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THE CHALLENGE OF THE SEVENTIES
Harold P. Alley?

It gives me great plcasure to signal the opening of
the Twenty-third Meeting of the Western Society of
Weed Science. It has been a wonderful and enlighten-
ing experience to be associated and work with the offi-
cers and members of this society.

The local arrangements committee, chaired by
Harry Agamalian, your president elect and program
chairman, Ken Dunster, along with all others having
responsibiilty have made my job as president the casiest
assignment I have ever had to date in this organization.

At no time, am I aware, has any member hesitated
to accept responsiibilty; the cooperation has been as
one would expect from a group of dedicated hard work-
ing professionals, This I feel is what has held out
organization together and makes the entire society
from the regional conferences through the national the
organization what it is today. T am sure that with the
type of cooperation and response we had this past
year we are going to become a closer knit and stronger
organization than ever before.

There has bzen much concern and discussion over
the past few years as to what the Western Society of
Weed Science is accomplishing and how it might be re-
organized to better meet the nceds of all concerned.
The advent of annual meetings of the WSSA and strong
state weed associations competing for the weed scien-
tists time no doubt are the leading forces bringing about
a division of timz. Mr. Bill Harvey will no doubt en-
lighten those in attendance on this very important sub-
ject later on this morning and enlighten the group as
only Bill can.

I will go on record as stating that your program
chairman has been very cognizant of previous griev-
ances and has attempted to incorporate some of your
thoughts into this year’s program. There are contro-
versial topics of immediate concern which we hope
will bring about active participation from the exten-
sion, research, regulatory and industry representatives
that make up the membership.

Section chairmen and specifically project leaders
have been asked to organize their groups so that items
of immediate concern may be discussed and sum-
marized by leadsrs in these specific areas. The pro-
gram chairman and myself hope that we do not have
just a review of the research progress reports as pub-
lished. Most of us can read. The various project areas
may be the heartbeat of our society. T am in hopes
that the efforts put forth by the respective chairmen
for this year’s meetings will be an added incentive for

1Professor Weed Control and Exlension Weed Specialist,
University of Wyoming, Laramir,

future chairmen to improve upon what has been at-
tempted this year.

The preparation of the presidential address has not
been an easy task. | have, however, obtained a real
insight into the history of weed control, its problems
and growth, the needs and future of our endeavors
along with its importance to the welfare of mankind
by reviewing presidential addresses of previous na-
tional and regional presidents. 1 find it difficult to add
to what has already been said. It would be well for all
of you to spend a few minutes reviewing these out-
standing dissertations.

Possibly some of the younger weed scientists, at-
tending this meeting do not realize that the Western
Regional Weed Conference was organized in 1938, the
first of the four regional conferences, and eighteen
years before the Weed Socicty of America. Also seven
of the first eight state weed conferences or associations
were organized from the eleven states making up the
Western Socicty of Weed Science.* There are many
other firsts which could be elaborated upon.

[ am of the opinion that this socicty, the Western,
has a heritage to live up to. Many of the original lead-
ers in the western region were also leaders in the
United States and assisted in organizing other regional
conlerences as well as the national. Knowing many
of thesc fine gentlemen, as many of vou in attendance
here today do, I dzem it a challenge to give all T can
to see that their efforts do not fall by the wayside. In
respect for these individuals a challenge is directed
to each member of the Western Socicty.

It was interesting to me to review the attendance
figures of the Western Society of Weed Science. The
past attendance figures may tell us a story. The first
meeting held in Denver, Colorado, in 1938 had 24 in
attendance, The largest registration was in 1960—
495 registrants, when the Western was held jointly
with the Weed Society of America in Denver. How-
ever, at the joint meeting last year in Las Vegas only
145 registered, quite a reversal from the first joint
meeting.  The other two largest meetings were in
Sacramento in 1948 and 1956. The 1956 meeting was
a joint affair with the California conference, 478 reg-
istered—the second largest in the history of the West-
ern Conference. Registration the past two years has
been around 250, except the low figure at Las Vegas.
The Scciety should be cognizant of the trend and efforts
made to evaluate the situation. One might ask—is
there an austerity program, too many meetings, or
arc we not meeting the needs of the weed scientists in
our region?

The general public does not understand the impor-
tance of agriculture and especially the importance that
all pesticides play in bringing to them the high quality,

*Timmons, F. L. A history of weed control in the U.S.
and Canada. In Press. Weed Science.



economical products to whizh they are now accustomed.
The importance of agriculture and the endeavors of
less than 10 percent of the population of the United
States can be borne out in one quotation.

“People will sell their liberty, their all for food.
A starving man knows no God, no country.”

Experts tell us that there are 57 million square
miles of land on earth, 3.5 billion people now, 7 billion
by the year 2000. Thercfore, there will be 125 souls
per square mile or only 5 acres per individual. In
1955 the population of the United States was 165
million, which gives 2.8 acres of arable land per per-
son. By the ycar 2000 the population is expected to
approach 400 million, or leave only 1.16 acres per
person,

In order to have an agriculture capable of meeting
the really great challenge to mankind—the race be-
tween food supply and population increase—we must
have an acceptance of modern science and technology
as applied to agriculture, along with the fact that herbi-
cides are an essential and primary part of agricultural
production. We are witnessing a great race between
the number of people and the amount of food available
and food has to win.

Despite the use of all pesticides, the destruction
caused by pests is staggering, The American farmer
is spending about $2.5 billion each year to control
weeds and still losing 13.5 percent of their crop pro-
duction to the ever present weeds.

The average American consumer today is spending
about 16.5 percent of his disposable net income at the
grocery store as compared with 25 to 30 percent spent
by the average wage earner in western Europe and
almost 50 percent by the average Russian worker.

It bothers me as well as others in the academic
world and I do not understand the lack of enthusiasm
for weed science by college administrators. In a sur-
vey of the administrators, which I made for the 1967
Western meetings, a conclusion would have to be made
from their remarks that there was no projection in
their program for any weed scienec department or even
contemplation of added staff members.

When we realize that there are 4 times as many
professional entomologists and 3.4 times as many
plant pathologists as weed scientists within the agricul-
tural colleges, we should be very proud of our accom-
plishments.

President Klingman in his recent presidential ad-
dress to the WSSA stated that there were 4.5 times as
many students in entomology and 2.3 times as many
students in plant pathology as weed science. His re-
marks or mine today are in no way being critical of the
entomelogy or plant pathology programs; it is only
for the purpose of pointing out the incquality that
exists.

- .

I am sure that monics available for graduate assis-
tantships could be one of the major limiting factors in
the number of graduate students in the weed science
curriculum. However, from my own personal experi-
ence, [ question the lack of interest by administrators
and the monics available as telling the whole story. 1
have found the young men that are desirous of obtain-
ing advanced degrees in weed science are of a dif-
ferent breed than we find in many other disciplines.
We have several inquiries each year as to the possibil-
ities of graduate assistantships. When the complete
program is outlined—courses ranging from botany,
ccology, through the mathematics and chemistry dis-
ciplnes—plus the ficld work I feel essential to secure
the necessary background to be called a weed scientist,
their interest fades.

I am proud of every graduate student with whom
I have been associated. Each one has been a very
conscientious, hard working young man who has had
the initiative to implement on his own. No doubt all
of you in the academics have the same feelings. 1
would rather have one student of the calibre just dis-
cusscd than have a dozen who do not know the mean-
ing of work and responsibility. We should not be
tempted to substitute quantity for quality just for the
sake of having more students than some other section
in our college.

Conservationists, environmental defense groups,
ecologists, wildlife groups and the other “do-gooders”
are screaming that the farmers are poisoning the en-
vironment. Leaders and members of these groups, who
are campaigning against the use of pesticides, must be
informed and reminded that the very existence of
every field of endeavor beyond that of producing food
is possible because there is cnough food to support
those additional desires.

These people must realize that the efficiency of
the American farmer, his ability to double yiclds dur-
ing the past twenly ycars, has made it possible to pre-
serve millions of acres of primitive habitat, establish
game refuges. recreation areas, etc. Many of these
arcas no doubt would and could be adapted to live-
stock and crop production if the efficiency of the
farmer was not what it is today.

There have been tremendous strides made in the
development and use of herbicides. There are few
crops or situations where control measures have not
been developed; however continued efforts are neces-
sary to keep up with the ever increasing problems, T am
of the opinion that our biggest problems arc not the
screening and development of new herbicides, biolog-
ical or mechanical means of control, but to be able to
use what we now have. Every statc is going to have
to take it upon themsclves to obtain labels and use
clearances for those compounds which are necessary
and essential to the productive agriculture capacities of
their state. This seems to be a common practice in a




few of the states. With proper organizaiton and dele-
gated responsibility this is an area some of us are in-
terested in exploiting.

Adverse publiicty in the last six months has caused
considerable concern. The 2,4,5-T situation may have
done more to hurt the name of 2,4,5-T and herbicides
in general than any release to date. Since this sup-
posedly cooperative release we have seen a rash of ac-
custations. “Arizonans Fear Forest Spray”—“Scien-
tists Charge Plant Killer Causes Vietnamese Birth De-
fects"—TV Programs Show Pulled-Tendon Ducks—
Goats Suffer Malnutrition—and all blamed on an ap-
plication of 2,4,5-T. Why shouldn’t such publicity
cause concern among the citizens?

I am sure everyone is fully aware of what has
transpired since the 2,4,5-T release in early October.
We all owe a pat on the back to the president of the
Weed Science Society of America and the executive
committee for obtaining the article “Teratogenic Eval-
uation of 2.4,5-T" which was proposed for publication
in science, analyzing the data and informing responsi-
ble people as to its fallacy.

I would like to discuss the 2,4,5-T situation, how-
ever, as it may be repetitious to many in attendance
T will forgo any discussion of the study. Those that
are not aware o fthe reports both by the authors of the
proposed article and the remarks of the president and
executive committee of WSSA, you would be enlight-
ened by obtaining copies.

The most serious problem confronting our endea-
vors in correcting such situations is that we never seem
to reach the general public who have been subjected
to the fallacies in the first place. We tell each other
about our problems, and other than being published
in farm magazines, and farm papers, which the general
public does not read, therc seems to be no way we can
get back to the general public. With the mass com-
munications media available at our disposal we must
make use of them; not TV programs at 10:30 in the
morning or just articles in farm journals—but prime
TV time, leading newspapers, radio, etc.

The adverse publicity and false accusations bring
up a need for insisting that the decisions with respect
to pesticide use be made by duly constituted regulatory
groups, that each study be carefully analyzed to deter-
mine if the best design or the results justify the author’s
conclusions. Too often the fact that the study was
conducted by respected individuals or published in a
scientific magazine is accepted by the public as suffi-
cient proof of validity. If one is not well versed in a
field cven the best intentioned person can be in error.

The resolutions adapted by the Weed Scicnce So-
city of America at the 1970 meeting well summarizes
what I am trying to say.

I would like to read to you their resolution—

WHEREAS, the Weed Science Society of America
represents many scientific disciplines and is interested
in all aspects of weeds and their control:

and

WHEREAS, the safety of human beings, wildlife,
and aquatic life, and the quality of the environment
are of prime importance; therefore be it

RESOLVED that the Weed Science Society of
America at its 10th meeting in Montreal, Canada,
February 3-5, 1970, recommends that the sccretaries
of the departments of agriculture; health, education,
and welfare; the interior; or the heads of any inter-
departmental committe or council, obtain an evalua-
tion of all scientific data from a broad segment of the
academic and industrial community and including,
where appropriate, an evaluation by a select commit-
tee of the National Academy of Science and the Weed
Science Society of America before publicly announcing
restrictions on uses of herbicides.

BE IT FURTHER RESOLVED that such scien-
tific evaluation consider the benefit/risk ratio, need
for, value obtained, and the adverse consequences of
such restrictions as these relate to the economies of
food production, the stability of American agriculture,
the health of the American people, and effects on the
environment.

If we would follow the lead the National Agricul-
ture Chemicals Association is taking we can help elle-
viate the situation. An article appearing in the Sep-
tember, 1969, Farm Chemicals magazine stated, “We
are not looking for a fight with our publics. Ours is an
industry based on science. Science is based on reason.
We tend to base our campaign on reason. But we will
campaign. We have learned from the Carson experi-
ence that appeasement as a tactic can be nearly fatal,”

With these few sentences, chairman of the board,
Dan Keating, caught the new spirit of the National
Agricultural Chemicals Association. The unwritten
but guiding policy: Defend every label of every mem-
ber; wage a strong fight against impending legislation;
and take the offensive wherever possible.

I have been critical of the news media and the un-
favorable publicity toward pesticides. Maybe these
accusations are not all bad. Maybe such actions will
bring forth a more closely knit organization, a group
which realizes we have a tremendous task confronting
us, it is going to require the help of all in our scientific
discipline.

It is time to call upon the scientific community to
exercise all th= objectivity at its command in bringing
forth the facts pertaining to the use of pesticides and
their effects upon the environment. It is time to sepa-
rate scientific from the political if we are genuinely
interested in developing a blueprint for action that
will serve the best interests of manknd and his environ-
ment.



We need a coordinated effort by all weed scien-
tists. This includes those engaged in rescarch, exten-
sion, regulatory, and industry. The lines of communi-
cations must be kept open. We cannot afford a de-
featist attitude. We are all dedicated to the wise use
of herbicides, improvement of the environment, cllevia-
tion of hunger—our endeavors are for the benefit of all
mankind.

With the black-eye we have been given, the task
will not be easy or accomplished overnight. Knowing
the calibre of men and potential that we have in the
Western Soicety and in the National organization, 1
am positive intelligent well directed actions will be
taken to educate the general public and restore con-
fidence in our endeavors.

Abstract:

INTERNATIONAL TECHNICAL AID PROGRAM
ON WEED CONTROL
W, R. Furtick!....

(Abstracr) QOregon State University has sponsored
a foreign aid weed control program for almost three
years. This program is supported primarily by the
United States State Department. Its goal is the devel-
opment of modern weed control programs in under-
developed countries, not only to increase quantity and
quality of their food production, but also to help
strengthen their overall cconomic development via
more efficient farming practices.

We have a cooperative research program on new
products and practices for weed control with the Uni-
versity of Hawaii. Hawaii provides the opportunity
for year-around testing of herbicides, plus an oppor-
tunity to conduct tests under typical tropical condi-
tions.

Weed control specialists are now located in Colom-
bia and El Salvador. Additional placements are ex-
pected very soon in South America and Southeast
Asia. These men cooperate with host country counter-
parts in improving research, teaching and extension
programs, with the goal of developing local expertise
to get the job done. Many of these countries also send
capable young men to Oregon State and other Uni-
versities for advanced training.

A back-up staff is maintained at Oregon State Uni-
veristy to handle the myriad of problems ranging from
visas and passports to supply of needed chemicals and
spray equipment.

We feel that good progress is being made in co-
operating countries, and that there are many spin-off
benefits to Oregon and the West. This program has
benefited from consulting assistance by specialists from

lInternational Plant Protection Center, Oregon State Uni-
versity.
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other institutions, an example being Dr. Art Lange,
and continucd support of this type by others will be
much appreciated.

The foreign weed control project was incorporated
into a broader organization called the International
Plant Protection Center at Oregon State in 1969. This
Center was designed to serve as the administrative unit
to provide needed coordination and back-up support
for all present and projected foreign pest control pro-
grams at the University, including insect and disease
control, rangeland brush control, etc.

2,4,5-T AND GOVERNMENT DECISIONS
Boysie E. Day®

On October 29, 1969, Dr. Lec A. DuBridge,
science advisor to the President, announced that the
government would restrict the use of 2,4,5-T because
of suspected hazards to human health. The announce-
ment stated that the Departments of Interior and Agri-
culture would stop the use of 2,4,5-T in their own
treatment programs in populated areas and situations
where the residues could come into contact with man.
It was stated that the Department of Defense would
restrict its use of 2,4,5-T to sites remote from human
habitation.

January 1, 1970, was announced as the deadline
by which the Department of Agriculture would cancel
all registrations for the use of 2,4,5-T on food crops,
unless by that date the Food and Drug Administration
had “found a basis for estabilshing a safe, legal toler-
ance in and on food.”

The President’s Office of Science and Technology
later advised the Department of State to notify foreign
governments of the nature of these actions and directed
U.S. AID to promptly review its programs in terms
of the restrictions.

The latter action made obsolete virtually all ATD
literature and assistance programs on pasture and
range management throughout the world. For such is
the importance of 2,4,5-T that any useful literature on
the management of grazing land, in whatever part of
the world and in whatever language, must tell how to
use 2,4,5-T.

The drastic and dramatic nature of these pro-
nouncements, the implications of general hazard to
public health, and the fact that the restrictions came
not from the usual regulatory agencies but from the
White House would lead to the assumption that new
and critical information had become available on the
public-health hazard of 2,4.5-T. The DuBridge an-

1Associate Director, California Agricultural Experiment
Station, University of California, Riverside, California.




nouncement contained implications, hedged with pre-
cautionary statements, that important mew rssearch
findings were available. This turned out to be an un-
published report by Biometics Research Laboratories
on studies carried out under contracts from the Na-
tional Institutes of Health. This document is titled,
“Teratogenic Evaluation of 2,4,5-T.”

Although unpublished, this paper is now widcly
available through the “underground Xerox press.” A
part of the text of the paper is the following abstract:

“The herbicide 2,4,5-T (2,4,5-trichlorophenoxy-
acetic acid) has been shown to be teratogenic and
fetocidal in two strains of mice using either subcutane-
ous or oral routes of administration, and in one strain
of rats by oral administration. Both cystic kidney and
cleft palate were produced in the mice and cystic kid-
ney was also produced in the rats. In addition, an in-
crease in liver to body weight ration in the mouse
fetus and the occurrence of hemorrhagic gastrointes-
tinal tracts in the rat fetus suggests that this compound
also has feotoxic properties.”

In my view, these findings would fully warrant the
action taken by the Science Advisor to the President,
provided it can be ascertained that: (1) the conclusions
in the abstract arc true, and (2) the dosages causing
these effects arc likcly or even conceivably ones that
might be encountered in practice. In the event either
of these conditions is not met, there is no scientific
basis for the action.

Having reviewed the Bionetics report and con-
sulted with knowledgeable authorities, I conclude that
Dr. DuBridge’s action was unwarranted on both ac-
counts. First, there are rcasons to believe that there
is not a single true statement in the abstract. Second,
even if the conclusions were true, the dosages are such
as to bear no significant relationship with probable or
readily conceivable exposure.

The research reported by Bionetics was carried
out on small populations of test animals employing a
number of questionable experimental practices, the
most significant of which was the use of a crude prep-
aration of 2,4,5-T. Tests were not performed on, or
compared with, purified reference samples. Further
investigation of the 2,4,5-T used in the feeding studies
established that it contained significant amounts of cer-
tain impurities known as dioxins. In a news release
dated February 6, 1970, Ned Bayley, director of Sci-
ence and Education, USDA, reported that the 2,4,5-T
used by Bionetics contained 27 ppm of tetrachlorodi-
benzo-paradioxin. This may be compared with only
about 1 ppm of this contaminant generally present in
commercial grades of 2,4,5-T. Bayley reported that
new feeding trials with 2,4,5-T containing 1 ppm
dioxin did not cause birth defects in test animals. A
report by the National Agricultural Chemical Associa-
tion dated March 4, 1970, states that preliminary re-
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sults from current research by Dow Chemical Com-
pany and the National Institute of Environmental
Health indicate that 2,4,5-T is not teratogenic. Thus,
it seems that the Bionetics conclusions are due to one
or morc unfortunate errors resulting from failure of
the experimenters to cxercise elementary technical
precautions.

Recurring to the second point, let us examine the
dosage question. As reported in the Pesticides Moni-
toring Journal, of more than 24,000 market samples
of food recently analyzed, three contained measurable
quantities of 2,4,5-T. Two of the samples were milk
and one was meat. Reported on a whole-milk and
fresh-meat basis, the average content of 2,4,5-T in the
three samples was .006 ppm. For the full 24,000 sam-
ples, the average content of 2,4,.5-T amounted to
7.5x107 ppm, or one milligram in 133,000 metric tons
of food. The presumed maximum nonteratogenic dose
of 2,4,5-T, based on the Bionetic study for a 130-
pound woman, is 1.27 grams daily. At the observed
level of 2,4,5-T in the nation’s food supply, this person
could consume 170 million tons of food daily for nine
days without fear of teratogenic effects. It must surcly
be a comfort for pregnant mothers to know this, and
it should have been equally reassuring to presidential
science advisor DuBridge and his staff last October
while reviewing the Bionetics report.

We cannot cxpect the President’s Office of Science
and Technology to have known last October that the
Bionetics research report was erroneous, but we could
expect that it should have been recognized as mean-
ingless. The content of 2.4,5-T in food was known
at the time, and the information was rcadily avail-
able to anyone willing to spend an afternoon in the
library.

It is well recognized that there are potential errors
in translating toxicity data from animals to man. Also,
the monitoring of pesticide levels in food is subject to
errors, and levels of use of 2,4,5-T in some areas—in
Vietnam, for example—are higher than in the United
States. Let us assume that 2.4,5-T is 100 times more
active in man than indicated for rodents, that 100
timse more 2,4,5-T is present in food supplies than
analyses indicate, and that in a restricted area 100
times more 2,4,5-T is used than is normally used.
Under these improbable circumstances, hazard would
be multiplied a million fold. Yet, our 130 pound, preg-
nant woman could still safely consume 170 tons of
food daily.

The point of these arguments is that danger must
be assessed in terms of exposure to the hazardous
agent. We need not erect barricades against dragons
unless dragons exist. The infinitestimal quantities of
pesticide residues we deal with are incomprehensible
to the public and seemingly also to many scientists
who do not regularly work with them. Let us consider



a nonchemical analogy to the restrictions placed on
2,4,5-T in the DuBridge action last October. The
announcement would state that there is important new
research findings that appear to indicate that when 2
million tons of steel are placed on a woman’s head
she 15 in danger of being injured. For this reason, use
of steel hairpins will no longer be permitted after the
first of January, unless the FDA can discover a safe,
legal basis assuring that women who use hairpins will
not be crushed by the weight. Federal departments are
notified to restrict their use of steel in populated areas,
and the Department of State is instructed to notify
foreign governments of our actions. This example is
quantitatively comparable to the facts available at the
time restrictions were placed on the use of 2.4,5-T and
the governmental action equally irrational.

It is clear that, although disguised as a scientific
assessment, the decision to restrict the use of 2,4,5-T
was made on some other basis than rational analysis.
This has come to be recognized now, but unfortunately
there are no new pronouncements from the White House
to put matters straight. To the USDA and FDA, with
their past history of responsible action in such affairs,
comes the task of picking up the pieces. The January
1 deadline for cancellation of registration of 2,4,5-T
has come and gone without action. Presidential Sci-
ence Advisor DuBridge is singularly silent. The USDA
and FDA issue cautiously worded statements to the
effect that it was all an unfortunate mistake, but that
a “great deal more research is needed.”

Surely we have a right to expect better scientific
decisions by our government than the preseni case
indicates we are getting. It is said that the people get
the kind of government they deserve. Ignorant and
slothful people get corrupt and despotic government,
while enlightened and sensitive people insist upon
responsible public administrtaion. We are a technical
and scientific nation and should expect this to be re-
flected in sensible scientific decisions by public officials.
The decision on 2,4,5-T does not meet the minimum
standards necessary to operate a modern technical
nation.

Dr. DuBridge has defended us from dragons that
do not exist,

RESEARCH ON AQUATIC AND BANK WEEDS
— UNIQUE CHALLENGES AND TECHNIQUES!'

F. L. Timmons?

Rescarch on control of aquatic and bank weeds
involves many challenging problems not encountered

1Presented at the Western Society of Weed Science, Sacra-
mento, California, March 17-19, 1970, and published in the
Proceedings.

2] eader, Weed Investigations-Aquatic and Noncrop Areas,
Crops Research Division, Agricultural Research Service, U.S.
Department of Agriculture, Laramie, Wyoming.

in research with terrestrial weeds. Equipment and
techniques required are quite different, and often non-
existent. Perhaps a few examples will make you ter-
restrial scientists and weed specialists envious of us
water weed scientists because of our more challenging
and pioneering adventures.

Bank Weeds

I shall begin with bank weeds along unlined earth
irrigation canals, drainage channels, and pond and lake
shorelines. The situations and techniques are much
different from those in research on terrestrial weeds,
but not nearly as unique as those with floating and sub-
mersed aqualic weeds which 1 shall discuss later.

Bank weeds range in type, from semi-aquatic spe-
cies at the waterline to droughtresistant species high
on the bank. Even the same species grows much more
vigorously at the waterline, and it often responds dif-
ferently to herbicide treatments, than it does several
feet higher on the bank. The spectrum of bank weeds
includes most weeds that grow on cropland and the
semi-aquatic species, such as canarygrass (Phalaris
arundinacea L.) and smartweeds (Polygonum spp.)
in the West and paragrass (Panicum purpurascens
Raddi), torpedograss (Panicum repens L.), Johnson-
grass (Sorghum halepense (L.) Pers.), and phragmites
APhragmites communis Trin.) in the South. Woody
plants such as saltcedar, Tamarix pentandra Pall.),
willows (Salix spp.), and wild rose (Rosa spp.) are
also common bank weeds. Bank weeds grow in narrow
bands along each canal bank or shoreline. The full
width of canal bank musi be included in each experi-
mental plot. Canals run in all directions, so that the
incidence of sunlight affects bank weed growth. The
response to herbicides is different on north, south,
east, and west bank slopes. These narrow bands of
weeds grow immediately beside water on one side and,
frequently, close to herbicide-sensitive irrigated crops
on the other side. That raises the problem of herbicide
residues in the water on on side, and of spray drift onto
sensitive crops on the other.

Nearly all canals, drainage channels, and ponds
belong to farmers or private or public agencies, and
they are in continuous or frequent use for irrigating
crops or draining land. Some canals furnish livestock
water ,and even potable water. Obtaining permission
to use these canal banks for testing new herbicides re-
quires the ultimate in diplomacy, persuasiveness, con-
fidence, and good judgment. Once the permission for
expermental use is granted, that use must be synchron-
ized with other uses of the canal. Often several farmers
along a canal must change or lose their irrigation turns
during the herbicide application. If the chemically
treated water cannot be used for irrigation, it must be
wasted into a sump, onto wasteland, or drained into
a ditch or a stream where fish toxicity must be con-
sidered.
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Changes in management of a canal, because of a
change in the owner’s plans or unforeseen circum-
stances,, may destroy or prevent completion of such
an experiment, especially one requiring retreatments or
long-term obscrvations of results, Many experiments
have been terminated by these situations, beyond con-
trol of the scientists.

In experiments fo determine effectiveness of herbi-
cides on bank weeds, the plots must be located where
there arc uniform stands of wecds. The plots are nar-
row, and usually considerably longer than wide. Repli-
cation is possible but each replicate block may extend
along a considerable length of canal bank. Frequently,
the distance from a plot in the first replication to one
in the third or fourth replication is [ to 2 miles. That
requires mixing a herbicide solution and cleaning the
sprayer for each plot in a replicate block, or driving to
all replicate blocks for the application of each herbi-
cide. To obtain reliable results, each plot must include
both banks; or different replicate blocks must be
located on opposite sides of the canal. That requires
access to both sides of the canal, not always possible
even by wading the canal, if it is deep and there is no
nearby bridge or other crossing.

Because banks are usually stecp, and often uneven,
wheel-mounted sprayers can scldom be used. An cx-
ception is where side booms can be used on long plots
along a canal served by a good road on top of the bank.
Hand-spray booms and guns usually work best. A
single-nozzle wand boom is ideal for following the
bank contour. Somectimes a wind board must be car-
ried by a second man, walking beside the man who
carries the sprayer to prevent spray drift onto the
adjacent crop, or clsewhere off the target plot.

When you are cvaluating resuls of herbicide treat-
ments on bank weeds, it usually is necessary to make
two determinations on each plot, one at the waterline
and one higher on the bank, beginning 2 or 3 feet
above the waterline. Extreme care is necessary in
selecting replicatc blocks of plots to reduce within-
block error. Variation in results from the same treat-
ment is often considerable between blocks of plots
under different conditions. Thus, many repetitions of
the cxperiment are necessary for conclusive results,
whether for average conditions or for each condition
along the same type of canal.

Emersed Aquatic Weeds

With some exceptions, emersed aquatic wesds pre-
sent research diflicultics similar to those with the bank
weeds. Emersed weeds such as cattail (Typha spp.),
tules (Scirpus spp.), smartweeds, and watercress (Nas-
turtium officinale R. Br.) in the West, and all of these
plus  alligatorweed  (Alternanthera  philoxeroides
(Mart.) Griseb.), waterprimrose (Jussiagea spp.), and
others in the South, grow under less variable conditions
of water supply. All are rocted in mud, usually below

the waterline. Also, they usually are not as close to
desirable crops or ornamentals, even though they are
in narrow bands when growing in drainage or irriga-
tion channels or around shorelines of ponds or lakes.

Emersed weds, like bank weeds, usually are found
on private or public land, not reserved for experimental
use. However, unless they are in an irrigation canal,
it is not as difficult to obtain permission to conduct a
control experiment. The frequent necessity for ditch
cleaning at a cost of several $100 per mile helps put
irrigation district managers and farmers in a mood to
permit herbicide tests in the hope of finding a less
expensive method of control and management. The
water in drainage channels, ponds, and lakes is much
less frequently in use for a purpose with which an
herbicide application er other treatment would inter-
fere. When the water is less than 3 feet deep for a
considerable distance from shore, the bands of emersed
weeds around ponds or lakes are often much wider than
those in canals. The broader bands permit use of
wider plots and, sometimes, two or more rows of ad-
jacent plots, When two or more rows of plots are
present, herbicide applications of granules, pellets, or
spray must be made from a boat or by wading in
water or walking on water shoes, instead of from a
sprayer or broadcaster moving on land. If the emersed
weeds are tall, like cattail, this often requires under-
water mowing or otherwise removing plants to provide
access passageways to and between the plots. Airboats
are uscful and often necessary for making herbicide
applications and determining results in extensive areas
of emersed weeds.

Growth conditions and vigor of emersed aquatic
weeds usually are uniform within experimental plots.
Exceptions are in ponds or lakes with increasing depths
of water from the shoreline outward, or in drain canals
with silt bars and meandcring channels. Herbicide, and
especially mechanical, treatments are more effective
with incrcasing depths of water. Except where water
depth varies greatly, variability of results from control
treatments within experiments is much less than it is
with bank weeds. Results are particularly uniform from
herbicide applications made on emersed or floating
leat weeds such as watcrlilies (Nymphaea spp.), lotus
(Nelumbo lutea (Willd.) Pers.), spatterdock (Nuphar
advena (Ait.) Ait. f.), or watershield (Brasenia scre-
beri Gmel.), which grow in water 2 to 6 or more feet
deep. Uniform applications of 2,6-dichlorobenzonitrile
(dichlobenil) granules applicd in early spring gave
spectacularly effective, uniform, and long-lasting con-
trol of white waterlily (N. tuberosa Paine) in Washing-
ton and Florida. Granular applictaions of dichlobenil
or (24-dichlorophenoxyl)-acetic acid (2,4-D) were
also effective on emersed alligatorweed in Southeastern
States.



Submersed Aquatic Weeds and
Algae In Irrigation Systems

Submersed weeds and algae, which grow entirely
under water except for some floating leaf species, pre-
sent difficulties and require techniques in research as
different from those involved with cropland or range-
land weeds as one can imagine. Because of the flowing
water in irrigation and drain canals, only one treat-
ment can be applied to the water in each canal. Canals
vary widely in flow capacity, velocity of flow, water
quality, temperature, and turbidity. Canals also vary
in length. The size and volume of flow becomes in-
creasingly less down an irrigation canal, but increas-
ingly more down a drain canal. Some canals have

numerous structures such as check dams, drops,

siphons, and flumes, which often drastically reduce the
effectiveness of volatile herbicides such as acrolein
andxylene.

The difficulty in obtaining permission to use irri-
gation canals for experimental control treatments on
submersed weeds or algac is even greater than that for
experiments on control of bank weeds. The herbicide
has to be applied directly in the flowing water at a con-
centration high enough to kill the pondweeds or algae
for several miles down the canal, Before the researcher
introduces the herbicide into the water, he must know
whether the treated water will kill or injure fish, live-
stock that drink the water, or irrigated crops. Fre-
quently, the water from a single long canal is used to
irrigate 10 to 30 different crop species. If there are
hazards, the irrigation company or district board and
farmers along the canal must be convinced that re-
sults will justify the hazards. The expensive, unsatis-
factory, outmoded practices of chaining to remove
submersed weeds from canals, the difficulties and high
costs of removing dislodged weeds from the canal by
hand or with a dragline, and the subsequent clogging of
sprinkler irrigation systems by weed fragments have
aided greatly in obtaining cooperation in conducting
experiments with herbicides.

In order for a rescarcher to know that much about
a herbicide before it is field tested in a commercial
canal or drain, the herbicide must successfully pass a
series of increasingly rigorous tests in greenhouse or
growth room aquaria, outdoor bins or pools, and small
closed system flowing “mini-canals.” In addition, the
effects that the herbicide in the water may have on
irrigated crops must be ascertained.

Equipment for all, or several, of these preliminary
tests are in use at our research stations at Davis, Cali-
fornia; Denver, Colorado: Prosser, Washington; and
Fort Lauderdale, Florida. These include glass aquaria
for submersed weeds at Fort Lauderdale and Denver,
plastic aquaria for floating weeds at Fort Lauderdale,
4x4 plastic pools for submersed weeds, fish, and Asiatic
clams at Davis, outdoor plastic pools at Fort Lauder-

dale and Davis, and the experimental plots at Prosser
for research on crop tolerance to herbicides in irriga-
tion water and on herbicide residues in crops.

Herbicides that are soluble or emulsifiable in water
arc applied under water in a canal at one location or
at a series of locations serveral miles apart. Applica-
tion equipment depznds upon the size of the canal and
type and amount of herbicides to be applied. For
xylene, they range from small one- or two-nozzle spray-
ers, usually located above a weir drop, to large many-
nozzle booms, spray guns, or open hoses with high
pressure for larger canals.

Concentrations of only 0.1 to 0.6 ppmv of acrolein
over long exposure periods of 8 to 48 hours will con-
trol most submersed weeds. Because acrolein creates
an explosive mixture with air in a tank and polymerizes
at small jet openings into air, the herbicide must be
stored in pressurc-resistant cylinders and delivered be-
neath the water surface under nitrogen gas pressure.
Small plastic tubes with a screw clamp or regulator
valve will deliver enough acrolein from a nitrogen gas
pressurized cylinder to treat canals carrying from 200
to 2,000 cfs. The small tank holds 50 gallons of acro-
lein. Large tanks hold 250 gallons each. A small plas-
tic tube delivers 0.1 ppm into a canal carrying 2000
cfs of water. The acrolein applied from one bank dis-
persed entirely across that large canal within about 200
ft. The treatment gave complete control of submersed
weeds from there down the canal 20 miles and gave
adequate control for 50 miles.

Evaluating the results of herbicide treatments is
simple in small canals with elear water. The degree of
collapsing of weeds, of increased water flow at several
day intervals after treatment, and, finally, sloughing of
the leaves and stems are good criteria. Later, at inter-
vals of | to several weeks, the degree of sloughing of
weed leaves and stems, and, finally, the beginning and
rapidity of regrowth, are observed and recorded. In
large deeper canals or in small canals with turbid water,
surface observations are not reliable. Dragging a long
handle rake through small canals or many pronged
gadgets on the end of a long nylon rope through large
canals were techniques used for several years.

We are now much more sophisticated and use scuba
diving in large canals and in lakes to evaluate results
of herbicide treatments and make weed surveys and
ecological studies of submerged weeds. Scuba diving
cquipment and techniques are efficient and essential
for weed studies in deep water. All safety rules of scuba
diving must b scrupulously followed without exception,
just as safety belts must always be fastened in moving
cars and trucks to greatly reduce the chances of seri-
ous or fatal injury.

Only one treatment can be made in each canal at
one time. It is difficult to get permission to use several
similar canals for identical treatments on the same day



or during 4 span of several days. Therefore, it is al-
most impossible to replicate treatments that are applied
o flowing water. For that reason, and because of the
wariability, repetitions of the treatment must be made
in as many existing canals as possible at each of our
d stations each year. Usually, these applications
must be repeated at all stations for several years before
conclusive results are obtained.

Fortunately, it is still possible to obtain permission
1o use existing canals and ponds or lakes for testing
promising new herbicides in Washington, Montana,
Wyoming, Colorado, and even in Florida. In highly
urbanized California, it is much more difficult, and
almost impossible. Because of that situation, and the
urgent need for information on control of the critical
submersed weed and algae problems in California, four
Federal and State agencies have constructed, on the
Experiment Station campus at Davis, an aquatic weed
research center at a total cost of nearly $250,000. The
cooperating agencies are the Bureau of Reclamation,
the California Department of Water Resources, the
Agricultural Research Service, and the California Agri-
cultural Experiment Station. The center consists of
four 15x30x3-ft ponds for biological control studies,
four concrete-lined canals 150x15x3 ft with an enclos-
ed flowing water system, a well drained concrcte plat-
form with space for ten 10-ft-diameter plastic bins and
eighty 4-ft-square plastic bins, a 30x40-ft greenhouse,
a 28x70-ft headhousc-shop complex, and two lined
#i-acre holding and cvaporation ponds which receive
all herbicide-treated water and prevent it from getting
into the underground water table.

The Bureau of Reclamation has a single outdoor
concrete-lined canal system below Carter Lake in Col-
orado which makes possible many kinds of control
tests with herbicides on submersed weeds and algae in
flowing water.

Submersed Weeds in Lakes and Ponds

Ficld research on control of submersed weed prob-
lems in lakes and ponds is conducted by two main
techniques: (1) metal or plastic enclosures 5 to 12 ft
square, which scparate the water and weeds within
each enclosure from the remainder of the lake during
the desired period of treatment exposure; and (2) large
open-water plots 50 to 100 ft square with untreated
borders of about cqual widths between plots. The form-
er technique is used for preliminary tests of promising
herbicides and mixtures. The large open-water plots
are used for final replicated plot tests before the herbi-
cide is used for total or partial area lake or pond treat-
ments. In “Winderful” Wyoming, or anywhere the
wind blows, it is very difficult to stake out open water
plots from a boat. It’s much more accurate and easier
to cut holes in the ice in winter and insert a concrete
block weighed plastic bottle float with a black metal
shicld for each plot corner marker.

Metul enclosures, 12 ft square, have been used for
preliminary lake treatments in Wyoming. Each enclos-
ure can be lifted by inflating the rubber tube that is at-
tached near the bottom, the enclosure moved to a new
location, and settled into place by deflating the rubber
tube. The enclosure can be quickly dismantled into
four metal sheets 4x12 ft for hauling long distances.

Smaller 6x6-ft metal enclosures have been used in
Wyoming lakes and also in irrigation canals in Wyom-
ing and Montana for testing the amounts of water (sim-
ulated precipitation) required to leach soil-applied
herbicides to effective depths in the canal bottom soil
to give complete control of pondweed tubers.

Inexpensive, and quickly set up or dismantled plas-
tic enclosures were developed by John Gallagher of
Amchem Products, Inc., for preliminary tests of herb-
icides on submersed weeds in lakes and marshes. These
plastic enclosures are being extensively used by our
Agricultural Research Service team at Fort Lauderdale.
They arc being used in several other castern states by
other investigators.

Time does not permit my discussing in detail the
unique difficulties and research techniques involved in
working with floating weeds like waterhyacinth (Eich-
hornia crassipes (Mart.) Solms), waterlettuce (Pistia
stratiotes L.), and alligatorweed. The most difficult
problem is holding the treated plots in place long
enough after treatment to determine results of the treat-
ment. This has been successfully accomplished in some
situations by inserting bamboo or other poles 2 to 4
ft apart around cach plot, a tedious and time-consum-
ing, but necessary, procedure.

Determining Herbicide Residues in Water

In recent years, the need for information on con-
centrations of herbicides in water and the rate of dis-
sipation from water after treatments for control of
aquatic or bank weeds has necessitated the develop-
ment of reliable sampling techniques and effective
methods of preserving the water samples against de-
teriorations prior to chemical analysis. The sampling
technique finally cstablished for both aquatic and bank
weed treatments in or along canals is to begin by mark-
ing the begining and end of the treatment with a slug
cf dye in the flowing water. Water samples are taken
at pre-selected locations down the canal below the lower
end of the bank treatment, or beginning 14 mile below
the point of introducing the aquatic weed treatment.
Sampling is begun at each downstream location as soon
as the first dye-marked water reaches that location, and
is continuced at frequent intervals until the upstream
dye-marked water reaches the location. This sampling
procedure permits determining the herbicide concen-
tration curve in the treated zone of water as it moves
downstream and usually enough of the dissipation rate
of pattern to predict, with considerable accuracy, the
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distance downstream at which the herbicide residuc
could no longer be detected.

The residue levels of 2,2-dichloropropionic acid
(dalapon), trichloroacetic acid (TCA), and 2,4-D were
only about 5 to 23 ppb in water following a ditchbank
treatment in Washington (Table 1). The concentrations
varied from sample to sample within narrow limits dur-
ing the 5.5 hours the water along the treated bank was
passing the sampling station at the downstream end of
the treated bank. The concentrations then dropped
rapidly to zero as the last dye-marked water flowed
past. When a volatile herbicide such as acrolein or
emulsified xylene is introduced into a canal at one loca-
tion, there is a rapid loss of herbicide during the first
several miles downstream, followed by a more gradual
decrease.

Determinations of herbicide residues and rates of
dissipation in water and hydrosoil are also necessary
following applications for control of aquatic weeds in
ponds. Studies were initiated several years ago in ponds
and small reservoirs in Colorado and California follow-
ing total area application. Sampling of water or hydro-
soil following total area treatments is not complicated,
but care must be used to obtain a sufficient number of
samples on each sampling date to accurately represent
the water and hydrosoil throughout the treated area.
In bodies of water 6 ft or more deep, water samples
should be taken ncar the surface and near the bottom
to determine whether a thermocline exists and is affect-
ing the concentration of herbicide at different depths.
Samplings of water and hydrosoil are continued for a
sufficient period after treatment to measure the trends
of dissipation and, when possible, until residues are no
longer found.

Six, 7-dihydrodipyrid [1,2-a:2",1'-c] pyrazinediium
ion (diquat) disappeared from the water within 10 days
but was quickly absorbed by the hydroscil to a maxi-
mum of 40 ppm and remained at a high concentration
during 160 days without any herbicide getting back
into the water. 2,4-D remained in both the water and
hydrosoil nearly 40 days. After 40 days, the concen-
tration of dichlobenil decreased more rapidly in hydro-
soil than in the water until 120 days after treatment,
showing a definite feedback into the water. (Two-3,
6-trichlorophenyl) acetic acid (fenac) showed a similar
trend but with a slower feedback into the water.

Studies are now underway in Washington and Flor-
ida to determine herbicide residues and rates of dissi-
pation following isolated plot treatments with a granu-
lar formulation of dichlobenil. In these situations.
samples are taken periodically in the treated area and
also at various distances from the treated area in at
least two directions to measure lateral dispersion of the
herbicide in the water, and subsequent absorption by
the hydrosoil.

This paper has not deseribed all of the challenges

and thrills which researchers in aquatic and bank weed
control experience. However, I hope the examples
were sufficient to entice several promising young scien-
tists to begin sharing those challenges and thrills with us.

Table 1. — Residue levels of dalapon, TCA, and 2,4-D
in Lateral No. 4

Sampling PPB residues
intervals Dalapon TCA 2,4-D
0 20.5 8.4 52
20 min 16.6 7 3.6
40 min 13.4 4.9 4.0
60 min 17.0 6.9 3.6
80 min 16.2 5.2 3
FI0 min 1.3 4.1 2.4
240 min 12.8 4.7 2.7
260 min 14.0 6.8 3.6
280 min 18.8 9.5 5.0
5 hr 23.4 11.6 4.2
55 hr 6.5 2.3 1.6
6 hr 0.7 0.0 0.1
8 hr 0.3 0.0 0.0
10 hr 0.3 0.0 0.0

2,4D CONTAMINATION AND PERSISTENCE
IN IRRIGATON WATER!

T. R. Bartley and A. R, Hattrup?

Introduction

In carly 1969, the Bureau of Reclamation and the
Federal Water Pollution Control Administration (FW-
PCA) reached an agreement whereby the FWPCA
would support the Burcau in performing work on
herbicide residues in irrigation water. The amount of
2,4-D getting into irrigation water and the rate of
herbicide dissipation as the water moved downstream
as a result of ditchbank spraying were emphasized dur-
ing the 1969 irrigation season. The field phase of the
program was carried out on the three irrigation districts
of the Columbia Basin Project in Washington, and the
laboratory work and analysis were performed in the
Bureau of Reclamation laboratories, Denver, Colorado.

The Columbia Basin Project in Washington was
selected for the field phase of the herbicide monitoring
program because of the great variation in the number,

lnvestigations of the Research Division and Columbia
Basin Project, Bureau of Reclamation, U.S. Depariment of
the Interior, Denver, Colorado, and Ephrata, Washington, in
cooperation with the Crops Research Division, Agricultursl
Research Service, U.S. Department of Agricultures, Denver,
Colorado, and the Federal Water Pollution Control Admin-
istration, U.8. Department of the Interior.

9Head, Biclogical Investigations Section, Division of Re
search, Bureau of Reclamation, Denver, Colorado, and Con-
servation Agronomist, Columbia Basin Project, Bureau of
Reclamation, Ephrata, Washington, respectively.
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size, length, and capacity of its delivery and drainage
channels. The field work was carried out in cooper-
ation with the Quincy, East, and South Columbia Basin
Irrigation Districts which operate the Columbia Basin
Project.

The canals on the Columbia Basin Project vary in
length to 87 miles (139.98 km) and in capacity to
5,100 efs (144.43 m®/sec). This great variation pro-
vides combinations of physical characteristics desirable
in achieving a good cross sectional representation in
residue work. In addition, well-trained herbicide ap-
plicators and modern application equipment are avail-
able.

Methods ond Materials

Specially designed boom sprayers were used for the
application of 2,4-D to canal bank weeds. These spray-
ers are equipped with low-pressure, 10-psi (0.7-kg/
cm?) whirlchamber nozzles mounted on 20-inch (40.8-
cm) centers. A three-section, 24-foot (7.322m) con-
tourmatic boom is mounted on each side of the spray
rig along with an &-foot (2.44-m) boom across the
rear of the sprayer, resulting in a total boom length of
56 feet (17.07 m).

The herbicide application rate ranged from 1.4 to
2.5 pounds of the active ingredient of 2,4-D per acre
(1.57 to 2.8 kg/ha). This quantity of herbicide was
applied in about 50 gallons (189.25 1) of water. Diesel
woil was added to the solution at the rate of about 1 gal-
lon (3.785 1) per acre (0.405 ha) to increase the wet-
ting of the plants. The dimethylamine salt formulation
of 2,4-D was used in all canal bank treatment sampled
for residues.

The field portion of the monitoring program begins
with the selection of the channel to be sampled, taking
into consideration such physical characteristics as size,
length, slope, and structurcs, Arrangements are then
made with the irrigation district for the application of
the herbicide to the selected canal bank.

Prior to the application of the herbicide, a 5-gallon
(18.93-1) plastic drum is filled with irrigation water
for later use as pretreat samples and for making up
standard samples. A solution of fluorescent dye is
placed in the channel immediately prior to the herbicide
application and again at the cnd of the application.
These dye markers are very cffective in determining
the location of the trecated water, visually during the
day and with an ultra-violet light at night. Environ-
mental factors such as air and water temperature, wind
and weather conditions, and degree of water clarity
and other factors that have an influence upon the herbi-
cide application are rccorded at the site of the field
activity.

The length of canal bank treated with herbicide
varied from 0.5 to 5.1 miles (0.8 to 8.2 km), and the
spray overlap of water surface varied from 0 to about
2 feet (0.0 to 0.6 m) and in a few instances up to 4

fect (1.22 m). Following the herbicide application,
sampling stations were cstablished at points about 14,
114, 214, 5, 7Y%, and 10 miles (0.24, 2.01, 4.02, 8.04,
12.07, and 16.09 km) bclow the trcated arca depend-
ing on the length of the canal being sampled. Sampling
began as the leading edge of the first dye marker reach-
ed the sampling station and continued until the trailing
edge of the rear marker had passcd the station, Samples
were taken as 0, 10, 25, 50, 75, 90, and 100 percent of
the treated water passed the station. Samples were
taken from the center of the channel where possible;
if not, they were collected from the main flow of water
along one of the banks. Three 1-quart (0.946-1) bottes
were filled simultancously, resulting in triplicate
samples collected at all sampling intervals and stations.

The samples were acidified immediately after they
were taken by the addition of 10 ml of hydrochloric
acid to each sample bottle, and this was followed by
the addition of 25 ml of chloroform. The samples were
then placed in boxes until they could be removed to
the project laboratory for extraction. All samples were
stored under refrigeration in the laboratory until the
extraction procedures were initiated. The 25 ml of chlo-
roform added in the ficld were drawn from the bottom
of the sample bottle with a pipet and transferred to a
4-ounce (118.3-ml) bottle. Following the first extrac-
tion, a second 25-ml portion of chloroform was added
to each sample bottle, and the bottle was shaken for 1
minute. This second portion of chloroform was then
drawn from the sample bottle in the same manner as
the first and added to the 4-ounce (118.3-ml) bottle
containing the first extraction. These 4-ounce (118.3-
ml) bottles were then stored under refrigeration until
shipment by air freight to the Denver laboratory for
analysis.

Standards were prepared in the Project laboratory
by the addition of the aqueous solution of 2,4-D to the
untreated irrigation water taken before the spraying op-
cration began. Standards of 2,4-D were prepared in
the following concentrations: 0.01, 0.05, and 0.1 ppm.
The standard and check samples were extracted in the
same manner as the field samples and shipped to Den-
ver for use in the analytical procedures.

The method used for the extraction and analysis
of the dimethylamine salt of 2.4-D is the one described
by Dr. P. A. Frank of the Agricultural Research Serv-
ice, Denver, Colorado, and it is included as Exhibit A
under the title “Extraction of 2,4-D Acid, Amines and
Mineral Salts from Water and Analysis by Gas Chrom-
atography.”

Acid-washed glass bottles and teflon-lined caps
were used in the collecting, processing, and shipping of
all samples. Following receipt of the chloroform ex-
tracts of water samples in Denver from the Columbia
Basin Project, they were stored under refrigeration for



a short time until they were further processed and an-
alyzed for 2,4-D content.

Eighteen canals on the Columbia Basin Project were
sampled following ditchbank treatment with 2,4-D dur-
ing the 1969 irrigation season. A map of the Project
including roman numerals to approximate the location
of the 18 canals on the Project is included as Exhibit B.

Number of sampling stations used on the canals
varied with the situation, and this factor ranged from
I to 8 for the scason. Length of canal bank sprayed
ranged from 0.5 to 5.1 miles (0.8 to 8.2 km). A map
of the W-27 lateral showing the location and mileage
of the sampling stations in respect to the ditchbank
area sprayed with 2.4-D is included as Exhibit C to
illustrate a typical field sampling layout.

Depending upon the length of the treated segment
of water, the time period between sample collection was
varied at individual sampling stations and from station
to station to catch’ the risc and fall in the 2,4-D concen-
tration. As the water passed stations further down-
stream, the sampling intervals were extended to sample
a stretched out segment of treated water. This manipu-
lation of sample collection was done to obtain a reason-
ably good profile of the herbicide concentration at each
sampling station, yet avoid collecting so many samples
that only a few canal situations could be studied. In
situations like Canals IX and XV, where only one or
two sampling stations were used, a great number of
samples were all collected at 20-minute intervals to
reflect the variation of herbicide input to the irrigation
water,

Results and Discussion

A total of 2,182 water samples was collected and
analyzed from the 18 canals. The aweraze 2.4-D con-
tent of each of the three repl i
along with the average 2.4-D content for each sampling
station is included in Table 1.

In considering the peak 2.4-D concentrztion found
in each canal, the maximum level was below 50 ppb in

the temporary tolerance of 0.1C
was exceeded in only two can
ppb concentrations dissipated guick!
100 ppb by the time the water had
5.1 miles (3.86 and B.2 km). respectively, below the
treated reach. The peak values show the highest levels
that occurred but the average concentration of the water
as it passed each sampling stztion presents 2 much more
representative picture of the guantity
reach an irrigated crop through tion water.
The average 2,4-D concentration for 2ach sampling sta-
tion is shown in Table 1. Very low concentrations that
may have been found in the samples collected on the
leading and trailing edges of the treated water at each
station were discarded in computing the averages. Av-
erage concentrations are much lowsr than the peak con-
centrations. This is very noticezbls in those canal waters
where the higher levels of 2.4-D wers found.

138.5 and 213
and were below
ed 2.4 and

TABLE 1

2,4-D FOUND IN SAMPLES OF IRRIGATION WATER COLLECTED AT DOWNSTREAM SAMPLING STATIONS FOL-
LOWING DITCHEANK TREATMENT WITH THIS HERBICIDE.

Canal Sample

2,4-D concentration — PPB — Average of three reps

No. No. A B C
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