which appear to be
significant. It was found that sedimentation in a clarifier with
an overflow rate of approximately 800 gallons per square foot
per day would result in at least a 50 percent removal of COD
for waste from both caustic peel and steam peel plants. Tests
with screens and centrifuges failed to produce 50 percent re-
moval.
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Carbon dioxide from the plant boiler stack gases was
diffused through caustic peel waste to lower the pH. It was found
to be effective, and if not applied at too great a rate did not
cause excessive foam. This technique may prove useful in the
future to condition caustic waste for secondary treatment.

It was thought that perhaps chemical coagulation could
produce the 90 percent removal required of some processors;
therefore, tests were run using activated silica, alum, ferric,
chloride, ferric sulphate, Hagan No. 2, lime, magnesium
chloride, magnesium sulphate, sodium silicate, separan, soda
ash, and a chemical sold by Panta Industries.

Activated silica, lime, and the Panta chemical proved
to be the most effective. Presettling of the waste prior to the
coagulation did not decrease the chemical requirements. With
chemical treatment it was possible to effect over an 80 percent
COD removal from the potato waste by sedimentation. In all
tests it was noted that as the strength of the waste increased,
so did the percentage removal by sedimentation. Sludges which
resulted from chemical treatment were noted to be less dense
than sludge from plain sedimentation tests. A combination of
lime and activated silica worked best on caustic potato waste.
The cost of chemicals for this treatment was estimated as
approximately 5.7 cents per 1, 000 gallons of waste.

Fermentation was studied as a means of reducing the
pH of the caustic potato solids, dewatering the solids, or pre-
paring the solids for dewatering by mechanical equipment. It
was found that the pH of caustic waste solids would reduce from
over 11 to 5.5 in about 12 hours at room temperature. The
sludge would filter more easily if fermentation had not prog~
ressed too far. However, if the fermentation was allowed to
proceed, the pH would continue to fall and the filterability of
the solids decreased.

It was found that the solids settled from steam peeling
waste could be dewatered without chemical treatment to about
15 percent solids on a vacuum filter., It was found that the
solids settled from the caustic peel waste could not be success-
fully vacuum filtered unless they were preconditioned by the use
of chemicals. Many chemicals were tried and many combina-
tions were used. It was found that a combination of about 2 per-
cent ferric sulphate and 10 percent lime was the most successful
in the pilot plant operation and would allow the production of a
filter cake with about a 15 percent solids content, Dewatering of
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the conditioned solids was also attempted with a centrifuge, but
was found not to be as successful as a vacuum filter.

A plant which is processing one million pounds of
potatoes per day would produce approximately 150, 000 pounds of
filter cake for disposal each day. Many feed tests were con-
ducted and others are being continued. The solids are palatable
to cattle and there is every indication that they can be disposed
of as a feed.

TREATMENT METHODS

The particular details of individual waste treatment
plants have varied because of problems and conditions peculiar
to each plant. In general, however, each plant is screening its
waste and then settling it in mechanically-cleaned clarifiers
which have a design overflow rate of about 800 gallons per square
foot per day and a side water depth of about 12 feet. The deep
clarifiers provide for concentration of the settled solids.

In plants using steam peeling the clarifier underflow is
pumped directly to a belt-type vacuum filter for dewatering.
The filter cake is trucked away and either used fresh, as cattle
feed, or is placed in silos and then fed to cattle after it has
fermented.

In plants using caustic peel the waste treatment is more
difficult. The wastes are screened and then settled in clarifiers
as with steam peel waste, but facilities are provided so that the
clarifier underflow can be treated with lime or ferric sulphate.
Lime is mixed with the solids and allowed to react for about 30
minutes in a thickener, then the solids are withdrawn and ferric
sulphate is added and mixed with them in a flocculator. The
conditioned solids are vacuum filtered and trucked away for use
as cattle feed. Schematic diagrams of the treatment systems are
shown in Figure 2.

A caustic peel plant which was constructed at the R.T.

French Company of Shelley, Idaho, in the latter part of 1962, has
been in operation long enough so that experimental work could be
done on the full-scale plant. It has been found that during certain
times of the year, as a result of a change in the character of the
potatoes, the caustic peel solids can be vacuum filtered success-
fully without the use of chemical coagulants. The exact reasons
why this is true have not been resolved, but studies are
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continuing on this important development in the waste treatment
process. Tests are also being conducted by a processor on a
system which would employ fermentation followed by solids sep-
aration in a centrifuge.

FUTURE STUDIES

The problem of secondary treatment, disposal of solids,
and other items which have developed will be studied in the future,
Particular attention will be given to methods for dewatering the
solids and producing a stable and acceptable cattle feed product.
Some tests with presses have already been conducted, but so far
have proven unsuccessful. Methods of secondary treatment will
be studied. Emphasis will be placed on fermentation, aerated
and nonaerated ponds, trickling filters, activated sludge, spray
irrigation, chemical treatment, anaerobic digestion, and
combinations of the above methods.

Work will be conducted to resolve the problem of possible
contamination of the potato solids by insecticides. Cattle feeding
experiments will be continued to determine the value and the best
use of the solids, New uses for the potato solids will continue to
be studied in hopes of developing other outlets for the disposal of
the separated solids. When all plants effect a 50 percent re-
moval of COD from the waste flow, an equivalent of approximately
300, 000, 000 pounds of potatoes must be used or disposed of in
some manner, The problem of disposal of the solids which will
result from secondary treatment processes has yet to be con-
sidered. Methods for reducing the cost of chemicals for treating
caustic peeler solids before vacuum filtration will continue to be
studied in the full-scale plants which are now in operation.

Dr. Jackson of the University of Idaho, is directing re=-
search on oxygen transfer with venturi aerators; the effect of
surface agents and other variables in venturi aerators; treatment
of potato waste with carbon dioxide, pectic enzymes, and natural
fermentation; anaerobic digestion; and foam separation of potato
waste solubles,

Although the time limits set by the State Board of Health
have not been met in all cases by the processors, treatment
methods have been developed for the treatment of a difficult waste
in a very short time, and several treatment plants were in
operation by the fall of 1962, which would reduce the COD of the
waste at least 50 percent. Only by the joint effort of all proc-
essors and diligent work of very enthusiastic individuals could
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so much information have been developed and applied in such a

short time.
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TREATMENT OF RADIOACTIVE CONDENSATE WASTE
J.M. Skarpelos

INTRODUCTION

With the growth of the atomic energy industry and asso-
ciated increases in the rate of production of radicactive wastes,
increased emphasis has been placed on developing methods for
"ultimate" waste disposal. Considerable work is being done to
develop techniques for immobilizing radioisotopes in high activity
level liquid wastes by incorporation into solid forms. The high-
level waste solidification schemes as well as conventional
nuclear fuel reprocessing plants produce large volumes of low-
and intermediate~level radiocactive condensate wastes. In remote
areas such as Hanford, these wastes are now safely and eco-
nomically discharged to the ground; hazardous long-lived radio-
isotopes are effectively retained by the soil and short-lived
radioisotopes reaching ground water are adequately decayed
before the ground water reaches water supply sources. Such
methods are feasible at Hanford because of the favorable
location and environmental conditions there. These methods
probably would not be feasible if the nuclear processing plants
were located near heavily populated areas. Economic and
effective decontamination of large volumes of these low- and
intermediate-level waste streams may be a major consideration
in locating future nuclear materials processing plants. Since
much of the technology which can be used for treating radioactive
condensate wastes has been developed using synthetic cr simu-
lated “"cold" streams, a program was considered necessary in
which an actual condensate stream would be used as feed for
treatment process studies. Treatment processes using inexpen-
sive ion exchange adsorbents with large capacities for removing
radioactivity were of prime interest. The waste chosen for this
work is produced when the vapors given off by the self boiling
alkaline wastes in the Purex Tank Farm are condensed. This
report describes the experimental evaluation of a radioactive
condensate waste decontamination process on a small engi-
neering scale.

DISCUSSION OF THE PROBLEM

Source of Waste

A simplified flow diagram of the Purex Tank Farm is
shown in Figure 1. The neutralized high-level radioactive wastes
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and organic wash wastes are jetted from the Purex Plant to a di-
version box. The waste then flows by gravity to a second di-
version box from which it can be routed to any of six underground
storage tanks. Vapors produced by heat evolution due to radio-
active decay in the stored waste are routed to an entrainment
removal cyclone and then to one of three surface condensers.

The entrained liquid collected in the entrainment removal cyclone
drains to one of the storage tanks. The condensed vapors are
routed to a 40, 000-gallon underground retention tank. The con-
denser cooling water is sent to a swamp (surface disposal pond),
the equipment is vented through a de-entrainment tower and

then to a local stack, any de-entrained liquid being discharged to
a crib (a sub-surface excavation filled with gravel and covered
by earth).

Most of the aqueous condensate collected in the 40, 000~
gallon tank is returned to the high-level waste storage tanks for
volume control. Equipment has been provided to allow future
re-cycling of the condensate to the Purex Plant, if desired. The
major amount of organic along with a considerable amount of
aqueous condensate is periodically overflowed through the propor-
tional sampler pit to a crib. The waste used in the study re-
ported in this report is the aqueous phase obtained from the lower
part of the retention tank (241-A-417) by tapping off the process
pump discharge line.

Radioisotopes Present in Purex Tank Farm Condensate

The significant radioisotopes found in the Purex Tank
Farm condensate waste are listed in Table I. Also listed are
the Maximum Permissible Concentrations allowable in potable
waters for each radioisotope, if it was the only one present,
along with the decontamination factor required of a treatment
process to produce water having the MPC_ values. As can be
seen by these figures, the most hazardous isotopes of concern
are Sr?9 and ¢cs137,



TABLE I

RADIOISOTOPES PRESENT IN AQUEOUS PHASE PUREX
TANK FARM CONDENSATE WASTE

Typical (b) Decontamina-
Concentration W tion Fact?r
. .. (@) . ¢)
Constituent Half Life (uc/m1l) (Wc/ml) Required
-4 -6
Sr91037 28 years 10 5 1x10 4 > 100
Cs95 30 years 10-2 2x10 4 > 50
Zr106 65 days 10—3 6 X 10 4 > 17
Ru 1 year 107 1x10 > 10
144 -3 -4
C689 285 days 10 3 1x10 4 > 10
Sr 95 (2) 50 days 10'2 1x 10, > 10
Ng; & 35 days 1077 1x 107, > 10
Y3, 59 days 1o‘5 3x10 > 3
1 8 days 107 2x 10 -

(a)

(b)

(c)

Half lives given are for parent substance only except for
Nb’~ which is listed separately. Nb?% was the only
daughter radioisotope present in sufficient concentration
and with long enough half life to be considered in this study.

Maximum Permissible Concentration in Water for 168-hour
week from National Bureau of Standards Handbook 69 (June

5, 1959).

Isotope concentration in untreated
waste

Decontamination Factor = - .
Isotope concentration in treated

waste

Nonradioactive Substances Present in Purex Tank Farm Con-

densate

The significant nonradioactive impurities found in Purex

Tank Farm condensate during normal operation are listed in Table

II.

The organic matter which is present both in solution and as a

very stable emulsion did not noticeably change the decontamina-

tion ability of bed packing materials. However, it did cause
considerable difficulty with respect to physical plugging of the
packed beds, The ammonium ion present, because of its simi-

larity to the cesium ion, alters the ion exchange performance of

an ion exchange material with respect to removal of Cs137, The

nitrite and nitrate ions form complexes with ruthenium which
cause difficulties in removing this element.
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TABLE 11

NONRADIOACTIVE SUBSTANCES PRESENT IN AQUEOUS
PHASE PUREX TANK FARM CONDENSATE WASTE

Constituent Typical Concentrations
Butyl Phosphates 30 to 200 mg/1
Hydrocarbons 10 to 70 mg/1
Ammonia 35 to 200 mg/1
Sodium l1to 2mg/l
Nitrate Ion l1to 5 mg/l
Nitrite Ion 5to 10 mg/l
pH 9 to 10 mg/l

PRETREATMENT OF WASTE

The presence of organic matter in the waste, especially
in emulsified form, tends to be mechanically removed by packed
beds which act as filters. The emulsion globules fill the bed
void spaces during downflow operation, causing an excessive
increase in pressure drop across the bed after only a fraction of
the adsorption capacity of the bed is used. The organic '"fouling"
is characterized by the formation of a distinct layer of an
orange-colored, wax-like material in the top inch of the bed.
Relatively large quantities of ammonia in the waste compete for
exchange sites when cation exchange is attempted. Because of
the similarity between the ammonium ion and cesium, the
capacity for cesium can be seriously decreased, in particular.

A pretreatment step was thus desirable for the purpose
of decreasing the amount of organic matter and ammonia so that
ion exchange could be used to remove and concentrate the radio-
isotopes present from the bulk of the waste. Steam stripping was
considered feasible for this purpose.

A steam stripper for removal of gross amounts of
ammonia and organic impurities present in the condensate waste
was designed and fabricated. The unit consisted of a stripping
column fabricated from an 8-foot length of 2-inch schedule 40
pipe packed with 1/4-inch stainless steel Raschig rings. Steam
which entered the bottom of the column was generated by
heating the bottom stream in a reboiler containing a small steam
coil. With a feed rate of 96 ml/min to the stripper and an over-
head distillate rate of 6 ml/min, the ammonia concentration in
the bottom ranged from 1 to 4 mg/1, the butyl phosphate con-
centration was less than 1 mg/l, and the hydrocarbon concentration
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varied from 1 to 7 mg/l. Thus, the stripper was effective in
removing greater than 97 percent of the ammonia and organic
impurities. The condensed overhead stream consists of organic
and aqueous phases. Some of the iodine and ruthenium radio-
isotopes are volatilized and travel with the overhead stream.
These isotopes tend to concentrate in the organic phase, so that
the aqueous phase can be released to the environs without any
further special treatment. Actual concentrations of radioisotopes
in these two phases are shown in Table IIl. Because radiocesium
is not detected in the overheads, even though it is present in the
feed in concentrations greater than any other isotope, entrain-
ment of the aqueous feed is considered negligible.

TABLE III
RADIOISOTOPES PRESENT IN STEAM STRIPPER OVERHEADS

Concentration Concentration
in Aqueous Phase in Organic Phase
Radioisotope (Hc/ml) {uc/ml)
Iodine-131 5.9 X 107¢ 2.7x107°
Ruthenium-106 5.6 x 1076 3.4 x 10-4
Zirconium-Niobium=-95 9.4 x 10-7 Not detected
Cesium=137 Not detected Not detected

Although the steam stripper bottom stream is very
clear, the residual organic matter is present as filterable par-
ticulate matter. This was apparent when lengthy adsorption ex-
periments were performed. In one run at a flow rate of
1 gpm/ft”, the initial pressure drop across a ll-inch deep bed
was about 0.1 psi. The run was terminated after 6000~-column
volumes of waste had been processed at which time the pressure
drop across the bed had increased to about 4.9 psi. Most of the
filterable organic matter was removed in a l-inch layer at the
top of the bed, although some organic matter was dispersed
throughout the bed. Since the organic matter had adhesive
properties which caused considerable resin particle agglom-
eration, it was necessary to use mechanical means to break up
the agglomerate and solvent treatment to dissolve the organic
matter adhering to the resin beads before regeneration could be
accomplished. A filtration step is thus considered necessary to
protect ion exchange beds.

ADSORPTION OF RADIOISOTOPES FROM WASTE
With the nonradioactive impurities reduced to relatively
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low concentrations in the steam stripper bottoms, the decontam-
ination of the waste by ion exchange adsorption becomes attrac-
tive. Choice of adsorbent then is dependent upon the forms in
which the radioisotopes are present. The cesium in the waste is
present almost entirely as the positively charged cation, as would
be expected. The waste leaving the stripper in the bottom stream
has a pH of 5 to 7. At this pH the strontium, cerium, and
zirconium are present primarily as positively charged cations.
However, 1 to 3 percent are present in nonionized forms. The
pH must be reduced to less than 4 in order to more completely
lonize these elements. Ruthenium which is present is primarily
complexed with nitrites and nitrates in the waste. These com-
plexes of ruthenium are chiefly in the form of anions, and most of
the remainder is in the cation form.

Cesium Removal

Being present entirely as the positively charged cation,
cesium can be removed efficiently from steam stripper bottoms
using conventional cation exchange resins. The capacity of a
strong acid cation resin for removing cesium from this waste
stream is dependent upon the residual sodium and ammonium
ion present. As can be seen in Figure 2, cesium can be re-
moved from about 11, 000 column volumes of steam stripper
bottorns by Amberlite IR-~120 before the MPC,, value of cs!37
is reached if 0.27 meq of cations/1 of feed are present. With
0.50 meq of cations/l of feed the MPC,, value was reached after
only 6000 column volumes of steam stripper bottoms were
processed.

The naturally-occurring mineral clinoptilolite which
has been studied for some time at Hanford was also used to re-
move cesium from the steam stripper bottom stream. Although
0.44 meq of cations/1 were present in the feed to the clino-
ptilolite bed, about 15, 000 column volumes of waste were
processed before the MPC_ value of Cs137 yas reached. This
is also illustrated in Figure 2. The greater capacity available
with clinoptilolite is because the crystal structure of this
zeolite mineral is of near optimum dimensions for selectively
removing cesium even when larger amounts of ammonium and
sodium are present.
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Strontium, Cerium and Zirconium Removal

The radioisotopes of strontium, cerium and zirconium
can also be removed by cation exchange. The efficiency of re-
moval, however, is significantly related to the pH of the feed.
Strontium, for example, can be removed with a decontamination
factor (DF) of 500 when the steam stripper bottom stream
having a pH of 6 to 7 is passed through a bed of Amberlite IR~
120. However, if the pH is reduced to 4 or less by the addition
of nitric acid, the decontamination factor is increased to 5000.
As can be seen in Figure 3, the strontium was removed with this
efficiency for about 11, 000 column volumes by Amberlite IR-120
with no signs of breakthrough. The MPC,, value of sr90 was
reached after about 6000 column volumes of acidified steam
stripper bottoms were processed through a bed of clinoptilolite.
The shape of the breakthrough curve indicates that the crystal
structure which favors cesium adsorption probably limits the
diffusion of strontium into the zeolite particle.

Although it is not illustrated, cerium and zirconium
radioisotopes were adequately removed whenever strontium was

being removed effectively.

Ruthenium Removal

Many difficulties have been encountered in attempting
to remove ruthenium by an adsorption process. In view of the
complex chemistry of ruthenium, this was not without
expectation. While in the separations plant the ruthenium was
present in solutions of high nitric acid concentration, and thus
significant nitrate and nitrite complexes of the element were
formed. When neutralized with caustic soda, water-~soluble or
colloidal complexed polymeric species may be formed. De-
termining the exact form in which the ruthenium is present is
exceedingly difficult and time consuming. We found, however,
that 10 to 20 percent of the ruthenium was removed when waste
was passed through a bed of strong acid cation resin. When
waste was passed through a bed of strong base anion exchange
resin 80 to 90 percent removal was observed. One would thus
expect to remove greater than 90 percent if the two types of
resin were used in series or together in mixed beds. This we
found to be the case, as is shown in Figure 4, where over 99
percent was actually removed during the early part of the ex-
periment. While the initial removal efficiency for ruthenium
was good, the capacity of the two-bed system for ruthenium was
relatively low. The reduction in efficiency of removal of
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ruthenium coincides with the saturation of the bed by nonradio-
active ions. However, even after this bed saturation had
occurred, 80 to 90 percent of the ruthenium continued to be re-
moved.

SUMMARY AND CONCLUSIONS

The overall process visualized for treating a waste
such as Purex Tank Farm condensate is illustrated in Figure 5.
The waste containing ammonia and organic matter along with a
number of radioisotopes is fed to a steam stripper tower. The
overhead vapors, representing about 5 percent of the waste,
contain most of the ammonia and organic matter. Some radio-
iodine and radioruthenium are also present. After condensing
and decanting to separate the two phases formed, we find that
the organic, which represents about 0.02 percent of the waste,
contains most of the ruthenium and iodine present in the over-
head stream. The remainder is an agueous phase containing
most of the ammonia but relatively little radioactivity, and thus
it can be disposed to the environment without further treatment.

The bulk of the waste leaves the stripping tower and is
cooled before passing through a precoat type filter using finely
divided (200 X 300 mesh) cesium selective adsorbent such as
clinoptilolite as the filter aid. This step of the process removes
particulate matter and radiocesium from the liquid. The ad-
sorbent cake is discharged for burial whenever its capacity for
cesium has been utilized, or whenever the pressure drop across
the filter has reached a predetermined point. The filtered waste
is then passed through a strong base anion bed which removes
an appreciable amount of the ruthenium along with nitrate and
nitrite ions. Periodically, this bed is regenerated with caustic
soda. The regenerant solution is discharged to underground
storage. Since alkali in excess of the stoichiometric amount must
be used, the regenerant solution could be used for neutralizing
high-level acid waste, if desirable. The waste leaving the anion
bed is acidified to a pH of 4 before entering the cation bed which
removes strontium, cerium, zirconium, and other radioisotopes
in the cationic form. Having an extremely high capacity for
these radioisotopes, the cation resin can economically be dis-
charged for burial, The effluent leaving the cation bed is suf-
ficiently low in radioactivity that it can be safely discharged to
the environment, If the residual acid needs to be neutralized,
the effluent can be combined with the aqueous overhead stream
containing ammonia.
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THERMODYNAMIC ASPECTS OF GROWTH AND OXIDATION
DURING BIOLOGICAL WASTE TREATMENT

J.A. Servizi and R.H. Bogan
INTRODUCTION

It is generally held that a portion of the waste organic
matter removed during aerobic biological treatment is converted
to sludge and that the remainder is oxidized to provide energy
for synthesis and cell maintenance. There is a great deal of
speculation and apparently some confusion about the quantitative
relationship among oxygen consumption, sludge formation, and
the nature of the waste undergoing treatment. As a result, the
design of aerobic processes for biological treatment has been
based on empirical assumptions relating to oxygen requirements
and sludge production,

In this paper theoretical equations are presented re-
lating oxygen requirements and synthesis to the free energy of
oxidation of the substrate. Experimental verification is offered
for simple systems consisting of single and multiple organic
compounds and both pure and mixed microbial cultures. Data
have been obtained from the literature and from experiments
conducted in our Sanitary Engineering Laboratory,

LITERATURE SURVEY

In describing activated sludge accumulation, a number
of engineers have used equations similar to the following pro-
posed by McCabe and Eckenfelder(!);

AS =ay 1 K S

net 3 a

where y = 1b 5-day BOD removed per day, S = 1b of volatile sus-
pended solids in the mixed liquor, AS = net saludge accumulation -
Ib VSS/day, a = fraction of y converted to VSS, and K; = endoge-
nous or autooxidation rate constant. Though this formula is
accepted in principle, there is disagreement about the value of
"a." Heukelekian, et al (2), Heukelekian and Gellman 3 , and
Sawyer 4) have found 0.5 grams VSS/gram BOD removed for
sewage and various industrial wastes, whereas McCabe and
Eckenfelder (1) have found this yield coefficient to range from
0.38 to 0.93 (as shown in Table I).

In general, two conflicting viewpoints are evident in a
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review of the engineering literature. One point of view is that
the amount of sludge produced during biological treatment varies
with the chemical nature of the waste; the other is that the
relationship between synthesis and oxidation is fixed and inde-
pendent of the organic matter being assimilated.

Oxidation and synthesis by microorganisms have been
studied extensively by microbiologists. Siegel and Clifton(®)
examined the aerobic assimilation by E. coli of succinic,
fumaric, lactic, and pyruvic acids and of glycerol, arabinose,
glucose, and lactose. In these experiments each organic was
employed as the sole source of substrate carbon, and the
amount converted to new cell tissue was determined by carbon
analysis. This study found the proportion of substrate carbon
converted to cell carbon unrelated to the free energy of sub-
strate oxidation. Lamanna and Mallette 7 , in reviewing the
work of Siegel and Clifton, concluded that the chemical nature
of a substrate rather than its free energy of oxidation controls
synthesis.

Bauchop(s) and later Bauchop and Elsden(g) related
cell growth to the theoretical quantity of ATP formed from the
energy source during its catabolism. Anaerobic cultures of
S. faecalis, S. cerevisiae, and Ps. lindneri were grown in

complex media containing essential amino acids, vitamins, etc.
Glucose, D-ribose, or arginine served as energy source, and
it is significant that practically none of the cellular carbon was
derived from these compounds. Experimental results gave
molar growth yields from 8.3 to 11 g. cells per mole of ATP
synthesized (dry weight basis).

Theoretical Considerations

it has been well established that chemoorganotrophic
bacteria growing under aerobic conditions obtain energy for
synthesis® from the oxidation of substrate. Since free energy
change is a measure of the maximum work which a process
may do, it seems logical to postulate that the quantity of cell

%*The term synthesis will be used throughout this paper to signify
gross synthetic yields or gross production of cell mass. That is
to say, synthesis is taken to mean conversion of substrate to cell
tissue exclusive of endogenous metabolism.
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tissue synthesized (work done) per unit of substrate utilized should
be related to the substrate free energy of oxidation. The bio-
logical process to which the postulate refers is described as

bacteri
Organic substrate + O2 _fim,a CO2 + HZO + bacteria (1)

Energy is transferred from the catabolic to the anabolic
processes in the cell via chemical bonds, principally the phos-
phate anhydride bonds of adenosine triphosphate (ATP). Now,
if an organic compound serves the dual role of energy and carbon
source, as shown in (1), then synthesis of cell tissue must occur
from both the substrate and the intermediates formed during its
catabolism.

The initial steps in different catabolic pathways are
principally hydrolytic in nature, as shown in Phase I of Figure 1,
and little energy is released in them. However, in later steps
where the pathways converge into a system of common inter-
mediate compounds, most of the free energy of substrate
oxidation is released; about one-third in Phase II and two-thirds
in Phase II{10), It is assumed therefore that since synthesis
and energy production will begin with intermediates which are
common to most substrates, that in general the yield of cell
tissue should be proportional to the amount of energy available
for synthesis from oxidation of a unit of substrate. Assuming
ATP production as a measure of this energy

Y=k N, 1p @)

where

Y is the synthesis in grams of cell tissue per mole of
substrate utilized

k. is a constant of proportionality having units of grams
per mole of ATP

NA P is energy made available during catabolism of one
moﬁ: of substrate expressed as moles of ATP

1f ATP production is proportional to the free energy re-
leased from substrate oxidation, that is
o

N = -k_AF
2

ATP (3)

ox

then synthesis yields could be related directly to free energy, as
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postulated, by the following equation
Y = -k_k_ AF° (4)
T2 T ox

Note: AF-_ was used because it varies only slightly from AF
for physio‘iggical concentrations of CO,, Hy0, O,, and sub-
strate. For example, with 0.2 atm. OZ’ 0.05 atm. CO,, 0.01
M glucose; AFOX = -688.5 k~cal, while Ang = ~-686 k-cal.

Equation (4) says that the more energy obtainable from
a substrate, the more synthesis which can be performed.

Whether or not Eq. (3) is a reasonable hypothesis may
be found by calculating k, values as shown in Table II for
organics whose catabolic pathways are known. For purposes of
illustration, the oxidative phosphorylation quotient was taken as
three; thus three ATP are formed for each DPNH.

Limited evidence 9) indicates that Eq. (2) holds for
some pure yeast and bacterial cultures grown anaerobically on

complex media with a single compound serving as energy source.

Substrate Oxidation

As represented in Eq. (1), some of the substrate carbon
will be oxidized to CO2 and H,0. The fraction oxidized (f,) is
related to the fraction utilized in cell synthesis (f;) by

f =1-1 (5)
o) s
while
cCY
1 C
fs ~C MW carbon (6
where

Y is the synthetic yield in grams cells/mole substrate
C is the fraction by weight of carbon in cells
c

C is the moles of carbon per mole of substrate

Substituting (4) for Y and putting (6) in (5)

C k k. | aF°
£ =14+ cl 2 ox
o) 12 C

(7

126



Assuming C_ as nearly constant for activated sludge, it
is seen that the fraction of substrate oxidized is dependent upon
its free energy of oxidation and carbon content.

Multiple Substrates

Seldom in sanitary engineering practice is a waste en-
countered which consists of a single organic compound. If it is
hypothesized that each compound in a waste consisting of several
organics causes a growth yield equal to that when it is alone,

Eq. (4) takes the form

Y = -k k, ————— (8)

o 12| Z CM ()

Equations (8) and (9) are the general forms of (4) and
(7).

Free Energy of Oxidation and Chemical Oxygen Demand

Althocl)lgh Egs. (8) and (9) relate growth and oxygen
demand to AF , seldom is free energy of oxidation known for a
waste. Fortu:oétely, AF® and the theoretical chemical oxygen
demand (Z)%* are proportional for many compounds, as shown in
Table III, thus

o
AFOX = - 116 Z (Group I, carbohydrates, etc.) (10)
o
and AFOX = - 104 Z (Group II, aromatics, etc.) (11)

Equation (10) applies to carbohydrates and Kreb's Cycle
intermediates, while (11) applies to aliphatics and aromatics.
By substitution of the above equations into (8) and (9), Y and f
become dependent upon Z. Of course, the more familiar CO

*Theoretical chemical oxygen demand is the moles of molecular
oxygen required to oxidize one mole of a compound to CO, and
N,O. Amino nitrogen is assumed converted to ammonia and
nitrogen to HNO;.
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(5. Oz/mole) could be employed by substituting COD = 32Z.
RESULTS

If biological synthesis is primarily a function of sub-
strate AF° < there should be a consistent relationship between
synthesis Hd AFO as described by Eq. (8). In order to check
this hypothesis, experlments were conducted wherein activated
sludge growth and oxygen uptake were measured during metab-
olism of different organic compounds. In addition, the liter-
ature was examined for data describing the synthesis resulting
from metabolism of known amounts of specific compounds.

Experimental Results

Activated sludges started from soil and sewage inoc~
ulums were grown on each of the substrates to be tested until
substantial quantities of sludge were obtained. This sludge,
harvested by centrifuging, was used to set up simultaneously two
or more identical culture dilutions, each fed a different amount
of substrate. Growth was followed by means of a Fisher photo-
meter (Figure 2) and, when complete aliquots were analyzed
for sludge concentration, a millipore filter or gooch crucible
with asbestos mat being used. Differences in sludge concen-
tration when growth was completed represented 935'nthe(‘ns due
to differences in initial substrate concentration

The fraction of substrate oxidized was determined by a
Warburg respirometer using 20 ml aliquots taken from the
growth cultures. The ratio of net oxygen uptake to theoretical
COD was taken as f Experimental results are recorded in
Table IV, and the relatlonshlp between Y and ZMAFgX/L M is
shown in Figure 3, while fo and ZMAFgX/ZCM are in Figure
4, Regression analysis of the data in Figure 3 gave a slope of
0.108 g. cells/k~cal for the line of best {fit.

The values of C_ reported in Table IV were computed
from Eq. {(9) using the measured values of fo and Y for each
experiment. The average value of C_ is 0.52, and it agrees
well with those reported in Table V. The data in Figure 4 show
some scatter, as might be expected since not all points were on
the line in Figure 3. The slope of the line drawn in Figure 4
was determined by using klk2 = 0.108 g. cells/k-cal and an
average C_ of 0.52.
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Published Results

Siegel and Clifton(é) studied the metabolic response of
E. coli to several substrates. Each substrate was employed as
the sole source of organic carbon, and cultures were allowed 16
hours for adaption before the experiment was performed. Data
were reported as the ratio of carbon converted to cell tissue
versus total carbon utilized. Therefore, in order to examine
the relationship between Y and AFy  defined by these data, the
yields of cell tissue carbon had to be converted to cell mass and
the total carbon utilized converted to moles of substrate.

12-16
A cell carbon content of 50 percent (dry weight)

was assumed. Although accuracy in selecting a carbon content
values does not affect linearity between AFOX and Y, it can, of
course, influence comparison with other investigators!' results.
In order of increasing - AFOX, the substrates were pyruvic
acid, fumaric acid, succinic acid, glycerol, arabinose, glucose,
and lactose.
. (17) .

McKinney, et al have reported on the metabolism of
a large number of compounds by an activated sludge grown on
phenol. Each compound was employed as the sole source of
organic carbon, and the metabolism was followed by means of a
Warburg respirometer. Except for phenol the activated sludge
had no prior contact with the organics studied. Most of the sub-
strates were readily metabolized; a few showing the effect of
insufficient adaptation were slowly or partially degraded and
therefore were excluded from the following analysis.

Molar growth yields were computed from McKinney's
Warburg data by assuming that oxygen consumption represented
the fraction of the initial substrate oxidized to CO, and H,0.
The unoxidized substrate fraction was considered converted to
protoplasm. The total mass synthesized was calculated on the
basis of substrate carbon converted to activated sludge and on
the estimated carbon content of the activated sludge. A number
of empirical formulae have been published describing the macro-
chemical composition of activated sludge, as shown in Table V.
According to these data the average carbon content of dried
activated sludge may be taken as 51 percent, The relationship
between Y and AFg is shown in Figure 6. Fatty acids, Kreb's
Cycle intermediates, aromatics, carbohydrates, and amino
acids are represented.
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Agreement of Results

Synthesis yields calculated from the data of Siegel and
Clifton (an E. coli culture) agree well with those measured in
this laboratory {acclimated activated sludges). In addition, other
reports from the literature indicate good agreement. Herbert
(21)(22) found molar growth yields on glycerol of 48.2 and 45 g.
cells/mole, respectively, for aerobic cultures of A. cloacae
and A. aerogenes. Hoover and Allison{16) obtained 142 g. cells/
mole when Rhizobium was grown aerobically with sucrose as
carbon and energy source.

By contrast, McKinney's data indicate apparently
higher vields and also a difference in yields from carbohydrates
and glycolysis products on the one hand and acids and aromatics
on the other. The absolute value of these data is uncertain be-
cause the substrate was added to the activated sludge before
measurement of O, uptake commenced, thereby introducing an
uncertain variable in O consumption data.

In spite of any differences between sets of data, there
was a consistent linearity between growth yield and Ang. The
available evidence supports the hypothesis advanced earlier
that synthesis Y is proportional to the free energy of substrate
oxidation Ang.

DISCUSSION

The results can be helpful in explaining some of the
activated sludge design parameters which have been presented
in the sanitary engineering literature.

CPB and Substrate Metabolism

Using Eqgs. (10) and (11), k;k, = 0.108 g. cells/k~cal
and the fact that COD = 32Z, the following relationships are
obtained from Eq. (4):

Y

0.39 COD (Group I, carbohydrates, etc.) (12)
Y

1

0.35 COD (Group II, aromatics, aliphatics, etc.)
(13)

where y is g. cells/mole substrate and COD is the theoretical
chemical oxygen demand of the substrate in g. Oz/mole.
Equations (12) and (13) indicate yields of 0.39 and 0.35 g. cells/
g. COD. In contrast to these values, McKinney(23) asserts that
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the value of 0.47 g. VSS/g. COD should apply to the metabolism
of substrates by activated sludge. However, he assumed in his
computation that one-third of the substrate COD was exerted.
Such an assumption requires f_ to be constant. But, as seen in
Figure 4 and Table IV, f_ is a variable. By substituting Eqs.
(10) and (11) into Eq. (7), expressing COD as 32Z, and setting
C. = 0.515, the following definitions of fo were obtained:

COD

f =1~0.017 ——  (Group I, carbohydrates, etc.)
o C
(14)
COD
f =1-0,015 L (Group 11, aromatics, ali-
o C .
phatics, etc.) (15)
and for most application in practice fo should be adequately
defined as
COD
f =1-0.016 —— (16)
o C

Synthesis and BOD

As mentioned earlier, some investigators have related
activated sludge synthesis to waste BOD by a sludge yield coef-
ficient. It can be shown that a yield coefficient based upon sub-
strate BOD would not be a constant, as Eckenfelder and McCabe

1) found by experiment. To illustrate, if BOD/COD were
constant, substitution for COD in (12) and (13) would show Y as a
constant proportion of BOD. However, BOD/COD is actually
fo’ which is a variable fraction of the COD as shown in Eqgs. (14)
and (15). Therefore a yield coefficient based upon BOD would be
a variable.

It is important to note that the range of - ZMAFSX/ZCM
in Figure 4 is limited to an approximate minimum of 83.3
(fumaric acid) and a maximum of 136 (glycerol). Most com-
pounds studied by investigators of activated sludge metabolism
fall near the middle of the range (110 to 115) and of course most
mixtures would fall near the middle. It is for this reason that

many investigators have found apparently constant sludge yield
coefficients (based upon BOD) and fractions oxidized. For
example, casein and lactose, quite different compounds from
which Hoover, et a1(24) concluded that nearly one~third of the
COD was exerted, have ~ ZMAFgX/ZCM equal to about 115.




SUMMARY

The purpose of this paper was to develop a rational basis
for understanding the conversion of substrate to cell tissue in
activated sludge. Considering free energy change as a measure of
the maximum work which a process may do, activated sludge
synthesis was shown to be dependent upon the free energy of ox=-
idation of the substrate. The concept was extended to show how
synthesis and the fraction of substrate oxidized varied with
theoretical COD. The relationships obtained were used to explain
various cell growth and substrate oxidation values reported in
the sanitary engineering literature.

CONCLUSIONS

1. Synthesis of bacteria and activated sludge is directly
proportional to the free energy of oxidation of the substrate; that
is, Y = -k,k_ Z MAFOX/ZM, and the constant of proportionality

1
is on the order of 10~1 g. cells/k-cal.

2. Synthesis also is proportional to COD and can be
defined by an equation of the form Y =k COD.

3. The fraction of substrate oxidized to carbon dioxide
and water is proportional to its COD, carbon content, and
chemical nature, and is defined by the equation f; =1 - k (;:_(O:P
where the constant is on the crder of 10-2.

4. A sludge yield coefficient based upon substrate
BOD would not be a general constant and, in addition, exertion
of a constant fraction of the substrate theoretical COD is not
generally applicable.
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Table I. Substrate Yield Coefficients

Lb VSS/Lb BOD

Waste Removed Investigator
Sulfite waste liquor 0.5 Sawyer(4)
Cotton Kiering liquor v "
Reg rope " "
Brewery " "
Domestic sewage " Heukelekian, et a1(2)
Jute cook liquor " Heukelekian &Gellma.n(3)
Yeast waste " " "
Gum waste " " "
Boardmill white water " " "
Domestic sewage and
glucose 0.35 Wuhrman(s)
Spent sulfite liquor 0.55 Eckenfelder & McCabe(l)
Synthetic fibre 0.38 n "
Pulp and paper® 0.76 " "
Refinery*t 0.70 " "
Brewery 0.93 " "
Pharmaceutical 0.77 " "

#Wastes from waste-paper repulping and semichemical proc-

essing.

+Phenolic waste water.

+
+Penicillin and fine chemical wastes.
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o 3 i >:<+
Table II. NATP’ AFOX, and k2 for Various Organics

AFZX Ref for

Organic Natp k cal/mole 5, NP
Glucose 38 - 687 0.055 26
Fumaric acid 18 - 333 0.054 27
Pyruvic acid 15 - 282 0.053 26
Butyric acid 28 - 514 0.055 26
Glutamic acid 26 - 475 0.055 27
Lactic acid 18 - 340 0.053 27
Succinic acid 20 - 369 0. 054 27
Lactose 76 - 1,381 0.055 7
| Glycerol 22 - 407 0.054 28

*Production of ATP and AFgX are for oxidation by OZ to COZ’
| H,O, and NHj.
i *tThe phosphorylation quotient of DPNH was taken as 3; thus
i DPNH =3 ATP.
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Table III. Free Energy and Oxidation Data
for Several Compounds*+

| Z

| o o
Compound and AF{ AFox moles Op Ang
Standard State k cal/mole k cal/mole mole Z
Group 1
Sucrose (S) -371.6 -1382 12 115
Mannitol (S) -222.2 - 740 6.5 114
Glucose (S) -216 - 687 6 115
Arabinose (S) -180.5 - 573 5 115
Glycerol (1) -113.6 - 407 3.5 117
Fumaric acid (S) -157 - 333 3 111
Lactic acid (1) -124 - 340 3 114
Malic acid (S) =211 - 336 3 112
Pyruvic acid (S) -114.1 - 282 2.5 113
Methyl formate (1) - 71 -~ 231 2 116
Formaldehyde (aq) - 31 - 120 1 120
Formic acid (1) - 85.1 - 66 0.5 132
Group II
Napthalene (1) + 45.9 -1216 12 101
Octanoic acid (1) - 84.6 -1124 11 102
m-xylene (1) + 27 -1065 10.5 101
Heptanoic (1) - 86.2 - 973 9.5
Toluene (1) + 26.5 -~ 914 9 102
Benzene (1) + 29.8 - 765 7.5 102
Nitro benzene (1) + 36.4 ~ 733 7.5 98
m-nitrobenzoic acid (S) - 54.2 - 738 7.5 99
Benzoic acid (1) - 59,2 - 773 7.5 103
Aniline (1) + 35.4 - 717 7 103
Phenol (S) - 11.0 - 729 7 104
Pyrocatechol (S) - 51.4 - 684 6.5 105
Resorcinol (S) - 53.2 - 682 6.5 105
N-butyl alcohol (1) - 40.4 - 621 6 104
Butyric acid (1) - 91.5 - 514 5 103
Glutamic acid (S) -170.4 - 475 4.5 106
Propionic acid (1) - 92.1 - 360 3.5 103
Succinic acid (1) ~178.8 - 369 3.5 105
Alanine (S) - 88.9 - 311 3 104
Acetaldehyde (1) - 31.9 - 270 2.5 108
Acetic acid (1) - 94,5 - 208 2 104
Glycine (S) - 87.8 - 161 1.5 105

*Amino nitrogen converted to NHs; nitro nitrogen converted to HNC
*Terminal oxidant, 02.
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Table IV. Activated Sludge Yields and Substrate Oxidation

-TMAF? -IMAF%
Substrate oX — f
" M Y ICM o c
k-cal g. cells k-cal
mole mole mole carbon
Glycine 160 14
Acetic acid 208 22
Alanine 312 31
Fumaric acid 333 43 83.3 0.53 .53
Glycerol 407 42 136 0.395 .52
Glycerol 407 43
Benzoic acid and
alanine 443 46
Glutamic acid 475 52
Citric acid 512 56
Citric acid 512 64 85.4 0.55 .51
Benzoic acid, alanine,
citric acid, glycerol,
and sucrose 525 66 107.8 0,425 .51
Benzoic acid, alanine,
and sucrose 585 66 110 0.452 .53
Benzoic acid, alanine,
sorbic acid, and
sucrose 621 71 113.9 0.42 .54
Glucose 686 73
Anthranilic acid 715 74
Sorbic acid 748 76 124.7 0.44 .53
Benzoic acid 771 80 110 0.52 .50
Benzoic acid 771 82
Benzoic acid 771 77
Hydrocinnamic acid 1070 111 119 0.48 .51
Hydrocinnamic acid 1070 118
Sucrose 1381 142
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Table V. Carbon Content of Activated Sludge

Empirical Carbon Content Ash Content Carbon Content Refer-

Formula of Formula Dry Sludge Dry Sludge ence
(70 (70 (70
H .1 .6 . 1
C5 7OZN 53 8 48.4 (18)
C_H, ON 53. 1. 53.2 19)(4
2H10093 9 3 3 (19)(4)
H N 2. 20
C_H.O, 52.9 (20)
C. N, O.N 49.6 (20)
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RECOVERY OF CHLORINE FROM
CHLORINE PLANT VENT GASES

Harry W. Bryson

The electrolysis of brine for the production of chlorine
has developed into a big business here in the Northwest. There
are five producing plants in the area, including British Columbia,
and a sixth will go on stream next year,

Electrolytic chlorine cells produce a hot, wet gas. In
order to transport this chlorine to the consumer the gas must be
cooled, dried, and liquefied. As the cell gas contains a small
percentage of other gases besides chlorine, complete liquefac-
tion is not possible. This results in a stream of gas from the
condensing equipment containing an appreciable percentage of
chlorine. In industry this stream of gas is known as blow gas
or sniff gas. Blow gas has been disposed of or used for the
manufacture of bleach, for making muriatic acid, to chlorinate
organic and inorganic compounds, and for the production of
chlorine saturated water. In many areas the market for
products that can be made from blow gas are limited, and it
must be vented.

Today, I will discuss an economical system developed
by the Hooker Chemical Corporation for the recovery of chlorine
from blow gas. The process has been patented and licensed to
several companies. By this system the removal of chlorine is
almost complete, and the remaining gases can be neutralized or
vented. The system becomes economical when there is no on-
site use for the blow gas and when direct contact coolers are
used. This recovery system makes it possible to build a chlorine
plant anywhere in the country and meet strict air and water
pollution regulations.

The hot chlorine gas direct from the cells enters the
center of a direct contact cooler. This unit is a packed cooler
consisting of two sections, one on top of the other. The chlorine
gas flows up through the tower countercurrent to a flow of
cooling water. From the cooling tower the chlorine flows to the
drying towers where it is dried by strong sulfuric acid. The dry
gas is next compressed and then cooled by refrigeration. At
Tacoma, we operate the compressors at a pressure between 35
and 40 psig. As the chlorine is cooled under pressure it con-
denses and flows to storage tanks.
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Besides chlorine, the stream of gas from the electro-
lytic cells contains small amounts of nitrogen, oxygen, hydrogen,
and carbon dioxide. As the chlorine condenses the percentage of
other gases in the unliquefied portion increases. The blow gas
leaving the refrigerating system will run 10 or more percent
chlorine, depending upon the temperature and pressure. It is the
recovery of the chlorine content of this blow gas which I wish to
discuss today.

The blow gas absorbing tower is a rubber-lined steel
tower completely filled with ceramic packing. A tower to
handle blow gas from a 250- to 300-T/D chlorine plant would be
approximately 3-1/2 feet in diameter by 33 feet high. The blow
gas is piped to the bottom of the packed tower recovery unit. It
then works its way up the tower against a countercurrent flow of
cold water. The chlorine and some carbon dioxide is absorbed
in the cold water flowing down the tower, and the remaining gases
are vented or neutralized.

The vent line at the top of the tower is fitted with an
automatic valve which controls the tower pressure. While this
valve may be set at any pressure below that of the liquefaction
system, high pressure favors the complete recovery of chlorine.
A typical blow gas from the chlorine condensing system might
contain 15 percent chlorine, 18 percent carbon dioxide, and 4. 6
percent hydrogen. The balance is nitrogen and oxygen. A
typical vent gas from the scrubber contains from 0.5 -1 per-
cent chlorine, 18 percent carbon dioxide, and 4 percent hydrogen.
The balance in this case is nitrogen, oxygen, and water vapor,
most of which is added as air to dilute the mixture and limit
explosion risks.

As chlorine is removed from the blow gas, the concen-
tration of hydrogen in the remaining gases increases. An
explosive mixture can result. For this reason the following
safety features have been incorporated in the design of the blow
gas scrubber: (1) The walls of the tower are thick enough to
withstand a maximum explosive pressure which might develop.
(2) The tower is completely filled with raschig rings so there are
no large void spaces. This would reduce to a minimum the
violence of any explosion that did start. (3) Explosion discs are
installed on the unit (50 1b psi). (4) Air is introduced to the blow
gas scrubbing system to dilute the gas mixture.

The scrubber or system pressure is used to force the
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chlorine water out of the recovery unit and through a pipe to the
top of a direct contact cooler. The cooler operates at approx-
imately atmospheric pressure, so some of the dissolved gas
flashes off as the water enters the cooler.

As mentioned before, the cooler body is divided into a
cooling section and a stripping section. A disentrainment
section is provided at the top of the tower. The entire tower is
rubber-lined, with the cooling and stripping sections also brick-
lined.

Chlorine at about 80°C enters the cooler between the
cooling and stripping sections and passes upward through the
cooling section. It rises upward against a countercurrent flow
of cooling water or, in this case, blow gas scrubber effluent.
The cooling section of the tower is packed with Intalox saddles
supported by porcelain bars. The gas leaves this section and
passes through the disentrainment section, leaving the tower at
15-20°C on its way to drying and compression.

As the water flows down the tower it is heated and
gives up most of its chlorine picked up in the recovery unit.
When chlorine is dissolved in water some of it reacts with the
water to form acid. This combined chlorine cannot all be re-
moved by heating. To liberate this combined chlorine an
additive is added along with the water at the top of the cooling
tower.,

The bottom section of the direct contact cooler is a
stripping section for final removal of the chlorine from the
cooling water. Steam is injected directly into this section and
heats the water to between 99 and 100°C. Under these con-
ditions the water leaving the tower contains about 5-20 ppm
chlorine. This water can then be mixed with plant cooling
waters and discharged through the sewer system. The amount
of water needed for dilution will depend upon its chlorine demand.

In operating the recovery unit a balance must be made
between the allowable chlorine content vent, cooling water
needed to cool the chlorine, and steam required to heat the
effluent water. The main cost of operating the system is for
steam, so it is desirable to keep this at a minimum.

The chlorine recovery system I have just described
has proven very successful in our plants at Montague, Michigan;
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Tacoma, Washington; and Vancouver, B.C. These units pay them-
selves off in chlorine saving and virtually eliminate air and water
pollution problems which might be associated with chlorine manu-

facture.
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STANDARDS BY GOVERNMENT FOR AIR AND WATER
POLLUTION AS RELATED TO THE
SMELTING AND REFINING INDUSTRY

Louis V., Olson

In many years of experience I have heard expressions
of two extremes of opinion regarding the quality of our air and
water. On the one hand there are advocates of a theory—or
perhaps a hope—that even in our industrial age the air could be
absolutely free of all objectionable contaminants, all odors
except the aroma of flowers, and could be so clear that visibility
would be restricted only by natural meteorological phenomena,
and that all water in streams could be as pure and clear as that
from a high mountain brook, if only the management of our
modern industrial institutions had the public welfare foremost
in mind, instead of an unremitting urge for maximum profit,

Such opinions may be expressed by men as they cook
on their backyard barbecues, or ignite the trash in their in-
cinerators, or burn dry leaves, or while driving their auto-
mobiles with cigarettes in their mouths. Housewives may ex-
press such views while pouring detergents into their washing
machines or automatic dishwaters to contribute to the 4 billion
pounds poured into the sewers of the nation annually to foul the
treatment plants. Each is blissfully oblivious to the fact that
he, too, is contaminating the air and water he believes only
others, especially industrial leaders, should protect for him.

On the other extreme we are forced to admit that we
had a few ruthless men in industry who would ordinarily give
little thought to their contributions to the pollution of the
environs without some compelling force superimposed upon
what little conscience they may have possessed. For years
some dissipated the valueless wastes from their processes
without limit into the air or the streams, depending on the
character and the convenience. They felt that they had acquired
by habit the equivalent of prescriptive rights to do this and, even
now, some make reasonable and necessary corrections only by
force. These few cannot be convinced of the growing magnitude
of the problems,

All of us who have lived a long time remember that our
old swimming holes have been defiled to the extent that they are
no longer attractive to the boys. This is just as well, because
they certainly would not be healthful, even if the swimmers
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could find a clean shower nearby to wash off the adhered filth.
The fact is that some industries, especially slaughter houses,
were deliberately located adjacent to streams into which their
wastes could conveniently be deposited. Sewage from towns was
discharged into the adjacent streams at increasing rates, evi-
dently without fear of consequences. From many such streams
fish and other aquatic life have disappeared. Potable water has
become more precious, and the cost of treatment is increasing.

We know that neither of the extremes just cited can be
either achieved or tolerated, but we can and should strive for
the former within the limits of practicability. As long as we
have our modern civilization, based to the degree that it is on
metals and chemicals—as exemplified by the automobile, the
television, and the airplane——and on our increasing use of energy,
we cannot approach a Utopia in these respects.

Between these two extremes there are divers opinions
regarding the quantity of wastes our air and streams should
carry from the immediate environs. We know within reason-
able limits the amounts of many types of pollutants each of
these cleansing media can transport under several conditions
without material degradation or physiological effects on plant
and animal life. Studies in the past 25 years have increased at
an accelerated rate until we have narrowed the limits of our
thinking to an intermediate course of action. We are far from
unanimity, but we have arrived at some agreement of practical
plans of action with regard to both air and stream pollution in
which we are considering the needs of the particular community,
the density and growth of its population, the meteorological
aspects, and the long range use of the resources "downstream."

All proposed plans and rules for the control of pollutants
are bound to provoke disagreement as to what the exact criteria
or standards should be. The opinions on standards, the debates
on who should do the controlling—the local or the federal govern-
ment—and to what degree in each case will always be subject to
some disagreement. These debates, these arguments, and these
studies should keep us apace with our growing technology and,
theréfore, our pollution potential. When we consider the vast-
ness of these problems and the money and interests involved, we
soon come to the realization that mere laws are not the complete
answer or alone the solution of scientific problems.

Last summer a group of about 60 men who had spent the
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larger part of their active careers in the studies of air pollution
problems, met at the University of Michigan for a conference,
following considerable correspondence and preparation. The
purpose was to write standards to reduce and control air pol-
lution. It soon became obvious that the most sensible way of
approaching the problem was to divide into groups or commit-
tees of specialists according to their respective interest and
experience, or their knowledge of the medical, agricultural,
and meteorological aspects, or for their engineering ability in
controls. After two days it was concluded that standards, if
written, would have to be extremely broad, such as those
published for the State of California. After a week the con-
clusion was reached that only two standards, as such, could be
written in the light of present knowledge. We are still

working by correspondence with the hope of substantial agree-
ments. A publication probably will appear soon, but it will not
be a manual with specific answers.

Those who attended the National Air Pollution Confer-
ence last December will, of course, remember that a large
majority of the thousand who attended were opposed to federal
intervention in local air pollution problems, except for the
already authorized research and technical advice, and the con-
trol of some interstate aspects. There was only one speaker
bold enough to enthusiastically advocate that the federal
government set up standards or rules and enforce them on the
federal level, although most suspected the purpose of the con-
ference was to enhance that goal. Naturally, the solution of all
local problems should be the responsibility of the community in
which they originate to protect itself and its neighbors.

It is pertinent to recall that the control of both water
and air pollution began—mnot in the legislatures, as is the
tendency today—but in the courts, based on the judicial inter-
pretation of the nuisance laws in various states. The courts
tended to limit by injunction the quantity of effluents shown to be
baneful or offensive to individuals or to the community. On the
judge-made rules were superimposed those passed by legisla-
tures, especially designed to protect public health. The first
state laws were mostly concerned with water quality. The
penalties were usually inconsequential. There followed the
stricter legislation by the states, and now by the federal
government, practically none of which dates back further than
the end of the Second World War. Usually, commissions or
districts are set up within the states and, in some cases, inter-
state commissions are now functioning. These have power to

153




limit quantities of effluents at the source, or to prescribe meth-
ods for the discharge of certain materials, such as dilutions,
high stacks, temperatures, etc.

Legislation on the federal level, which had its modest
beginning back in 1948, is growing into a giant, backed by the
arguments of influential advocates that the states are not able to
cope with their own problems, or that they don't know what is
good for their citizens. It is claimed besides, that with respect
to streams especially, some local problems transgress state
boundaries, or are mutual in two or more states. Air pollution
problems are receiving increasing regional consideration be-
cause of these mutual aspects. I heard one airline pilot in
Washington make the statement that air pollutants from Salt Lake
City can be visibly traced all the way to Detroit. I should say
that is stretching even a smoke stream plenty far. Such
exaggerations notwithstanding, the place to abate such a gross
nuisance, imaginary or real, is at the source and on the local
level.

With the new laws, as we would expect, come addi-
tional realms of government and greater expense to the tax-
payer. Theoretically, the federal government can intervene in
the pollution problems of any state only by invitation of its
governor. In practice, however, federal teams have been sent
into several states over the specific objection of the governors,
There is an increasing tendency for federal technicians or
planners to sit in on state staff meetings to advise, in order to
lessen the danger of "misguidance' of state agencies or local
governing bodies by local interests.

Since the 1956 amendment to the Water Act, "...there
have been 18 enforcement actions, concerning 24 states, in-
volving some 250 municipalities and about the same number of
industries, as a result of which remedial action is in progress
which will require the expenditure of an estimated one-half
billion dollars and will affect 5, 500 miles of streams."

Now, as to the numerous and particular industrial
problems about which I was invited to talk: There was a time
when the mining industry in the United States discharged
practically all waste water without treatment into nearby
streams. The products of combustion and volatile materials,
together with much particulate matter in the form of ore dusts,
were emitted into the ambient air. The contamination of water-
ways was never, until recently, considered a major problem.
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Sometimes, however, tailings and copper in solution were the
basis of complaint. I.ead and zinc ores were washed into streams,
seemingly without harm, other than the occasional clogging of
some waterways,

Into the atmosphere in the United States at one time were
emitted daily approximately 9, 000 tons of sulfur in the form of
sulfur dioxide and acid aerosols, Concurrently, there were dis-
charged over a thousand tons of solids, principally metallic
oxides and dusts from ores and fluxes. Accumulated depositions
of arsenic and lead became sufficient in some local areas to be
toxic to grazing animals. Sulfur dioxide released from points
near the ground often bleached susceptible vegetation to distances
of several miles, or even destroyed it in limited areas. Odors
were often offensive in communities adjacent to smelting oper-
ations. Some lawsuits for the recovery of damages were pro-
voked. The owners and managers of these metallurgical plants
have for many years given primary consideration to the effort
to develop devices and methods to prevent the escape of annoying
effluents, motivated by a desire to save the by~-products for the
market and to prevent injury to vegetation or loss of livestock,
as well as to obviate offensive odors at ground level.

So successful have been these endeavors that the dis-
charge of sulfur dioxide from all primary smelters in the United
States has been reduced to much less than half of that during
those peak years, and more than 90 percent of the particulates
are now recovered from the flue systems, The particulates and
gases that do escape are eliminated in a much more acceptable
manner. Adverse effects are now minor or absent. But there
is still considerable agitation for further reduction of both the
gaseous and solid effluents, especially in those areas where the
populations are growing rapidly or aesthetic desires are in-
creasing.

There are practical economic limits below which these
emission rates cannot presently be reduced. In practice, quite
weak sulfur dioxide cannot be economically converted to sulfuric
acid under the present process and market conditions. Nor is it
practical to produce liquid sulfur dioxide from weak gas for the
same reasons. Therefore some sulfur dioxide must be discharged
into the atmosphere, diluted as it is to but a few huadred parts
per million by the time it flows from the stacks, often 600 feet
above the adjacent ground level, and at temperatures several
hundred degrees Fahrenheit. In some cases over 99 percent of
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the solids are recovered from the flue systems of smelters. Some
smoke stack "plumes'! are almost invisible most of the time. To
recover even a fraction of that which now escapes would require
prohibitive capital investments.

The federal government has no rules or standards, per
se, for specific air pollutants, but a few states have attempted to
set limits. Standards are being developed quite rapidly for water
in streams by classification, especially in the State of Pennsyl-
vania. You are, of course, familiar with the maximum limits of
various metallic pollutants which may be in potable water, if it is
approved for public use. (Cu 1.0 ppm; Fe 0.3 ppm; Cd 0.01 ppm;
Pb 0.05 ppm; Ag 0.05 ppm; Zn 5.0 ppm.) A few states have also
set limits in the latter category.

California has developed a few broad standards by which
various pollutants are categorized according to their probable
adverse effects. ("'California Standards for Ambient Air and
Motor Vehicle Exhaust, " State of California Department of Public
Health, December 4, 1959.) The authorized state regional
boards are, by resoclution, setting precedents for permissible
concentrations of various materials which may be discharged into
the several bodies of water in the state, but these are far from
standards; they are more of an effort to reduce or eliminate
pollutants in the receiving waters within the bounds of practical
economic limits.

An approach to the control of sulfur oxides has been to
limit the concentrations in the stack effluents, regardless of the
total volume, to 0.2 percent (e.g., Los Angeles). A more
sensible approach has more recently been to limit the gas to
specified ground level concentrations within restricted periods of
time, with or without companion controls at the source. These
limits are enforced by the use of a network of automatic moni-
toring devices maintained by the emitter. (Bay Area Air Pol-
lution Control District.) There is no limit on concentrations
below 0.2 ppm, and a maximum of over l. 51 ppm is per-
mitted for not more than three minutes of each day (daylight
hours). The duration of the respective periods varies with the
concentration. The objective is to keep the exposure below that
which might produce lesions on the most susceptible vegetation.

Restrictions of fluorine emissions have not yet been
accepted as rules. However, courts have imposed limits in
certain specific cases, usually determined by either recording
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devices in districts surrounding industrial plants, by samples
collected over long periods of time by aspiration of ambient air,
or by actual analysis of the water or of vegetation which is an
accumulator. These monitoring systems are sometimes com-
bined. One part per million in potable water is acceptable —
but the level in air should be below 3 parts per

even desirable
billion, on the average, although there is still considerable
disagreement on this. Forage is considered safe, in general,
when the content is less than 35 parts per million on a dry
basis, even when that forage comprises the exclusive diet of the
animal over a long period of time.

The solids are, for the most part, now recovered from
both smelters and refineries by the use of scrubbing devices,
cyclones or multiclones, bag filters, and electrolytic precip-
itators, with preconditioning of the particulate matter. In many
cases these devices, used singly or in combination, will re-
move over 99 percent of the dust burden from the flue gases.
Some government agencies have set a limit for solids in the ef-
fluent gases of 0.3 grain per dry standard cubic foot, although
there are a few localities in which this has been restricted to
0.2 grain. Usually, with the exception of some small operations
within primary smelting plants, this limit is easily met.
Superimposed on this standard is an old device—the Ringelmann
chart—for estimating shades of gray, designed as it was for
coal smoke. Since this indicates a percentage of opacity or
obscuration, it can be used for other colors, but it is difficult
to interpret in the case of white smoke, especially in fog or
against clouds as a background. A shade of No. 2 is usually
specified as the limit, with some exceptions. Then, as a final
attempt to set standards, it is becoming the practice to limit the
solid emissions to a proportion of the weight of the materials
used in the various processes.

Most of the water pollution problems, especially of the
copper industry, can easily be solved. They are usually minor.
It so happens that most of the water taken from streams or
available bodies of water is returned in the same condition after
merely passing over heat exchangers. Usually such water is 5°
to 10°F warmer at the outfall. The quantity and quality of the
water discharged are often specified. In the State of Washington,
restrictions are in general terms. Usually, the outfall depth
below the surface of bodies of salt water is stated as a require-
ment for quick dilution.
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The Selby smelter is an example of a small customs lead
smelter which is now operating under quite restrictive rules to
reduce air and water pollution. This plant is located on San Pablo
Bay north of San Francisco, with the north side on the water's
edge. Under the recent restrictive rules the many outfalls have
been combined into a limited few, with installations of settling
tanks. Primary sewage treatment facilities have been installed
in all cases where water from toilets or bath houses is included,
with adequate sewage disposal fields. Some small quantities of
water are used for scrubbing operations. At certain specified
points near these discharges the various metals have been
limited to 0.3 ppm, with a comparable restriction for combi-
nations of several metals. The discharges into the atmosphere
are limited by the recent restrictive rules of the Bay Area Air
Pollution Control Board. In spite of large expenditures and
extreme care on the part of the local management, there have
been minor, but unavoidable, violations. It is doubtful that a
much larger primary smelter could be operated in districts
where rules quite as restrictive are made and enforced.

An interesting new problem is the use of nitrates for
blasting purposes. However, there is less chance of contam-
ination of the nearby drainage water than from the same quality
of ammonium nitrate used almost universally for fertilizer,
and usually with few precautions. Nevertheless, there have
been claims of animal poisoning when cattlemen have learned of
its use and when dead animals have been found in the vicinity of
mining operations. Ranchers are quite keen in their realization
that excessive nitrates can be lethal to cattle and that the mining
companies can be blamed for some losses. Some types of
forage can accumulate sufficient quantities of nitrates to poison
cattle under certain grazing conditions. This is true of forage
grown on soils in which legumes have left excessive nitrate, or
of limited areas into which nitrates from commercial fertilizers
have accumulated in available drinking water. One and five-
tenths percent nitrate on a dry basis can be lethal.

In conclusion, I should like to state that the control of
pollutants in the atmosphere must be the concern of everyone.
The task of promulgating rules and their enforcement should be
left to local governments, because only the local residents are
able to decide in accordance with their particular conditions what
types of industries they wish to encourage, and to what degree
they are willing to tolerate some incidental adverse circumstances
to provide for their community needs—mnot some agency across
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the continent. It is senseless to close an industry, or to impose
economically impeding rules, merely because someone living in
another state has found it necessary to enforce certain regulations
for the purposes of that specific location.

We must remember that by two amendments to the Water
Pollution Acts in 1956 and 1961, Congress granted the money and
the enforcement powers to abate pollution of interstate waters.

In this regard it might be of interest to some to call attention to
remarks made by an assistant secretary of the Department of
Health, Education, and Welfare at a recent meeting in Montreal:

""But let me make something else clear: While I use the
word 'invitation' deliberately, you should be warned that I define
it rather broadly. We might, for example, consider ourselves
invited to start an enforcement action in your area without ever
receiving a communication on the engraved stationery of the
governor of your state. We might, on occasion, consider our-
selves invited if we heard nothing from your state, especially
when that lack of communication is matched by an equal lack of
state action to meet a long-standing pollution problem of major
proportions.

"So that there can be no misunderstanding, let me
state it clearly: The best way to keep us out of your state is to
get that pollution out of your water. If you can't, and want us to
help, we will be happy to try. If you don't, we may be forced to
try, even though you don't want us to."

While this is an expression of determination by a single
official, it further illustrates the trend toward control from
Washington. Pollution must be curtailed to the degree that we
can depend on the quality and the safety of the water we drink and
the air we breathe. Both must be free of contaminants baneful to
health or offensive to the senses. That does not mean that we
should be alarmed by every unpleasant odor that may momentarily
be perceptible in our modern way of life, or that we may expect
to safely drink from every stream.

Controls are expensive; they should be patterned by the
community or district to fit the needs of the community or
district, and to protect neighboring communities from their
wastes. Individual and collective indifference to these problems
can no longer be tolerated in our rapidly growing cities and towns.
The responsibility must be that of every citizen. There is no
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question but that industrial management is very much concerned
with the public welfare and is sensitive to public opinion, and
that it accepts its responsibility to reduce air and water
pollution in every practical way in every community in which it
has operations. Its employees and its neighbors must also
realize that they must not indiscriminately put their "garbage'
into the air or streams and then try to console themselves with
the delusion that industry is responsible for it all.
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A PROGRAM TO REDUCE THE KRAFT EFFLUENT
ODORS IN RECEIVING WATERS

C. Edward Taylor

In the production of kraft pulp we normally associate
odor problems with the gaseous emissions at the plant site. How-
ever, the Georgia-Pacific mill at Toledo, Oregon, encountered
a very unique odor problem arising from the liquid effluent dis-
charge about 8 miles from the mill. Although we have some
unusual circumstances governing effluent disposal, we believe
that our work in minimizing odor will find application in other

areas.

First let me review our geographical location and the
salient features of our water system. The mill is located on the
Yaquina River approximately 8 miles from the Pacific Ocean and
the town of Newport. Because of the aquatic life in Yaquina Bay
and the very low river flow during the summer, we are not per-
mitted to discharge any contaminated effluent into the river.

An effluent line was installed all the way from the mill across
country to Newport, through the center of the town, across the
beach, and into the ocean beyond low tide. Just before ex-
pansion of the mill to our present 600 tons/day capacity in 1960,
a second pipeline was installed, the outfall was extended about
250 feet, and a diffuser attached at the end of the lines. The
surf in the discharge area is extremely rough, and the cost of
further extension was prohibitive. The entire pumping system
cost approximately 1-1/2 million dollars. We maintain a tight
water system and discharge only about 5-1/2 million gallons per
day, containing all the various mill contaminants, or about

10, 000 gallons per ton of pulp.

We believed that a possible water pollution problem in
Yaquina Bay was avoided by the installation of the effluent line
to the ocean and that there would be no problems. Much to our
consternation, however, when the warm effluent hit the cold,
concentrated salt water the wave action released all the mal-
odors into the air blowing through the residential and tourist
areas of Newport. By normal standards our effluent losses were
low —equivalent saltcake loss was 40 to 60 1b per ton of pulp, and
the 5~-day BOD was about 17 to 25 lb per ton of pulp; yet the con~
centration of the sulfur components released at the outfall was
high enough to cause objectionable odors.

Our initial approach toward reducing the odors was to
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employ some of the conventional methods utilized by other kraft
mills:

1. We had in operation a 10-acre lagoon at the mill
site to allow for maximum dilution of liquor spills, cooling, and
some absorption of oxygen from the atmosphere. Retention
time was roughly 2 to 3 days. The '"cooling" of the effluent was
out of consideration for the second waste line which could
tolerate a water temperature of no more than 100°F.

2. A turpentine recovery system was installed to keep
the turpentine from the pulping process out of the effluent.

3. The green liquor dregs were retained in the system
to reduce the sulfide content.

4. Wherever possible, floor drains around the washers
and other vulnerable areas were connected to process tanks to
keep liquor and stock out of the sewers.

5. Chlorine injectors were installed in three locations
to oxidize the odor components. We use surface condensers on
the multiple effect evaporators to pull vacuum, and the con-
densates from the last effect have a high odor level. These con-
densates are mixed with the overflow from the blow heat
accumulator and chlorinated before flowing to the sewer. (As a
means of identification in our mill, the condensate from the
last effect is termed ''tail water' while the accumulated con-
densate from bodies 6 through 2 is called ''contaminated hot
water." The contaminated hot water is used as wash water in
the causticizing process.) Chlorine can be added also to the
total effluent entering the ocean pumps at the mill and to the
total effluent in the lines at Newport just before discharge. Up
to 100, 000 1b of chlorine per month were used for odor re-
duction.

After all these steps were taken the objectionable odors
were reduced some in Newport, but the problem was still far
from being satisfactorily solved. We could have resorted to
either stabilization of the effluent or extension of the effluent
line to deep water, but either step would cost roughly 1 million
to 1-1/2 million dollars.

We knew that there were unstable sulfur components in
the effluent, and we suspected that anaerobic bacterial action in
the lagoons magnified the problem through generation of hydrogen
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sulfide. At this point we decided to take a new approach.

Our own laboratory and pilot plant tests proved to us
that aeration could dramatically reduce the odor of the effluent.

We endeavored to develop a combination of aeration
systems which would not require operators, would be reliable,
and would be economical. Rather than relying on complete
oxidation in a single operation, we have employed three types of
installations to treat the effluent in steps.

One effective means of obtaining good oxygen transfer
is through the use of an open cooling tower, which also reduces
the effluent temperature (Figure 1). These units can be used
whenever the water is discharged from an elevated tank, and
pumping costs are not encountered. We installed two cooling
towers, one 40~foot unit on the overflow from the blow heat
accumulator and one 15-foot unit on the excess evaporator con-
densates not required for mud washing.

A second type of unit is an aeration trough which can
easily be made at any mill. Salvage stainless steel washer
wire is used to form a false bottom on a trough, air is intro-
duced uniformly beneath the wire, and water flows above the
wire. The air is broken into fine bubbles passing through the
wire and up through the water. Since there is only a head of a
few inches of water, a fan or other source of low pressure air
can be used. We utilized the air discharged from Nash vacuum
pumps, which are constantly operating on other installations.
Aeration troughs were installed on the tail waters from the
evaporator hot wells and the excess contaminated hot water not
required in liquor making.

The third aeration unit employed is the Infilco Vortair.
We have two 40-hp units located in our lagoons (Figures 2 and
4). These surface aerators can be mounted on a stationary
platform or on a raft for flexibility. Basically, the unit consists
of a 9-foot diameter steel turbine type agitator mounted hor-
izontally at the water surface. There are 2-inch holes behind
each turbine blade. As the rotor turns, air is drawn down
through the hole, where it is broken up into very fine bubbles.
Our ponds are well agitated. The aerators are rated to intro-
duce 2 to 4 tons of dissolved oxygen per day to the effluent.

As mentioned earlier, we suspected that our lagoons
were adding to the odor problem. Tests proved that we had a
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significant increase in sulfides during the three days while the
effluent passed through the lagoons. However, the cooling towers
lowered the effluent temperature to about 100°F, which was be-
low the design limit on our pipe line, and the lagoons were no
longer required for cooling. We were then able to cut down our
lagoon system to two small ponds, with an aerator in each pond.
We are now aerating for about 8 hours, and anaerobic bacterial
activity is avoided.

In dealing with odor problems associated with effluent,
special analytical techniques are required to characterize the
important chemical constituents. Rather than go into any detail,
I would like to cite a few methods we have found useful:

1. Odor evaluated at minimum effluent concentration
at which odor can be detected in sea water.

2. Oxygen demand by iodine titration.

3. Sulfides and mercaptans determined by potenti-
ometric titration with silver nitrate.

4. Sulfides by bromide-bromate titration.

5. Sulfides by precipitation from zinc acetate solution.

We found that a combination of the tests was required
in order to obtain significant results, rather than relying on a
single method. The aeration equipment we have installed has
cut the concentration of the odor components to a fraction of
their original value, as evidenced by the fact that the apparent
oxygen demand of the effluent leaving the mill has decreased
from about 40 ppm to almost 0.

Of course the important question was the reduction of
odor release at Newport because the state controlling agency set
a deadline of June 1, 1962, to abate the odor nuisance. Our
results were more dramatic in Newport than indicated by our
analytical procedures. Since completion of our equipment, only
occasional trace odors have been detected in the immediate area
of the outfall.

You may be interested in our monitoring program. We
have maintained an "odor patrol™ in the Newport area at least
three times daily to make personal observations. In addition,
we have employed two lead-tape-odor-recording instruments
operating continuously north and south of the outfall. A
metered amount of air is drawn through lead acetate-treated paper
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which reacts with hydrogen sulfide, methyl mercaptan, and
possibly other sulfur compounds. The darkening of the tapes is
a measure of the gas concentration which can be determined in
parts per billion. The best index of the success of our odor
control program is the reduction in the number of hours indi-
cating odor on our instruments. During August 1961, 295 hours
of odor exposure were recorded, in August 1962, zero hours of
exposure were recorded. (Note: The very costly addition of
chlorine to the effluent was discontinued last October without
adverse effects, and has not been resumed.)

We have had many complimentary comments from
Newport residents on the success of our program. We even
received a letter of congratulations from the Newport Chamber
of Commerce,

You may wonder if we have merely transferred the odor
problem from Newport to our mill site and the adjacent town of
Toledo. We are sure this is not the case. Granted, some odor
is detectable in the vapors next to the cooling towers and
aeration troughs, but a few feet downwind the increase in odor
level in comparison to the general background odors is
negligible. Around our lagoons the odor is most likely reduced
because there is no release of hydrogen sulfide from bacterial
action. We believe that the odor compounds are predominantly
oxidized and not merely stripped from solution.

Our objective was to reduce our kraft effluent odors in
the receiving waters. We found that dissolved oxygen derived
from the air is very effective and economical in stabilizing the
complex combination of odor compounds. Lagoons are effective
in mixing effluent and providing some stabilization of the BOD,
but they must be kept aerated to avoid odor buildup. Our prob-
lem has been solved through a combination of exploratory studies,
installation of adequate equipment, and finally, good operation

and supervision, geared toward minimum chemical losses.




Figure 1. Cooling Tower

Figure 2. Platform-Mounted Aerator
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Figure 3. Platform-Mounted Aerator

Figure 4. Aerators Located in Separate Small Lagoons
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HYDRAULIC BARKER EFFLUENT CLARIFIER
AT WOOD PRODUCTS DIVISION
WEYERHAEUSER COMPANY, EVERETT, WASHINGTON

R. E. Draper and F. S. Mercier

When the Weyerhaeuser Company built the Everett
kraft mill to better utilize the waste wood from Mills "B"
and ""C, " it was found economically desirable to install
hydraulic barkers at both of the sawmills. Since these mills
are located on the mouth of the Snohomish River, a tidal
estuary, the most logical place to receive the effluent from
the barkers was the river. These waters, of course, are
under the jurisdiction of the Washington State Pollution Control
Commission and, as it was desired in 1957 to obtain a perma-
nent permit to dispose of the effluents, a system had to be
designed to reduce the suspended solids to the acceptable limits
of 225 ppm SCS before the effluents reached the river. This
paper discusses the design of such a system.

It should be noted at this point that, while the systems
for the two mills are completely separate, they are identical in
all but one resepct. Therefore, this will deal mainly with the
system installed at Mill "C."

Figure 1 shows the flow of the effluent and wastes
through the Mill "C" clarifier system.

The hydraulic barker, which is a Bellingham type, uses
900 gpm of fresh filtered river water for debarking the logs. The
water and debris from the barker operation drops directly into
a herringbone grizzle screen bottom hopper through which a bar
chain conveyor runs. The screens have 3/8-inch slots, and the
larger wood and bark pieces that will not pass through them are
conveyed out of the hopper into the hog and used for fuel. The
effluent which passes through the grizzle screens is flumed to a
head box and distributed over three Link-Belt Company horizontal
vibrating screens.

Each of the vibrating screens is covered with a 16 -gauge,
type 302 stainless steel plate. The plate has 0.085-nch diameter
holes staggered on 5/32-inch centers. The screenings are dropped
off the ends of the screens into a waste conveyor which takes them
directly into the powerhouse fuel system, while the effluent is
piped by gravity flow to the clarifier. At this point the total
suspended solids have been reduced to 2,000 parts per million or
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less.

The Dorr-Oliver clarifier is 45 feet in diameter and has
a volume of 12, 700 cubic feet. This gives a retention time of
approximately 120 minutes at the rate of 900 gpm of effluent.
The effluent is discharged directly in the center of the clarifier.
The concrete bottom has a 12 to 1 slope from the outer perim-
eter to the center. In one section of the bottom, near the
center, is a sludge basin. Mounted on the center feed column is
a motor-driven arm extending from the center to the edge of the
clarifier. This arm has four pieces welded to at 45° angle to
act as a worm and rake the sludge into the sludge basin as it
settles out. The arm rotates at about three revolutions per hour.
The same drive mechanism also powers a skimmer blade on the
surface. This moves all the buoyant particles to a scum trough
and into the scum pit. The clarified effluent is allowed to over-
flow over a launder with weir-shaped openings into a circumfer-
ential trough from where it flows to the river.

The sludge is removed from the sludge pit continuously,
using an air-and-vacuum operated diaphragm pump. This is
controlled by a timing circuit, and the capacity of the pump can
be adjusted to the volume of sludge to be filtered. The sludge
is discharged into the vat of a dewatering filter.

The handling of the skimmings is the one point where
the systems at the two mills differ. At Mill "B" the skimmings
are pumped with another diaphragm pump directly into the main
sludge line, while at Mill "C" they are carried by a conveyor
over a dewatering screen and dumped into the disposal conveyor.
The water in the scum pit is controlled by level and periodically
is automatically pumped back into the clarifier feed line.

The dewatering filter is a three-element vacuum disc
type with approximately 65 square feet of filtering area. Each
element is divided into eight sections and the faces of each
section are covered with 100-mesh stainless steel screen. The
elements are rotated through the sludge effluent in the vat by an
electrical variable speed drive with a 3 to 1 speed adjustment.
A vacuum of approximately 15 inches of water is provided by a
Roots-type vacuum pump driven by a 15 hp motor.

About 45 percent of the elements are submerged in the
sludge effluent, As the discs rotate, the vacuum draws the
suspended solids against the screens, forming a cake. The
water that is drawn through the filter is separated in a vacuum
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receiver and returned to the clarifier feed line by a 1-1/4 inch
centrifugal filtrate pump. The caked solids adhering to the
rotating filter discs are continuously removed by scrapers and
drop into a box link conveyor to be taken to the disposal area.
The material as it comes off the filters is approximately 30 per-
cent solids, and at this consistency can be moved easily by
either belt or chain conveyor.

As previously stated, the effluent from the horizontal
vibrating screens contains about 2, 000 parts per million of
suspended solids. Sedimentation tests run repeatedly on the
effluent at this point have given the sedimentation rates shown
graphically in Figure 2.

This shows a rate of 76 percent in 5 minutes, 85 per-
cent in 20 minutes, and 88 percent in 60 minutes. These
results indicate that the retention time of 120 minutes which has
been provided is more than adequate to provide the necessary
reduction in solids. Tests taken on the clarified effluent show
consistently an average of under 200 parts per million suspended
combustible solids, which is lower than the 225 parts per
million maximum set by the Pollution Control Commission.

These clarifier systems have been in service at the
Wood Products Division of the Weyerhaeuser Company in
Everett for the past five years. They have proven to be an
efficient means of reducing the solids content of the hydraulic
barker effluents to a satisfactory level for disposal in the
adjacent waters. In addition, they have required a minimum of
operational attention and have provided virtually maintenance-
free operation during this period.
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AN OCEANOGRAPHIC SURVEY OF
PORT ANGELES HARBOR

J. E. Stein, J. G. Denison, G. W, Isaac
ABSTRACT

An oceanographic survey of Port Angeles Harbor was
carried out to ascertain if industrial wastes from pulp mills was
unduly polluting the harbor. It was found that, in regard to any
possible effect of industrial waste, the water quality was
excellent. The biota of Port Angeles compared favorably with
that of Hood Canal, where no industries are extant. The results
showed that per unit area, even in the immediate vicinity of the
mill, there was a greater abundance of animals.

INTRODUCTION

Port Angeles, as shown in Figure 1, is located on the
Strait of Juan de Fuca. In Figure 2 it can be seen that the harbor
is formed by a depositional spit (Ediz Hook) which extends from
the mainland and is oriented in a west-east direction. The harbor,
as seen in Figure 3, is approximately 2. 5 nautical miles long and
1.4 nautical miles wide. Figure 4 is a bathymetric chart of the
harbor floor. Note that the slope of the floor dips toward the
north and the deepest portion is found in a trough located along
the southern shore of the spit. Figure 5 shows sections along
which bottom profiles were taken. These profiles are shown in
Figure 6 and demonstrate the gentle sloping of the harbor floor
toward the north.

The total effluent volume of the Rayonier mill is only
35 million gallons per day. In an area circumscribed by a 1000~
vard radius arc about the mill, the receiving volume of water is
almost 2 billion gallons. Assuming total mixing, the mill effluent
constitutes only 1.8 percent of the immediate dilution volume of
this area. At mean low tide the volume within the harbor is in
excess of 54 billion gallons; consequently, the effluent comprises
only 0.065 percent of the total dilution volume within the harbor.
When these waters mix with that of the nearby Strait, it is easy
to see that the amount of waste contributed by the Rayonier mill
is truly infinitesimal.

The results of the survey will show, from a biological
and chemical point of view, that as heretofore stated the quality

of the water throughout the Port Angeles Harbor can be truly
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characterized as excellent.
METHODS AND PROCEDURES

Standard chemical, physical, biological, and ocean-
ographic procedures were used. All surveys were undertaken
during flooding tides. The surveys were thus designed so that
the conditions observed would be those prevailing during times
of maximum effluent concentrations. To confine this report tc
a reasonable length, we shall not give an extensive analysis of
the results of the entire survey. Only the more pertinent and
significant factors will be presented. However, to give you an
idea of the magnitude of the survey, the work required the
services of 9 trained men for a period of 2 weeks in the field, 53
stations were visited not less than 4 times each, an average of 7
water samples were taken in depth at each station, over 4, 000
chemical determinations were made, more than 1, 000 biological
specimens were examined, and about 3, 000 man-hours were
required to reduce and analyze the data. This was accomplished
in approximately 3 months.

The following are some of the results and conclusions
drawn from this survey.

RESULTS

Figure 7 shows the cruise plan and station locations.
Of paramount interest was the distribution of spent sulfite liquor
(SSL) within the harbor. Because most of the effluents entering
the harbor have densities less than sea water, the most signif-
icant impact of pollution, if it does occur, should be encountered
at or near the surface. Consequently, only the surface samples
representing the various chemical parameters will be discussed.
All of these samples were obtained on a single flooding tide.
Figure 8 is an isogram showing the general distribution of SSI,
within the harbor. Notice that most of the SSL is confined to the
southern half of the harbor where two major source areas can be
detected: one at Rayonier Incorporated and the other near the
western portion of the harbor, where Fibreboard and Crown
Zellerbach are situated. A portion of the values in the northern
part of the harbor are, in all probability, due to stored logs. It
is well known that the Pearl-Benson method for the detection of
SSL is not specific and that tannins, bark leachings, domestic
sewage effluent, and other materials will give positive values.
It is interesting to note that in the southern portion of the harbor
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the changes or gradient in SSL values decrease from south to
north. On the other hand, in the northern half of the harbor the
readings increase in an east-west direction. This general
orientation of gradients, that is at right angles to each other,
was found to be a consistent pattern, and will be discussed later.

Figures 9 through 11 show the pattern of SSL distribution
at depths of 10, 20, and 30 feet, respectively. These figures
demonstrate the striking decrease of SSL concentration with depth.
The confinement of the material at the surface affords an excel-
lent opportunity for aeration by wind and wave action, and en-
hances the transport of this material into the adjacent Strait by
wind and tidal currents.

Figure 12 shows the oxygen distribution. Here, again,
we have a similar pattern. At the surface the oxygen concen-
trations are generally lower in the southern portion of the harbor
than in the northern portion. Also note that the numerical values
of adjacent isolines in the southern portion increase from south
to north, and in the northern portion decrease in an east-~west
direction.

Figure 13 compares a series of oxygen profiles from
inner harbor stations with a control station located in the Strait
of Juan de Fuca. The six inner harbor stations, starting with
station 1 at the end of Rayonier dock, were spaced approximately
400 yards apart and were located along a line connecting the
Rayonier dock and the end of Ediz Hook. From these profiles it
can be seen that the subsurface waters of the inner harbor
compare favorably with the control station. This similarity in
the subsurface-oxygen concentration demonstrates, beyond any
reasonable doubt, that dissolved oxygen is not being depleted by
sludge deposits. The average surface dissolved oxygen of the
six inner harbor stations is 1.3 parts per million lower than that
measured at the control station. However, it will be shown that
in spite of slightly depressed surface-oxygen concentrations, the
area was found to support a teeming biota.

Figure 14 shows the salinity distribution within the
harbor. Here, as in the preceding figures, we see the same
general pattern; namely, lower salinities in the southern portion
of the harbor and higher values in the northern half. Also note,
again, that the gradient in the southern portion still runs from
south to north and in the northern portion is more or less
oriented east to west.

174



Figure 15 shows the distribution of the pH values. This
isogram, as with all the others, shows the same patterns.

Figure 16 shows the percent transmission of blue light
through samples of surface water. Blue light was selected be-
cause of the low absorption of this wave length by sea water. On
the other hand, discolorations frequently associated with pulp
mills, such as yellow, brown, and red, are readily absorbed by
blue light. Notice in this figure that the pattern is generally the
same as in the preceding isograms. The waters to the north are
clearer than those to the south. Also, the gradients show a
similar pattern. It should be mentioned at this time that the
average vertical visibility, as measured by a Secchi disc, is
approximately 30 feet. This value compares favorably with Hood
Canal, a body of water along which no industries or large cities
are located.

A complete study of tidal currents within the harbor was
not carried out. However, even with the limited data at hand,
certain statements can be made concerning the movement of
materials within the area. For example, based on the distri-
bution of SSL shown in Figure 8, one may conclude that the
northerly movement of effluent within the harbor is not very
prominent, If there was a distinct northerly transport, ma-
terials would not be confined to the southern half of the harbor
as indicated in this figure. In still water the effluent would
spread out over the surface much like a plume of smoke in the
air. However, where tidal currents occur the shape of the
plume is masked and the effluent is spread out in accordance with
the oscillations of the tidal currents. Notice that this is what has
occurred in the southern half of the harbor. Also from Figure
8, it is indicated that the net flow of materials in the harbor is
generally counterclockwise. If the net flow was in the other
direction (i.e., clockwise), there would be relatively high con-
centrations of liquor toward the north and west portion of the
harbor which, as can be seen, is not the case. Furthermore, if
the net flow is more or less counterclockwise, deposits associ-
ated with the Rayonier effluents must extend in an easterly
direction. That this is true is shown in Figure 17. This figure
is a scale drawing of the exact location, shape, and size of the
Rayonier sludge deposit. The extension of this deposit in an
easterly direction reinforces the conclusion that the net flow of
material from the mill is eastward rather than toward the inner
harbor.
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The size and shape of the sludge beds were ascertained
by the utilization of technically trained divers. Three divers were
used in the underwater survey; each diver was equipped with Self
Contained Underwater Breathing Apparatus (i.e., SCUBA gear).
After a few preliminary dives the outer edge of the sludge bed
was found. The divers then followed the outermost margin and
periodically released anchored marker floats. The positions of
the floats were fixed by triangulations with transits. The
eastern deposit, its outline is shown in Figure 17, consists of an
overlay of very fine, light, fibrous material beneath which there
are underlying strata of oxidized matter. The maximum depth
of the sludge bed is approximately 30 inches. This maximum is
located near the mill outfall. Toward the periphery of the
sludge bed the deposits are less than an inch in depth. In this
zone the deposition is not continuous throughout; instead, it is
characterized by isolated patches of material ranging from a
few inches to a foot in diameter. The area of the eastern
sludge bed is 39.1 acres, or approximately 1.7 percent of the
entire harbor floor.

The western sludge bed consists of wood litter and
bark emanating from the barker effluent. Underlying the sur-
face layer is woody material in varying stages of oxidation.
The depth of this sludge bed is the same as the eastern deposit.
It is an area of 24.5 acres which comprises only 1.2 percent
of the entire harbor floor. The combined east-west deposits
constitute 63.6 acres, which is only 2.9 percent of the total
area of the inner harbor bottom.

At mean low tide the water depth in the vicinity of the
most eastern portion of the sludge bed varies from 3 to 18 feet.
Consequently, when waves pass over this area, the bottom is
disturbed and the deposits are lifted into suspension. The
suspended material is then carried off into the Strait by wind and
tidal currents. During the survey divers reported that occa-
sionally they could feel wave action along the bottom in this area.
Turbulence of the bottom sediments occurs when the depth of
water is nearly equal to one-half the wave length as measured
from crest to crest or trough to trough. As a result of diving
observations made on succeeding days, it was definitely es-
tablished that the most eastern edge of the sludge bed was un-
stable and showed a considerable degree of fluctuation. By
contrast, the northern boundary of the sludge bed has become
limited by the net eastward transport of materials emanating
from the outfall. From these data we conclude that, although
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there are minor fluctuations, the size and shape of the sludge
beds are stabilized. This stabilization is brought about by the
action of waves and currents.

Biological data were collected by means of underwater
photography, square foot piling samples, speared specimens,
and beach seining. The location of each seining operation is
shown in Figure 18. The technique employed in laying-out the
net is demonstrated in Figure 19. One end of the net was held
on the beach and balance payed out from the end of a skiff at an
approximate 45-degree angle from the shore. Upon reaching the
end of the net, the skiff was swung in an arc toward the shore
while a constant tension was maintained on the line. In this
manner an arc of approximately 110 degrees was circumscribed,
and slightly more than 98, 000 cubic feet of water was fished
at each location. Figure 20 shows the results of a haul made
over the eastern sludge bed at a distance of 150 yards east of the
mill outfall. In this haul sea-run cutthroat, herring, flounder,
sculpin, stickleback, and crabs were taken. The lower edge of
the net showed evidence of contact with the sludge bed and,
from this observation, it is obvious that the bottom deposits
were in no way harming fish. No patterns or relationships be-
tween abundance of fish and distance from the mill were
observed. However, in one case more fish were taken at a
station 150 yards from the mill than at one located 1400 yards
away. TableI is a tabulated summary of the numbers, species,
and the total quantity of fish taken at each station. Locations 2
and 4 contained prodigious quantities of herring. Eldridge(l)
alleged that herring werg extremely susceptible to pollution.
Furthermore, Chapman found that herring are territorial and
their migration habits are minimal. This means that most of
the herring taken in the harbor were native to the area and had
spent most of their lives at this place. Gross inspection of the
fish at the time of netting failed to disclose any indications of
stress., Moreover, microscopic examination revealed that there
were no apparent lesions, Table II is a tabulated summary of
the different species and the number of each species which were
taken by net. From a biological point of view, this wide diver-
sity of organisms indicates that the water quality is excellent.
Had there been undue pollution, many of these 17 different
species of fish would not be represented. Other organisms were
seen but not taken by net. These will be discussed shortly.

Extensive underwater sampling and photography was
conducted in the vicinity of the Rayonier dock. The pilings were

177




exceedingly interesting because they supported a wide variety of
organisms along the entire length of the dock. Twenty-five
different species were collected from a single piling located near
the northeast corner of the dock. All of these organisms lived
their entire lives attached to or in close vicinity of these pilings.
Consequently, all of these species would be continuously exposed
to any of the wastes discharged by the mill. Underwater photo=-
graphs taken by our SCUBA divers showed present of barnacles,
anemones, snails, crabs, sponge, and tube worms.

In addition to piling observations, swimming forms
were also noted. Herring, greenling, starry flounder, skate, and
many others were noted. Table III is a tabulated summary of the
different forms of fish which were observed by the divers. Some
of these fish were taken with a speargun. Analysis of the
stomach content of the sp.eared fish revealed that they were
feeding on a wide variety of organisms; thereby indicating that an
adequate food chain was present to support the teeming marine
life noted in the area. On one occasion technicians from the
Washington State Pollution Control Commission (PCC) were
accompanied by our divers, and they too observed the wide
variety of organisms found on and adjacent to the Rayonier dock.

Port Angeles has been a mecca for skin divers and
sport fishermen for many years. Many specimens were taken
from this harbor during a recent skin diving fish derby. This
international tournament has become an annual affair at Port
Angeles.

Up until recent years an active octopus fishery was
carried out in the Port Angeles harbor. A 35-pound specimen
was captured by divers. Because of market difficulties, the
commercial octopus fishery is no longer extant. However, these
organisms are still present in considerable numbers. Due to
the extreme susceptibility of octopus to chemical changes in the
water, their abundance in the Port Angeles harbor attests to
the excellent quality of the water.

The biota of Port Angeles was compared with that of
Hood Canal, a popular diving and sport fishing area where no
industries or large cities exist. The results showed that per
unit area, even in the immediate vicinity of the mill, there is a

greater abundance of animals.




CONCLUSIONS

1. Burning and recovery facilities would have little or
no effect on chemical factors and, in all probability, no effect
on the biota.

2. The wide variety of organisms found in stomach
contents of fish indicates the presence of an excellent food chain.

3. Because of the amount and diversity of marine
organisms, one can only conclude that variations in surface water
g Y

quality are insignificant.

4. The presence of sludge beds within the vicinity of
the mill outfall in no apparent way affected the biota.

5. Materials from the Rayonier effluent are carried
out of the system in an easterly direction and not toward the

inner harbor.

6. The size and shape of the sludge deposits have been
stabilized by wave action and tidal currents,

7. Hood Canal was used as a control area, and it was
found that there were relatively more organisms in Port Angeles
Harbor.

8. From a biological and multiple use point of view,
the quality of water within the Port Angeles Harbor is excellent.
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TABLE 1.
BEACH SEINING - PORT ANGELES - OCT. 12, 1961

LIDIVIDUAL SZINE HAULS

DISTAICE BOTIO #0. OF Pil CaxNT | LO. CF SPaCIES
F200 1TIL CCiPOSITION FISH TAKEY OF TCTAL TAKEN
150 yds. Mud with pulping 75 7.7% 6 species of fish
fibers 1 specie of crab
450 yds. laud and eel grass 3hi 35.4% 7 specics of fish
1 specie of crab
575 yudse Jravel and eel g1iss 104 10.7% 8 species of fish
1 specie of crab
750 yds. Gravel and eel grass 386 39.7% 10 species of
fish
1400 yds. Cravel and a little él, 6.6% 5 species of

eel grass

fish




TABLE I

BEACH SEINING - PORT ANGELES - OCTOBER 12, 1961

SPECIES TAKEN AND PERCENT COMPOSITION
OF THE COLLECTION

Per-
No. cent Species
799 82.12 Pacific herring Clupea harengus passasi
103 10.59 Shiner perch Cymatogaster aggregata
| 19 1.95 Tube-snout Aulcrhynchus flavidus
16 1.64 Starry flounder Platichthys stellatus
12 1.23 Edible crabs Cancer magister
5 0.52 Tidepool sculpin Oligocottus maculosus
‘ 3 0.31 Buffalo sculpin Enophrys bison
3 0.31 Pacific staghorn
‘ sculpin Leptocottus armatus
‘ 2 0.21 Surf smelt Hypomesus pretiosus
| 2 0.21 Cutthroat trout Salmo clarki
2 0.21 English sole Paroph_rys vetulus
! 1 0.10 Padded sculpin Artedius fenestralis
i 1 0.10 Northern anchovy Engraulis mordax
1 0.10 Pacific sand lance Ammodytes hexapterus
1 0.10 Striped seaperch Embiotoca lateralis
1 0.10 Pacific tomcod Micorgadus proximus
1 0.10 Threespine stickle-
back Gasterosteus aculeatus
1 0.10 Crescent grunnel Pholis laeta
973 = Total organisms -
181
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TABLE III

SCUBA DIVING - PORT ANGELES - OCTOBER 5-19, 1961

Free-Swimming Forms Observed During Diving Operations

Black Rockfish
Yellowtail Rockfish
Giant Marbled Sculpin
Lingcod

Chinook Salmon
Starry Flounder
Greenling

Buffalo Sculpin
Pacific Herring
Tube-Snout

Ratfish

Skate

Octopus
Broken-Back Shrimp
Krill

Sebastodes melanops
Sebastodes flavidus
Scorpaenichthys marmoratus
Ophiodon elongatus
Oncorhynchus tshawytscha
Platichthys stellatus
Hexagrammos sp.
Enophrys bison

Clupea harengus pallasi
Aulorhynchus flavidus
Hydrolagus colliei
Unidentified

Octopus sp.

Spirontocaris sp.
Euphausia pacifica
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Figure 2. Aerial Photograph of Port Angeles Harbor
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Figure 19. Photograph of Beach Seine as it is Being
Payed-Out From Stern of a Skiff
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Figure 20. Results of a Seine-Haul Made 150 Yards
East of the Rayonier Outfall
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LAND DISPOSAL OF PULP AND
PAPERMILL EFFLUENTS

R. O. Blosser and E. L. Owens

In 1959, a survey of land disposal practices in the pulp
and paper industry revealed that at least 14 mills had studied or
were employing some form of soil filtration as a means of
effluent disposal. It was also revealed that the industry was
displaying increasing interest in this form of waste treatment
since its application is well suited to seasonal disposal during
stream low flow periods. That this interest continues is
evidenced by the fact at at least 7 mills are known to have
initiated, since that time, either laboratory studies, pilot field
studies, or full-scale field installations to seasonally handle
portions or all of the mill effluent by land application. Industry
interest and the suitable geographical location of a number of
mills for its employment, therefore, led to the establishment of
a fundamental study of land disposal at the Council's Oregon State
University project.

Based on earlier studies, relatively dilute mill effluent
when applied in quantities common to crop irrigation practices
could be assimilated by the soil, producing crops at least equal
to those produced by conventional water supplies. Little
knowledge was actually available, however, in such areas as to
the effect of soil characteristics on its capacity for treatment of
various effluents, the effect of cover vegetation on soil treat-
ment capacity, the effect of effluent composition on soil char-
acteristics, fertilizing or soil conditioning effects of effluents,
if any, or possible adverse effect on ground water quality where
concentrated or highly colored effluents are applied as irrigation
water. These are areas in which investigations have been con-
ducted, and this paper constitutes a progress report on the
observations,

The laboratory studies have dealt primarily with changes
in effluent characteristics, changes in soil characteristics, and
changes in cover vegetation conditions when a wide variety of
effluents are applied to the soil in simulated irrigation practice.
The initial phases of the investigation dealt with changes occurr-
ing when effluents were applied to bare soil columns similar to
those shown in Figure 1. The study was then expanded to
investigate the role of cover vegetation on the land in irrigation
disposal of pulp and papermill effluents. Figure 2 is a view of
the greenhouse showing some of the laboratory columns used in
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this portion of the study. The cover vegetation is alta fescue, a
grass of high moisture resistance and reasonably high salt
tolerance with an extensive root formation. These qualities make
it well suited for use in irrigation disposal operations where
maximum water application is desirable, and it has proven to be
superior to Reed canary grass in the laboratory investigations.

Four representative soils have been used in these
studies; a sand loam, a silt loam, and two clay loams, classi-
fications which principally define particle size. Their ion ex-
change capacity, or capacity to chemically adsorb the cations,
also differs, increasing with decreasing particle size, with the
clays having the highest exchange capacity. Analyses employed
have included BOD, color, pH, lignin, conductivity, and
measurement of the cations and anions of major importance in
soil management to include sodium, calcium, magnesium,
potassium, sulphates, and chlorides. Percolate collection and
measurement have afforded the opportunity to establish moisture
loss by evapotranspiration, while clipping of the grass at regular
intervals, where cover vegetation is employed, provides a
measure of productivity which reflects the benefit or apparent
harm to the cover vegetation by a specific effluent of set of
conditions. Volumetric loadings of 5 to 11 inches per week, or
20, 000 to 43, 000 gallons per acre day, have been used where
cover vegetation is employed. This hydraulic load is in excess
of the consumptive requirements of the cover vegetation in the
laboratory and simulates field conditions where application rates
of about 9, 000 gallons per acre day in the northern latitudes are
in excess of evapotranspiration requirements and would result in
percolation to the ground water.

Extended irrigation periods of 9 months or longer,
representing in many areas the equivalent of 2 to 3 years
seasonal effluent disposal, have been employed to assist in
evaluating long~term effects. Subsequent to the irrigation period,
the soils are leached with tap water to simulate a period of high
precipitation following seasonal disposal. A number of effluents
to include bleached kraft, unbleached kraft, kraft recovery
condensates, caustic extract wash water, dilute solutions of
kraft black liquor, insulating board mill, sulfite, kraft effluents
fortified with sodium or wood sugars, and other synthetic
effluents, as well as tap water, have been employed to cover the
wide spectra of effluent characteristics encountered at field
installations.
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BOD REDUCTION

BOD has been one of the parameters of evaluation used
to measure the change in mill effluent characteristics as they
percolate through soil. When observing the soil percolate from
columns loaded at different BOD levels it has been possible to
identify significant changes in soil percolate quality. These
changes are directly identifiable with the organic loading
applied when expressed as a function of the soil surface BOD
loading.

At loadings of up to 235 pounds BOD per acre per day,
reductions of 95 percent or greater have consistently been
recorded with no impairment of cover vegetation or soil
permeability reduction assignable to rapidly decomposable
organic matter. Removals of 60 to 84 percent were noted at
loadings of 280 pounds per acre day with accompanying septic
percolate. Both illustrate that insufficient oxygen was gaining
entry at the soil surface to maintain aerobic conditions. Ex-
cessive cover vegetation damage finally resulting in complete
kill, as well as reduced soil permeability, were also noted
after 8 months of irrigation. BOD loads just over 400 pounds
per acre per day also were reduced about 60 percent. Im-
pairment of grass growth was more rapid and severe, however,
finally resulting in reduced soil permeability and, hence, man-
datory lower hydraulic loadings by the end of the third month of
effluent application. These findings are illustrated in Table 1.

The high degree of treatment afforded at loadings less
than 235 pounds per acre per day has been found to be inde-
pendent of soil effluent type over the complete range of soils and
effluents employed.

Based on these observations, with correction for
difference in soil temperatures existing between the laboratory
and field, sustained BOD loadings of 200 pounds per acre day on
soils of 15 to 20 inches in depth could be expected to result in
percolates of high quality, unimpaired growth of selected cover
vegetation, and no reduction in soil permeability due to BOD
loading. Employing loading parameters of 27,000 gallons per
acre day and 200 pounds BOD per acre day, high degree BOD
removal could be expected for effluents with an initial con-
centration of 875 ppm. Since most effluents exhibit BOD con-
centrations less than-this, it appears that permissible hydraulic
loading will hold organic loadings below the critical level in
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most instances. There are certain cases, however, where
organic loading would be a design parameter.

The storage of effluents in lagoons for biological
treatment, intermittent discharge or, in specially planned units,
depending on seepage to the ground water, as a disposal method,
is a common practice. Since the seepage from these units
ultimately finds it way to surface water, some knowledge of the
treatment afforded during percolation through the soil was
desired. Simulated ponds on 20 inches of soil similar to those
shown in Figure 3 are employed in this study. A mineral oil
seal at the air-liquid interface on one-half of the columns
provides the true anaerobic conditions existing at the bottom of
deep ponds, while the remainder simulate a shallow pond en-

vironment.

In Table 2 is shown a summary of the data on BOD re-
ductions accomplished during percolation of kraft effluents
through the soil under the simulated seepage beds. At seepage
rates of 0.25 to 0.6 inch per day, the soil residence times of
23 to 54 days, BOD reductions averaging 72 percent or greater
have been observed. When the seepage rate was increased and
a coarse sand with substantially less volume of voids was em-
ployed as the filtration media, soil residence time was sub-
stantially reduced. BOD reductions likewise were reduced,
falling to the 20 to 30 percent range. The simulated shallow ponds
exhibited slightly higher reductions despite the fact that
anaerobic conditions in the soil existed in both cases.

It is significant to note that at soil residence times of
12 days in the irrigation studies where aerobic conditions were
maintained in the soil, BOD loads approximately 8 times as
great were reduced 95 percent or more.

COLOR REMOVAL BY THE SOIL

While it has been observed that BOD removal from
effluents by the soil during irrigation is independent of soil or
effluent type over the range investigated, the same is not true
for color removal when these effluents are applied as irrigants.
Color removal varies both with effluent type and soil type. A
summary of some of the more significant observations is shown
in Table 3, where color reduction is expressed on a percentage
basis for an irrigation period of 9 or 10 months. Where bleached
kraft and insulating boardmill effluents, both with initial color
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concentrations greater than 1000 ppm, were applied to clay
loam soils, 99 percent color removal was noted, while sandy
loam removed only 65 percent of the color. It was generally
observed that for all the kraft and insulating boardmill
effluents employed the clay loams were most effective in re-
taining the color, followed in effectiveness by silt loam and
sandy loam in this order. Extensive color intensification,
averaging about 100 percent net color increase, was consist-
ently observed when both ammonia and calcium base sulfite
effluents were applied to silt and sandy loam, despite the fact
that 35 to 90 percent of the lignin present in the effluent re-
mained in the soil during the period of effluent application. This
increase was probably due to transformation of the lignin
complex while percolating through the soil, resulting in a sig-
nificant change in the light absorption capacity of the effluent.
This phenomena may explain the apparent persistence of color
in ground water where contamination with sulfite effluents has
occurred.

When appreciable color passage was noted during the
period of effluent application, leaching normally resulted in
continued color passage. When the applied effluent color was
above 1000 ppm or where sulfite effluents were applied, the
leaching percolates from all except finely divided high calcium
exchange capacity Olympic clay loam soil exhibited substantial
increases in color content.

While it appears that the Olympic clay loam soil was
capable of functioning as both a color remover and color re-
tainer, the variability observed in the laboratory investigations
dictates that proposed land disposal operations incorporate
studies employing both the effluent to be applied and soil avail-
able at the site if ground water contamination might be detri-
mental.

BIOLOGICAL QUALITY OF PERCOLATES

The percolates from soil columns receiving effluents
do not differ significantly in odor from that percolate from
columns irrigated with tap water, both exhibiting the earthy odor
of highly treated secondary effluents.

The percolates from columns to which kraft recovery
condensates, sulfite effluent, and unbleached kraft linerboard
mill effluent has been applied as irrigants were bioassayed using
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the guppy as a test specimen. There were no mortalities nor
were distress symptoms noted during a 96-hour exposure period
to 100 percent concentrations of these percolates. This indicates
that immediate discharge of percolates into a water course would
have no effect on the aquatic habitat providing the high degree
aerobic treatment provided by percolation through approximately
2 feet of soil is provided.

CHANGES IN SOIL CHARACTERISTICS

In the study of changes occurring in soil characteristics
due to effluent application, changes in salt concentration in the
soil have been employed as a parameter of evaluation. Of
primary concern is the fate of sodium. Interest in the fate of
sodium that may be found in some effluents stems from the role
it plays in crop and soil management where conventional water
supplies are used for irrigation. The field of soil science deals
at some length with the subject and considerable knowledge has
been accumulated relative to handling the problems associated
with sodium accumulation.

Significant variations in sodium removal from the
effluents by the four soils employed was observed. Concen-
trations in the soil at the termination of effluent application were
dependent both on the concentration in the effluent applied and
the amount of evapotranspiration occurring. Final concentra~
tions were, however, closely associated with the cation exchange
capacity of the soil; the finely divided Olympic clay loam with
the highest cation exchange capacity of 31 meq/100 gms ex-
hibiting the highest concentrations. In due turn, the sandy loam
with lowest cation exchange capacity of 14 meq/100 gms ex-
hibited the lowest concentration.

Leaching of these soils with water after the irrigation
season, analogous to the leaching accomplished by natural rain-
fall, revealed that the major portion of the sodium is rather
easily removed. It was also observed that individual soils ex-
hibit specific leaching properties.

In Figure 4 is plotted on semilog paper sodium concen-
tration in the soil at 4 inches from the surface versus inches of
leachate collected for Olympic clay loam soil that had been
irrigated with four different effluents. This family of curves can
be represented by the general equation y = yllO'Kv, where V
is in inches of leachate collected. The K or leaching reaction
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rates for all four effluents are seen to fall into a rather narrow
range. Similar relationships were noted for the other soils,
indicating that the rate of sodium leaching is independent of the
source of sodium accumulation.

A summary of the leaching rates observed is shown in
Table 4. It can be seen that the leaching rates vary for different
soils, with the silt loam exhibiting a leaching rate almost twice
that of the Olympic clay loam. These data indicate that the
degree of sodium removal is not only dependent on the amount of
leaching water applied but is also dependent on the type of soil
involved. With the cooperation of member mills now employing
land disposal, we are attempting to determine if sodium leaching
under field conditions exhibits similar soil-type leaching rate
relationships.

Problems in soil management reflected in reduced soil
permeability during the period of effluent application attributable
to sodium accumulation during a single irrigation season have
been confined to 1/30 dilutions of kraft black liquor and synthetic
effluents, both exhibiting sodium adsorption ratios of 35 or
greater and of extremely poor water quality by conventional
irrigation water standards. We have observed what may be re-
duced permeability due to soil deflocculation during the leaching
cycle in Olympic clay loam columns that received bleached
kraft and insulating boardmill effluent, both of which exhibited
high level sodium buildup during the irrigation season.

Our experience to date has shown that problems
attributed to, but not at this time defined as, sodium accumula-
tion when applying effluents of medium irrigation quality with a
sodium adsorption ratio of 8 or less are confined to the finely
divided, high cation exchange Olympic clay loam soil, and may
well be the result of an abnormally long irrigation season prior
to leaching. Since most whole kraft mill effluents where sodium
may be encountered have sodium adsorption ratios less than 8,
the sodium problem is probably minor for most soils.

A study is now in progress to determine if effluent-soil
reactions differ substantially from conventional irrigation water-
soil reactions when the irrigation liquid is of like salt concen-
tration. A bleached kraft effluent and a synthetic irrigation water
of similar content are applied to identical bare soil columns.
Composite percolates are analyzed after each 10 inches of
effluent application, while the soil is analyzed after 30 inches of
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effluent application. In Figure 5 is shown the sodium concen-
tration existing in clay loam soil during 90 inches of irrigation.
Two items are significant here. First, is the fact that about 80
percent of the sodium accumulation occurred as a residual after
only 30 inches of effluent application. Second, is the striking
similarity of sodium concentration, both total and water soluble,
existing in the soil during the irrigation period, which indicates
that the organics present do not materially change the soil-salt
exchange mechanism. A similar relationship was observed in
percolate quality, as is shown in Figure 6.

Sodium concentrations approached a maximum after 20
inches of irrigation and remained about constant during the re-
mainder of the irrigation period, confirming that the majority of
the sodium accumulation occurred rapidly. The similarity of
sodium concentration in the two percolates can also be observed.
This similarity in calcium, magnesium, and potassium levels
in the percolates, both during irrigation and leaching, was also
observed, as shown in Figure 7. Soil analyses likewise ex-
hibited similar concentrations of these ions during the irrigation
season. Sulphate and chloride ion concentrations in the
percolate exhibited the same similarity, indicating at this time
that the knowledge accrued in the use of conventional irrigation
water supplies is applicable to these effluents.

Other parameters used to evaluate changes in soil
characteristics due to effluent application were changes in soil
permeability and cover crop condition. Reductions in soil
permeability were associated with both exces sive sodium loads
and BOD loads in excess of 235 pounds per acre per day. These
experiences have been previously described. Favorable ex-
perience with highly colored effluents, such as caustic extract
wash water with an initial color over 8000 ppm, and successful
application for 18 weeks of 1/30 dilutions of kraft black liquor
with a color over 10,000 ppm and a lignin concentration 40 times
that of bleached kraft effluent, indicated that the buildup of color
bodies in the soil is probably not significant in reducing soil
permeability at field installations.

With the exception of delayed grass kill where sulfite
pulp and papermill effluent was used as an irrigant, impaired
grass growth has been accounted for by excessive organic loading
or violation of well accepted soil and crop management practices.
Examples of such violations are: high hydrogen ion concentra-
tions in the irrigant creating acidic soils, excessive hydraulic
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loadings, or the use of irrigants with unfavorable sodium adsorp-
tion ratios. Within these limitations, however, the effluents
employed have been observed to produce grass equally as well or
better than tap water.

One of the more significant observations of the investi-
gations has been the merit of establishing, and need for adoption
of, land disposal practices to maintain cover vegetation. Where
maximum hydraulic loadings are desired, hence minimum land
requirements such as is usually the case in waste disposal, the
cover crop plays an important role. This was demonstrated by
a twenty-fold increase in percolation rate on dense silt loam
soil when a cover crop with an extensive root system was em-
ployed. Conversely, reduced percolation rates were consist-
ently observed when conditions resulted in impairment or death
of the cover crop during the irrigation season.

The alternate route of transfer for liquid afforded by
evapotranspiration, and observed to lag between 50 and 90 per-
cent in the laboratory during the summer months, reduces
dependence on percolation as the sole source of water removal
from the upper soil strata. Prevention of classification and
dispersion of soil at the surface, which impedes filtration, are
added benefits of the cover crop. It appears highly doubtful at
the present time that the most economical land use for irrigation
disposal can be accomplished unless the program is tailored
around suitable cover vegetation,

GUIDES TO FIELD APPLICATION

In Table 5 are shown what are considered to be, based
on the laboratory investigations to this time, the major areas of
consideration in field application of land disposal and loading
parameters in terms of effluent and soil characteristics. For
high percolate quality, maintenance of cover vegetation, and good
soil permeability, a BOD load of 200 pounds per acre per day is
considered as approaching the upper limit. It does not appear
at this time that there are sufficient color bodies present in
effluents encountered in the field to be of significance in detri-
mentally changing soil characteristics. Potential ground water
contamination may exist and individual site evaluations are
warranted in these cases. Good soil and crop management
practices dictate that the pH of applied effluents lie in the range
of 6.5 to 9. We have observed no detrimental effects on salt
tolerant vegetation or reduced soil filtration rates on rather
permeable soils when the sodium adsorption ratio of the applied
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effluent was less than 8. For high clay content soils the allow-
able sodium adsorption ratio may be less than 8.

SUMMARY AND CONCLUSIONS

The experimental work to date has pointed out an in-
creased potential for, and some of the limitations of, pulp mill
effluent disposal by irrigation. Some of the parameters of
evaluation pertinent to its application have been developed from
selected soils in the laboratory. The importance of the beneficial
role of cover vegetation in land disposal has been demonstrated.
Organic loading levels which produce high quality percolates inso-
far as BOD and aquatic biology aspects are concerned and which
do not impair grass growth or soil permeability have been
established for some typical soils. If ground water contamina-
tion by color might be detrimental, detailed studies employing
the effluents and soil available at the site and a knowledge of
underground water movement is to be advised. These investi-
gations have demonstrated that many of the effluents from
industry are suitable irrigants, producing grass in amounts at
least equal to that produced by tap water.

Laboratory studies now in progress, or to be under-
taken, will deal specifically with detailed changes in soil char-
acteristics attributable to effluent application and a determina-
tion of suitable soil amendments that might be required. With
the cooperation of member mills, these aspects are also being
followed at field installations.
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Table 1.

Effect of BOD Loading on Percolate Quality,
Cover Vegetation and Soil Permeability

BOD BOD Cover
Loading Reduction Vegetation Soil
Lb/Acre Day Percent Condition Permeability
280 60-~84 Poor Impaired
<235 95+ Good Satisfactory
Table 2.

BOD Reduction in Kraft Effluent During Percolation
Through the Soil Under Seepage Beds

Simulated Seepage Soil Residence BOD Reduction
Pond Rate Time Percent
Shallow 0.25~0.5 27-54 73-89 81
Deep 0.25-0.6 23-54 51-90 72
Shallow 2.5 =2.9 3- 3.5 25-41 32
Deep 2.8 -3.7 2.4- 3.1 15-29 23
Table 3.
Effect of Soil Type on Color Transport
Soil Type Effluent Applied Effluent Color
Color Reduction
ppm o
During Effluent Application
Clay loams Kraft & insulating 1000 + 99
board
Sandy loam Kraft & insulating 1000 + 65
board
Silt loam & Sulfite 500 (-)70

sandy loam

‘ Depth In. /Day Days Range Mean
|
|

Soil Type Applied Effluent Color Percolate Color
ppm Change
During Leaching
Olympic clay loam 1000 + Negligible
Other soils 1000 + Increase
or sulfite
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Table 4.

Summary of Sodium Leaching Reaction Rates by Soil Type

Soil Type Median Mean
Willamette silt loam 0.014 0.013
Olympic clay loam 0.0067 0.0068
Newberg sandy loam 0.010 0.010
Red Aiken clay loam 0.0079 0.0097
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Figure 1.
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FIGURE 5
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FIGURE 6
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SYNTHETIC ORGANIC PESTICIDES
AN EVALUATION OF THEIR PERSISTENCE IN NATURAL WATERS

Robert W, Okey and Richard H. Bogan
INTRODUCTION

In 1960, some 647, 795, 000 pounds of synthetic organic
toxicants of various kinds were produced in the United States.
Of this total, 90 percent were marketed during that year. If
the entire production was used on land in the United States, a
total use rate of approximately 215 pounds per square mile or
just slightly more than one-third of a pound per acre is
indicated.

The discharge of this vast tonnage of organic substance
to the environment is a significant factor to those concerned
with the presence and the long-range implication of exotic sub-
stances in the ground and surface waters. The size of the figure
speaks as well for the need to understand the fate and behavior
of this class of exotic organics in natural waters.

The chlorinated hydrocarbons which include the popular
insecticides DDT, aldrin, and lindane are of greatest com-
mercial significance. Also classed with this group are the
phenoxyacetate herbicides and chlorinated fungicides. Com-
bined, these chlorinated hydrocarbons make up slightly less
than 80 percent of the total pesticides production of the United
States. Also produced in significant amounts are the phosphorus
containing insecticides.

Although these substances constitute less than 5 percent
of the present production, their use is rapidly increasing and
they will be of considerable significance in years to come. Of
less, but still marked commercial significance are the dithio-
carbamates which are used for fungicidal purposes. These
substances constitute approximately 2 percent of the total pesti-
cide production. The remaining 13 percent is made up of thio-
cyanates, carbamates, various heterocyclic forms, the nitro-
phenols, and heavy metal substances. Prominent members of
these commercially significant groups are shown in Table 1.

The vast increase in use of the synthetic organic pesti-
cides has occurred during the past decade. During this period
considerable data regarding the acute toxicity levels for many
substances have been determined. It is clear, however, from
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reports such as that of Rosen and Middleton{29) that there is a
need for the development of knowledge concerning the fate of
pesticidal substances. It is a significant and somewhat re-
vealing fact that little or no work pertaining to the long-range
environmental persistence and the chronic toxicity levels of most
of the commercially important materials has been reported.

This report deals with the extent of persistence of the
commercially significant groups of pesticidal substances. It is
essential, therefore, at the onset to define what is intended when
the word persistence is used. A substance is termed persistent
if it or its degradation products can be identified in an environ-
ment which can be shown to contain a biota of saprophytic capa-
bility. Persistence, then, is the result of a reduced rate of the
essential catabolic steps leading to the complete conversion of
the material to carbon dioxide and water. In the same fashion,
a material can only be said not to be persistent from laboratory
type studies unless it can be shown to support the growth of a
microbial culture when offered as a sole carbon source.

The persistence of pesticidal substances, particularly
the chlorinated hydrocarbons in normally saprophytic environ-
ments is attested to by several reports. There are also re-
ports concerning the carry-over of pesticides to foods.

Martin(z) reports that DDT, aldrin, chlordan, dieldrin,
endrin, heptachlor, lindane, and toxiphene are not affected by or
do not affect soil bacteria. Kiigemagi, et a1(17) report that the
natural decrease in the field levels of aldrin, dieldrin, and
heptachlor are not associated with the action of soil bacteria.
MacPhee(lS) indicates from field studies that DDT, BHC, and
chlordan persist for months and even years. The field per-
sistence of these substances is borne out by such findings as that
of Rosen and Middleton{29) who demonstrated the presence of
several chlorinated insecticides in surface waters.

Ettinger and Ruchhoft(7) report that low concentrations
of the m- and p-monochlorophenols are destroyed by activated

(13)

Ject, indicating that the monochlorophenols can be metabolized

sludge. Ingols presents additional information on this sub-
but cannot support a culture as a sole carbon source. Although
J8nsson and Firaeus(16) report the slow destruction of aldrin by
soil bacteria in soil (10 percent per month), it is difficult to see
how microbiological action could be proven, as no chloride was
produced. Powers(2 ,» in an unpublished memorandum, reports
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the destruction of dichloro and pentachlorophenol. The latter
work was apparently done in connection with one or several of
the Dow Company's waste treatment plants.

1
Marth and Ellickson( 9)
BHC (benzene hexachloride), lindane, dieldrin, isotox, perthran,

report the carry-over of DDT,

DDE, and methoxychlor in milk on treated crops and in other
dairy products.

There appear to be no data concerning the destruction
of the bridged biphenyl (DDT) compounds or, for that matter,
none beyond that of Jonsson and Faraeus concerning the de-
struction of the methano bridged cyclodienes.

There are several reports of the biodegradation of
many phenoxyacetate type weedicides in the literature.
Johnson and Colrner(1 , Fernley and Evans 10 , Sleenson and
Walker(32), Webley, et al 34), Audus(l), Byrde and Woodcock
(5), and Evans and Moss , all report that microbial systems
exist which can utilize 2, 4-D and several homologous sub-
stances as sole carbon sources.

No reports were found concerning the destruction of
the phosphorus containing insecticides by bacteria. In fact,
there is a marked paucity of data concerning the destruction of
phosphorus containing materials of any description. Slade(31)
and Rothstein 9 both report that phosphorylated intermediates
are not metabolized by bacteria and yeasts. Mitchel1(23) reports
that phosphorus cannot enter the cell wall by simple diffusion
processes. There are reports, however, of plant systems which
can hydrolyze and apparently metabolize some fraction of the
phosphorus containing insecticides 9.

Two reports were obtained from the literature indi-
cating the natural destruction of the urea-carbamate type of
functional group. Jensen(14) reports the destruction of thio-
urea in farmyard manure,and MacPhee 18), in a study of field
persistence of a number of materials, observed that ferbam dis-
appeared rapidly.

The literature reports, then, indicate a material
variation in the persistence of pesticidal substances. The be-
havior of the materials appears to be closely related to the
nature of the functional groups employed in producing a toxic
substance.
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RESULTS OF EXPERIMENTAL WORK

The metabolism studies were carried out with the War-
burg microrespirometer at 20°C and with the conventional 5-day
20°C biochemical oxygen demand test. Cellular material was
prepared for use in the Warburg by centrifugation and re-
suspension in an ammonium phosphate buffer system which pro-
vided a COD/N ratio of 20. In some instances substrate deple-
tion was followed directly with the infrared spectrophotometer,
supernatant COD by the semi-micro method of Okey, et al( , or
a specific test for the substrate. The particularly insoluble
insecticides were introduced into the Warburg flasks in petrole-
um ether solution and the solvent removed by gentle warming.
All other materials were handled in water solution.

The experimental work was carried out in two principal
phases. The first phase, employing unacclimated activated
sludge grown on a combination of simple substrates, was de-
signed to eliminate from further consideration those substances
readily available for metabolic use. The second phase of the
work was carried out with sludges adapted to specific carbon
skeletons and designed to permit an evaluation of the effects of
substitution.

For phase one it was desired to use a test system grown
on a medium generally comparable in proportion of fat, protein,
and carbohydrate to vegetable leachate, although no attempt was
made to duplicate specific components of leachate. The synthetic
sewage or growth medium employed for this work is shown in
Table 2.

The test substances examined in the screening study are
shown in Table 3. Because of the broad implications resulting
from use of unacclimated cellular material and the problem of
evaluating the effects of low solubility, the results of this study
have been classed in broad activity categories in Table 5 on the
basis of the standards set forth in Table 4. It is seen that, with
minor exceptions, the materials fall into similar activity class-
ifications based on the nature of their functional groups.

The bulk of the chlorinated materials are in the nil or
slight response category with the exception of the chlorinated
weedicides, which all appeared to undergo substantial degradation
by the unacclimated activated sludge. The phosphorus containing
insecticides all fall into the nil activity group. The dithiocar~
bamates were all materially attacked except those containing zinc.
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(12)

According to Horsefall , zinc is one of the more toxic metals,
and it is suggested therefore that since identical carbon frames
carrying other metals were readily metabolized, that the differ-
ence observed here was due to the metal itself.

From the screening studies four classes of compounds
appear to be resistant to attack by unacclimated activated sludge.
These substances were DDT, the methano bridged insecticides,
the chlorinated phenols, and the phosphorus insecticides. Fur-
ther studies were carried out to develop information as to the
basic cause of this resistivity.

Four chlorinated insecticides were first examined in
long-term acclimation studies. Four, 15-liter reactors were
inoculated in settled sewage and soil effluent three times a week
over a period of 6 months. During that period the insecticides
were added in water dispersion employing a wetting agent of the
triton series of low biodegradability. Sufficient material was
added to result in a final concentration of 50 mg/l of the
insecticide. After 6 months the entire reactors were extracted
with carbon tetrachloride and the infrared spectra of the ex-
tracts obtained. In each instant the spectrum of the material
recovered was identical with the spectrum of the pure insecti-
cide. No bands indicating the presence of partially oxidized
degradation products were observed. It was noted that a
diverse biota including algae, protozoa, bacteria, and fungi
flourished in the reactors, seemingly unaffected by the presence
of the toxicant.

A series of Warburg examinations was carried out to
evaluate the effect of extent, location, and orientation relative
to other functional groups of chlorine substitution on a carbon
frame to which the activated sludge test had been adapted. The
results of this work are shown in Tables 6 and 7.

The 8-carbon and longer substituted materials were
metabolized at the same rate as the nonsubstituted substrate.
However, n-chlorohexane was metabolized at a substantially re-
duced rate and the chlorobutanes underwent little assimilation.

The metabolism of chlorinated cyclic materials also
appears to be affected by size and spatial considerations. Mono-
chlorobenzene was not attacked by a culture raised on benzene.
However, a culture raised on napthalene metabolized sub~-
stantial quantities of 1- and 2-monochloronaphthalene. According
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to Walker and Wiltshire(33), metabolism proceeds via an attack
on the unsubstituted ring.

The presence of an oxidized group also appeared to affect
the metabolism of cyclic chlorinated organics. The culture grown
on phenoxyacetic acid was able to assimilate a material quantity of
the dichloro homolog. In contrast, the culture grown on benzoic
acid metabolized only a small quantity of the dichloro homolog,
but substantial quantities of the monochlorinated substances.
Monochlorobenzene underwent only slight attack by a benzene
culture. However, 4~-chlorocatechol was attacked at sub-~
stantially the same rate as the unsubstituted homolog by both a
benzene and benzoic acid culture.

The results of the study of the chlorinated phenols are
not reported in Table 7. These materials have been shown to
uncouple oxidative phosphorylation in higher animal systems(ll).
This phenomenon was observed in this work. The uncoupling
phenomenon is accompanied by large increases in respiration
without concomitant destruction of the substrate occurring. The
results of the study of the monochlorinated phenols demonstrating
this behavior are shown in Figure 1.

The metabolism of compounds of the DDT class was
studied by an analysis of the metabolic behavior of a series of
bridged biphenyl compounds. These materials, their structures
and the results of the Warburg studies are shown in Table 8. A
culture was obtained only on 4-methylbenzophenone. It was not
possible to obtain a culture on or demonstrate metabolism of
compounds containing a secondary or tertiary central carbon.
Further, it was not possible to acclimate the benzophenone
culture to any of the resistant substances.

The metabolism of the benzophenone series was reduced
to nil by the presence of two chlorine atoms. p, p'~dichloro-
benzophenone was substantially inert to metabolic attack.

Little appears to be known concerning the metabolism
of methano bridged compounds similar to the cyclodiene in-
secticides. For the study of the biodegradability of the methano
bridge an activated sludge was grown on camphor as a sole
carbon source, Rapid growth of this culture and follow-up on
Warburg studies demonstrated that the bridge, per se, was not
a deterrent to microbial metabolism.

Development of an activated sludge with the capability
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to assimilate the methano bridge provided a means of examining
the effect of chlorination on the biodegradability of this class of
compounds. Two high purity materials were obtained for this
purpose from pesticide manufacturers. These substances, aldrin
diacid and HET acid, which are shown in Figure 2, were
subjected to Warburg examination and were used as substrates in
unsuccessful attempts to develop cultures from small quantities
of inoculum. This work was particularly significant in that the
salts of both acids employed were extremely soluble in comparison
to the analogous insecticides. Rejection by the camphor culture
of these substances at concentrations of 150 mg/1 indicated that
the low solubility of the insecticides was not the primary reason
for their resistance to metabolic attack.

To study the metabolism of phosphorus containing ma-
terials cross substrate studies were carried out with non-
insecticidal phosphorus containing analogs. The materials studied,
their structures, the analogous base or culture substrate of the
test activated sludge and the results of the study are shown in
Table 9.

It was not possible to demonstrate metabolism of any
phosphorus substituted analogs. Further, it was evident that
these materials did not interfere with the normal patterns of cell
metabolism. TEPP is known to substantially irreversibly inhibit
a broad spectrum of esterases, lipases, and peptidases in higher
animals(¢2), In this study purified TEPP at 300 mg/1 did not
affect the microbial metabolism of ethylacetate, corn oil, or
bactopeptone. Finally, phosphorylated intermediates such as
glucose and fructose phosphate were not metabolized by a culture
grown on glucose, in general agreement with the report of
Slade(31),

Attempts to develop cultures from small inoculum on
the phosphorus containing materials also were unsuccessful, as
were attempts to acclimate cultures grown on benzoic acid and
phenylacetic acid. Although activated sludge cultures were
obtained on both TEPP and malathion, it was observed that
cellular material from neither culture was able to metabolize
freshly prepared substrate. This finding indicated acclimation
to the products of hydrolysis, but not to the parent material.

The heterocyclic weedicide, aminotriazole, was found
to be resistant to metabolic attack in the screening studies.
Attempts to develop an activated sludge culture on this compound
were not successful, nor were attempts to acclimate cellular
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material derived from other cultures. In additional Warburg
studies this substance did not appear to interact in any way with
the activated sludge.

DISCUSSION

The experimental findings have demonstrated that the
biochemical behavior of the pesticides and pesticide-like ma-
terials studied may be categorized on the basis of the functional
groups present on the molecule and certain spatial molecular
characteristics. Specifically, these controlling features appear
to be:

1. The size and spatial relationship between the site

¢ substitution and possible sites of metabolic attack

of
2. The nature of the functional group
3. The number of functional groups

It is significant that these are the same features which
control chemical reactivity.

Substituents of greatest importance in reducing the rate
of biodegradation of commercially significant pesticides are
chlorine and phosphorus. Pesticides carrying the dithiocar-
bamate and the thiocyanate functional groups were readily
metabolized.

The metabolism of nonaromatic chlorinated organic
substances appeared to be impeded when the chlorine was located
less than 6 carbon atoms from a site of attack. The metabolism
of the cyclodiene insecticides such as dieldrin and aldrin was
found to be nil. It is suggested that the resistance to metabolic
attack is due to the proximity and number of substituted chlorine
atoms. The biodegradation of the acyclic chlorinated fungicides
is probably inhibited by the same mechanism. In accordance
with the available data on the subject, it was assumed that the

site of chlorine substitution was not the site of initial attack
(33)(8)

The observation that chlorine appears to affect the be-
havior of substrates 4 carbons in length coincides with the report
of Badger(z) that the chemical effect of chlorine appears to ex=
tend a distance of 4 carbons away from the site of substitution.
Badger's report was based on the finding that the ionization of
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chlorinated monocarboxylic acids is affected a distance of 4
carbons away from the site of substitution.

The systematic increase in biodegradability with in-
creasing numbers of substrate oxidized functional groups
strongly suggests that the ease of total destruction is associated
with the degree of completion of the oxidative phase of assim-
ilation existing before the substrate is in contact with the micro-
biota. That is, it appeared in the studies of the chlorinated
cyclic compounds that the critical rate limiting steps were those
preceding ring scission. When the oxidative steps preceding
ring scission were completed, as was the case with 4-chloro-
catechol, no significant deterrent to metabolism was observed.
Regardless of the number of oxidized functional groups, the
findings suggest, however, that substrate chlorination in excess
of three is sufficient to substantially eliminate biological attack
on the molecule. This observation is derived from the finding
of partial metabolism of 2,4, 5-trichlorophenoxyacetate by the
sludge raised on 2, 4-D as a sole carbon source and the lack of
metabolism of the highly chlorinated but highly oxidized methano
bridged acids.

The persistence of the DDT type compounds is apparently
not due to the presence of chlorine alone. The primary deterrent
to metabolism appears to be derived from the configuration of
the carbon skeleton itself, specifically the configuration around
the central or bridge carbon atom. The bridge carbon of DDT
is seen to be secondary in nature. In the study of DDT
metabolism, materials containing normal, secondary, and
tertiary bridge carbons were examined. Growth was obtained
readily on those substances containing no branching at the central
carbon. On the other hand, when the substrate contained a
secondary or tertiary central carbon, no assimilation was ob-
served nor was it possible to develop activated sludges on those
materials. It is suggested that this observation is similar to

that of Bogan and Sawyer(4) and McKinney and Symons(ZI) con-
cerning the biodegradation of the branched chain alkyl benzene

sulfonates.

An analysis of the necessary configuration of the DDT
molecule provides some insight as to the steric nature of the
enzyme required to assimilate_this form. Using Pauling's data
for bond distances and angles , it is seen that the form of
the molecule that is physically possible is that of an inverted
'v' with the trichloro group at the apex and the benzene rings
providing the sides. The ortho hydrogen atoms of the benzene
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rings can interfere if the benzene rings are placed in the same
plane. It is likely, therefore, that the rings neither exist in the
same plane nor as mirror images of each other. Therefore, if
the bridge carbon must be attacked directly, the enzyme must
approach through the opening in the 'v'.

The chlorinated phenols were observed to cause an in-
crease in respiration without concomitant removal of substrate.
This phenomenon is associated with the uncoupling of the enzyme
systems which produce high energy phosphate (ATP), for the
coupling mechanism appears to act as a governing device con-
trolling the rate of endogenous respiration. That the halophenols
enter into the uncoupling reaction has been reported also by
Clowes and Krawl and others{11). Rich and Yates(ZS), in an
analysis of the effect of 2, 4-dinitrophenol on activated sludge
also observed this phenomenon.

When an uncoupler is present in the medium synthesis
of new cellular material is reduced or stopped altogether.
Although these materials appear to undergo biodegradation at
some limited rate, as observed in this work and has been re-
ported by others(l3)(7), it is suggested that an uncoupler in high
enough concentration could destroy an activated sludge culture
simply by increasing the rate of self utilization.

The persistence of the phosphorus containing materials
was complete; it was not possible to demonstrate the metabolism
of any intact phosphorus containing molecule. The underlying
cause of inertness of the phosphorus containing materials is not
fully understood. It has been reported, however, that certain
metabolic intermediates do not pass through the wall of a variety
of cells(23)(30)(31) | 1t 4 suggested that the inertness of this
group of substances is associated with a carefully controlled
mechanism for the transport of phosphorus itself. Mitchell(23),
in an analysis of phosphate movement in Staphylococci noted that
there is no simple diffusion in or out of the cell and that the
alteration in the physical or electronic makeup of the substrate
resulted in a cessation of phosphate transport.

Although the activity of the saprophytic microorganisms
would appear to be of primary importance in determining the
fate of pesticidal substances, several of these materials enter
into chemical reactions which are of extreme importance in de-

termining their persistence and the nature of the residues.




The phosphates and thionophosphates hydrolyze at the
pH values normally expected in surface waters. The bulk of the
phosphorus insecticides have half lives of 1-3 days at pH 7(22),
The notable exception to this general rule is parathion, which
has a half life of 120 days and can, therefore, be a toxic threat
for a considerable length of time.

The hydrolysis of the toxic esters yields an organic
fraction and a diester which further hydrolyzes producing a
monoester and an additional organic fragment. Only the first
stage hydrolysis of the phosphate esters is well understood.
From data supplied by O'Brien(24), it appears that the mono-
esters and diesters have widely varying half lives at stream pH
values. The diester appears to be the mast stable. Itis
anticipated, then, that the intact insecticide will disappear
rapdily (with the exception of parathion), but will produce, by
hydrolysis, a diester and a monoester. The di- and mono-
esters may then persist for an extended period of time. In some
instances, as with the two parathions, the nitrophenol organic
fraction may, in itself, be toxic.

Only three chlorinated materials of commercial
significance undergo chemical reactions in the environment
which will affect their longevity(zz). These are chlordan,
toxiphene, and lindane (BHC). Both chlordan and toxiphene
appear to undergo dehydrochlorination with warmth and sunlight
and produce as yet unidentified chlorinated degradation products.
Lindane also undergoes dehydrochlorination in an alkaline en-
vironment to produce primarly 1, 2, 4~trichlorobenzene. The
latter material appeared to be resistant to metabolic attack.
Biokin(3) reports that in sunlight and warmth, DDT undergoes
oxidation to 4, 4'-dichlorobenzophenone. The reports of
lengthy persistence of this material and the results obtained here
do not support this contention, however.

The heterocyclic weedicide, aminotriazole, was ob-
served to be resistant to attack in all studies carried out on this
material. This finding appears to be consistent with the report
of Horsefall(lz), indicating that the inclusion of nitrogen as a
heteroatom profoundly affects the biological acitivity of cyclic
compounds.
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SUMMARY AND CONCLUSIONS

A study of the molecular features of pesticidal sub-
stances pertinent to their persistence in the environment has
been carried out. An analysis of the chemical and biological
degradability of pesticidal materials as a function of their
molecular form has been used to evaluate the life of the sub-
stance or significant degradation products thereof in the bio-~
sphere. Studies were carried out to evaluate the effect of the
type, number, and location of certain functional groups on the
fate of the substance in the environment. An analysis of the
biodegradability of the carbon skeleton of the commercially
significant classes of pesticides was also carried out. The
following conclusions are drawn:

1. The majority of the chlorinated pesticides were
resistant to biodegradation. The significant exceptions to this
general behavior pattern were the chlorinated weedicides of the
2,4-D series which appeared, for the most part, to undergo
substantially complete degradation. The extent to which chlorine
affects biodegradation was related to the number and location of
the chlorine atoms, the presence and nature of other sub-
stituents on the pesticide.

2. In most instances the persistence of the chlorinated
pesticides is due to the high degree of chlorine substitution. This
applies to the methano bridged cyclodienes of the dieldrin series,
chlorinated phenols, and probably to the acyclic chlorinated
fumigants and fungicides, as well. The resistance of DDT to
biodegradation appears to be due to the presence of a secondary
carbon at the bridge location,

3. The weedicide, aminotriazole, was observed to be
resistant to biological attack.

4. The presence of phosphorus in its oxidized state
appears to severely deter the metabolism of an organic compound.
It is concluded that the phosphorus containing insecticides and
their hydrolysis products will persist for a material length of
time. Fortunately, most of the materials have half lives of
less than 2-3 days at normal stream pH values, Parathion,
with a half life of 120 days at pH 7 is the notable exception to
this general rule and can be expected to persist for extended
periods in a neutral environment. Further, both parathion and
methyl parathion produce, on hydrolysis, p-nitrophenol which
is in itself resistant to biological attack and an uncoupler of
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oxidative phosphorylation.

5. The increasing production and use of the acyclic or
non-nitrated cyclic phosphorus containing insecticides appears to
have considerable merit. These substances hydrolyze rapidly
and produce degradation products which appear to be readily
available as microbial substrates.
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TABLE 1

REPHRESENTATIVE COMPOUNDS OF COWMVERCIALLY
SIGNIFICANT PESTICIDAL 3nOUPS

TrRADE
NAVE STrUCTurE CHEMICAL NAVE
H
Dot cf ¢ ci 2,2,816 (P=CHLCROPHENYL)
] 1,1,1, =TI CHLOROE THANE
a'ﬁ,‘c:
Hel
A H
H
LINDANE \ ec! 1,2,3,4,5, 6=HEXACHLORC
4 CYCLOREXAINE
cl H
H~‘C—§~/C, 7 1SOMER
ct H
H c/
/C /(\ i
ALDRIN H-c? 7N c-¢ 1,2,3,4,10, 10-HEXACHLORG=1,
1 T Il 4, b, 5,8 s A=HEXAHYDNO=1 , 4o
.C C Cocy ENDO,EX0,5,8=-DIVETHANO
HONer i N ¢” NAPHTHALENE
pA &
2,4-0 C/-QO-C/‘/Z—COOH f(,:ll#BDICHLOnOPHENOXYACETIC
i
| S o-c 4cH,
PARATHION ,o-<:>-o_,é’/ R 0,0-DIETHYL O=pa
N NITROPHENYL TH1ONO-
O=CH—~CH PHOSPHATE
| L2 &7
C—N-C—s__
| ZINEB | Zn ZINC ETHYLENE B18
| C—N—C—s5 DITHIOCARBAMATE
} Hy H S
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TAEBLE 2

NATURE AND QUANTITY OF ATERIALS EVMPLOYED

IN SYNTHETIC CULTURE MEDIUM

MATERTAL CONCENT AT ION

NANH5HP04...,...,°....,..soMG/L
KHQPOA..,O..‘,..........2>MG/|_
NHACL o w e v e e e o m o e e e e 50 me/L
(NH4)2HP04 e e e e e e e e e e e s s 20wm/L
xv‘nsSOLr e e o s s o s o s 8 s 5 s s e e o 50 me/L
FECLy o o o o s oo oo m o o e oo e 5 mG6/L
CACL, o o e o o o o oo o o s s oo 50 me/L
GLUCOSE o o o o o o o s o o o o o o « o hOO Me/L
CASTILE SO0AP e e e e e s e se e e 50 me/L
Beer EXTRACT s 6 e o s s s e e e e 50mM/L
CHEMICAL CXYGEN DEMAND 650 mg/L

B4 0CHEMI CAL OXYGEN DEMAND 200 Ms/L
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PURITY AND SOURCE OF MATERIALS USED IN STUDY OF

TABLE 3

PESTICIDAL SUBSTANCES

TRADE NAME CHEMICAL NAME STRUCTURE SOUKCE GRADE
METHYL PARATHION | O,0=~DIMETHYL Owr= " 0-CHz MONSANTO CHEM. Co, 100%
. -3d
NITROPHENYL THIONO- O‘NOO o
PHOSPHATE s
5
PARATHION 0y 0=DIETHYL Owp= ONOO’/‘I’,'O-K‘ My MONSANTO CHEM. Co. 99.9%
NITROPHENYL THIONO= ] ~
O-Cr Hs
PHOSPHATE z
DtazinON 0,0=DIETHYL O=2= Getay CHEM,. Core, 96.43%
Hs " 0-(//3
ISOPROPYL 4=VETHYL YINT 0-p° *
o 6<~PYRIMIDYL THIONO- 7 H O-c,Hs
2 PHOSPHATE <4
Ao 2 P
TEPP TETRAETHYL Gk ON fopOGtls CALIF. SPray 40%
PYROPHOSPHATE <, #:O ~o0-C Hy CHem. Corr,
VA 0,0=~DIMETHYL-S 7 H A Cv o 95%
MALATHION , - CH,-0 ’”7 MER . animioe Co,
(1, 2-D 1 CARBOET HOXY TNP-sc-C-0-G s
ETHYL) DITHIO- C Hy-0 CHC-O-CGHs
PHOSPHATE o
AMINOTRIAZOLE 1-AMINO 2,3,5~ 2N AMER. CvanimIDE Co,. 96.1%
NH, - C H
TRIAZOLE e C
N- N
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TABLE 3 (ConTiNUED)

TRADE NAME CHEMICAL ‘NAME STRUCTURE SOUKCE GHRADE
GH3
H, < 2
THANTTE | SOBORNYL THIOCYANO H'C/ c- o-c-C//z'S‘C'/V HErCuLES PowpeEr Co. 97.2%
ACETATE | |
.C c-H
H’# \C.; i
FerBam Fe DIMETHYL= CH. DuPonT CHEMm, Co. PuriF,
3 v
DITHI OCARBAMATE ( /\NC’S fe
" s
4 ’
Zines Zn ETHYLENE Bis5 C,"é TNCS DuPonT CHEm. Co. PuRIF.
-
DI1THIOCARBAMATE C/{z-“/‘/\/-g-.s
S
H S
A “
MANES My ETHYLENE sis CHy- N-C-S5~ DuPoNT CHem, Co. PumiF,
DI THIOCARBAMATE n
CHy-N-C -5~
H 1t
J
Z1RAM Zn DIMETHYL y S DuPONT CHEM. Co. PuURIF,
DI THI OCARBAMATE ¢ 3>N— ’_5) Zn
CHz 2
oH
TricHLOROPHENOL 2,4,5=TRICHLORO=- Dow CHem. Co. 90%

PHENOL
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TABLE 3 (ConTinueED)

TRADE NAVE ~ CFEMICAL NAME STRUCTURE GOURCE GRADE
oH
PENTACHLORO= SaME ¢ a Dow CHem. Co. 83%
PHENOL - PENTA
cf Cl
ci
IsoocTyL 1SOOCTYL 2,4,5- <l P MONSANTO CHEM, Co. TecH,
2,4,5-T esten TRICHLOROPHENOXY=- UQO—CHZ- C-0-Cp 4,
ACETATE cr
L2
c/ O-CH,~C-0-C, 4
IsoocTyL 1S00CTYL 2,4- _Q- 2 7 | isonsanTo Crem. Co. TecH,
2,4-D ester D | CHLOROPHENOX Y= ¢/
ACETATE
ct
c Ut H
CHLORDAN 4,5,6,7,8 ,8-HEXA- Clhe” 1 —¢-ct VELsicoL CHem, Co, ReF .
CHLORD 3a,4,7,7a= a-c-ci | "
TETRAHYDRO-4, 7= C o _C
METHANOINDENE g g
Cl H
cl
HEPTACHLOR 1,4,5,6,7,8,8- a- (I:\C' h VELEIcoL CHEm, Co. ReF,
HEPTACHLORO-3a, 4, 7, Terct | i
7a=TETRA HYDHO- a-Col oL C
4, 7-METHANO | NDENE SO e TH
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TABLE 3 (ConTInugD)

TRADE NAME CHEMICAL NAME STRUCTURE SOURCE GrADE
H_H ,’:" H
HC-/C\Ci/C ,ct
CAPTAN N=TRICHLORQVETHY L= I [ N-5-C-Ci CALIF . OPRAY PUPIF .
MERCAPTO=l=CYCLOHEXANE C C cl CHem, Corp,
N N A N
1, 2=-D1CAKBON IMIDE ,C\ H C.
HH H H
H Gt
C c. .cl
ALORIN 1,2,3,4,10,10-HEXA=- HorG~c N SHELL CHeEm. Co. CG 50
CHLORO=1, 4, 44,5,8 ,6A= I #OH |a-cart
HE XAHY DRO=1, 4=ENDO , E X0~ ,C\lc/‘g\c/ ~Cl
5,6=01VETHANG - &
NAPHTHALENE H
cl H H
ENDRIN 1,2,3,4,10,10-HEXA= C’C’C|\C/CI\CH SHELL CHEre Cos a8 L0
CHLORO=6, 7~EPOXY= a1H CHIO
1,4,44,5,6,7,%,8A= ‘CCICI Cl?\| (ad
OCTAHYDRO=1, 4,enp0= ¢ SC7HC”
5 ,&=D | METHANO cl

NAPHTHALENE
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TABLE 3 (ConTinueb)

CHEMICAL NAME STRUCTURE SOURCE GRADE
HEXACHLORO= 1,2,3,4,5,6-HEXA=- ol /HCI CALIF, SPRAY PurtF,
CYCLOHEXANE CHLOROCYCLOHE XANE Y \Ci//‘/ CHEM. CoRP,
| SOMER
| | ¢
-C (g
HC~ S
’
Sy
d C/
C\ O ¢!
DiELDRIN 1,2,3,4,10,10=HEXA= CTl ¢ SHELL CHEM. Core, 99.9%
CHLORO 6, 7=EPOXY=1,4, o, l HCH lcreel )
4a,5,64748 ,84=0CTAHYDRO C\\C,/ \\é,, ~cl
1,4,em00,2x0-5,8- H o g ;
DIMETHANO NAPHTHALENE al
H
DDT 2y 24816 {P=CHLORO~ c/ (1: cl MONSANTO CHEM. Co. TecH.
C-~

PHENYL) 1,1,1-
TR1 CHLOROE THANE




TABLE

4

STANDARDS FOR HEPORTING METABOLIC ACTIVITY (N

SCREENING OF PESTI

CIDAL COMPOUNDS

WARBURKG EXAMINATIONT

BOTTLE BOD EXAMINATIONS

(150 we =300 we) (10 ma/L)
EXTENT OF EXTENT OF
METABOL | SM OXYGEN UTILIZATION METABOL | SM OXYGEN UTILIZATION
MATERIAL 20% ofF uLTimaTE BOD MATERIAL 20% oF uLTImaTE BOD
(coD) (coD)
SLIGHT 5=20% oF ULTIMATE SLIGHT 2% oF uLTIMATE BOD
80D (COD) (cop)
NiL Less THAN 5% ofF
ULTIMATE BOD (COD)
InvteiTIng | 10% BELOW BLANK
@ 300 min,
TABLE 5

CLASSIFICATION OF SCREENING STUDY RESULTS
ON THE BASIS OF METABOLIC ACTIVITY
OF TEST SUBSTANCES

INHIBITION NIL RESPONSE SLIGHT ATTACK MATERIAL ATTACK
CarTan METHYL PARATHION 21 rAM FERBAM
PENTACHLORO~ Diazinown ZINER THANITE
PHENOL
(& 150 mc/L) | TEPP TRICHLOROPHENOL MANEB
VALATHION CHLORDAN 2,4,5=T acto
(& 75 ma/L)
PARATHION HEPTACHLOR
2,4=D lIsoocTyL EsTER
PENTACHLORO= 2,4,5-T acio
PHENOL (8 150 me/L) 2,4,5=T n=BUTYL
(3 75 me/L) ESTER
ooT

AMINOTRIAZOLE
ENDRIN
D1ELDRIN

ALDRIN

LINDANE
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TABLE 6

METABOLISM OF ACYCLIC CHLORINATED COMPOUNDS

CULTURE TEST EXTENT OF REMARKS
SUBSTHATE SUBSTHRATE METABOL | SM
TETRADE CANE 1-CHLOROGTETRADECANE CoMPLETE
Decane 1-CHLORODE CANE CoMPLETE
OcTaNE 1~CHLOROOCTANE ComPLETE
2-CHLOROOC TANE CoMPLETE
HeE xaNE 1-CHLOROHEXANE CoMPLETE METABOLIEM OF

CHLORINATED
HOMOLOG SUBSTAN=-
TIALLY REDUCED

IN RATE
1-CHLOROBUTANE N (15%
COMPLETE) ACCLIMATION TO
4ocarBON COMPOUNDS
2=-CHLOROBUTANE Nee (10% DEMONSTRATED aY
COMPLETE ) SIMULTANEOUS
ADAPTION TO
N-BUTANOL
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TABLE 7

METABOLISM OF CYCLIC CHLORINATED COMPOQUNDS

CULTURE TEST EXTENT OF
SUBSTHATE SUBSTHATE IETABOL!SM HEMARKS

Benzoic actp 4=CHLOROCATECHOL ComPLETE
M=CHLOROBENZOIC ACID ComPLETE RATE MARKEDLY LESS
THAN BENZOIC ACID

P~CHLOROBENZOIC ACID 40 - 0%

COMPLETE

0-CHLOROBENZOIC ACID 30 - 40%

COMPLETE

2,4=D1cHLOROBENZOIC 15 = 20%

ACID COMPLETE

PHENOXYACETIC
ACID

2,4=DicHLoRO-
PHENOXYACETIC
aclo

BeNZENE

NAPHTHALENE

P=CHLOROPHENOXY=
ACETIC ACID

2,4-D1cHLOROPHENOX Y=
ACETIC ACID

2y4,5-TrRICHLORO-
PHENOXYACETIC ACID

4-CHLOROCATECHOL

MONOCHLOROBENZENE

TRICHLOROBENZENE

1=CHLORONAPHTHALENE

2=CHLORONAPHTHALENE

&0% COMPLETE

60% coMPLETE

25% COMPLETE

CoMPLETE

NiL (LEss
THAN 5%
COMPLETE)

NiL

15% COMPLETE

.
9% COMPLETE

RATE BLIGHTLY
LESS THAN BENZENE




TAELE 8

SUBSTRATES EwPLOYED IN
STUDY OF DOT METAEOL IS

COMPOUND STRUCTURE rEMARKS
p,p'-TRICHLORO-1~ Ind NIL
(B18-PARACHLORO~ c/ ? c/

PHENYL) ETHANE C.

(ooT) cierct

h-MeTHyLEENZO- 7 READILY METABOL IZED
PHENONE C C"/J

4=CHLOROBENZO= Q PART IALLY METABOLIZED
PHE NONE C </ 75% COMPLETE

4,4 DicHLORO-
BENZOPHENONE

DIPHENYLACETIC ACID

p,p'-DicHLORO=
DIPHENYLACETIC
acio (DDA)

2-Di1cHLORO=1~
(818=PARACHLORO=
PHENYL ) ETHYLENE
(00€)

2,2-BUTYLIDENE~
4,4 erpHENOL

& Hy

NiL

A. WARBURG BTUDIES CARRIED OUT WITH CELLULAR MATERIAL
DERIVED FROM 4=METHYLBENZOPHENONE




TABLE 9

ORGANOPHOSPHORUS CROSS SUBSTRATE STUDY SUBSTANCES

CULTURE SUBSTRATE TEST SUBSTRATE HEMARKS
NAME STRUCTURE NAME STRUCTURE
o oH
OD1eTHYL 7 DieTHYL - —O-P-0- - CH. NiL RESPONSE
L CH-O-C- -CH, CHy- CH-O-P-0-C H,
CARBONATE CHy-chO-C-O<H~Cty PHOSPHITE LA ‘ ke (HvoroLysis &
METABOLIEM OF
on HYDROLYGIE
¢ PRODUCTS)
4eOcTanoL 4 CHCH-H-CH-CR-CRCH
(=24
CHy-Chy - CHy CH-CHy=CH=H oH
L4oHepTANOL DiMETHYL . NiL REBPONSE
PHOSPHITE (‘h_’,-O-P-O-C”g

8%¢

[od
S5=NoNANONE CHJ-C@-CIQ ~CHC-CHy ~CHy-Chy-CH)

o]
L-HerTANONE ! -
" CHy-Chy-CHyC-CHy CHyCHy CH,0H
CHOH °©
GLucost /‘0 GLucoSsE OH ,? NiL REEPONSE
O, 1-PHOSPHATE oH O-}?-O//
H oH OH
OH OH FrucToOSE oH O NiL REBPONSE
OH Pl H
PHOBPHATE
o]
CHyOH CHy-0-P,

OH oH OH




TABLE 9 (ConTiNueD)

6¥%7

CULTURE SUBSTRATE TEST SUBSTRATE RENVARKS
NAME STRUCTURE Name STRUCTURE
oou oH
coo /
Benzoic acio PHENYL PHOG= P-0H NtL ReEsPONSE
PHONOUBS ACID
-COOH ”
H 4?-(9//
oH
PHENYL PHENYL PHOS= NiL resPoNsE
ACETIC ACID PHONIC ACID
O
&4
C?—ﬁ"l?//
OH

PHENYL DIHY=
DROGEN PHOB=
PHATE

NiL resPonsE
(HvoroLysis &
METABOLISM OF
HYDROLYSIS
PRODUCTS)
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ALDRIN DIACID HET acto

(HEXACHLOROENDOMETHY LE NE~
TETRAHYDROPHTHALIC ACID)

FIGURE 2 STRUCTURES OF ALDRIN DIACID AND HET ACID
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PROPOSED SYSTEM FOR POLLUTION CONTROL
IN THE COEUR D'ALENE RIVER VALLEY

LeVern M. Griffith

I wish to introduce this subject with a little historical
background and a brief description of the geography in order that
you may be correctly oriented and better understand the
problems of pollution control in the area.

The South Fork of the Coeur d'Alene River flows west
from the Montana line to its confluence with the Coeur d'Alene
River 5 miles west of Kellogg, Idaho. The drainage is about 32
miles long. The valley is very narrow with steep mountains
rising in a distance of 3 to 6 miles on each side to an elevation
from 2, 000 to 4, 000 feet above the valley floor. Highway No. 10
from Spokane to Missoula goes up the valley before crossing the
Montana line. The valley is also served by two railroads; branch
lines of Union Pacific and Northern Pacific.

Water has never been a problem. It is clean and
abundant. All of the domestic water needs of municipalities in
the valley are served by gravity from nearby streams. The only
wells are those used by industry for process water. For the
most part the people living in this valley look on pollution control
as a nuisance and an unnecessary cost. All sanitary wastes and
most industrial wastes are dumped directly into the stream with-
out treatment.

A Catholic priest, Father Ravelli, came into the area in
1847, and with Indian converts built the old Cataldo Mission,
starting in 1848. Today, the original Mission church still stands
and is the oldest building in Idaho. This church is on the Mission
Flats, first slack water area of the Coeur d'Alene River drainage
12 miles west of Kellogg. I will be making reference to this area
later. Captain John Mullan built the Pacific Northwest's second
most important wagon road down the Coeur d'Alene River valley
in 1859-1863 to provide a military road between the end of
navigation on the Missouri River and the beginning of navigation
on the Columbia, from Fort Benton in Missouri to Fort Walla
Walla in Washington.

The South Fork of the Coeur d'Alene River is known in
mining circles as the Coeur d'Alene Mining District, one of the
eight richest mining districts in the world. The first gold rush
into the area was on May 27, 1865. The second came in the

252




early spring of 1884. Gold prospectors fanning out over the area
discovered lead-silver ore outcroppings of major importance in
1884. The Tiger Mine at Burke, the Polaris at Osburn, the
Morning Mine at Mullan, and the Sunshine, 4 miles east of Kellogg,
were staked out in 1884. The Bunker Hill, the largest, was dis-
covered on September 10, 1885. Since that time there have been
from 50 to 60 mines operating in the district. Today, only 7
mines are operating.

In 1917, the Bunker Hill built a lead smelter at Kellogg,
Idaho; in 1928, an electrolytic zinc plant near Kellogg; in 1954,
a sulphuric acid plant; and in 1960, a phosphoric acid plant. The
only other industry in the area of any importance is lumbering,
with a number of sawmills and wood treating plants in the valley.
The industry supports a population of about 19, 000 people, which
represents over 90 percent of the total population of Shoshone
County. The water pollutants consist primarily of the sanitary
sewage from a population of approximately 17, 000 people living
next to the streams, and from the industrial wastes, very finely
ground waste rock, from the concentrators treating the ores as
they come from the mines, as well as the chemical wastes con-
sisting of inorganic compounds and acids from the Bunker Hill's
metallurgical plants. About two-thirds of the people live in
Kellogg or to the west of Kellogg. The remainder of the people
are in either the municipalities of Osburn, Wallace, Mullan, or
scattered in small residential communities of 10 to 20 houses
along the valley floor. With the exception of Smelterville and
Osburn, none of the municipalities or residential communities
has complete sewage collection systems. None of them has
sewage treatment plants, and only Osburn has separate storm
sewers. Pinehurst, 4 miles west of Kellogg, with a present
population greater than Wallace, has no sewer system whatever.

In order to effect high recovery of the sulfide mineral
values, the mined ore is finely ground to an average of about
40 percent-325 mesh for subsequent flotation of the values from
the waste tailings.

Since 1949, more and more of the mines have resorted
to sand filling, which is a system for returning all of the coarse
fractions and a small part of the finer fractions of the tailings
back into the mines to fill the voids created from the mining of
the ore. About 55 percent of the total waste product from the
concentration process, or 55 percent of the total tailings pro-
duced, are returned to the mines for sand filling, With the
exception of the Bunker Hill Mine and the Page Mine, the

253



remaining 45 percent of fine tailings are dumped into the South
Fork of the Coeur d'Alene River. The Bunker Hill and the Page
both have tailings impounding areas which effectively remove all
of the suspended solids. Tests have shown that the effluent from
these impounding areas carry about 5 ppm of suspended solids.
The tailings dumped into the river by the five mines east of
Kellogg average better than 90 percent-325 mesh. The specific
gravity of these tails varies from 2.6 to 3.5, with an average of
2.8. The mines are presently working five days a week, with the
tailings being dumped into the stream today averaging 1,050 tons
per working day. This amounts to 273, 000 tons per year, or
116, 000 cubic yards per year at a specific gravity of 2.8. The
minimum flow of the South Fork of the Coeur d'Alene River
averages in the order of 60 to 80 cubic feet per second. At this
minimum flow the solids contributed by the mines to the stream
are in the order of 6, 000 ppm, or 0.6 percent. The North Fork
of Coeur d'Alene River has a flow average about three times

that of the South Fork, and at this point the dilution by the North
Fork, an uncontaminated river, results in a silt load to the
Coeur d'Alene River of approximately 0.15 percent or 1, 500 ppm.

At Kellogg there are a number of sources of contam-
inated water. Drainage water from the mine averages about
1,400 gallons per minute with a pH of 3.4, 1, 250 ppm of dis-
solved solids, and 213 ppm of undissolved solids, 370 ppm of
sulfur as sulfate, 149 ppm of calcium oxide, and 55 ppm of iron.
The effluent from the Bunker Hill tailings pond has a pH of 7.6.
The pH of tailings water from other mines averages from 7.3 to
7.6. From the Bunker Hill smelter there is a flow of 4, 500 gpm
carrying 665 ppm of undissolved solids and 195 ppm of dissolved
solids. There is 17 ppm of zinc, 0.2 ppm of lead, and the pH
of this water is 7. 1.

From the zinc plant we have a flow of 1, 600 gpm with
a pH of 2. This water carries 1, 500 ppm of zinc.

From the phosphoric acid plant we have a flow of 660
gpm with a pH varying from 3.4 to 1.0 and carrying 250 ppm
of F, 30 ppm of P,05, 470 ppm of C,0, 60 ppm of Hy50,, and
3,101 of undissolved solids (gypsum silica, Al and Fe).

In 1929, the mine operators became concerned with the
tailings load carried by the river and formed a Mine Operators
Association for the purpose of installing and operating a dredge
for the removal of mine tailings from the Coeur d'Alene River.
This association purchased over 2,000 acres of land in the
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vicinity of the old Mission below Cataldo. This is the area where
the river first hits quiet water, approximately 12 miles west of
Kellogg and 20 miles upstream from Coeur d'Alene Lake. The
dredge was installed and began operations in mid-summer of
1932, impounding the dredged tailings behind dikes in the Mission
Flats. Since then, many millions of cubic yards of materials
have been impounded in this area. The installation and operating
costs of this project have been close to $2, 000, 000, with over

23 individual companies having voluntarily shared in this expense
through the years. For the past two years the Idaho State
Department of Highways has been using this material as fill
material in the relocation of Interstate Highway No. 10 across
the Mission Flats.

In the summer of 1961, the operating mining companies
in the district organized a Pollution Control Advisory Committee
for the purpose of studying pollution problems and recommending
a solution to the mining companies and to the communities.

This Pollution Control Advisory Committee worked
closely with the Idaho State Department of Health in analysis and
feasibility studies in an effort to determine the best possible
solution to pollution control for the entire district. In 1958, the
City of Kellogg hired an engineering firm to make a complete
study of an adequate sewage collection system and treatment
facilities for the city. The estimated cost for this complete
system was $450, 000 to $500, 000.

The mine's Pollution Control Advisory Committee first
examined the success of the Anaconda Company in the trans-
portation and treatment of their combined industrial and domestic
wastes between Butte, Montana, and Anaconda, Montana, and
from this the decision was reached to investigate a similar
district-wide system for the South Fork of the Coeur d'Alene
River. The first work in this direction involved the gathering of
as complete as possible data on the nature, volume, and
location of all pollutants in the district. From these data the
Idaho Health Department conducted a series of tests to determine
the interaction of all the pollutants and the problems of treat-
ment to obtain an effluent satisfactory for return to public water.

The Idaho Health Department's tests indicate that the
variety of pollutants in the district are synergetic in the respect
that in combination they tend to neutralize each other chemically
and sterilize biologically. The indications are that settling time
and lagooning will provide most of the treatment required to reduce
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solids and biochemical oxygen demand to satisfactory minimums,
with a possibility of some further chemical treatment for floc-
culation and neutralization. Preliminary engineering studies
indicated that the cost of a single pipeline large enough to carry
all of the polluted waters by gravity through the valley to the
Mission Flat area was in the realm of economic feasibility. The
minimum velocity required for safe transportation of the mine
tailings through this pipeline was considered the most critical
problem affecting economic feasibility, and it was recognized
that gravity head alone might be insufficient to carry the
suspended solids load through the lower end of the valley. The
economic studies for the collector systems and the engineering
problems involved with the pipeline transportation of solids were
too complex to be undertaken locally. The mining companies
advanced funds to the county commissioners as trustees for the
purpose of employing an engineering firm to conduct a feasi-
bility study. The results of this feasibility study were re-
ceived on August 6, 1962. This engineering report indicated
that a district-wide pipeline collector system was physically
feasible. However, the cost of installation of the pipeline and
pumping facilities required was estimated at over $3, 000, 000,
with additional costs for feeders to the main pipeline and for

the costs of impounding and lagooning facilities. A very pre-
liminary estimate of cost for operation and maintenance of the
system indicated these costs would be in the order of $5, 000 to
$10,000 a month. In addition to these costs, each of the com~
munities will have some costs for completing their sanitary
sewer collection system and the separation of storm sewers.

If a community-vide collection system is not put in,
the alternate, then, is for each of the larger communities to
put in individual sewage treatment plants. This involves at
least seven sewage treatment plants caring for approximately
15, 000 people and with no facilities for the scattered residential
areas, which would probably account for another 1, 000 to
1,500 people. In addition, each of the industrial plants would be
required to put in some kind of pollution abatement system. At
the upper end of the valley, because of the very steep, narrow
canyons, safe impounding of tailings is almost an impossibility,
and at the least, very expensive. It is estimated that the
individual sewage treatment plants would cost somewhere in the
order of $1, 200,000, and experience indicates that small sewage
treatment plants are generally very poorly maintained and
operated over a period of time.
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Because of the narrow valley, there is no opportunity
for the use of lagoon systems by more than one or two of the
communities, and even for these very questionable because of
a lack of isolation and danger from floods.

I mentioned before that the mining companies in the past
30 years have spent almost $2, 000, 000 in their dredge operation.
In addition, the Page Mine and the Bunker Hill Mine have each
spent about 5¢ per ton of ore mined for the operation of their
individual tailings impounding areas. This would come to about
$30,000 a year. The total cost for the past 30 years in tailings
control efforts alone is probably well above $3, 000, 000.

I would like to briefly review with you some of the
physical features of the pipeline as we visualize it, if it followed
the stream topography.

From Burke, the highest point in the pipeline system,
to Mission Flats, the lowest point, is a difference in elevation of
1, 706 feet. The length of the pipeline would be 156, 400 feet, or
29.6 miles. From Burke to Wallace the grade is 34 feet per
1000; from Wallace to Osburn it is 8.3 feet per 1000; from
Osburn to Kellogg it averages about 6 feet per 1000; from
Kellogg to Enaville it averages about 3.3 feet per 1000; and from
Enaville to Mission Flats it is only 1.1 feet per thousand. You
can readily understand that from Kellogg on down we begin to
get into velocity problems if we rely on gravity.

Rather than following the river drainage, an alternate
route from Pine Creek west has been examined, following the
highway right-of-way, which shortens the distance by 4 miles
but involves going over two ridges, each of which is approximately
120 feet above the low point at Pine Creek. If pumping is nec-
essary, however, and it undoubtedly is going to be to maintain
the minimum velocities for the solids transportation, then the
shorter pipeline has some definite advantages, and the elevation
on the last ridge will just nicely be sufficient to carry the tailings
on into the Mission Flat area by gravity.

Some consideration has been given to the separation of
the tailings from the other industrial liquid wastes and sewage,
transporting the tailings in a pressure pipeline, and trans-
porting the sewage and other liquid industrial wastes in a
separate pipeline by gravity. This particular solution needs con-
siderable further study to determine the feasibility and exact
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comparison of costs, as we haven't gone into enough detail to de-
termine exactly the pumping costs with this sytem. The pre-
liminary examination indicated that the installed cost would
probably be higher, but that over a period of years the operating
costs would be enough lower to possibly justify the separation of
the tailings from the largely liquid type of pollutants. The
pollutants should be well mixed before dumping into the impounding
area at Mission Flats to derive the maximum of benefits from

the combination of chemical pollutants and tailings mixed with the
sewage.

Another neat little engineering problem in this district
is arriving at a reasonable factor for future growth. I have
already mentioned the very substantial loss in the numbers of
operating mines and the changing technologies that today are
resulting in better than 50 percent of the total tailings being re-
turned to the mines for sand filling. What should an engineer
design for in the way of future sizing for mine tailings? The
population in the county now is just about what it was 30 years
ago, and is 2,000 less than it was 10 years ago. We do know
that there has been a gradual shift in the population from the
eastern part of the county to the western area. How many and
where 20 years from now? Over the years the Bunker Hill's
metallurgical plants have grown both in the variety of products
and volume of products. What do we design for the future? For
sure, the metallurgical plants can make substantial reductions
in the volume of polluted water with the following corrections:

1. Eliminate the mixing of clean water with polluted
water.

2. Maximum reuse of contaminated water.

3. Recovery of contaminates within the limits of
economic feasibility.

All of industry must place particular emphasis on the
reduction to a minimum in the volumes of polluted waters to the
pollution control system, keeping their concentration of con-
taminates high with dilution coming from the sanitary waste water.
This will insure maximum effectiveness in interaction among
pollutants, minimum pipe size, and lowest pumping costs.

In February of this year the County Commissioners of
Shoshone County employed the engineering firm of Cornell,
Howland, Hayes and Merryfield to make a complete engineering
study for the design of a pollution control system and for the
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forming of a pollution control district. Since there is no public
money available for this kind of study, the first endeavor was to
apply for a Housing and Home Financing Agency loan for this
preliminary engineering study. The Idaho Code for setting up a
pollution control district declares that the organization of a
district shall be initiated by a petition signed by not less that 10
percent of the taxpayers of the district, and that the petition shall
set forth the name of the proposed district, a general description
of the improvement to be constructed or installed within the
district, the estimated cost of the proposed improvements, a
general description of the boundaries of the district with such
certainty as to enable a property owner to determine whether or
not his property is within the district, and a prayer for the
organization of the district. Further on, the Code specifically
states that no property owner of 5 acres or more may be
compelled to be included within the district without his consent.

The Shoshone County Commissioners, with the endorse-
ment of the Idaho Department of Health, petitioned HHF A for a
loan to make the engineering study and establish a pollution
control district. Early in April, the reply from HHFA was that
the county commissioners in Idaho have not been delegated the
authority for carrying on such a project, and the application for
funds was denied. The county commissioners have deferred to
the attorney general of the State of Idaho for a ruling on whether
or not they do, in fact, have the authority to proceed with the
engineering study required to legally set up the machinery for
establishing a pollution control district. We have not been able
to find any place in the Idaho Code that makes provision for use
of public money for making the engineering determinations re-
quired before a pollution control district can be petitioned for.
It was our belief that the money that was appropriated by Con~
gress was for this specific purpose, recognizing that many states
have this kind of problem in lack of funds for the preliminary
work of establishing a pollution control district. Mr. Durkee,
Northwest Director of HHF A, said, "We will be happy to assist
any way we can when the sanitary district is formed." The
question is not only when, but how?

We sometimes feel frustrated by the demands from one
side and the restrictions from the other. For instance, the
Highway Department has taken up all the available valley floor
between Wallace and Mullan and say that we cannot build a
pipeline on the right-of-way. It will be interesting to see what
happens when the Public Health Service tangles with the Federal
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Highway Administration and the Idaho Department of Health tells
the Idaho Department of Highways what is going to be done.

After the district is formed I would anticipate that it is
going to be a difficult selling job to get enough of the voters to
recognize their responsibilities for pollution control to pass the
necessary bond election. I anticipate that the problems we have

- had to date are only the beginning of those we will have in the

future, and that a lot of polluted water will go down the river
before we have finally solved our pollution control problems.

Mining operators and industrial plants are cognizant of
their responsibility for pollution abatement. Much has already
been done toward this control and many responsible citizens of
our area realize the need of the proposed community pollution
control.
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LAND DISPOSAL OF INDUSTRIAL WASTES
Ralph H. Scott

INTRODUCTION

For purposes of this paper the writer has drawn on ex-
perience gained over the past 17 years as a stream pollution
control and industrial waste engineer with the State of Wisconsin.
Having been privileged to live in the Northwest less than a
year, there has been neither time nor opportunity to become
fully acquainted with the extent of land disposal methods as
practiced in this region. It is appreciated, however, that a
number of sizeable and satisfactory installations of this type are
operating in the area. It is hoped that this supplemental infor-
mation, based on Wisconsin experience, may stimulate more
widespread use of land disposal methods.

The application of sewage and industrial wastes to land
areas is certainly one of the oldest methods of disposal. In
Europe such practice dates back to the 1860's. While manay
land disposal installations have been replaced by more sophis-
ticated and modern facilities, a number of such sites in Europe
and this country have continued to operate, providing satis-
factory and dependable waste disposal at reasonable costs.
Perhaps we should take a second look at these older facilities
which over the years have filled the need for dependable disposal
methods, at the same time adding and applying modern advances
in equipment and knowledge to gain even more satisfactory op-
eration. While we may be motivated to discard the old and
embrace the new, in some respects the science of waste treat-
ment has come full turn, and for necessary ultimate treatment
we can look again at land disposal methods. The growing
literature on the subject attests to this trend.

Officials at all levels of government, who are respon-
sible for maintaining satisfactory surface water quality and
faced with growing waste disposal requirements, are interested
in facilities that are economical, dependable, and adequate to
meet the most stringent requirements for stream pollution
prevention. Suitable land disposal methods can satisfy these
requisites.

The field engineer, sanitarian, or drainage basin engi-
neer faced with giving advice concerning specific disposal
methods to be used can safely recommend spray irrigation or
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ridge and furrow irrigation in most instances. Such methods are
particularly adaptable, although not restricted, to small facility
waste disposal needs such as those of cheese factories, cream-
eries, small slaughter establishments, and poultry dressing
plants. This group represents the small industries which can
best utilize land disposal. At the same time they are less able
financially than other industries to meet the costs of conventional
secondary treatment and are in less favorable position to main-
tain and satisfactorily operate complicated treatment devices.

Land disposal is also useful to satisfy seasonal waste
loads as developed in the canning industry where design of
combined treatment facilities for municipal sewage and industrial
waste is seldom a reasonable approach, except in larger com-
munities. Land disposal methods may also be employed to meet
the lower stream loading requirements during seasons of low
stream flow and high temperatures.

SPRAY IRRIGATION

The land disposal method most familiar to those in the
waste treatment field is that of spray irrigation. This process
is of fairly recent development, with only a few installations
operating prior to 1950. This is unusual since spray application
of irrigation water had long been used for growing crops. To
the writer's knowledge, the first spray disposal system was
operated in Minnesota by a cannery faced with a court injunction
if it continued to discharge its wastes to the stream. While the
canning industry was experimenting with conventional secondary
treatment, chemical precipitation, and improved lagooning of
wastes to gain satisfactory treatment, the spray irrigation pos-
sibilities went unnoticed.

Since 1950, however, this method of waste disposal has
mushroomed to permit disposal of tremendous quantities of wastes
that would otherwise reach receiving streams. Earlier use of
the method was principally to handle seasonal canning wastes, but
added knowledge and experience now permits year around disposal
of a variety of organic wastes even in northern areas having
severe winter conditions. The literature contains ample refer-
ence to specific operations of this type involving waste disposal
by canning, milk, and pulp and paper industries. These have
appeared in the Journal of the Water Pollution Control Feder-
ation, the Purdue Industrial Waste Conference Proceedings, as
well as in publications of the State Water Pollution Control Board
of California and the National Council for Stream Improvement.
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Spray irrigation waste disposal is a fairly simple oper-
ation but highly effective in removing the total waste loading from
the receiving stream course. Waste waters are sprayed onto the
land, usually through use of revolving nozzles. Lightweight metal
pipe is used to convey waste waters, under pressure, from a
sump pump to the disposal site. The same equipment is used in
standard crop spray irrigation. While such lightweight distri-
bution systems permit easy movement of pipe sections to change
spray areas, investment in sufficient distribution line to permit
use of alternate disposal areas, merely by valve manipulation,
provides even more dependable operation.

Adequate screening of waste waters is of prime impor-
tance to prevent clogging of spray nozzles. Basket screens,
easily removed and cleaned, are employed at the entrance to the
wet sump for small volume waste sources, while rotary or
overhead vibratory screens are necessary for larger installations
such as canning plants. The need for adequate land area for
spray irrigation cannot be over-emphasized. Likewise, oper-
ators of such facilities must be impressed with the need for
alternate use of land segments within the acreage set aside for
disposal purposes. One unsatisfactory operation within a
regional spray irrigation industrial waste disposal program can
cause much damage. Fly breeding, odor nuisances, and runoff
to adjacent water courses can result simply because available
areas have not been fully utilized through proper movement of
distribution lines.

Spray irrigation permits considerable latitude in
selection of land areas for this purpose. No special preparation
is required, although disposal rates are believed to increase
considerably where underdrains are employed. Brushland, wood-
land, and pasture areas all lend themselves to spray irrigation
disposal.

Out of a total of some 1,550 Wisconsin milk processing
plants at the present time, 61 (mainly cheese factories) are
employing spray irrigation for disposal of wastes. Of 107
vegetable and fruit canneries operating in the state, 32 use spray
irrigation, 7 of them in combination with lagooning.

The majority of the milk waste spray disposal systems
have been installed and placed in operation with the aid and
advice of the regional water pollution control engineer. Such
small installations are not attractive financially to qualified
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consulting engineers. The larger installations represented in the
canning industry likewise require minimal engineering services,
considering that a sizeable body of information on spray irrigation
of croplands already exists. One Wisconsin equipment supplier
has found the canning industry waste disposal field sufficiently
profitable to provide engineering services.

Standard design now involves use of a central collection
sump for all wastes, with low lift pumping to overhead vibratory
screens from which solids may be discharged to trucks hauling
screenings for stock feed. Screened wastes are discharged to a
holding tank of sufficient capacity to permit control of high
volumetric flows during wash-up operations and to level out the
operation of the float controlled high pressure pumping facilities
discharging wastes to the pressure main leading to the irrigation
site. The basic concepts for adaptation of spray irrigation
methods for disposal of small waste volumes are detailed in
Figures 1 and 2. These show wet sump construction to assure
periodic discharge of very nearly all wastes from the sump and
alternate use of spray areas so necessary for success of this
method of soil disposal.

With the exception of beets, the usual canning operation
in Wisconsin is concluded prior to freezing weather. Some milk
waste disposal systems have been operated satisfactorily through-
out the year by providing certain facilities which experience has
proved feasible to this type of operation. At mid-winter zero
temperatures the sprayed wastes form an ice cap of increasing
thickness which may cover the nozzles. In some instances
risers have been heightened to as much as 8 feet, with the
surrounding ice layer approaching even this thickness. To
prevent freezing damage to distribution lines, the foot valve is
removed from the pump suction line and self-draining couplings
used on the distribution system, or bleeder lines employed to
empty the pressure main and risers. Instead of float controlled
pump operation discharging wastes several times during the
day, the pump is operated manually to pump down the wet sump
purposely designed to contain the entire volume of one day's
waste flow. There is thus only one period of waste discharge at
the conclusion of the day's operation. Because grasses and
vegetation are killed by ice formation, plants employing spray
disposal in winter provide separate acreage for this purpose.
One might suspect that considerable quantities of pollutional
material would be released with spring thaws. The accumulated
frozen waste, however, melts no faster than the surrounding
thawing ground can absorb the waste. Whea completely melted
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and the area dried, all that remains is a fine, grey, sludge-like
material, formed no doubt by freeze-out of dissolved solids as
the ice deposit was formed layer upon layer throughout the
winter.

The land area requirements for disposal of waste
waters by irrigation may vary considerably, depending on drain-
age characteristics, soil and waste temperatures, and evapo-
transpiration as influenced by temperature, humidity, available
soil moisture, and nature of the cover crop. For Wisconsin
conditions during the active growing season, it appears reasonable
to employ a disposal rate of about 10, 000 gpad on medium loam
soils typical of the region. With heavy clay soils bordering Lake
Michigan, this rate may drop to 4,000 gpad, or increase to
50, 000 gpad on the sandy soils of the central state area which
exhibit good drainage in depth.

Cropping the area employed for spray irrigation is
possible because of the ease with which distribution lines may be
dismantled and removed. On alfalfa plantings handling pea and
corn canning wastes, it is usual practice to obtain at least one
extra cutting per year. Where smaller volumes from milk
plants are involved, pasture areas are usually cropped off by
admitting cattle to the disposal site while alternate fenced off
acreage is employed. Some canning plants also pasture beef
stock on lands used for spray irrigation. The compaction of
soil and cutting and destruction of turf cover by running stock
over such areas makes this practice undesirable when soils are
still saturated with moisture. A reasonable drainage and drying
period should be allowed prior to pasturing stock on spray
irrigation acreage.

Spray irrigation may be successfully employed for the
disposal of waste waters at a reasonable investment in equip-
ment for the small plant operation. Pump, motor, floats,
switches, and distribution system for disposal of 5, 000 gpad can
be obtained for about $600. Cost of the pumping pit and en-
closure is additional. Needed land may be already owned by the
industry and readily available. As the method requires little
land preparation and can utilize moderate slopes with several
types of vegetation, land costs are not usually an undue burden.
For the example above, one acre of land would be more than
sufficient,

For larger spray disposal systems, which may alternate
20-to 40~acre plots, purchase or lease of an entire farm may be
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necessary. Most of the canning plants in Wisconsin have acquired
necessary land by purchase, permitting considerably more
latitude in land management and cropping practices.

RIDGE AND FURROW IRRIGATION

Prior to the 1900's, ridge and furrow irrigation for
disposal of sewage effluents in Europe and this country utilized
broad irrigation methods where wastes overflowed furrows to
spread across flat adjacent areas for seepage into the ground.
Present practice retains waste waters in the furrows at a level
below the adjacent flat areas of vegetation and permitting
evaporation, transpiration, and seepage into the soil to dispose
of the volumetric loading applied.

As with spray irrigation, alternate-area rotation
should be practiced to maintain satisfactory soil disposal rates
and to prevent continuous flooding of root structures and
killing of vegetation. With constantly wetted surfaces, slimes
are eventually developed which act to bind the soil particles
together and prevent seepage. Some types of waste promote
considerable sludge accumulation along the bottom of the dis-
tribution furrows, reducing seepage and horizontal passage of
water into the adjacent areas of vegetation for disposal through
transpiration. Complete drying of such distribution ditches by
switching to an alternate plot results in drying and cracking of
the sludge, destroying slimes and aerating the adjacent soil
and root areas. The lowered water table also renews the waste
disposal capacity when the area is returned to use.

Basic concepts involved in construction and operation of
ridge and furrow disposal systems are shown in Figures 3 and
4. While a pressure system is necessary to reach elevations
above the point of waste origin, gravity flow is possible where
acreage with sufficient natural or graded downslope between
adjacent sections can be obtained. In such cases, considerable
saving in original cost and maintenance may be realized and,
other than changing stop-log elevations at control points once a
month to operate an alternate section, little additional attention
is required.

The main distribution ditch may be constructed down
one side of the disposal plots or bisecting the disposal areas,
with suitable control gate elevations to permit selective and
alternate use of separate areas. While the main ditch profile
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must change to lead flows to downgrade disposal areas, all lateral
ditches within any section are cut at the same level throughout
their individual length, and in relation to each other. Wastes
discharged to any single system of laterals thus reaches the same
operating level in relation to the ridge areas throughout the
section. A positive slope to lateral ditches results in pooling of
wastes and flooding of ridges at the ends of disposal areas.

While the suggested installation is favored by nearly
level or slightly sloping land, minimizing the amount of machine
work and grading necessary to obtain level areas for ditch con-
struction, main header ditches may also be pitched down a slope
with lateral ditches cut on the contour. In this condition laterals
spaced 15 to 20 feet apart and kept reasonably level with var-
iation less than ditch depth may be extended along the contour to
considerable lengths and yet function for waste disposal pur-
poses. In such installations a separate diversion box is required
at each junction point where laterals cross the main distribution
ditch. By proper adjustment of diversion gates, successive
laterals can be fully flooded prior to overflow of wastes down-
grade via the main distribution ditch to the next diversion
structure. Likewise, any lateral may be retired from use by
permitting free discharge of wastes downgrade to lower di-
version boxes. Experience indicates that ridge and furrow
facilities constructed in this manner, on land having a 5-10 per-
cent grade, function just as dependably as completely flat
disposal areas. The cost of setting proper ditch levels and con-
structing diversion structures is small and no more expensive
than bringing slightly rolling terrain to exact levels through cut
and fill operations.

The first ridge and furrow installation for waste
disposal in Wisconsin was placed in operation in 1954 for disposal
of creamery wastes. The installation was substantially as
shown in Figure 3, embracing about 3 acres of land. Total cost,
including $2, 000 for land, amounted to about $8, 000, With
average milk intake of about 50, 000 pounds per day, the waste,
including cooling water, averaged about 30, 000 gpd, with a BOD
of about 300 mg/l. The industry has never used more than half
of the available area. Loadings per acre per day are about
23, 000 gallons, containing 58 pounds of BOD. This field was
underdrained by two lines of drain tile. Drainage occurs only
during the winter months. Flow is less than 5 gpm with an
average BOD of about 25 mg/l. Efficiency of treatment and
disposal has been in excess of 95 percent at all times surveyed.
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From this beginning, carefully engineered and con-
structed as a demonstration project, Wisconsin now has 32 milk
plants employing ridge and furrow disposal methods effecting
near total elimination of wastes from receiving water courses.
In addition, one canning plant packing peas and corn discharges
seasonal loadings to an ll-acre ridge and furrow area in sandy
loam. This acreage regularly disposes of primary-treated
municipal sewage effluent from a tributary population of about
5,000 persons, plus all pollutional wastes from a milk plant
handling 400, 000 pounds of milk per day. Costs of ridge and
furrow installation have ranged from $300 to $30,000. Appli-
cation rates range from less than 2, 500 gpad to 45, 000 gpad
with BOD loadings of 10 to 1, 000 pounds per acre. While
volumetric and BOD loading rates show a considerable spread,
this is in part due to over-design of some facilities and var-
iation in waste strength dependent on the type of milk proc-
essing operation concerned.

In addition to the 32 milk processing and the two
vegetable canning plants, three poultry dressing plants now
employ ridge and furrow irrigation waste disposal, and a
fourth industry will soon start construction for similar
disposal. The method appears to operate very satisfactorily on
poultry wastes with a surprising lack of odors. Poor house-
keeping and inadequate blood collection caused heavier loadings
than normal at one periodically-observed poultry waste
disposal installation located on sandy loam. Even here,
objectionable odors were lacking except in close proximity to
the disposal fields. Construction included four courses of under-
drain tile laid on about 80-foot centers. The four field disposal
sections were bisected by a drainage ditch formerly in place,
which also served to lower the water table. The plant processes
and freezes a maximum of 12, 000 chickens per day. At this
kill-rate wastes amount to about 80, 000 gpd with a BOD content
of 300 mg/l. The BOD of drain tile grab samples over the past
four years has varied from 5 to 39 mg/l, with the higher results
found during the winter. Loading rates are about 40,000 gpad
and 100 pounds BOD per day per acre.

Contrary to the simplicity of installing spray irrigation
disposal facilities, proper design and planning of larger ridge
and furrow installations involves adequate engineering services.
This type of installation has thus gained considerable more
attention from the professional standpoint. While original costs
are higher than those of spray irrigation, operation is dependable
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and results in either total disposal or a continued high treatment
efficiency where underdrain systems are employed. Operation
parallels that of a slow sand filter, and it is not surprising that
high quality effluents are developed from installations of this
type. Further advantages are realized because of continued op-
eration through the zero temperature periods of Wisconsin
winters. Grasses growing luxuriantly on the ridges and edges of
the furrows fold over the furrows to support a snow layer, thus
insulating the furrow from serious freezing. For this reason
ridge and furrow disposal has gained greater prominence for
year-long disposal of wastes in Wisconsin climate.

Land requirements are much the same as for spray
irrigation, varying from the 10,000 gpad, depending on tighter
or sandy soils utilized. Objectionable features involve mainly
the likelihood of odor problems during periods of hot weather.
Milk waste disposal systems of this type should be located at
least 500 feet from private property and public roads, as control
of odors from milk decomposition presents considerable difficulty.
Several milk plants use spray irrigation during the summer
months and ridge and furrow during the remainder of the year.

Cropping of the land is difficult, except by hand labor.
Growth of water and freezing-tolerant grasses, such as Reed's
canary, provides a poor forage crop and is mainly usable as
bedding. Consequently, with adequate moisture, some fertili-
zation from wastes, and no cutting of grasses and volunteer
weeds, ridge and furrow areas become so choked with vegetation
as to obscure the outlines of lateral ditches. A common control
for this condition is to burn off dead grasses each spring. The
only additional maintenance might involve deep raking of the dry
furrows every second year to remove accumulated dried sludge
deposits formed by some types of waste, such as those from
chicken packing plants or slaughterhouses.

LAND DISPOSAL OF STRONG ORGANIC WASTES

Discharge of high organic content wastes to land areas
has been practiced in Wisconsin. The September 1962, WPCF
Journal covered these projects in some detail, but a brief
resume may be informative.
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Sewage Sludge Disposal

There is a definite trend in Wisconsin toward the land
disposal of liquid digested sewage sludge as opposed to use of
conventional drying beds with attendant difficulties in drying,
cleaning, and odor nuisances. Of the nearly 400 sewage treat-
ment plants in the state, at least 45 practice the spreading of
liquid sludge on land. Some plants provide tank truck facilities
for hauling, whereas other municipalities contract for hauling of
liquid sludge in specified amounts at stated costs., Where forage
crops are grown, liquid sludge may be spread in the early spring
and late fall months prior to early plowing and after the last
hay cutting. In some cases land in the soil bank has been used
for disposal purposes. Figure 5 shows the equipment owned and
operated by the City of Juneau, Wisconsin, for disposal of
liquid sludge on a 30-acre plot of land in the soil bank. Total cost
of the rig was about $1, 200, employing a used 4-wheel drive truck
chassis and a used 1, 200-gallon oil storage tank. Turn around
time amounts to about 40 minutes per load. Plant records show
that an average of 85 loads have been hauled each year, repre-
senting about 100, 000 gallons of liquid sludge. Most of the
hauling is concentrated in the spring and fall months and may be
fitted to the plant operator's schedule of other operation and
maintenance activities.

With sufficient land area this disposal program functions
without odor nuisances or runoff and provides a satisfactory
outlet for sewage sludge at reasonable cost while avoiding the
maintenance, cleaning, and ultimate disposal problems associated
with use of sludge drying beds. It should be added that the plant
operator does pour sludge over a small drying bed at the plant
to provide dried sludge for local citizens wishing to use the ma-
terial for mulching of flowers and lawn dressing.

Whey Disposal

Wisconsin produces about 45 percent of the cheese manu-~
factured in the United States from the processing of 6,47 billion
pounds of the total 17.7 billion pounds of milk produced. About
10 pounds of cheese and 90 pounds of whey are produced for every
100 pounds of milk processed. Thus, approximately 5.8 billion
pounds of whey are produced per year which, at 6 percent total
solids, represents 350 million pounds of milk solids remaining
in this by-product of the cheese industry.
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Several large whey drying and processing industries are
located in Wisconsin. They handle the majority of whey entering
such use channels and market about 33 percent of the dried whey
solids produced in the United States. Whey originates from
cheese factories handling 5, 000 to 10, 000 pounds of milk per day
up to large modern plants processing 250, 000 to 300, 000 pounds
of milk per day. Unless diverted to drying or processing
channels, or used for stock feed, whey becomes a waste product
of significant pollutional importance considering the great number
of production points involved, the volume to be disposed of during
the period of high milk production in the spring, and the pollutional
loading contained in whey, the BOD of such material averaging
around 35, 000 mg/1.

The usual cheese factory disposes of whey as stock feed
to patrons, or by sale to whey processors. These are satis-
factory outlets over most of the year. However, during the
spring flush, milk production increases considerably. Both
factories and whey processors are hard-pressed to dispose of
the excess. This is also the period of lowest consumption as
pig feed supplement. Consequently, both factories and whey
processors have developed the practice of land disposal of excess
whey during these periods of oversupply.

The practice involves merely a disposal of volume with-
out development of runoff or generation of odor and fly nuisances.
Whey is usually spread over pasture or crop land by use of tank
truck equipment, employing a spreading bar or splash plates.
Some cheese factories use soil bank land for disposal. Whey
application to most soils improves the soil characteristics and
provides a per ton equivalent of $1.00 worth of commercial
fertilizer. The Agricultural Department at the University of
Wisconsin has found that 50 tons of whey per acre per year may
be used without adversely influencing soil structure and to
provide considerable fertilizer value. If light, even applications
are used, the material is decomposed without odor nuisances.
The improvements in soil structure and the added fertilizer values
are appreciated by many informed farmers. As a consequence
there is usually little difficulty in obtaining adequate land area for
whey disposal.

Sulfite Liguor

Wisconsin has 14 sulfite pulp mills, most of them con-
siderably smaller than the usual sulfite mill found in the
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Northwest. All sulfite pulp waste sources in the state employ
regularly, or on a seasonal basis, some degree of treatment or
control for wastes discharged in an attempt to reduce the effects
of this pollutional load on the receiving waters. As the spent
liquor has a BOD of 30, 000-34, 000 mg/l and an oxygen demand
of 600 to 700 pounds per ton of production, treatment or control
is indicated. Such measures include installation of yeast fer-
mentation plants and evaporation plants to utilize certain elements
of the spent liquor for development of commercial products, use
of spent liquor for roadbinder, and the development of holding
lagoons for controlled discharge in relation to available seasonal
stream flow. There are also several land disposal programs
which function principally over the period of low stream flow
and higher water temperatures; late June through September.

A brief coverage of land disposal methods may be of some
interest.

Badger Paper Mills at Peshtigo, Wisconsin, presently
owns 800 acres of relatively cheap waste land in an area
bounded on the north by the Peshtigo River, and on the east by
Green Bay, with shallow ground water drainage in these
directions. A portion of the area has been developed into
shallow lagoons to obtain seepage of SSL into the soil and to
obtain some degree of stabilization by passage through lagoons
in series prior to overflow into marsh and swamp areas
bordering the river.

During the summer months SSL is hauled to such
disposal areas for lagooning and broad irrigation, and also
employed as roadbinder on secondary roads. The industry has
installed a 100, 000-~gallon woodstave tank for storage of di-
gester strength liquor at the mill. Two mill-owned trailer
trucks are available for hauling to the disposal site or for use
as roadbinder. The land disposal program has handled from
15-20 million gallons of liquor for the past several years, in
addition to the 3.0-3.5 million gallons disposed of as roadbinder.
Costs of storage tanks, pump, and used trailer trucks are figured
at about $15, 000. Land costs were $8, 000. Operating costs for
1960 were figured at $21, 840.

Kimberly-Clark Corporation operates a sulfite pulp
mill at Niagara, Wisconsin, on the Menomonee River.
Seasonal low flows in the stream reduce waste assimilation
capacity, with the result that the industry has developed stand-
by land disposal methods for use if needed.
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This program was developed with considerable advance
planning and development. The area used is across the river in
the State of Michigan. Wastes are collected as digester strength
liquor at the mill, pumped across the river to elevatcd storage
and truck loading facilities, and trucked to the land disposal arca.
Each truck hauls a high-pressure spraying unit attached to the
trailer. Liquor is drawn from the trailer to the spray unit via a
hose connection and discharged at controlled spreading rates
along the 45-foot right-of-way of the road grid developed in the
disposal area. Figure 6 shows the spray of SSL by such equip-
ment during application. About 4 miles of roadway exists for
this purpose. While earlier studies by the Sulfite Research
League, using lysimeters, indicated an application rate of 1
pound of liquor solids/day/square yard could be employed with
satisfactory soil microorganism stabilization of the waste, this
rate has never been approached during periods of use.

Cost of development was about $110, 000 for construction
of facilities and building the industry-owned spray equipment.
Three trucks operating over 24 hours are leased at a cost of
$500/day. Maintenance of roads and equipment have also added
to the cost. Operating costs are calculated by the industry as
adding $1.39/ton to the yearly sulfitc production or $5.56/ton
to pulp produced during the period the spraying program is
operated.

The Kansas City Star Company, Flambeau Paper
Division, Park Falls, Wisconsin, has for many years followed
an aggressive program aimed at stream pollution control, based
on diversion of digester strength liquor to roadbinder use, or
disposal through combined lagooning and soil seepage areas.

The soil disposal area, as it existed in 1961, is shown
in Figure 7. Located adjacent to the Flambeau River, it
encompasses about 110 of the 200 acres owned by the industry,
has a 3 to 8 percent grade toward the river, and is underlaid with
bedrock which outcrops along the stream bank. Controlled dis -
charge lagoons at the higher elevations will permit storage of
about 10, 000, 000 gallons of spent liquor, and the optimum rate
of release from the lagoons to the ditched soil disposal areas.
Slow percolation through the soil occurs and soil organisms
ferment the wood sugars contained in the liquor. There are five
separate drainage systems fed by separate lagoon storage and
release at the crest of the ridge, with the exception of the
ditched area in the upper section of Figure 7. This is a ridge
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and furrow area with fixed level overflows between the furrows
to feed waste to ditches in series. This small area disposes of
large volumes of wastes. The disposal rate for the entire area
has varied between 7, 000, 000 and 20, 000, 000 gallons per
summer season.

The industry also operates a roadbinder program for
disposal of spent sulfite liquor. Figure 8 shows one company
truck spreading hot liquor on a secondary road in the vicinity of
Park Falls. In addition to four trucks operated by the mill for
hauling to land disposal and spreading of roadbinder, two counties
in Wisconsin and one county in Michigan haul spent liquor from
the mill for secondary road conditioning.

The cost of spent liquor collection and disposal is
charged partly to land disposal and the remainder to the road-
binder program. A 110, 000-gallon strong liquor tank and
pumping unit loads all trucks at the mill. Mill-owned trucks
haul from 3, 000 to 4, 250 gallons per load, and during critical
stream flow conditions operate on the 24-hour basis. The land
disposal acreage cost $6, 500 and yearly machine work and
development costs are charged to the project as improvements
to increase the disposal capacity of the area. Operating costs
were $10, 816 for 1960. This cost fluctuates with the amount
of liquor trucked to the disposal site each season.

SUMMARY

Some brief information concerning land disposal of
industrial wastes and sewage sludges has been presented, based
on Wisconsin experience. While much detail is omitted, these
projects may offer ideas to supplement already existing land
disposal methods operating in the Northwest area, or perhaps
stimulate wider use of such methods where they may apply.
Much remains to be learned in this field, but the operational
aspects and accomplishments appear to be fairly well defined.
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PRE-PLANT LOCATION BACKGROUND STUDIES

Robert O. Sylvester

INTRODUCTION

Traditionally, industrial plants have bcen located in
consideration of the availability of raw materials, transportation,
markets for the product, a labor force, and an adequate supply
of processing and cooling water. In recent years they have
added a sixth location criterion, the possible impact of their
operation on the water and air environment. This sixth
criterion has been added because of an increased use of our
water and air environment by all parties concerned, an in-
creased awareness by the public towards water and air quality,
and because the industries are desirous of living in harmony
within their respective communities. A pre-plant location back-
ground study is therefore one that endeavors to tailor a plant's
future emissions with the requirements of its environment, and
it further documents the condition of the water and air environ-
ment both before and after plant operation.

Related to industrial plant background studies are the
many basic data collection programs now underway on our
nation's waters and air masses. These seek to document air
and water quality and the biological response over an indefinite
period of time so that there is some point or points of reference
for evaluating their present condition and changes that may occur.
Examples of these recent basic data programs are the cooperative
water quality studies of the lower Columbia River by five pulp and
paper mills, the Washington Pollution Control Commission, and
the Oregon Sanitary Authority; the national water quality networks
of the U.S. Public Health Service and the U.S. Geological Survey;
the basic data program of the Washington Pollution Control
Commission; the sewer outfall location studies made by many
municipalities; the air sampling programs of the Oregon and
Washington State Health Departments; and the pre-impoundment
and pre-irrigation water quality studies made for the U.S. Fish
and Wildlife Service and the Corps of Engineers. The principal
criticism to be made of these studies is that they were not
started many years ago when the number of variables involved
were comparatively few in number.

Nearly all of our lakes undergo a natural process of

maturing over the years wherein they change from oligotrophic
(low enrichment) to an eutrophic (high enrichment with nuisance
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algal blooms) state. This process may be greatly accelerated
by man's domestic and industrial activity. Background studies
will indicate the approach of eutrophication and its probable
cause or causes in time for corrective measures to be taken.

USE OF BACKGROUND STUDIES

Since the conference is concerned primarily with
industrial wastes and water quality, this paper will be so limited.
Pre-plant location background studies have the following practical

uses:

1. They provide a documentation of the physical,
chemical, and biological properties of the water environment
prior to plant operation. A basis is thus provided for evaluating
future allegations concerning the condition that existed prior to
plant operation. This pre-plant operation condition cannot be
ascertained once a plant is in operation.

2. They provide information on the most suitable area
in which to situate a plant (if a choice is available) and the best
or most practicable location for discharge of waste waters to be
in harmony with requirements of the environment, both present
and foreseeable in the future.

3. They provide the background information necessary
to determine the extent of industrial waste treatment or waste
prevention required, if any.

4, They provide an investment for the future with a
relatively minor down payment whose sum is small as compared
to litigation costs, the cost of belated pollution control measures,
and the damage caused by adverse water quality.

SCOPE OF BACKGROUND STUDIES

The scope of a background study will vary somewhat
with the plant location, the physical nature of the receiving water,
the characteristics of the plant effluent, and the variety of
competing water uses (considering waste water dispersion and
assimilation to be a water use). The protection of these com-
peting water uses is, of course, the primary purpose of a back-
ground study.

Information to be obtained might include a part of or all
of the following(l):
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1. Present and predicted future water uses and their
seasonal occurrence, considering a full development of the local
water resources.

2. Suitability of the water for the present uses.

3. The intrinsic and dollar value of present and future
predicted water uses.

4, Sources and characteristics of other waste water dis-
charges involved in the same water regimen.

5. Water quality criteria required by the local com-
peting water users.

6. Critical time or season of the year for water quality
to be of prime concern.

7. Climatological, stream flow, or tidal data as
applicable.

8. Physical characteristics of the water body.

9. Water current patterns with depth under varying tidal,
wind, and/or stream flow conditions.

10. Water quality under various flow and seasonal con-
ditions.

11. Biological: flora and fauna, their types, seasonal
distribution, numbers, and their condition.

12. Bottom deposit characteristics of the area subject
to discharge influence.

13, Subsequent background data needed after plant oper-
ation commences and the preferred time of data collection.

The scope of the background study must be adequate to
provide all the necessary information, otherwise it is subject to
challenge and a lack of belief or confidence. A few random ob-
servations and water samples are not adequate as they may be
misleading and are of little value to all parties concerned.

Observations on stream water quality must be made under
all flow conditions, with particular emphasis during low flow
periods. If the background study is being conducted on salt water,
observations should be made on all tidal conditions at times when
the various prevailing winds are at different intensities and when
the fresh water runoff is at its minimum, maximum, and average
stages. Essential water quality determinations are dependent
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upon the nature of the waste effluent to be discharged, nature of
other waste effluents in the area, and in the anticipated water
uses to be protected. In general, the regulatory agencies and an
industry, before going into an area, should have a fairly complete
record of all significant water quality items, whether or not they
appear to be important at the time. Normal natural waters may
have seasonal deteriorations in quality; i.e., dissolved oxygen
deficiences, high turbidity, color, pH, temperature, presence of
hydrogen sulfide, or the occasion of very low salinities in sea
water.

Biological background data should include not only
occurrence of various fishes in the water, but also abundance of
plankton, flora and fauna of the shorelines, and the benthos
organisms. Samples for benthos, or bottom organisms, should
also be examined for the type of bottom, presence of hydrogen
sulfide, amount of organic matter and debris, and presence of
dead animal life.

BACKGROUND STUDY EXAMPLES

The following examples of data from background studies
will illustrate the type of data obtained and its signficance in
regard to future water quality control.

Several years ago it was proposed that a pulp mill be
built along the Willapa River estuary in southwest Washington.
The Washington Pollution Control Commission made a study(2
of the estuary to determine, among other things, existing con-
ditions and the impact waste water discharge would have on the
estuary if it were discharged at one of several optional locations.
Figure 1 illustrates the dissolved oxygen data obtained by
measurement and by calculation during the period of low flow in
the Willapa River. Existing dissolved oxygen saturation
deficiencies caused by local discharges of untreated sewage and
from sawmill operations were surprising. Theoretical calcu-
lations made in consideration of the existing oxygen depletion,
oxygen demand of the proposed kraft mill wastes, and detention
time of the waste waters in various segments of the estuary,
indicated that the proposed mill effluent would have to be dis-
charged from 7 to 10 miles further down the estuary than
originally contemplated if satisfactory dissolved oxygen values
were to be maintained in the estuary.

A pre-plant location background study in Silver Bay
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near Sitka, Alaska(3), produced some interesting information in
regard to the location of the mill sewer outfall. Salt water out-
falls are usually located in as deep water as is practicable to
permit a maximum of dilution and dispersal. Studies of the
currents with depth at the entrance to Silver Bay (see Figure 4)
under low and high freshwater runoff conditions indicated a net
outflow in the upper 10-16 feet, while the deeper water had a
net inflow velocity. These flow velocities are illustrated in
Figure 2. Therefore, to keep the effluent from being carried
southeastward into Silver Bay where it would tend to become
concentrated under usual wind and current conditions, the better
solution was to discharge the effluent near the surface where it
would be swept out of the bay for subsequent dilution in Sitka
Sound. Figure 4 further shows that the effluent from a mill at
the mouth of Sawmill Creek should be discharged on the north-
west shoreline to insure its normal discharge from the bay.
Similar currents were observed with low stream discharge (less
than 100 cfs), and on an ebbing tide the entire entrance surface
current is seaward. Another item of interest on the pre-plant
study was the finding of hydrogen sulfide containing sediments
over most of the bottom in Silver Bay (Figure 3). This type of
bottom would not support any significant marine life, and is a
condition that might well have been later attributed to mill
operations.

During the summer and autumn following the decline
of surface runoff, deep oxygen-deficient ocean water moves
into the Puget Sound area and is dispersed into the upper water
layers by vertical mixing that takes place due to upwelling and
channel configurations. This will frequently result in low
dissolved oxygen values that have no relationship to industrial
operations. Low oxygen values may also be found just before
daybreak in shallow water areas supporting heavy blooms of
plant life. It is highly desirable that these be found and doc-
umented prior to an industry's commencement of operations.
Table 1 illustrates water quality values found over an oyster
bed during a pre-plant operation study(4) for an oil refinery on
Puget Sound. The waters of this area were presently being
used for effluent dispersion and assimilation by aunother oil
refinery and by a pulp mill. Items of particular interest in
Table 1 are the variations in dissolved oxygen, pH, and
turbidity, most of which can be attributed to activities of the
phytoplankton. Determinations were made for copper,
chromium, phenols, sulfides, and oil because they may be
found in refinery effluents as a by-product of crude oil
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refining or as corrosion products. Iron was determined because
of its widespread occurrence in local ground water and because
of its toxicity in higher concentrations to some of the biota. The
remaining water quality values were obtained as they described
seawater variations due to local runoff, or because they are con-
stituents of other local waste discharges.

Figure 5 shows typical current studies made from the
point of proposed effluent discharge from under a refinery pier.
These current studies(4) indicated that for maximum effluent
dispersion, and dispersion away from oyster beds, the effluent
should be lagooned and released during a period extending from
one hour before slack water following the flood tide to about two
hours before the onset of the next flood tide.

The shellfish industry has long been concerned with the
effects of water quality on the growing of oysters. In the area
that might conceivably be related to the effect of an industrial
discharge, it is most important that any oyster beds therein be
carefully examined as to the extent of oyster plantings, the
condition of the oysters, and the effect of any conditions adverse
to the oyster, such as silting or the presence of parasites.
These examinations should be made jointly by biologists
representing the oyster grower, the industry, and the state, and
they should concur in their findings before the inspections are
terminated. Figure 6 shows the condition of oysters observed
during a background study(5) for an oil refinery on Georgia
Strait. These oysters were in poor condition because of silting
and the parasitic oyster drill.

Figure 8 shows the variety of bottom animals from a
single dredging taken in the vicinity of the Georgia Strait refinery
location. The large number of empty shells in the upper picture
are natural occurrences and are not from pollution. Dredgings
in the vicinity of the proposed point of effluent discharge produced
black odorous mud containing essentially no bottom life. This
type of pre-plant information is of interest and value to all parties
concerned. Figure 7 illustrates the algal mat in an intertidal
area along Georgia Strait where pre-plant current studies indicated
the dispersed refinery effluent would be carried shorewards. The
red algae are particularly sensitive to unfavorable environmental
conditions. This refinery has had six intertidal surveys made
since production commenced in 1954 to ascertain the presence
and condition of the intertidal flora and fauna over eight miles of
adjacent shoreline.
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CONCLUSIONS

Our water resources can be maintained in a useful state
only by foresight on the part of those planning and designing
structures which in some manner affect the receiving water
quality, In the absence of a background study, there can be only

supposition.

Many environmental conditions, other than those imposed
by man, affect the quantity, condition, and presence of aquatic
life in a given area. An evaluation of water quality and aquatic
life can be made only after the entire environment has been
carefully scrutinized over a period of time. Studies of the nature
discussed herein may be useful in proving or disproving
allegations of fanciful or real pollution damage.

It is hoped that someday our knowledge and management
of our water resources will be sufficiently developed so that a
piecemeal approach of the nature herein described will no

longer be necessary.
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Table 1 - Summary of Water Quality Data Collected Over an Oyster Bed
(From Referencc 4)

Concentrations Observed

Constituent Minimum Median Maximum Tidal Condi.t'.i.on1
Temperature, °C 10.2 19.2 21.7 Flood
Dissolved Oxygen, mg/l 3.&2 10.1 12.2 "

% Diss. Oxygen Satur. 46 124 158 h
pH units 7.8 e 15 .6 "
Chlorinity, pep.t. 13.1 14.7 15.8 Ebb
Color units 3 6 17 b
Alkalinity, mg/l CaC03 89 102 106 "
Turbidity units 3 9 13 F &E
B.0.D. in mg/1l 0.2 1.4 3.6 Flood
Total 01il, mg/l 0 Tr 3 Ebb
Phenols, mg/l 0 0 0.01 Flood
Sulfides, mg/l 0 0.03 0.06 F &E
Phosphate, mg/l 0.07 0.12 0.17 Ebb
Copper, mg/l 0.05§ 0.05- 0.038 "
Chromium, mg/1 0

Total Iron, mg/l 0.05- 0.10 0.36 Flood
Spent Sulfite Liquor 0 6 15 Ebb
1

Tidal condition when high values were observed.
Pre~dawn value near end of an ebbing tide.

3 Minus sign means less than.
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Figure 6. Oyster Bed with Mostly Empty Shells
Due to Silting and Parasites
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Figure 7. Intertidal Zone
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Figure 8. Sample Dredged from Bottom Showing Empty
Shells and Bottom Life as Documentary Record
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No. 22, Industrial and City Wastes, by Fred Merryficld, W. B. Bollen, and F. C. Kachel-
hotfer. 1947,  40¢.

No. 23. Ten-Year Mortar Strength Tests of Some Oregon Sands, by C. E. Thomas and
5. H. Graf. 1948, 23e¢.

No. 24. Space Heating by Electric Radiant Panels and by Reverse-Cycle, by Louis Slegel.
1948, 30¢.

No. 25. The Banki Water Turbine, by C. A. Mockmore and Fred Merryfield. Feb 1949,
40¢.

No. 26. lIgnition Temperatures of Various Papers, Woods, and Fabrics, by S. H. Graf.
Mar 1949, 60e.

No. 27. Cylinder Head Temperatures in Four Airplanes with Continental A-65 Engines, by
S. H. Lowy. luly 1949,

No. 28. Dielectric Properties of Douglas Fir at High Frequencies, by J. J. Wittkopf anil
M. D. Macdonald, July 1949, 40¢.

No. 29, Dielectric Propertics of Ponderosa Pine at Iligh Frequencics, by J. J. Wittkopf and
M. D, Macdonald,  September 1949, 40¢.

No. 30.  FExpanded Shale Aggrepate in Structural Concrete, by D. D. Ritchic and S. H.
Graf. Aug 1951. 60¢.

No. 31, Improvements in the Field Distillation of Peppermint Oil, by A. D. Hughes.
Aug 1932, w0e.

No. 32, A Gage for the Measurement of Transient Hydraulic Pressures, by E. F. Rice.
Oct 1932, 40¢.

No. 33, The Effect of Fuel Sulfur and Jacket Temperature on Piston Ring \Wear as
Determined by Radioactive Tracer, by M. Popovich and R. \W. Peterson.
Tuly 1933, 40¢.

No. 34, Pozzolanic Properties of Several Oregon Pumicites, by C. O. Heath, Jr. and N. R,
Brandesburg. 1933, 30¢.

No. 35, Model Studics of Inlet Designs for Pipe Culverts on Steep Grades, by Malcolm
H. Karr and Leslie A. Clayton. June 1954, 40¢.

No. 36. A Study of Ductile Iron and Its Response to Welding, by W. R. Rice and Q. G.
Pansche, Mar 1933 wuc.

No. 37. Evaluation of Typical Orecon Base-Course Materials by Triaxial Testing, by
M. AL Ring, Jr. July 1956, 30¢.

No. 38. Bacterial Fermentation of Spent Sulfite Liquor for the Production of I'rotein
Concentrate Animal Feed Supplement, by llerman R, Amberg. Oct, 1956, 30¢.

No. 39, Wood Waste Disposal and Utilization, by K. W. Boubel, M. Northcraft, A. Van
Vliet, M. Popovich. Aug. 1938, $1.00

Circulars—

No. 16. Water Works Operators’ Manual, by Warren C. Westgarth.  Mar 1933. 75¢.

No. 17. Proceeldings of the 1933 Northwest Conference on Road Building, July 1933, 60¢.

No. 18, Proceelings of the 1933 Northwest Conference on Road Building. June 1955. 60¢,

No. 19. Review for Fngincering Registration, 1. Fundamentals Section, by Leslie A. Clay-
ton, Dec 1933, ¢0¢.

No. 20. Digest of Oregon Land Surveving Laws, by Kenneth J, O’Connell. June 1956, 73¢.

No. 21. Review for Engineering Registration, 2. Civil Engineering, by Leslie A. Clayton
and Marvin A Ring, July 1950, $1.23,

No. 22, Review for Engineering Registration, 3. Mechanical Engineering, by Charles O.

Heath, Jr. Feb 1937, $1.25.
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No. 23. Research and Testing in the School of Engineering, by M. Popovich. May 1957.
ERYeH

No. 24, Proceedings of the 1957 Northwest Conference on Road Building, July 1957. $1.00.

No. 25. Proceedings of the 1959 Northwest Conference on Road Building, Aug 1959. $1.00.

No. 26, Rescarch Activities in the School of Engincering, by J. . Knudsen, Nov 1960,
REPY

No. 27. Procecdings of the 1960 Northwest Highway Enginecring Confercnce, Dee 1960.
$1.00.

No. 28, Proceedings of the 1962 Northwest Roads and Street Conference, Mar 1962, $1.00.

No. 29, Droceedings of the Fleventh Pacific Northwest Industrial Waste Conference—1963,
Sept 1963, $§1.00

Reprints—

No. 32. Heat lrm\far Cocfficients in Beds of Moving Solids, by O, Leveuspiel and
1. S, Walton, Reprinted from Proc of the Heat Transfer and Fluid Mechanics
Institute. 1949, 10¢,

No. 33. Catalytic Dehydrogenation of Ethane by Selective Oxidation, by J. P. McCullough
and 1. 8. Walton. Reprinted from Tndustrial and Engmeenng Chemistry. July
1949, IUC

No. 34, Diffusion Cocfficients of Organic Liguids in Solution from Surface Tension
AL irements, by R, 1. Olson and §. S. Walton. Reprinted from Industrial
Engineering Chemistry. Mar 1931, ¢.

No. 35 Transients in Coupled Inductance-Capacitance Circuits Analyzed in Terms of a
Rolling-Ball \nq]o”m by P, C. \[wnu\\on Reprinted from Vol 69, AIEE
Transactions, 1930, 10c.

No. 36. Geometric Mean Distance of Angle- Shaped Conductors, by P. C. Magnusson. Re-
printed from Vol 70. ATEE Transactions. 1951, 10¢.

No. 37. Energy—Choose It Wisely Today for Safety Tomorrow. by G. W. Gleeson. Re-
printed from ASHVE Journal Section of Heating, Piping, and Air Condition-
ing. Aug 1931, 10¢.

No. 38. An Analysis of Conductor Vibration Field Data, by R. F. Steidel, Jr. and M.
Elton. AIEE conference paper presented at Pacific General '\Iee(mg, Por(hml
Oregon. Aug 23, 1951. 10¢.

No. 39. The Humphrevs Constact-Compression Engine. hy W. H. Paul and 1. B. Hum-
phrevs. Reprinted from SAE Quarterly Transactions. April 1952, 10¢.

No. 40, Gas-Solid Film Coefficients of Heat Transfer in Fluidized Coal Beds, by 1. 8.
Walton, R. L. Olson, and Octave Levenspiel. Reprinted from Industrial and
Fngineering Chemistry. June 1052, 10¢.

No. 41, Restaurant Ventilation, by W. IL Martin. Reprinted from The Sanitarian, Vol
14, No. 6. Mav-Tune 19320 10¢.

No. 42, Electrochemistry in the Pacific Northwest, by Toseph Schulein, Reprinted from
Tournal of the Electrochenical Society. JTune 1933, 20¢.

No. 43. Model Studies of Tapered Iniets for Box Culverts, by Roy H. Shoemaker and
[eslie A, Clayton. Reprinted from RLSL’HC}I Report 15-B, Highway Research
Board, Washington, D, (. 1933, 2

No. 4+ Bed-Wall Heat Transfer in Fluidized S)Stenh, by O. lLevensniel and J. S. Walton.
Reprints from Heat Transfer-Research Studies. 1954, 10¢.

No. 45. Shunt Capacitors in Large Transmission Networks, by E. C. Starr and E, T.
Harrington, Reprinted from Power Apparatus and Systems, Dec 1933, 10¢.

No. 46. The Design and Effectiveness of an Underwater Diffusion Line for the Disposal
of Spent Sulphite Liquor, by H. R. Amberg and A, G. Strang. Reprinted from
TAPPL July 1931, 10¢.

No. 47. Compare Your Methads with this Survey, by Arthar L. Roberts and Lyle E.
Weatherbee. Reprinted from Western Induxtr\ Dec 1933, 10c.

No. 48. Some Stream Pollution Problems and Abatement Measures Undertaken in the Pa-
cific Northwest, by H. R. Amberg. Reprinted from TAPPI. Feb. 1955, 10¢.

No. 49, Fabrication of a Zxrcomum l.med Reaction Vessel, by O. G. Paasche and A. T.
Killin. Reprinted from The Welding Journal. Feb 1954, 20¢.

No. 50. Heat Transfer Between Immiscible Liquids, by S. S. Grover and T. G. Knudsen.
Reprinted from Chemical Engineering, No. 17, Vol 51.

No. 51. How Oil Viscosity Affects Piston Rmrr Wear, by M. Popovnch and L. E. John-
son. Reprinted from Automotive Industries. January 1936. 10¢.

No. 32, Intermittent Discharge of Spent Sulfite Liquor, by Herman R. Amberg and Robert
Elder. April 1956, 10¢.

No. 53. Hydraulics of Box Culverts with Fish.-Ladder Baffles, by Roy H. Shoemaker, Ir.
qumed from Proceedings of the Highway Research Board, Vol 35. 1936.
23¢.

No. 54.

A Numerical Solution to Dimensional Analysis, by O. Levenspiel. N. T. Weinstein,
1. C. Li. Reprinted from Industrial and Engineering Chemistry, Vol 48.
Feb 1936. 25¢.
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No. 33. Thermal Conductivity of Liquid-Liquid Emulsions, by R. I. Wang and James G.
Knudsen, Reprinted from Industrial and Engineering Chemistry, Nov 1958, 10¢,

No. 36. Local Shell-Side Heat Transfer Coefficients in the Vieinity of Segmental Baffles in
Tubular Heat Exchangers, by M. S, Gurushankarizh and 1. G, Knudsen, Re-
printed from Heat Transfer- Chicago issue of AIChE Symposium Series. 1930,
10¢.

No. 37, Hard-Water Scaling of Finned Tubes at Moderate Temperatures, by H. K.
McCluer and J. G. Knudsen. Reprinted from Heat Transfer-Chicago issue of
AlChE Symyposium Series. 1939, 10¢.

No. 58. Heat Transfer from Isothermal Flat Plates: An Extension of Pohlhausen’s Solu-
tion to Low and IHigh Prandtl Number Fluids, by F. D. Fisher and J. G,
Knudsen, Reprinted from Chemical hn;murmg Progress Svmposium  Series
No. 29, 1939, 10¢.

No. 39. Radio Interference Attenuation on L]\(l’“ll((l IHigh-Voltage Transmission lmc :
Aleasurement and Application, by N Stone, E II Gehrig, and R, S. Gens.
Reprinted from Power \mmmnh cms. Dee 1053 10¢.

No. 60. EHV Single and Twin Bundle (on(lmton Influence uf Conductor Diameter and
Strand Diameter on Radio Influence Voltage and Corona Initiation Voltage,
by .. N. Stone. Reprinted from Power Apparatus and Systems. Dec 1939, 10¢

No. 61, Local Shell-Side Ieat Transfer Coefficients and Pressure Drop in a Tubular Hv.lt
Exchanger with Orifice Baffles, by K. 8. Lee and ], G, Knudsen. Reprinted
from AIChE Journal, Dec 1960. 10¢.

No. 02, Rates of Heat Transfer from Short Sections of an Isothermal Pipe, by A, A.
Faruqui and 1, G. Knudsen. Reprinted from Heat Transfer-Buffalo issue of
AIChE Symposium Series. Mar 1961, 10¢.

No. 63, Drag Coefficients at Low Revnolds \'umbel\ for Flow Past Immersed Bodies h_\‘
AU ML Jones and . G Knudsen, Reprinted from AICLE Journal, Mar 1961, Tue

No. 64, Persulfate Oxidizable Carbon and I’()I) as a Meastire of Organic Pollution in Water,
by C. M. Gilmour, F. Merrytield, F. J. Burgess, L. Purkerson, and J. K. Cars
well, Reprinted trom I'roc of lwlh Purdue Industrial Waste Conf, May
1961, 10¢

No. 63 Evalhation (r1tnrm for Deep Trl(]\hllk Filters, by F. J. Burgess, F. Merryfield,
1. K. Carswell, and C. M. Gilmour. Reprinted from fourn Water Pollution Con-
trol [td(mlmn, Aug 1961, 1oe.

No. 606, Fffect of Negative Corona Upon Formation of Positive Corona, by G. A. DPearson.
Reprinted fraem Power Apparatus & Systems, Dec 1961

No. 67, Design of the ESIAC Algebraic Computer, hy J. C. Loonc\ and M. L. Morgan,
Reprinted from IRE Transactions on Electronic Computers, Sept 1961, 10¢,

No. 68, Thermal Stresses in an Idealized \\m;{ Structure, by Mark Levinson. Reprinted
from Journ of Aerospace Sciences, 1961, 10¢.

No. 609, The ESIAC Potential-Plane Analog Computer, by J. C. Looney. Reprinted from
Automatic Control, May 1961,

No. 70 Wood Waste Incineration, by M. Popovich, M. Northeraft, R W. Boubel, and
({_ E. Thornburgh. Reprinted from Tech Report AGT-3, Rnbert A, Taft \.mltqr\
}“I‘],”l: Center, Public Health Service, U. S. Dept nf Healtl, Education, and
Welfare, 1961, 10¢.

No. 71. The Role of Current Distribution in Cathodic Protection, by R, E. Meredith, Re-
printed from Materials I'rotection, Ieb 1963, 10¢.

No. 72, Local Rates of Heat Transfer and Pressure Losses in the Vicinity of Annular
Oritices, by IS0 Williams and J. G, Knudsen. Reprinted from The Canadian
Journal of Chemical Engincering,” April 1063, 10¢.
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